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D E PA R TM EN T OF AGRICULTURE, CEYLON. 

BULLETIN No. 68.

YIELD AND GROWTH IN HEVEA 
BRASILIENSIS.

I n t r o d u c t io n

ESS ' ^  ~ffljSO M E  simple method of determining the best 
§ M  yielding trees is generally required by

planters. If individual yield records could be 
kept on estates, tlie best and worst yielding trees 
would be known, but the collection of such yield 
records is not practicable, and such information 

is therefore generally not available. If, however, the  yieldmg 
c a p a c - i t y  of a tree could be accurately gauged by some vegeta­
tivecharacter, such as cortex thickness, or girth, which can be 
measured easily, the detection of the best yielding trees would 
be facilitated, and their selection thus made easy.

Selection of Hevea trees is made for two purposes, viz.
(1) To ascertain the poor yielders in order th a t they may be

removed in th inn ing ; and
(2) To ascertain the highest yielders for the purpose of

propagation.
In a previous publication 4 are recorded certain data  from 

i . 1 pm-adeniva Experiment Station of 161 trees raised
f r m i ^  s e e d  of the well-known, high-yielding He,mratgoda 
No 2 tree These data include measurements of girth, cortex 
tldckne^s, number of rows of latex vessels in the cortex (made 
in April 1921, a t the  commencement of tapping, when the 
trees w e«  10 yean, old), and the yield for th e  ta r t  10 months 
of tapping Certain relationships were found between yield 
I d l  th  cortex thickness, and number of rows of latex v e s s e l  
I t  was considered desirable to repeat the investigation the  
qppnnd vear of tapping to ascertain if any change had occurred 
in  t h f i l a t o “ wpsPre»rded . At the same time rt was deeded 
th a t the scope of the investigation could usefully be extended 
to include relationships between other characters.

6(30 )23-1 ,200



W ith these objects in  view, further specimens of cortex were 
taken and other da ta  requisite were collected. The speci­
mens ’of cortex were taken in April, 1923, from the following 
positions :—

(1) Untapped cortex a t 2 feet from ground level, adjacent
to the spot from which the 1921 specimen was taken.

(2) Untapped cortex a t 16 inches below (1), i.e., a t  8 inches
above ground level.

(3) Renewing cortex a t 2 feet adjacent to  (1).

The figure (Fig. 1) illustrates the  positions from which the 
cortex specimens were taken. In  many cases large lateral 
roots have their origin on the  stem a t a  point several inches

F ig . l.

above ground level, and for this reason specimens were taken o 
a t  8 inches above ground level to  ensure th a t root cortex was v 
not included. From these specimens measurements of cortex 
thickness and number of latex vessel rows were taken, the 
methods employed being as described in Bulletin 55.

G irth was measured a t 3 feet above ground level, a t the 
same time, to conform with previous girth measurements.

Tapping was continued by the same tapping cooly through­
out the year on alternate days, the trees being given no rest 
period. The same method of coagulation of the latex in the 
collecting cups was continued.



T h e  y ie ld s  g iv e n  in  B u lle t in  55 1 w ere  to r  th e  first i 10 
m o n th s o f t a p p in g  o n ly , A p r il  1, 1921, t o  J a n u a r y  3 1 .  1 9 - - ;  
th e  y ie ld s  f o r  th e  f ir s t  c o m p le te  y e a r  a re  n o w  g iv e n  m  l a  M e  1 .
In  this table are also recorded measurements for 192---J  ot 
the various characters referred to  above. All yield figures 
are given in grammes of dry rubber.

During the course of these investigations six trees (Nos. 11. 
22, 76, 85, 88, and 111) have practically ceased to yield latex. 
Tapping has, however, been continued on these trees. In  
view of their abnormal condition, data  referring to them have 
not been included in the present investigation, which is there­
fore based on the remaining 155 trees.

Before proceeding to  examine the physiological mterrela- 
tionsliips of the various characters, a preliminary study of 
these characters is desirable to obtain information as to their 
variability. Such a study has already been made m Bulletin 
55, and has been earned on in the present Bulletin in i  a rt I. 
The investigation then proceeds to  the examination of the 
physiological interrelationships in P art I I . The application 
to  estate practice of conclusions reached as a result of the 
present investigation is discussed in P art III.

PART I. 

Y i e l d .

The yields of the 155 trees for the tapping year, 1921-22. 
ringed from 1,392 grammes (Tree 118) to 3 ,6 9 3  grammes of 
dry rubber (Tree 67), the mean yield b e i n g  2,-49 grammes.
I t  was pointed out. i n  B u l l e t i n  5 5  M hat the yields are n 
evenly distributed throughout the range, bu t cluster lound a 
point iust below the mean. When the frequency distribution 
Table 2) is expressed in the form of a  graph, a curve is obtained 

which is approximately « normal.” 
panson the curves for the tapping years
are given on the same ordinates in * ig . -  The 19— *6 curve 
is shrfitly skewed towards tl.e lower limit ol the range, the 
skewness, however, being considerably less than  tha t in cuives 
of yields of mixed populations (c/. Bulletin  oo, J ig . 6).

* T h is  ta b le  is  g iv en  a t  th e  e n d  o£ th e  B u lle tin .
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Table 2.
Frequency Distribution of Yield lor 1922-23.

Y ield. | V ield. F req u e n cy .
U ram m es. F re q u e n c j. g ra im ®5g.

1 ,2 0 0 -1 ,4 9 9  . . 5  | 3 ,3 0 0 -3 ,6 9 9  . . 14
1 ,5 0 0 -1 ,7 9 9  . . 14
1 ,8 0 0 -2 ,0 9 9  . .  17
2 ,1 0 0 -2 ,3 9 9  . . 19
2 ,4 0 0 -2 ,6 9 9  . . 25
2 ,7 0 0 -2 ,9 9 9  . . 21
3 ,0 0 0 -3 ,2 9 9  . . 16

3 .6 0 0 -3 ,8 9 9  . . 13
3 ,9 0 0 -4 ,1 9 9  . . 2
4 ,2 0 0 -4 ,4 9 9  . . 5
4 .6 0 0 -4 ,7 9 9  , . 1
4 ,8 0 0 -5 ,0 9 9  , . 3

For the tapping year. 1922-23. the yields ranged from 1 .-loO 
grammes (Tree 118) to  5,088 grA unes (Tree 5), the mean yield 
being 2,773 grammes. The range, 3,758 grammes, is thus 
considerably greater than  th a t of the previous year, 
grammes. This indicates a greater variation m  yield m  m e  
second year. The variability of one year may be readilj 
compared with th a t of another year by means of the coefficient 
of variability. The coefficient of variability of the lb l  trees 
for the first 10 months of tapping was given as 19*1 ; lo r tne 
first 12 months’ tapping of the 155 trees i t  was found to be lb  z  , 
and for the second 12 months 39'-2. The coefficient ifor «he 
second year is thus greater than  th a t for the first, year, b u t is 
still much lower th an  those given for mixed populations by 
W hitby 10 and la Rue." (76-19 and 60-32 respectively).

The yield curve for the  s e c o n d  y e a r  exhibits an increased
skewness. The skewness of the  curve for the f i r s t7®“^ “  
been measured and found to be -095, whereas for ‘he second 
vear i t  was -289. Though the skewness has increased in the 
S  year, i t  is still n o tso  marked a* th a t for a m « e d p o ^  
lation, for wliich W hitby 10 gives a coefficient of skewness 
of -575.

Increase in  Yield.

The mean yield has risen from 2,249 grammes in 1021-22to
2 773 grant rncs in 1922-23, an increase of -3  • 3 per cent. The 
increase in yield of each tree has been expressed as a  percentage
r f X X t W e  yield. I t  was found th a t Tree 109 had in­
creased in yield by 70-7 per cent., whereas Tree 100 showed 
a decrease of 33 -6 per cent.., between which limits all the other 
percentage increases or decreases fall.

The frequency distribution of the  p e r c e n t a g e  ilierease^ in 
yield is given in Table 3, and represented graphically in Fig ...



Table 3.
frequency Distribution of Percentage Increases in Yield.

P o m m tag o  t 'n - q a e n c j .
In c rea se .

_  35 to — 26-1 
— 25 to 15' 1 
- 1 5  to — 5 ' 1 
_  5 to +  4-9
+  5 to +  14‘9 
-i- 15 to 4- 24*9 ■ ■
_  p. O if „ ,;|1 he seen th a t the most frequent increase

increase is -1 coefficient of variabihty
been calculated to be 9b. y n  g ■ , ;n nercentaRe 
indicates th a t there is a  much greater va,nability n p 
increase in yield than  there is in actual yield.

F req u e n cy .

3 
6 
7

15
24 
30

P erc en tag e
I n c r e a s e .

-f 25 to 4- 34 
+  35 to +  44-9 
+  45 to 4-54-9 
+  55 to +  64-9 
+- 65 to +  74 -9

31
21
13
3
2

Fig. 3.—Frequency polygon for the percentage increase in yield.
Since increase in  yield exhibits great variability, i t  would 

appear to be im portant to determ ine: (1) whether the trees 
which gave the highest yields in 1921-22 also gave the. highes 
yields in 1922-23; and (2) whether the  highest yielders have 
given the greatest proportional increases in yield.
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The degree of relationship existing between the yield in 
1921-22 with th a t of 1922-23 is shown in Table 4. Prom this 
table the coefficient of correlation has been calculated to be | 
■S3 4 - -017 This indicates th a t a very dose relationship 

eristsTbetween the yielding capacity of a  tree in one year with 
its o p ac itv  in the succeeding year, and th a t  on the average 
the high yieldcrs of one year are also high yielders the following 
year That the rule is not absolute is shown by t hr- coefficient
oi correlation being less than  unity. Consequently, i t  is to be 
expected th a t a  careful examination of the  individual yield 
records will show th a t some trees, which in tie- first, year 
might have been termed high yielders, have during the second 
vear of tapping become mediocre or even poor yielders. Such 
'an examination was made, and th e  fact was revealed th a t 1 ree 
No 67 which gave the  highest yield in 1'.>21-22 had fallen to 
3rd place in 1022-23. Tree No. -18 fell from 21st place to  
119th, Tree No. 100 from 31st to 143rd, and Tree No. 161 
from 13th to 126th, and numerous other changes in the 
order of merit have occurred. Such changes would be ex* 
pected owing to the great variability exhibited by increase 
in yield.

T hat the highest yielders have on the average made the 
greatest proportional increase in yield may be seen from Table 
5 showing the correlation between yield, 1921-22, and the pei- 
centage increase in yield. The coefficient of correlation for 
these characters has'been calculated to  be -f  '39 ±  ‘04b 
which indicates a  m arked relationship between these 
characters.

The trees of the plot may conveniently be divided into three 
groups: (I) high-yielding. (2) medium, and (3) low-yielding. 
If  approximately half the trees are placed in the  medium group, 
the  limits of th a t class can be defined by means of the probable 
error of a  single resu lt/1 The trees outside this class and at 
the upper end of the range will then form the high-yieldmg 
group, and conversely those a t the lower end of the  rango will 
form the  low-yielding group. This gives a  convenient form, oi 
classification which will be frequently used in the  following 
pages in connection with other characters. I t  will be 
noted th a t the class limits are obtained by computation, 
and tha t they are thus free from any bias due to personal 
selection.

In  1921-22 the mean yield, was 2,249 g r a m m e s  o f  dry rubber, 
and the probable error of a  single result ±  276 grammes. 1 he 
medium class will, therefore, include ail trees with yields lying
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between 1 973 grammes and 2,625 grammes, the trees forming between i . j i o  8 ,, ofe w ith viclds of less than  1,973
the low-yielding gr p' those having yields
gram m e, and “ ^ ‘7 ®  f i n  examination of Table 1
greater than  . Ihere were }n ] 921—22, 43 trees in the

39 in the h ig h -a id in g  group. A com-
p a r S n  of th !  mean yield reeords of these two groups is given
in Table 6

Table 6.

Com parison of Low -yielding Group w ith  High -yieMing G roup.
M ean In c rea se

N u m b er M ean Y ield. in c re a se  as  P e rc e n ta g e
of T rees r ~— of  M ean, o f 1 9 2 1 -2 2  

io  G roup. 1 9 2 1 -2 2 . 1 9 2 2 -2 3 .  Y ield .

G ram m es. G ram m es. G ram m es. G ram m es.
, 7 7 o i 9 45  107 ..  9 • 3 i  1' 74

E i ^  Group'.'. 39 2,779 . .  3,647 ..  868 . . 30-8 ±  2-42

than  h a s th e mean of the Leg Group. . Moreover, h e  m e a n  

increase, in proportion to  the, 1921-22 M  f ^  
Hiffh than in the Low-yielding Group, lh c  aiuercnce 
between the percentage increase in yield of the High and Low 
Groups is 21 -5 4- 2 -98 per cent. This difference is statistically 
S ^ f i e a n ;  andlndiea.es th a t the difference is real, a n d  is not 
d ie  merely to the variation of the  percentage u«a*as&> u s e d  
T o b ta in in g  the averages. I t  may therefore b e  d e f in i t e l y  
concluded th a t, on the  average, the trees which h a d  t h  
highest yields in 1921-22 have shown the greatest increases m 
yield during the following year. The increases are g g j te r ,  not 
only in n e tt amount, but also m  proportion to  the initial 
yields.

G ir t h .

The frequency distribution of girth measurements made in 
1923 is given in Table 7, and is given in graph form m  i>g. 4. 
Here, as in the case of yield, the  girth curves for 19l 1 and 19-.J 
are given on the same ordinates. I t  will be noticed th a t the 
distribution for 1923 resembles closely th a t for 1921.





Table 7.

Frequency Distribution of Girth for 1923.

50
55
60
65
70
75
80
85
90
95

100
105
110
115
120
125

Frequency.
1
2
1
2
4 

10 
11
13 
23 
27 
20
14 
11

7
5 
4

The mean girth of the 1 6 5  trees in 1 9 2 1  was 80 ■ 1 ±  '7 4  cm 
and in April, 1923, i t  was 94 • 1 cm. ±  -7 9  cm. The mean had, 
t h e r e f o r e ,  increased during the two years by 1 4 - 1  cm. or 1 7 - 5  
per cent. The coefficient of variability in 19 2 1  was 17 -0, and 
in 1923 i t  was 15'5, a quantity  more nearly approaoliing the 
values given by W hitby (10) and la Ruo (s) for mixed popula- 
tions(14-8 and 14-0 respectively).

I t  is to be expected th a t those trees which had the greatest 
girth in 1921 will still have the  greatest girth in 1923, and 
that, therefore, the coefficient of correlation between th e  girths 
of 1921 and 1923 should approximate +  1. The correlation 
between the girth measurements of these years is shown in 
Table 8, and the coefficient of correlation has been calculated 
to  be -f -96 ±  *006. This table has been included in the 
tex t to illustrate the form of a  correlation table, where a  close 
degree of relationship exists between the characters concerned. 
I t  will be noted th a t the  figures are arranged diagonally across 
the  table, and are not scattered sporadically over the  whole 
area of the table as is the case where the relationship is not 
marked, c/. Table 38.
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I n c r e a s e  i n ' G i r t h .

The increase in t h e  girth h a s  b e e n  c a l c u l a t e d  a s  a  p e r c e n t a g e  
t  >, i ii-> | trirth I t  w a s  f o u n d  t h a t  Tree 13b Jiows t h e  

S S S  girth, n a m e l y ,  3  - 5  p e r  c e n t , ,  a n d  t h a t  Tree 
14 shows the greatest, 42-6 per c e n t .  T h e  f r e q u e n c y  d i s t u b u -  

tioti is given in Table 9, and t h e  f r e q u e n c y  c u r v e  i n  Fig. S.



T a b l e  9 .

Frequency Distribution of Perce,itage Increases in Girth.

P e r c e n t a g e  F r e q u e n c y  
I n c r e a s e .  ^

2 -6  -  8 - 4  . , 1
5 - 0  -  8 -4  
8 - 5  -  l l ' i  • - 17

1 1 -5  -  1 4 -4  . 28
1 4 -6  -  1 7 -4  42
1 7 - 5 - 2 0 - 4  23

P e r c e n t a g e  F reqnenoy .
I n c r e a s e .

• 2 3 - 5 - 2 6 - 4  . .  10
-26-5 -  2 9 -4  . .  7
2 9 - 5 - 3 2 - 4  . .  7
3 2 -5  -  3 5 - 4  .■ 1
3 5 -5  -  3 8 -4  . .  2
3 8 -5  -  4 1 - 4  . .  3

2 0 -5  -  2 3 -4 10  I 4 1 -5  -  4 4 -4 1

T h e  m e a n  v a l u e  o f  t h e s e  p e r c e n t a g e  i n c r e a s e s  ™  g j j ^ 1 8  ^
1- - 3 9 7  a n d  t h e  c o e f f i c i e n t  o f  v a r i a b i l i t y  i s  4 0  o .  l h e p e r o e m

b e t w e e n  y i e l d  a n d  y i e l d  i n c r e a s e .

H S S S f | = | =
r e p r e s e n t e d  b y  a  c o e f f i c i e n t  o f  « « r d j t o  r f  +  ^  b e  

w h i c h  a l s o  c l o s e l y  ^  g i r t h  r f  t h e  s m a l l e s t
c o n c l u d e d  t h a t  t h e  a  ^  ^  Rctugl i n c r e a a c s  s h o w n

t r e e s  a r e ,  o n  t h e  a v e r a g e ,  J  . t e n <ie n c y  t o w a r d s  a n

b y  t h e  ' - f - \ X SiJo t h e  i e e s  T h i s  t e n d e n c y  i s  f u r t h e r
“ o v o m n g u p  m  t h e  s i z e  o  c o e f f i c i e n t  o f  v a r i a b i l i t y

* «  t a  1 9 2 1  g W h S
( 1 5 - 5  a n d  1 7 - 0  r e s p e c t i v e l y ) .

I t  w o u l d  a p p e a r  t h a t ,  i f  o n

s h o w  a c t u a l  m c i e a s e s  m  g  p ? m l l s t  t e  g r o w i n g  a t  a  p n j f t o r -
, ^ t ^ . t h r  t h o s m a t o t ^ m ^ b e ^  n a g ^  ^

t i n n a t e l y  g r e a t e r  r a t e .  n J  p e r c e n t a g e  i n c r e a s e  i n

s t u d y  o f  t h e  " T l f a ^ r  ’  ™  ^ G i r t h  I n c r e m e n t  o f
g i r t h  g i v e n  b y  P e t o h  P  1  ^  p 0 0 1 . g r o w t h  i n  t h e

S e v e a  b r o s i l i e n s i s ,  » * ” *  . .  ^  j n  t h e  i n i t i a l l y  s m a l l
i n i t i a l l y  l a r g e s t  t r e e  a n d  r a p ^ g r o w t h m  s i z e  o f  t h e  t r e e s

t r e e B . T h e  d e g r e e  “ S e  r e p r e s e n t e d  b y  t h e
a n d t h e p r o p o r a o n o l  a t e o f  g  {in 1 0 2 1 )  d

c o e f f i c i e n t  o f  o o r i e l a t i o i  • y e a r s  u n d e r
t h e  p e r c e n t a g e  i n c r e a s e  m  g n t h  ( t o r  y
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observation). The correlation table for these characters is 
given in Table 1 0 , from which the coefficient of correlation h*  
been c a l c u l a t e d  to bo -  -4 0  ±  -0 4 0 . This indicaltea th a t the 
trees which had the smallest girth ill April, 1 9 2 1 , have made
on the average the greatest increase m  girth m  proportion to 
their initial size, and, conversely, the largest trees have mad 
tho smallest proportional increase, lhese facts may be 
further illustrated by a classification of the trees into three 
groups viz., high, medium, and low, the same principle 
being employed as for yield. The low gr,rop. cons:istmg rf 
trees with girths of less than 70 -9 cm. m April, 19- ;  . ,.
HX trees ; the high group, consisting of trees with girths 
greater than  89-3 cm. in the same year, contains 37 trees 
lo r purposes of comparison the data concerning these two 
groups are given in Table 11.

Table 11.
Comparison of Girth Low Group with Girth High Group. 

M ean G irth .

L o w  G ro u p  . .
H ig h  G r o u p . .  37

Prom the foregoing table i t  is appa:rent th a t “ ean 
increase in girth of the large trees is only 0 3 cm. greater than

the result has been obtained.
This conclusion should a t once be compared with th a t 

reached for yield and percentage increase m  yield 
preceding section.

L a t e x  V e s s e l  R o w s .

In  determining the number of rows of latex vessels in the

variations in visibility of rows in different specimens Such 
difficulties ill measurements, into which the  personal elemen

i i(3 0 )2 3



enters to  a largo extent, give rise to  errors commonly known 
“  personal errors. Such characters as girth, cortex thickness, 
and yield are capable of exact measurement by instrum ents 
and these measurements are consequently not liable to  personal 
errors of a magnitude a ,  great as the  error in the determination 
of the number of latex vessel rows. Precautions were there­
fore taken to  eliminate this error as far as possible ; three 
sections of each specimen of cortex were examined by each 
'of the  authors, and the  average of the  readings was taken as 
the correct determination of the number of rows of latex 
vessels present.

Despite the precautions taken, it is improbable th a t the 
personal error was eliminated, but i t  may reasonably be 
concluded th a t it was considerably reduced. Ih e  presence 
of this error must' be borne in m ind when conclusions based 
on these determinations are considered At the same tun.-, 
from the nature of the precautions taken, the  ^ e lu s io n s  
arrived a t should not be vitiated to any great extent by the 
personal error.

I a  the case of Tree No. 41 an actual error was discovered 
in the number of latex vessel rows recorded for 19-1 i n M  
of 8 rows, as previously stated, the number is 15. iru s  
corrected figure has been applied in all calculations based o t  
data  for the 12 months, 1921-22, and the  results obtained 
do not materially differ from those published in Bulletin oo.

I n  Cortex a t 2 Feet.
The mean number of latex vessel rows in the cortex of tin- . 

155 trees a t  2 feet in 1921 was 11 • 3 ±  ■ 158. In  1923 th e “ ' “"
number had increased to 19-7 ±  '257. The frequency d istri­
bution of the numbers of rows m 1923 is given ill Table 1-. 
During the two years the mean number of rows had increased 
w  8 - 4  — -302, i.e.. by 75 per cent, I t  has previously been 
pointed out 1 th a t th e ‘frequency curve in 1921 was approxi­
mately symmetrical and departed from the n o r m a l  curve t,> a
smaller extent than  did the curve given by Bobilioi! li 
this character, in 1923 the curve is again approximately 
normal, and differs but slightly from the  1921 curve see 1?ig. 0 . 
I t  has been calculated th a t the skewness for the U - l  curve 
was — -112 j  -066, and for the 1923 curve +  • 114 '»'<«•
The curve, in each ease, fa n  therefore be considered as normal. 
From  the date  given by Bobilioff» the. skewness of his curve 
has been calculated to  be '69 ±  '04, which shows a eons e 
able difference from the results obtained from the presen p
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Table 12.
Frequency Distribution of Number of Latex Vessel Rows 

at 2 Feet in 1923.
Num ber of Rows. Frequency.

1 0 - LI 
* 2 -1 3  
14 -1 5  
16 -1 7  
1& -19 
20-21
22-23 r :
2 4 -2 5  ■■ • •  In

5

19
20 
26 
26

2 6 -2 7
2 8 -2 9
3 0 -3 1
3 2 -3 3
3 4 -3 5
3 6 -3 7
3 8 -3 9

There is a possibility of an annual, variation m  the number 
of latex vessel rows in the cortex. If  there is a great variation 
in  the rate of formation of new latex vessel rows, i t  is not uu- 
likelv th a t trees w ith few rows in one year may have numerous 
rows in a  succeeding year. The relationship between the 
numbers of rows present in 1921 and in 1923 is shown in l a  j e 
13 from which a  coefficient of correlation of - r  *•>* m 
has been obtained TLiis indicates th a t  on the  average the 
trees which had the largest numbers of rows in  1921 again 
have the largest numbers in 1923. I t  will be noted th a t this 
coefficient of correlation is less than  those found to r Yield,
1921-22 and 1922-23, and for Girth, 1921 and 1923. This would 
indicate th a t the number of latex vessel rows is not so constant 
a character as are Girth and Y ield.

Increase, in  Number of L a kx  Vessel Rows at 2 Feet.
Though the mean number of latex vessel rows has increased 

during the two years under review, the  increase has, by no 
means, been uniform throughout the plot. No tree had fewei 
rows in 1923 than  in 1921, though two trees showed n* * increase. 
The greatest increase was 23 rows. I t  is evident, therefore, 
th a t the trees have exhibited great variability as regards the 
number of rows which they have added during these two years. 
The variation which occurs in the ra te  of formation of new 
rows is clearly shown in Table 14, in which the increase is 
expressed as a percentage of the  number of rows present in 
1921. This table is represented graphically in Fig. 7.

*
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Frequency Distribution of Percentage Increases in Number of 
Latex Vessel Rows a t 2 Feet.

P e r c e n t a g e  I n o r e u ? .  F r e q u e n c y .

o- m -• ■■ .!
2 0 - 3 9  •• •• J *
4 0 -  59
6 0 -  79  • • • • V t
8 0 -  99  • • • • f i

1 0 0 -1 1 9  •• 1 1
1 2 0 -1 3 9  •• •• i
1 4 0 -1 5 9  
1 6 0 -1 7 9  
1 8 0 -1 9 9  
2 0 0 -2 1 9  
2 2 0 -2 3 9  
2 4 0 -2 5 9  
2 6 0 -2 7 9  
2 8 0 -2 9 9

I t  will be seen from Fig. 7 th a t more trees fall into the SOper 
cent group than  in any other. The mean percentage mcrease 
may be calculated from Table 14 to be 82-5 ±  2-80 per cent 
The curve, is therefore skewed towards the lower end of the 
range (skewness - +  *73).

Since there is a considerable variation in the rate of increase 
in the number of latex vessel rows.it is necessary to  determrne 
whether the trees which had the largest number o rows m 
1921 have shown the greatest increase, i.e., whether there is 
anv relationship existing between the initial number of rows 
and the rate of Increase. In  Table ) 5 is shown the 
between the number of rows of latex vessels in 13-1 and the 
oereeX ge me “ asc in the number of latex vessel rows during 

y e a r s .  The coefficient of c o i t i o n  for t b - e c f a a g .  
tors has been calculated to  be o l i  ,v,ir>h
coefficient it is evident th a t on the average trees wh ch 
had the smallest number of rows m 1921 have made the 
greatest proportional increase, and those trees which W t  
fargest number of rows initially have made the smallest
increases. _

This fact may be further demonstrated by dividing the trees 
into throe groups u  was done for yield Trees which in 192 
had less than 10 rows constitute the Low Group, and those 
with more than 13 rows form the High Group. A companson 
of these gi-oups, consisting of 39 and 30 trees, respectively, 
is given in Table L6.
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Table 10.
Comparison of Latex Vessel Bow Low Group with Latex 

Vessel Row High Group.

Number Mean Number of fncrcaso ^ eip !™ nt»Ee
0£ T « «  L a te x  Vfeflpel Row s, of £ , f J E s t o X r .

m  G roup,

Low G roup.. 39 ..  7-7 ..  16-» ..  9 - 2 . .  H 6 ± 7 - i»
High Group.. 36 ..  15 'i ■■ 23-5 ..  8 1 . .  53 ±  3 6

From the above table it is evident th a t the mean number of 
latex vessel rows of the Low Group has increased by S'S, 
whereas th a t of the High Group has increased by 8 '1 . th e  
difference here is very small. The mean p e r c e n t a g e  increase 
of the Low Group is. however, 126 ±  7 '3b and th a t of the High 
Group 53 4-3-16. This difference73 ±  8 -01 per cent, is large, 
and should be taken as significant. Consequently, trees m the 
Low Group have produced proportionately more latex vessel 
rows than trees of the High Group.

Here then, as in girth, the Low Group shows a greater per- 
eentage increase than the High Group, and in this, both these 
characters differ from yield.

Num ber o f Latex Vessel B ovjs a t S Inch*,s.

The frequency distribution of the number of latex vessel 
rows in the cortex a t 8 inches from the ground is given in 
Table 17, and rejiresented graphically in Mg- »•

Table 17.

Frequency Distribution of Number of Latex Vessel 
Hows a t 8 Inches in 1923.

R ow s.
10-11
1 2 -1 3
1 4 -1 5
1 0 -1 7
1 8 -1 9
20-21
2 2 -2 3
2 4 -2 5

0(30)23

F requency .
2
7

11
18
33
31
21

9

Rows. 
2 0 -2 7  
2 8 -2 9  
3 0 -3 1  
3 2 -3 3  
3 4 -3 5  
3 6  37 
3 8 -3 9

F req u en cy .
11

7
1
2
0
1
1



The mean number of latex vessel rows in the cortex a t  S 
inches was found to be 20 -4 ±  '258. This number is greater 
than th a t found for the  cortex a t 2 feet by -7 ±  ’36, a  quantity  
which is statistically insignificant. In  some trees there were 
more rows in  the cortex a t 8 inches than  a t 2 feet, the greatest 
increase being 8 rows ; other trees showed fewer rows a t 8 
inches than  a t  2 feet, the  greatest decrease being 4 rows. The 
relative values of these differences are best shown when the 
number of latex vessel rows a t 8 inches is expressed as a per­
centage of the number a t  2 feet. (Table 18 and Fig. 8.)

Table 18.

Frequency Distribution of Number of Latex Vessel Rows at 
8 Inches as a Percentage of the  Number a t  2 Feet.

P ercen tag e . F re q u e n c y , i P e rc e n ta g e . F re q u e

7 7 - 5 -  8 2 -4 2  1 1 7 - 5 - 1 2 2 - 4 7
8 2 - 5 -  8 7 -4 6  ! 1 2 2 - 5 - 1 2 7 - 4 3
S 7 - 5 -  9 2 -4 11 ! 1 2 7 - 5 - 1 3 2 - 4 2

9 2 - 5 -  9 7 -4 17 i  1 3 2 -5 -1 3 ,7 -4 2

97  * 5 -1 0 2 • 4 3 8  | 1 3 7 - 5 - 1 4 2 - 4 1

1 0 2 -5 - 1 0 7 -4 •• ’ 25  j  ..............
1 0 7 • 5 -1 1 2 - 4 2 4  1 .......................... ..
1 1 2 -5 - 1 1 7 -4 18 | 1 7 7 - 5 - 1 8 2 - 4 1

I t  will be seen from the above tab le th a t the greatest number 
of trees fall into the group 97 • 6 — 102 • 4 per cent., the mid point 
of which is 100. This class contains all the trees in which the 
number of rows in the cortex a t  8 inches does not differ from 
the number in the cortex a t 2 feet by more than  2$ per cent. 
The mean percentage has been calculated to  be 104-8 ±  *67.

I t  is evident, therefore, that, the mean number of latex 
vessel rows in the cortex a t 2 feet and a t 8 inches above ground 
level is approximately the same. Any increase in  yield 
obtained as the tapping cut descends the  tree cannot, there­
fore, be ascribed solely to the presence of an increasing number 
of latex vessel rows on descending. This will again be 
referred to in P art III.

C o e t e x  T h i c k n e s s .

The frequency distribution of cortex thickness in 1923 a t 
2 feet from ground level is given in Table 19, and represented 
graphically in Fig. 9.
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Table 19.

Frequency Distribution of Cortex Thickness a t 
2 Feet in 1923.

T hickness.
m m .

F req u en cy . Thickness.
m m . Frequency.

•1 - 0 1 7 - 5 39
4 -5 0 8 - 0 18
5 -0 1 8 - 5 13
5 • 5 1 1 9 - 0 3
6 - 0 13 9 - 5 2

6 -5 25 1 0 - 0 1

7*0 27 1 0 -5 1

The mean thickness of th e  cortex a t 2 feet from the ground 
of the 155 trees was 5*64 ±  •051 mm. in April, 1921. In  
April. 1923, the mean thickness was 7 • 18 ±  *054 mm., which 
represents an increase of I '54 mm. or 27 *3 per cent.

That the trees which had the greatest cortex thickness in 
1921 had also the greatest thickness in 1923 may be seen from 
Table 20. From this table the  coefficient of correlation has 
been calculated to be -j- '86 +  *014. Cortex thickness is 
therefore a stable character.

The frequency distribution of cortex thickness in  1923 a t
8 inches above ground level is given in Table 21, and is repre­
sented graphically in Fig. 9. The similarity of the curves in 
Fig. 9 is marked, and indicates no change in the variability of 
the character.

Table 21.

Frequency Distribution of Cortex Thickness a t  8 Inches 
in  1923.

T h ickness.
m m . F req u en cy . T h ick n ess.

m m . F re q q e u c y .

4 0 2 7 - 5 16
4 - 5 2 8 - 0 14
5 - 0 8 8 - 5 . 5
5 -5 13 9 -0 1
6 0 *>2 9 - 5 0
6 -5 40 1 0 * 0 1
7 0 31

At 8 inches from the ground the mean thickness of the 
cortex in 1923 was 6-65 J- '053 mm., which is *63 ±  '076 mm., 
or 8 '8  per cent, less than  th a t a t  2 feet. The difference
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•63 Him, is more than  8 times as great as its probable error, and 
may be considered to  be significant. On the average, there­
fore, the thickness of the cortex is greater a t  2 feet than  a t 8 
inches. All measurements refer to  the  thickness of the  living 
cortex excluding the dead bark scales. I t  is possible, therefore, 
th a t  the greater thickness a t  2 feet is due to  the  more rapid 
scaling of the  bark a t  8 inches. A t the  same tim e i t  should 
be pointed out th a t the  root cortex is thinner th an  the  stem 
cortex, and the influence of the  root system on th e  lower 
portions of the stem would, therefore, tend toward the forma­
tion of thinner cortex in this region.

Increase in  Cortex Thickness.

The increase in cortex thickness a t  2 feet is best considered 
when expressed as a  percentage of the initial thickness in 192,1. 
An increase in cortex thickness (say, 1 mm.) made by a th in  
cortex represents a  proportionately greater increase than  
does the same am ount made by a  tliick cortex. The propro- 
tional increase in cortex thickness has been calculated for each 
tree, and the frequency distribution is given in  Table 22, and 
represented graphically in Fig. 10.

3 5 - Mean
3 0 27'5 percent-

25
■ I  ;/ A\

20 % f
0 / \
S 15 / \
acr
<d to /

i t

*5 77
•o

// . l i ,
5  10 <5 SO 2 5  3 0  3 5  4 0  4 5  5 0  5 5  6 0  **5

P er c.entacje.

F ig . 10.—Frequency polygon for percentage increase in cortex thickness 
a t  2 feet.



Table 22.

Frequency Distribution of Percentage Increases in Cortes 
Thickness.

P erc en tag e  Increase. F req u e n cy .

7 - 5 - 1 2 - 4 8

1 2 - 5 - 1 7 - 4 2 1

1 7 • 5 -2 2 - 4 24
2 2 - 5 - 2 7 - 4 32
2 7 - 5 - 3 2 - 4 25
3 2 - 5 - 3 7 - 4 16
3 7 -5 - 4 2 - 4 16
4 2 - 5 - 4 7 - 4 6

4 7 - 5 - 5 2 - 4 4
5 2 • 5 - 5 7 - 4 2

5 7 - 5 - 6 2 - 4 1

I t  may be calculated from Table 22 th a t the mean increase 
in cortex thickness is 27 '5  ±- '572 per cent. From Fig. 10 
i t  will be seen th a t the  approximate mode is a t 25 pea- cent.., 
i.e., less than  the mean, and consequently the curve is skewed 
slightly towards the lower limit of the range.

The coefficient of variation for the percentage increase in 
cortex thickness is 3S -4, whereas the coefficient of variation 
for actual cortex thickness a t 2 feet is 13 '9. The variation in 
increase of cortex thickness is greater than the variation shown 
in the actual measurements of thickness itself.

Is there any relationship between the initial cortex thickness 
and the percentage increase of cortex thickness ? Have 
those trees, which originally had the thickest cortex a t 
2 feet increased by the largest amount in proportion to their 
initial thickness 1 These questions may be answered by 
means of the coefficient of correlation for these characters, for 
which the correlation table is given in Table 23. The co­
e f f i c i e n t  o f  correlation has been calculated to b e — -47 ±  -042.
This indicates that, oil the average, the cortices which were 
thickest in 1921 have increased by smaller amounts, in propor­
tion to their initial thickness, than have the initially thinner 
cortices.

If the trees are divided into three classes according to the 
thickness of their cortex in 1921, i t  will be found th a t 39 trees 
had cortices thicker than  6 *2 mm., and 36 trees, cortices thinner 
than 5-0 mm. The remaining trees have cortex thickness 
approximating the mean measurement for the plot. The 
mean measurements for the two extreme classes are given in 
able 24.
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Table 24.
Comparison of Cortex Thickness Low Group with Cortex 

Thickness High Group.
M ean C ortex  T h ick n e ss . M ean P erc en tag e

D ifference. I n c re a s e in
1921. 1 9 2 3 . T h ickness.

m m . m m . m m .
Low Group .. 4-4 ..  6-0 ..  1’6 ..  36 • 2 i  1 '24
High Group . . 6-9 .. 8*3 ..  1 4  .. 20-9 ±  */9

Though the mean cortex thickness of both groups had 
increased by approximately the same amount, the trees with 
the thinner cortex have increased their measurements by 
36 -2 ±  1 -24 per cent., whereas the increase of the trees with 
the thicker cortex is 20 '9  i  ‘79 per cent. The difference 
15 *3 ±  1 *47 per cent, is 10 -4 times as large as its probable 
error, and is consequently significant.

I t  should be noted th a t the relationship between cortex 
thickness and percentage increase in cortex thickness is similar 
to th a t between girth and percentage increase of girth, and to 
th a t between number of latex vessel rows and percentage 
increase.

R e n e w i n g  C o e t e x .

In  estate practice tapping is begun a t a height of 2 feet, 
and is continued down to  the base of the tree. From this 
point the  cut is changed to the other side of the tree, and again 
is continued down to  the base. When there is no untapped 
cortex left in this region, tapping has to be earned out on 
cortex which has been previously tapped, and naturally the 
cut is placed on th a t portion of the cortex which has had the 
longest tim e for regeneration. This regenerated cortex is m 
practice termed “ renewing cortex,” and on its character will 
depend the future yield of the tree. The period allowed for 
this regeneration is usually 8 to 10 years, and depends on the 
system of tapping adopted. The time necessary for complete 
regeneration has been arrived a t empirically, generally on 
estate experience of the ra te  of increase in thickness of the 
renewing cortex, or of the yields obtained from renewing 
cortex of various ages. Exact information is therefore 
desirable as to  the rate of renewal, the character of the renew­
ing cortex, its  similarity to the untapped cortex, and its yield 
as compared with th a t of the untapped cortex preceding it. 
This last point cannot yet be dealt with in the present experi­
m ent as tapping will not be commenced on the renewing 
cortex till about 1929. The other points, however, are discussed 
below. The specimens of renewing cortex examined here had 
had two years for regeneration.

6 (3 0 )2 3



Thickness.
The freauency distribution of tlie measurements of the 

thickness of^the renewing cortex a t 2 feet in  April, 1923, are 
given in Table 25, and represented graphically m  Dig. J.

Table 25.
Frequency D istribution of Renewing Cortex Thiokness 

Measurem ents.
T h ick n e ss.T h ickness

mm.
3*10-3-39
3-40-3-69
3-70-3-99
4-00-4-29 
4-30-4-59 
4 • 60-4 •

F re q u e n c y .

13
22
35

m m .
4 - 9 0 - 5 - 1 9
5 - 2 0 - 5 - 4 9  
5 - 5 0 - 5 - 7 9
5 - 8 0 - 6 - 0 9
6 - 1 0 - 6 - 3 9

F re q u e n c y .

28
14

9
8
6

The mean thickness of the  renewing c o rte x w ^  4-74 ± : '037 
mm , t h e  greatest thickness being 6-3 mm., and the least 3 _ 
nun. The coefficient of variability (14'3) is ™ l a r  m m i g  - 
tude to th a t  of the untapped cortex a t 2 feet (13 9). In  Jfig. J 
the resemblance between th e  ffrequency P°lyg™  £”  
renewing cortex and those for the  untapped cortex a t 21 feet 
and a t 8 inches will be noticed. I t  wdl also be seen_th a t the 
renewing cortex has not yet atta ined  the thickness of the 
untapped cortex for 1921.

The renewing cortex t h i c k n e s s  expressed 
untapped cortex a t 2 feet in 1923 is given m  fab le  26k JT ro m  
this it will be seen th a t the lowest nine trees have r a w i n g  
cortex of half th e  thickness of their
highest tree has the  former approximately equal to  the la t .

Table 26.
Frequency D istribution of Renewing Cortex Thickness as a 

Percentage of Untapped Cortex Thickness.
P erc en tag e .

4 7 - 5 - 5 2 - 4
5 2 - 5 - 5 7 - 4
5 7 - 5 - 6 2 - 4
6 2 - 5 - 6 7 - 4
6 7 - 5 - 7 2 - 4

F re q u e n c y .

20
26
33
28

P e rc e n ta g e .
7 2 - 5 - 7 7 - 4  
7 7 - 5 - 8 2 - 4  
8 2 - 5 - 8 7 - 4  
8 7 - 5 - 9 2 - 4  

; •5—97■4

F re q u e n c y . 
16 
10 

7 
5 
1

W I O-1 & •* ■ •
The mean of the foregoing frequency distribution is 66-8^±  

•54 per cent., and tliis indicates th a t on the  averag;e •
ing cortex, after two years’ growth, has attained 
the thickness of the  adjacent untapped cor ex.
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The relationship between the  thickness of untapped cortex 
and of renewing cortex is shown in  Table 27, from which a 
coefficient or correlation of +  '4 2 ±  ‘045 was obtained. This 
indicates th a t the trees with thick untapped cortex tend  to 
produce a thick renewing cortex. This is somewhat to  be 
expected, as i t  has already been shown th a t  those trees which 
had the thickest cortices in 1921 had on the  average the 
thickest cortices in 1923. I t  would appear evident, therefore, 
th a t thickness of cortex is an inherent character, which deter­
mines not only the thickness of the  untapped cortex, bu t also 
th a t of the renewing cortex.

Number of Latex Vessel Rows.

The number of latex vessel rows found in  th e  renewing 
cortex of each tree is given in  Table 1. The frequency d istri­
bution for this character is given in Table 28, and represented 
graphically in Fig. 6.

Table 28.

Frequency Distribution of the  Number of Latex Vessel Rows 
in  Renewing Cortex.

N u m b e r o f L a te x Number of Latex
Vessel R ow s. Frequency. Vessel R ow s. Frequency.

8 -9 2 24-25 8
10-11 5 26-27 2
12-13 15 28-29 4
14-15 21 30-31 1
10-17 22
18-19 23
20-21 30
22-23 21 40-41 1

I t  will be noticed th a t there is one outstanding tree (Tree
No. 41) with 41 rows. This tree has 10 rows more th a n  the 
next best tree, and 22 more than  the average (the mean being 
18 ’6 i  "249 rows). The polygon representing the frequency 
distribution (Fig. 6) closely resembles those for the  num ber of 
rows a t 2 feet and a t  8 inches in the  untapped cortex.

The mean number of rows of latex vessels in th e  untapped 
cortex a t 2 feet in 1923 was 19 *7 ±  -257, which is only 1*1 ±  
*36 greater than  the  mean number in  the renewing cortex. 
This quantity, however, is not statistically significant, and i t  
may. therefore, be concluded th a t the mean number of latex 
vessel rows in the renewing cortex, after two years* regeneration, 
is equal to that of the untapped cortex.



The process of renewal m ay, however, result in the formation 
of a renewed cortex differing considerably from the untapped 
cortex, and any change would probably affect the number ot 
latex vessel rows present. I t  is therefore of interest to  deter­
mine whether those trees which had the greatest number of 
latex vessel rows in  the untapped cortex maintain this position 
in regard to their renewing cortex. The coefficient of correla­
tion between the number of latex vessel rows in the untapped 
cortex a t  2 feet, and in the renewing cortex a t 2 feet in  19-3 
(Table 29), is +  • 69 ±  *028 which indicates a  decided relation­
ship between these characters. The trees, which on the 
average have the greatest number of latex vessel rows in the 
untapped cortex, also have the greatest number in the renewing 
cortex.

Evidently, the number of latex vessel rows is an inherent 
character. Those trees which had the greatest number m 
1921 have the  greatest number in 1923 and also have the 
greatest number in the renewing cortex, the number being 
determined by the character.

PART II.
I t  has already been shown th a t considerable variation 

exists in the yielding capacity of the trees under 
Further those trees, which gave the highest ^ j d s dm fflg th  
first year of tapping, have on the average given the toghfflt 
yields during the second year, and similarly ^ t h  girth, cortex 
thickness, and number of latex vessel rows in the. cortex a t
2 feet above ground level »

vessel rows, and thickest cortex. In  other words the character

Sr„nS
I t  has also been shown th a t during the two yearsof

have othe/ltrees Have

proportionate increase in yield .
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The following pages are devoted to the 
problems. Defirdte information on these P?mtav ^ L ^ *  
value in the selection of best yielding trees, and may have som 
influence on general estate practice.

Y i e l d .

The coefficient of correlation between yield for 1921-22 and 
yield for 1922-23 is +  '83 ±  '017. This indicates th a t 
generally the high-yielding trees of 1921-22 are also the high- 
yielding trees of 1922-23, and the low-yielding trees continue 
to  give low yields. In  so far as yield may be termed a I*ya»- 

of the t r e e - i t  is, indeed, a  -sponse  to  he 
stimulus of w ound ing -it may be treated as a  ^ r a c t e r  of the 
tree, and the constancy exhibited by it for the two years under 
review is good evidence as to  its inherent nature.

C e r t a i n  relationships were established between yield and 
other characters in 1921-22 in a  previous publication , anil 
for convenience these are tabulated below, and may be com­
pared w i t h  the corresponding relationships determined
1922-23

Table 30.

Coefficients of Correlation between Yield, 1922-23, and 
Other Characters.

C o e ff ic ie n ts , C o e ff ic ien ts ,
O t h e r  C h a r a c t e r s .  1 9 2 1 - 2 2 .  1 9 2 2 - 2 3 .

—  4 -  ’ 8 3  +  *017
1 9 « - S2  ; +  -58 ±  -035 : .  +  -56 ±  037

Cortex th ickness, 2 fee t, 1923 +  -42 |  044 . .  +  - M  ±  -0*7

N'tS t?  1 9 2 * 3 V6SSelrOWS: 2 +  ' «  ±  -°42 •• +  ' 38 ±  ■■°t8
N u m b e r  o f la t e x  v e s se l  ro w s , _  . .  4- - s i f lb  -047

re n e w in g  c o r te x  • • __  1 - 3 4  _l_ - 048
Thickness, renewing c o r t e x . .

The relationships between the characters in the  foregoing 
, . 1  as win be seen, remained practically constant for
t h e  two, years. I t  should be noted th a t the  coefficient of 
the tw c jy  . • higher and remains more nearlycorrelation wrth girth £  and

z £  a e s v s ? ™  J S S & & z \

E w ! r J S « s = s a a & a A ^
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The coefficients of c o l la t io n  between yield and the  new 
characters thickness and mim te r  of la te r  vessel rows of 
renewing cortex—have been calculated (Tables 31 and 32 res 
pectivcly), and are given in Table 30. I t is noteworthy th a t 
the  relationship between yield and num ber of latex vessel rows 
in the renewing cortex is as close as that, existing between 
yield and number of latex vessel rows in untapped cortex 
A similar relationship exists between yield and th ick jn -,/o f 
untapped cortex and yield and tliiekness of renewing cortex 
The relationships, therefore, between yield and characters of 
untapped cortex are no t altered in degree in the succeedine 
.renewing cortex. ®

G i r t h .
I t  was shown in a  former Bulletin4 th a t the character girth 

was interrelated, not only with yield, but also with the 
characters, cortex thickness and number of latex  vessel rows 
The coefficients of correlation for these characters, obtained 
from measurements m ade in 1921, are repeated in Table 33 to 

comparison vvitli the coefficients obtained from the
192o measurements.

Table 33.
Coefficients of Correlation between G irth, 1923, and Other 

Characters.
Other Character. C oefficients.

1921-22. 11)22-23.
Uirth, 1921 ..  __ ,
Yield, 1922-23 ..  +  *68 ±  -035 . . -i- -sa ±  -037
Cortex t l u d m e ® ,  2  f e a t .  1923 ; -63 ... -032 . + - 6 6  +  -0 37
Number of latex vessel rows.

2 feet, 1923 . .  -f- -40 -t- -04(1 .. -f ■ U  ^  -054

From  the above tabic it will be seen tha t, though in 1921 
there was a  decided relationship between g irth and num ber of 
iK ?  r0WS’ tho same relationship is not shown by the
1923 measurements. The relationship between girth ' and 
cortex thickness has, however, remained constant.

L a t e x  V e s s e l  ;R o w s .

The correlation table for number of latex  vessel rows a t 
“ j T,’n • al m I92a "ivea a  coefficient of +  -53 +  -039
and t o  indicates th a t  those trees which had most latex vessel 
rows in the first year still have most in tho second year. The 
mean number of rows per tree a t  2 feet from the ground rose 
irom u  • j  rows to 19 -7 rows in the period under review. How 
, ™ «  e t “ 080 various increases in tho individual trees of the 

plot attected the degree of relationship of this character with



other characters as compared with the previous year ? For 
ready comparison the coefficients of correlation between 
nuui her of latex vessel rows and other characters for the years
1921 and 1923 are set down side by side in the following 
table :—

Table 34.
Coefficients of Correlation between Number of Latex Vessel 

Bows, 1923, and Other Characters,

O th e r  C h a ra c te r s .
Coefficients.

N u m b e r  of l a te x  v e sse l ro w s,
2 fe e t , 1921 . .  —  . .  +  -5 4  ±  -039

Y ie ld , 1 9 2 2 -2 3  . .  - f  -46  -042  . .  +  -3 8  ±  -046
G i r th ,  1923 . .  r  -4 0  ±  -046 . .  +  *11 ±  -054
C o r te x  th ic k n e s s ,  2 f e e t ,  1923 -j- -34  ±  *047 . .  +  -14  ±  -053

The coefficient of correlation between number of latex 
vessel rows and yield has dropped slightly in 1923, but remains 
of the same order of magnitude as in 1921, and the relation­
ship of these two characters is, therefore, unchanged.

In  the cases, however, of girth and cortex thickness, there 
is a decided drop in 1923 in each coefficient. While in 1921 
these coefficients indicated a  small bu t definite correlation 
between these characters and the number of latex vessel rows, 
in 1923 these coefficients do not indicate any decided
relationship.

C o r t e x  T h i c k n e s s .

The relationships of cortex thickness with other characters 
have been discussed in the preceding paragraphs under the 
characters concerned. The following table brings together the 
various coefficients of correlation to facilitate comparison :—•

Table 35.
Coefficients of Correlation between Cortex Thickness, 1923, 

and Other Characters.

O th e r  Chw raoEera.

C o r te x  th ic k n e s s ,  1921 
Y ie ld ,  1 9 2 2 -2 3  
G i r th ,  1923
N u m b e r  o f  l a t e x  v e sse l ro w s,

2 f e e t ,  1923

Coefficients.

r ie2 1 -2 2 . 1922-23.
.. +  • 86 i  ■ 014

r  -46 ±  -044 .. -f ±  047
-f -63 ±  *032 . . -f -56 ±  -037

-f- -3 4  ±  -047  . .  - f  -1 4  ^  '0 5 3



I

R e n e w i n g  C o r t e x .

I t  has already been shown th a t those trees, which had the 
thickest, untapped cortex, have on the average produced the 
thickest renewing cortex. Also those trees which had the 
largest number of latex vessel rows in  the  untapped cortex 
have 0 11 the average the largest num ber in the renewing 
cortex. The coefficients of correlation for these characters 
are for convenience given in the following table, together with 
the coefficients for other relationships of the  characters of the 
renewing co rtex :—

Table 36.
Coefficients of Correlation between Characters of Renewing 

Cortex and Other Characters.
O th e r  Characters. Renewing Cortex. Coefficients.

Yield, 1922-23 . .  Thickness . .  -j- *3 4 -048
Do. ..  Number of latex vessel

rows
Cortex thickness, 2 feet,

1923 . . Thickness
Number of latex vessel 

rows, 2 feet, 1923 ..  Number of latex vessel
rows

Renewing cortex thick­
ness , .  do.
From the foregoing table i t  will be seen th a t th e  relationship 

between the thickness of the  renewing cortex and yield is the 
same as th a t between thickness of untapped cortex and yield 
(+  ‘36 i  *047). The relationship between the number of 
rows of latex vessels in  renewing cortex and yield also is 
similar to  th a t between number of latex vessel rows in untapped 
cortex and yield (-f- '38 rfc ’047). These facts are additional 
proof of the statem ent already recorded, that, th e  renewing 
cortex does not differ in character from the untapped cortex 
which preceded it. The coefficient of correlation between 
number of latex vessel rows in renewing cortex and in untapped 
cortex is considerably higher than  th a t between thickness of 
renewing and untapped cortex, and indicates a  correspon* 
uinglv closer resemblance. Cortex thickness measurement - 
would he affected by the ra te  of exfoliation of dead bark scale? 
a factor which would not. affect- a  count of latex vessel rows 
to the same extent. At the same tim e it would appear not 
unlikely latex vessel rows are laid  down a t  fairly definite 
in te rv a ls the total number present in the  cortex being depend­
ent on the c h a p t e r  of the cortex concerned In  ntii er words
• e number of lausx vessel rows in the  cortex is an inherent 

’ 13r;u'~r exhibited by fcotb renewing and antapp* -I ertex.

+  -36 ±  -049 

+  -42 ±  -043

» ±  -028 

•41 ±  ‘045
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The relationship between the  thickness of the  renewing 
cortex and the number of latex vessel rows which i t  contains 
(Table 37) corresponds to th a t determined for these characters 
in untapged cortex in 1921 (- f  *34 ±  -047). I t  differs, 
however, considerably from the relationship in untapped 
cortex in 1923. I t  should be noted here th a t  the latex vessel 
rows in the renewing cortex are much more distinct than in 
untapped cortex, and a  count is, therefore, not liable to such a 
great personal error.

R e l a t i o n s h i p  b e t w e e n  t h e  P r o p o r t i o n a l  I n c r e a s e s  
i n  Y i e l d  a n d  i n  O t h e r  C h a r a c t e r s .

I t  has already been shown th a t high yield is interrelated 
with big girth, numerous la tex  vessel rows, and thick cortex. 
I t  has also been indicated th a t  there is considerable variation, 
not only in  the actual quantities by which the  yield of indivi­
dual trees have increased during the  second year of tapping, 
but also in the proportion th a t  quan tity  bears to the  first 
year’s yield. In  the second year the  yield of some trees 
increased by more than  50 per cent, of their first year’s yield, 
others have shown decreases, and some have remained constant. 
Variations have also occurred in the proportional increases in 
girth, number of latex vessel rows, and cortex thickness.

I t  would appear to be of some im portance, therefore, to 
determine whether a  change in yield has been accompanied 
by a  corresponding change in girth, number of latex vessel 
rows, or cortex thickness. If a  change in one character results 
in a corresponding change in  another, it indicates th a t  these 
characters are closely interlinked, and th a t any factor affecting 
one character will affect the others by a corresponding am ount 
owing to the  interlinking.

The true value of a change in a  character is best measured 
by representing the increase or decrease as a percentage of the 
initial measurement. I t  is possible, therefore, by correlating 
percentage increase in yield with percentage increases in other 
characters, to  determine whether yield is interlinked—and the 
extent of the interlinking—with these characters, and whether 
any relationship found between yield and other characters may 
be due to conditions o ther than  the close interlinking of the 
characters.

in  Table 38 the proportional increase in yield is correlated 
with the proportional increase in girth, and a  coefficient of 
correlation of -f- -03 ±  '054 has been obtained. This indi­
cates t hat a  change in yield, on the average, is not accompanied 
by a corresponding change in girth.
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1
SOILS AND THEIR INVESTIGATION

The materials supporting a building may be broadly c la ss ify  
into two categories, namely, soils and rocks. Soil is a natural aggre­
g a t e  of mineral grains which can be separated by easy 
means like agitation in water. Rock, on the other hand, is a natural 
aggregate of cemented minerals.

Bocks are of three classes according to their mode of forma­
tion Tlie«e are igneous, sedimentary and metamorphic ro^ks. 
Igneous rocks are formed from the solidification of molten‘ matt^  
called munrna This solidification may occur in the surface of earth 
or above it. Sedimentary rocks are the result of the accumulation 

r o+horpfl fir nosits of igneous rocks. Metamorphic rocks 
either igneous or sedimentary rocks whose physical or chemical pro-

tructed, ensure a good support lor tne u* ^  failure,
heavy loads without 'J*,,. ;ct(,rt t0 the determination of
Investigation of rock surf a , However even this is only
any cracks and i s o f t " "  d buUding8 have to be constructed, 
necessary when multi stor y surface for constructing a
S ^ y S  H o t  mPe? w t  in abundance at building sites.

Rocks are subjected to w“ ^ " ^ rc“f 07 ‘“  T e V k e ^  t"e
temperature, f™ f '^ ™ ^  equelltly  disintegration ta,kes place. The 
rock considerably and sutaeq ^  ^ of th)jjr ongm are
products of rock " ea^ erl *f th t  transported to a different place 
termed as residual 8° ‘ls- are called transported soils. Residual
and deposited the.re> cl araoter than the alluvial soils. The cons- 
soils are of more un'form • d detailed investiga-

s K £ S S 8 r S s S « r , » - * - - '  —  >•—
residual soils, e.g., black cotton soils.

T y P ^ i U m l f b e  broad ly  classified as under:
® “ . This oon9ists of particles of coarser m atena !f«sul-

r (1) Z Vdisintegration of rocks These particles are often 
transported bv water from their original source.

1 (54 -49 /19^6)



As a result of transportation, these particles arc worn out anil 
haw  a rounded shape. Particles in size from 4 7 mm. to 8 cm. arc 
classified as i-ravels and those greater than 8 cm. are called 
nobbles G r a v e l  deposits neither swell when moisture penetrates 
into them nor they  shrink when dried from a «M et condition. Any 
water which collects a t their surface is drained oft rapidly. They 
have high strength to bear the loads comma over tnera. Buddings 
built on gravel do not show any signs of settlem ent. Gravel deposits 
form the second b e s t  foundation surface for a building.

(2) S ands ■ Natural sands consist of coarsc particles of silica 
d e r iv e d  from the disintegration or rooks. The particles are visible 
to the naked eye and have rough surfaces. Clean sand particles 
will fall apart when collected in a dry state. Their size varies from 
0 08 mm to about 4-7 mm. Pure sand deposits are not affected by the 
action of frost. They do not swell in size whenever w ater penetrates 
into them No shrinkage occurs when they are dried from a moist 
condition. Coarso sands do not allow water to  rise through capil. 
larv action and are verv permeable. Pure sands in a dense state 
provide, a good foundation surface for buildings and I here are no 
settlement problems associated with them.

(3) S ilt ; This is a finer variety  of soil. The particles are 
usually e q u i -dimensional in size, ranging from 0 002 mm. to 
0 06 mm. Silt particles have a smooth texture. Silt is relatively 
impervious. I t  may also exhibit, a  slight tendency towards swelling or 
shrinkage. Silt deposits may contain some organic m atters. I f  the silt 
lavers are in lower density due to looseness in structure they can bear 
stresses of small magnitude. The settlem ents on account of the load­
ing may also bo significant.

(4) C la y s :  Particles which are less than 0 002 mm. in size 
are termed clays. They have a  smooth and flaky appearance. Clays 
are formed during excessive weathering of the coarser particles of the 
rock. The elongated shape of clay particles causes a plastic mixture 
to be formed in wet state. There is very small space between the
i n d i v id u a l  p a r t i c l e s  of clays and hence w ater cannot be drained off
easily. This keeps the clays in a damp condition for a considerable 
period a fter w ater has penetrated into them. W henever loads are 
applied to a clavey soil, settlem ent takes place gradually and may 
last even for many years. Buildings constructed on clayey soils arc 
thus liable to a gradual settlem ent. Clays also show the property of 
shrinkage if dried. T h e  capacity of wet days to bear loads is very 
less. A high capillary rise of m oisture is prevalent in clays. I t  is 
difficult to construct buildings on a surface of a pure clnyey soil

Soil In v estig a tio n
The object of soil investigation is to get information 

regarding :
(i) the nature, thickness and variat ion of soil s tra ta  a t a place,
[ii) phyBical properties of the soil s tra ta  encountered, and
w) the seasonal variations in ground w ater table and its effect 

on the  soil s tra ta  met.



The first step in soil investigation i* to carcyou t 
survey of the site. Information can be^co to ]ifferent |evels mk! 
of the area regarding the typo of soils available a t  d

ot S s  doubtful, it is essential to carry out a thorough investigation 
of the soil available a t the site.

The methods used for further study are;
(1) Open test pits.
(2) Borings.
(3) Sub-surface soundings.
(4) Geo-physical methods.
A brief description of these follows i
,11 O o e n  te s t  p its .  A rectangular pit is excavated a t the

site and sample of soils collected a t different levels. Further ide 
about the nature of soil layers can be ob­
tained by examining the sides of the pit 
/see Fig. 1). This method is, however, 
limited to depths of 3 metre and can­
not be used below ground wator table.
Moreover, for areas where rock or boul­
ders are encountered after some exca­
vation, this method is unsuitable.

The spacing of these te st pits 
depends on tbe nature of building, the 
variation in soils met with and the 
time available for investigations. At

■i. K n
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F ig . 1. A  ty p ic a l  sec tion  
o f a  te s t  p it.

time a v a i ia D J e  ..............  .
least one test p it should of the test pit do
for a 15 X 15 metres area. In  case the s id es jn  ;   ______ lof different

vx/„u r . „ _not
layers should be

stand* 'vertically, the measurement 
taken carefully.

(2) B orings. The types of borings usually adopted a r .  :

(„> Small type (tube)
(ft) Wash borings
(c) Auger borings 
id) Mechanited drilling.
SnuUl type ( « * )  = This inethod is used for jo b s ^  A tube

about 2 metre in length with » a ]e t t  is raised by a rope
l0W“r i3 suspended by a tripod stand
C ’tube is allowed in fall »
U k e n t f - " i S f c  »  raised. The casing is driven as the depth of



Asa result of transportation, tb.6se particles arc worn out an.l 
rounded shape. Particles in size from 4 7 mm. to 8 cm. »re 

r« if i^ T a s  gravels and those greater than 8 cm. arc call™] 
km « Gravel deposits neither swell when moisture penetrates 

n,.r tliev shrink when dried from a moist, condition. Any 
S ’h = £ « ‘ their surface is drained off, rapidly. They 

h a v e  hi-h strength to hear the loads owning over tnem. Bmldmgs 
to ilt on"gravel dn not, show any signs of settlem ent. Gravel deposits 
form the second best foundation surface for a building.

Sands • Natural sands consist of coarse particles of silica 
d e r iv e d  from the disintegration of rocks. The particles are visible 
to the naked eye and have rough surfaces. Clean sand particles 
will fall apart when collected in a dry state. Their size varies from
0-Ofi mm to about 4-7 mm. Pure sand deposits are not affected by the 
action of frost. They do not swell in size whenever w ater penetrates 
into them. N o  s h r i n k a g e  occurs when they are dried from a moist 
condition. Coarse sands do not allow water to rise through capil­
lary action and are very permeable. Pure sands in a dense state 
provide a good foundation surface for buildings ancl there are no 
settlement problems associated with them.

(3) Silt : This is a finer variety  of soil. The particles are 
usuallv equi-dimensional in size, ranging from 0 002 mm. to 
0 0# mm. Silt particles have a smooth tex ture . S ilt is relatively 
impervious. I t  may also exhibit a slight tendency towards swelling or 
shrinkage. Silt deposits may contain some organic m atters. I f  the silt 
layers are in lower density due to looseness in structure they can bear 
stresses of small magnitude. The settlement* on account of the load­
ing may also be significant.

(4) C lays : Particles which are less than  0 002 mm. in size 
are termed clays. They have a smooth and flaky appearance. Clays 
are formed during excessive weathering of the coarser particles of the 
rock. The elongated shape of clay particles causes a plastic mixture 
to be formed in wet state. There is very small space between the 
individual particles of clays and hence w ater cannot be drained off 
easily. This keeps the clays in a damp condition for a  considerable 
period after water has penetrated into them. W henever loads are 
applied to a clayey soil, settlement takes place gradually and may 
last even for many years. Buildings constructed on clayey soils arc 
thus liable to a gradual settlement. Clays also show tho property of 
shrinkage, if dried. The capacity of wet clays to bear loads is very 
less. A high capillary rise of m oisture is prevalent in clays. I t  is 
difficult to construct buildings on a surface of a pure clayey soil.
Soil Investigation

The object of soil investigation is to get information 
regarding :

(i) the nature, thickness and variation of soil s tra ta  a t  a  place, 
(it) physical properties of the soil s tra ta  encountered, and 

(lit) the seasonal variations in ground w ater table and its effect 
on the soil s tra ta  met.



The first step in soil investigation is to c a rry o u t a .

K e l ^
also the location of water table from season to J ,  a t the

of the soil available a t the site.
The methods used for further study are:
(1) Open test pits.
(2) Borings.
^3) Sub-surface soundings.
(4) Geo-physical methods.
A brief description of these follows i
m  O nen  t e s t  p i t s  A rectangular pit is excavated a t the 

site and tem p”  of soUa collected a t  different levels. Further idea 
about the nature of soil layers can be ob- gboono 0
tained by examining the sides of the pit 1
tsee Fig. 1)- This method is, however, -------- |o-
limited to depths of 3 metre and can- fine

i » i .4 tiTA fop ta  hi A nun
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SANQ

COARSE
SAND
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l i m i t e d  u q j w w  ~  -----------
not be used below ground water table.
Moreover, for areas where rook or boul­
ders are encountered after some exca­
vation, this method is unsuitable.

The spacing of these test p it .  _

time available for investigations. At
least one test pit should be ;de3 of the test  p it do not
for a 15 x 15 metres area. different layers should bestand vertically, the measurement of different y
taken carefully.

(2) B o r i n g s .  The types of b o rin g s  usually adopted ar» :

(„> Small type (tube)
((,) Wash borings
(c) Auger borings
(d) Mechanised drilling.

S n v U W  r afia p i0valve a t V e
about 2 metre in length o - ^  .g raige(j  a rope

l0Werif 0t « r p u u J y  whineh°in turn is suspended by a tripod stanch

c i »  * J t
S L t l ? r t “ e “ raised. The casing is driven as the depth of



excavation increases. W ater may be added to facilitate  the  taking 
out of the slurry . Only a rough idea about the  natu re  of the soil 
can be h»d, as the soil coming out is in a  mixed state,

Wathboringa : This m ethod is suitable for investigations to
d e e p e r  d e p t h s  The equipment usually consists of a 6 cm. dia pipe 
in 1/2 m etre length and is called casing. This serves to support the 
side* of the bole. Suitable weights are used for driving th f casing. 
A derrick is used for driving casing and handling the  weight. A

F ig . 2. A rra n g e m e n t fo r ta k in g  w a l l  b o rin g s.



m u ll  pipe 3 cm. in d ia  (usually a  tb ick  w»!led p ipe _ . j*
*nd  11 to  3 m e tre  in  length  is used for mjW tini! derrick
connected to a pump through a hose pipe_ For B. d A
is erected and the easing is driven about 1 fflStlre into t t a f W t f .  *  
T-junction is attached to the top of the casing and a short length o 
pipe connected to it. The wash pipe is
W ater is injected under pressure through th e w a s h p ip e a n d n
through the annular space between the wash pipe andI the casing
(Fig 21 As the water circulates, the wash pipe is rotate
the soi loose. The soil comes out in the form of a  thin slurry and pves
only a rough indication of the soil layers However, sample tube,
can be inserted and samples taken out after certain
when the colour of the soil slurry changes, the wash pipe is first M tea
o u t from the hole.

These s a m p le s  can be taken by attaching a  sampling tube to
+h«> bottom of the wash pipe instead of the cutting edge. Th 
ddven g rS u ln y  and lightly into the soil to obtain a sample and M 
removed after being filled with the soil.

Special tubes are avail­
able for taking samples of 
the soil in such a manner 
th a t the structure of the soil 
is not disturbed. Undistur­
bed soil samples are absolu­
tely essential for getting a 
correct picture of the behavi­
our of the soil in a strata.

Laboratory tests are run 
on samples collected. Gene­
rally 5 to 10 kg. of soil is 
needed for carrying out the 
various laboratory tests. The 
samples are suitably preser­
ved and are arranged serially 
according to the depth a t 
which they are met. A full 
record of the borings is kept 
and a chart is prepared show­
ing the character of the sou 
met with a t different depths 
(see Fig. 3).
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F ig .  3. D e ta i l s  o f  b o r in g a

4 uaer Borings : These are sometimes preferred to wash borings 
t h e  i n f o r m a t i o n  obtained from wash borings is not always sufficient 

as he * of au„er8 are used for taking out the
s a m p l e s  The bore is made by turning t h e  auger into the soil for a 
samples withdrawing i t  along with the soil which stioks
sho rt dista examined to determine its pro-
p e r t i e B .  The auger^ is again driven and taken out. The process



is repeated till a complete record of the soil layers a t various
“ ^kiainorl Tf t.hfi RulftR ot tl lf  ItolpH drtd e p t h s  is obtained. I f  the sides of the holes do 

not stand vertically, a casing of some pipe can be
used. This casing should be of a  slightly larger 
diam eter than the auger. Augers cannot be 
used in sandy silts below w ater table. I t  is diffi­
cult to drive augers through gravels. Generally
10 to 12 cm. diam eter holes are driven with 
augers. Augers can conveniently be used for 
depths of 6 to 8 metre.

Mechanised Drilling : Soil investigations 
can be conducted rapidly if machines are used 
for making bore holes. Several types of machi­
nes are available. The ro ta to ry  types are prefer­
red Brieflv, the process consists of a cutting reu. *>*•« __ „f ,1rln rnrla Tlifsft

at deeper aeptua. necessit.y. Drilling through rocK is none 111 inret. 
ways, viz :

(a) Churn or percussion drilling,
(b) Diamond drilling, and
(c) Shot or tooth cutting drilling

W1U8 owwmicu ........
cuttings are mixed with water.



record of cores is kept to get a correct idea of tho rock strata 
underneath.

Shot drilling is also used fot P ttic* S *  ̂ ro ta ted * 'b v °a  drill 
shot-drill consists of a hollow c y l in d e r  which »  row tea oy 
rod. Tho ...Mins action is provided by feeding ^teelshot,* which

s & w r ' ^ r s r t i p p ^ .

resumed only after this mixture has considerably set.

(3) S u b -su rface  so u n d in g s  : These ttre n » a  for 

I k J ' s l ^ a t l h c  s u S  M “ ntain exceptionally soft spots.

F igs. 5-6. T y p ica l p en e tro m ete rs .

, i n n ils  were driven with a hammer weighing about a 
In  ° I,lenro? ^ °  ; hrough a distance of 80 era. The number of blows 
tonne and fallmg g f ^  .j at vanous elevations
needed to |  the surface met with. Static soun-
below ground «  t-. , are caUed penetrometers,
ding methods havo been d e v e lo p s* dard , lhs . After they

S l r a t i o t i n afh.» t o t  case or the load in the second ease will give
an idea of the soil type.

nnnntrnmeter is very commonly usdS nowadays.
The static con P . area 0f lOsq cm. This is driven with 

This consists of a  cone g m usin? a aet of rodSi The pressure 
the  help of a hy'lra J ^ 'recorded  at intervals as the cone pene- 
required to .drive> . f tion can a Iso be collected separately lor
r  A  t m n T o t ' t Z , ™  and the side sleeves used. Typica,



profile of penetration resistance with depth  is shown in Fig. 8 and 
contours of bearing capacity are worked out in Fig. 9.

The dynamic method which is known as ‘Standard Penetration 
Test’ has become very common and is now an accepted standard proce­
dure. This consists of a thick walled tube having an outer diameter 
of 5 cm. and inner diam eter of 3.5 cm. and a length of about. 60 cm. 
This thick walled tube can be split into two parts  longitudinally so as 
to facilitate the removal of the soil samples which gets collected inside. 
The cutting edge is provided a t one end and the tube can be screwed 
to  the drill rod at, its  other end. This tube is driven in to  the ground 
with the help of 63 kg. weight falling to a distance of 75 cm. The 
number of blows required to drive this tube through a distance of 60 
cm into the around are recorded and are designated as the Standard 
Penetration Resistance. Several relationships have been derived bet­
ween the standard penetration resistance and the  load carrying capa- 
city of a soil.
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*tronger layer below. The time of travel can be measured 
the thickness of s tra ta  determined.

S E IS M O G R A P H

A M V , , , . , r W 7 ^ r o :

" 'R O C K '" ...................SHORTEST PATH

SHORTEST PATH THROUGH SOIL

ALONG ROCK SURFACE
F i g .  10. S e is m ic  m e th o d .

/  TI4QOIV1H ROIL

■ • i. i v. rvri (Vxa \ \ \  t w o  e l e c t r o d e s  a r e  d r i v e n
In  the resistivity raethod J F‘^  J  diafcance of about three 

into the ground. They are spaced apart a d i r t a n c e ^  ^
times the depth of >nfor“ ^ t,‘ and a ourient  is passed through 
set in the ground between . of ^  current is passed
the ground from the outer eltectrod ^  re3istanoe of the circuit
through the intermediate e l e c t r o d e a ^ T[ spacing of these
can be measured by m e a n s  oE a ^tentoom eter. ^  j

electrodes will indicate the depth of
.» I ___ _ ^n .io inrr i .h ia  c h a n s e .

i  C T FE L PIN E L E C T R O D E S
HON P O U R .S.N O  E L E C T R O D E S

F ig . 11. R e s is tiv ity  m eth o d .

■„ n t b r t ^ ^ i n i r  ^ h a r g ^ ^ n o ^ l w o l l o w i n g  points

3 . presence of boulders or other obstructions, if any.



4. Elevation of the ground w ater table.

The next thing to determine is the  type of foundation to be
used, the depth to  which i t  should be taken and its  dimensions so
th a t it can safety transm it the load from the building to the soil 
without any failure o r significant settlem ent. For their determ ina­
tion, a knowledge o f the safe allowable pressure on the soil is neces­
sary. This is called the bearing capacity of the soil. The maximum 
load which a - nl can carry just a t ihe time of failure is termed as. 
ultim ate bearing capacity.

Methods of determining the bearing capacity of a soil are :
a. Local experience in the construction o f a sim ilar building.
b. Exam ination of the soil and using a value for the bearing 

capacity as obtained from the standard building codes for 
the particular type of soil met with.

c. lab o ra to ry  and field tests for the determ inat ion of bearing 
capacity.

In  the first method information is collected about the values of 
safe bearing capacities assumed in the  design of structures nearby 
and their condition a t site is examined. This will lead u.s to  a very 
approximate value of the bearing capacity and should be used with 
great caution. This method may be used for small buildings.

The second method consists in identifying and classifying 
the .soil into the various groups. After the identification of the 
soil, standard tables can be referred to determ ine the value of the 
bearing capacity to be used. These tables are available in the stan ­
dard building codes of the locality. A table giving the maximum 
safe bearing capacity for foundations a t one metre below the  ground 
level is given below for guidance.

P R E S U M P T IV E  SA FE  B E A R IN G  C A P A C IT Y

81. Types of Roche and Soils Presumptive
No. aaje bearing

capacity 
kg. I cntf

( a )  R o c k s .

1. R ocks (h a rd ) w ith o u t la m in a tio n  
an d  d e fe c tp, fo r e x a m p le , g ra n ite ,
t r a p  an d  d io ri te , 33

2. L a m in a te d  rocks, fo r e x a m p le ,
sa n d s to n e  a n d  lim e s to n e  in  so u n d  
co n d itio n . 16-5

3. R e s id u a l d ep o s its  o f  s h a t te r e d  
a n d  b roken  b ed  ro c k  a n d  h a rd
sh ale , ce m en ted  m a te r ia l . 9-0

4. S o ft ro-jk.



(b ) N c n - c o h e s i v e  S o i l s .

G ravel san d  a n d  g ra v el, com pact 
a n d  offering h igh  re s is tan c e  to  
p e n e tra tio n  w hen ex c av a te d  by 
tools.

C o a r s e  B a n d ,  com pact and  d ry .

7. M ed ium  5s*b<J. Cowpacfc an d  d ry . 2-5

1-5

1 0

F in e  sa n d , s i lt - A t£  >umpS oaaily  
p u lv e riz e d  by th e  Mngere).

Loose g ravel or s a n d m i« '’6t m ix ­
tu r e ,  loose coarse to  m rd iu m  ^
d ry .

F in e  san d , loose a n d  d ry .

(c) C o h e s iv e  Soils.

S o ft sh ale , h a rd  o r Btiff clay in 
d e e p  b e d , d ry .

12 M ed ium  clay , re a d ily  inden ted  
w ith  a  th u m b  n a d .

13 M oist c la y  a n d  san d  clay
w hich  can be in d e n te d  w ith  
s tro n g  th u m b  pressu re.

14. Soft c la y  in d en ted  w ith  m o d era te
th u m b  p ressu re .

1  ̂  V e ry  so ft clay w hich can  be pone-
t r a t e d  several ce n tim e tres  wvth 
th e  th u m b .

co n d itio n  (50 p e r  ce n t sa tu ra tio n ) .

(d) Peat.

17. F e a t

(e) M a d e - U P  Ground.

18. F ills  or m ad e -u p  ground .

See N o te  1

D ry  m eans t h a t  
th e  g round  
w a te r  level is  a t  
a  d e p th  n o t lees 
th a n  th e  w id th  
o f fo u n d a tio n  
below  th e  base  
o f  th e  fo u n d a­
tio n .

See N o te  1

T h is  g ro u n d  ia 
su sce p tib le  to  
long  te rm  con­
so lid a tio n  a n d  
se tt le m e n t.

See N o te  2. T o  
b e  d e te rm in e d  
a f te r  in v ea tig a - 
tio n .

See N o tes  2 a n d
3. T o be d e te r ­
m in ed  a f t e r  
in v e stig a tio n .

See N o tes  I a n d
4. T o  be d e te r ­
m in ed  a f t e r  
in v e s tig a tio n .



N o te  1. Compactness or looseness of non-cohesive materials may be 
determ ined by driv ing  a  wooden picket of dimensions 
5 cm. x 70 cm with a  sharp  point. The picket shall be 
pushed vertically into the soil by the full weight of a per­
son and if th e  penetration of the picket exceeds *20 cm. 
the loose s ta te  shall be assumed to exist.

N o te  2. No generalized values for presum ptive safe bearing capa­
c it ie s  can be given for these types of soils. In  such area, 
adequate site investigation shall be carried out and expert 
advice shall be sought.

N o te  3. P e a t may occur in a  very soft spongy condition or may be 
quite firm and compact. While ultim ate bearing capacity 
may be high in th e  compact cases, very large consolidation 
and settlem ents occur even under small pressures and the 
movements continue for decades.

"Note 4. The strength of m ade-up ground depends on the nature 
of t h e  m aterial, its depth  and age, and the methods, used 
for consolidating it.

N o te  5 The presum ptive safe bearing values m ay be increased by 
an am ount equal to weight of the m aterial (virgin soil) 
removed from above the  bearing level, th a t  is, the base of 
the foundation.

N o te  6. For non-cohesive soils, the presum ptive safe bearing value
shall be reduced by 50 percent if the water table is above
o r  n e a r  the bearing surface of the soil. I f  the water table
is below the bearing surface of the soil a t  a distance a t 
least equal to the width of the foundation, no such reduc­
tion shall apply. For interm ediate depths of the water table, 
proportional reduction of the presum ptive safe bearing 
vaule may be made.

Any tabulated values 
of permissible loads should 
be used very cautiously. In
addition to" the soil type,
the bearing capacity of a
soil depends on many fac­
tors such as the degree of 
compaction, moisture con­
tent, size of the foundation 
below the ground level and 
the type of foundation used. 
Some building codes specify 
the increments in allowable 
bearing capacities for grea­
te r depths below the ground 
surface. Similarly adjust­
ments for the increased 
widths and rigidity or flexi­
bility  o f the foundation are

A. STRONG 

X WEAXER

fcTRATUM

4TRATUM

F ig . 12. P ra c tic a l  a s s u m p tio n  o f  p r e s s u r e  
d is tr ib u tio n  th ro u g h  v a r io u s  s t r a ta .



SOILS a n d  t h e i r  i n v e s t i g a t i o n  

incorporated. Certain building codes are very
directions are given to account for a weak stra ^  8pecified 
lies ft strong strata, m  Boston Budding; Co be
th a t the bearing capacity of the weak strata. Deio b)#
taken into account and the pressure should the ba8e
capacity of the strata. The pressure gets distributedi tr  ^
o f  t h e  foundation downwards into the sod a t a i  ^
is a t 60 degrees to the horizontal m the code referred t  (

S L a rs r
ordinary buifdTngs wher! thorough investigation is not feasible.

For multi-storeyed and ™Port“ t  ^ I ' ^ e  ̂ oii" ‘ The^stoplest 
^ ^ ^ “ c a ^ S ^ t s S i d  is described

below :
Plate Bearing T e s t : A pit

equal to five times the width of 
the  test plate is dug up to the re­
quired foundation depth. The test 
p late is made to rest in the centre 
of the p it in a depression which 
is of the. same area as th a t ot the 
te st plate. The depth of the depres­
sion is such th a t the ratio of depth 
over width of this loaded area is 
the same as th a t f o r  the actual 
fonndation. The test plate >s gene- 
rally of miW ateelthickness and 30 cm. square n 
area for sandy or gravely sods 
whereas for clayey sods a  plate 
fiO cm. square in area 's used. A 
loading platform is built which 
°naists  of a wooden column with 
the suitable horizontal Pla‘ f°™  
the too. The Sides of the pit may 
be lined with sheetings if the soli 
"  Adequate ( 
provided to proven , th * ° ve% ^  

nf the vertical column.

of th e  horizontal platloim .

The load is increased in regu- 
U r increments of 250 kg. or , th

^ d J r
.TAL \ \ 
SUPPORTS'

F ig  13. A s im p le  a r ra n g e m e n t 
fo r c a rry in g  o u t b ea rin g  c a p a c ity  
[ Z i S e a l i n g .  o f s e tt le m e n t can  
be to k e n  by  f i l in g  B » ^ » -  *  
w a te r  p ro o f com pound  is  to  b e  
uaecl to  p re v e n t  le a k a g e  in to  
p i t  a t  th e  base .



of the approximate u ltim ate bearing capacity whichever is less. 
Each loading increm ent ia kep t in position till no further measur­
able settlem ent occurs. Settlem ents are read with the aid of gauges 
fitted suitably. A t least two gauges should be used to take care of 
any differential settlem ent th a t m ay occur. For an  approximate 
work, readings of settlem ent can be taken with a  dum py level. 
The settlement, readings should be taken to a t least 0-025 mm. 
accuracy. Settlem ent should be noted a t regular intervals between 
the loading increments.

A graph is plotted between the settlem ent and the load. For 
initial readings a  s tra igh t line is obtained w'hereas a fte r the soil 
s tarts  losing bearing power, the p lo t becomes curved. The change 
point between the stra ight line and the curve will give the value of 
the bearing capacity. I f  a s tra igh t line is not obtained a t all, bear­
ing capacity is considered to be maximum when the settlem ent is
1-25 cm.

For sandy and gravely soils, the u ltim ate capacity is propor­
tional to the  w idth of the  loaded area and can be estim ated by 
extrapolation o f the  results of two or th ree  different sized test, 
plates.

The ratio of settlem ent between the p late as determ ined by the 
standard load test and th a t  of the footing shall be as calculated by 
the following formulae :

The above expressions give a  fair idea of the variation in se ttle ­
ment with the size of the footing. B ut the results may be made more 
.reliable by repeating the loading tests w ith plates of two or three 
different sizes, namely, 30,45 and 60 cm. square, and settlem ents cor­
responding to the full width of the footing for particular load inten­
sities extrapolated.

The load test has great lim itations as i t  gives an idea of the 
soil which is located within a depth  less than twice the width of the 
te s t plate. However, a  building is normally constructed on greater 
widths and influence of pressure in the actual construction penetrates 
to deeper depths. Hence any Boft s tra ta  lying within the influence 
of pressure created by the actual building are liable to settlement. 
Hence if any weak s tra ta  is encountered, i t  should be ensured th a t 
the pressure coming on to th a t  s tra ta  is less than its allowable safe 
bearing pressure.

I t  should be noted th a t for a clayey soil, the ultim ate bearing 
''“"°city  is constant and is independent of the width of the building.

and

where

B for clayey soils

B2= W id th .o f the  te s t p late in cm. and 
B x=W idth  of the  footing in cm.
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F i g , .  14-15. I W u r e  d i s t r i b u t io n  fo r  a  l e d  f t  a n d  a c t u a l  fo o tin g s .

However, the ratio of the load ^ e . ^ e t t l e m e n t ,  U J * .  ™ J j  
cient of settlement is inversely p p ^  bearing capacity is

p ° ro ^ r t io I i rtoathe>-width of the buM ing the ®effic‘ent of

f e  s - w a s m *  S S  « ...
i_OA0W6 INTENSITY

S S M A L L  ftREAOTH 

u, • » v l  L  LARGE BREAOTH

" F i 1S i 8 T y p ic a U 0a d » e t t l6m 0n t  curve, for sm all » nd  b . g ^ « ^  ' ' " ^ ^

m a n y  y ea™  a f t e r  c o n s tru c t io n .

Laboratory tests: “ ^ ‘ t f ^ n l c u l a t e d  by t e s t i n g  t h e
m ate values o f  bearing c p M  V a r i o u s  t e s t s  a r e  s p e c i f i e d
sam ples o f  the soils in the U b ^  r f  b e a n n g  o a p a c i t . e s  c a n

for sandy and clayey soil, n h y s i c a l  p r o p e r t i e s  o f  t h e s e
b e  ealculated after determining ^ J ^ S o t a S o ^ -  A  r e f e r e n c e

m a y  b e H n a d e  t c ^ a  s t a n d a r d  i Z i  o n  S o i l  M e c h a n i c s  f o r  d e t a i l s  o f  

l a b o r a t o r y  t e s t s .



M eth od s to  im p ro v e  th e  b ear in g  cap acity  o f  a s o i l :
The various methods generally employed to increase the hear­

ing power of a soil are:
(1) Increasing the depth o f foundation : Usually soils have got 

greater bearing capacity a t deeper depths. This is especially true 
of s a n d y  soils, for which the bearing capacity increases due to the 
weight, of the overlying material. B ut this m ethod may not prove 
to be of great advantage as the load o f the  building foundation will 
also increase with depth.

(2) B y  draining the soil : The bearing capacity of every soil 
decreases when its water content increases. Submergence of a soil 
s tra ta  decreases the ultim ate bearing capacity of a  sandy soil by as 
much as fifty per cent. The bearing capacity of clayey soil also 
decreases considerably by an increase in w ater content, may be by a 
rise in ground water table. Cohesionless soils, i.e., sandy soils and 
gravels can be drained easily, either by  gravity  pipe drainage sys­
tem or by installing shallow tube wells.

(3) B y compacting the soil. Compaction of the soil reduces the  
open space 'between the individual particles and hence they are less 
liable to displacement, thereby increasing the bearing capacity. By 
driving piles or by packing boulders, compaction to  a certain extent 
can be attained particularly  in sandy soils of a loose nature.

(4) By confining the soils: Sheet piles are driven to form an 
enclosure, thereby confining the movement of the soil. This can 
help in increasing the bearing power.

(5) By grouting-. Cement grout can be injected underpressure 
i n  t h e  f o u n d a t i o n  to seal off any cracks or fissures which otherwise 
reduce the bearing capacity of the soil. Thi6 method is mostly cm- 
ployed for fissured cracks.

(6) Chemical treatment: Chemical solutions like silicates are 
i n j e c t e d  u n d e r  pressure into the soil. They form a gel and thereby 
unite to develop a compact mass. This method is very costly and 
is adopted in exceptional cases.

Q U E S T IO N S

1. D escribe  t h e  v a r io u s  i n v e s t i g a t i o n s  y o u  w o u ld  m a k e  fo r  th o  
ex a m in a tio n  o f  soils fo r  t l i e  c o n s t r u c t i o n  o f  b u i ld in g s .

2 N o ra o  t h e  t y p e s  o f  s o i ls  g e n e r a l l y  e n c o u n t e r e d  in  t h o  c o n s t r u c t io n  
o f  a  b u ild in g  a n d  b rie f ly  d e s c r ib e  t h o i r  p r o p e r t i e s  s t a t t n ; :  d o u r l y  

th e ir  s u i ta b i l i ty  o v e r  ea c h  o th e r .
3. D e s c r ib e  b r i e f l y  t h e  v a r io u s  m e t h o d s  o f  so il i n v e s t i g a t i o n ,  w i th  t h e  

aid of b o rin g s fo r o rd in a r y  so ils .

4. W rite short notes on :
(t) Wash borings 
(*») Churn drilling 
(iii) Penetrometers
(it?) Geo-physical method of soil investigation.



S. W h a t  iB m e a n t b y  th o  te rm  -B ea rin g  C a p a c ity ’ of a  soil ? Dencribe 
b rief ly  how  th e  b e a rin g  c a p a c ity  o f a  s a n d y  sod  is  d e te rm in e d  w ith  
the help of plate bearing test.

8 Describe a method to test the bearing capacity of a soil.
W hat are the values of the bearing capacity generally allowed for :
( i)  B la c k  c o tto n  soil,

(**) G ravel,
(iii) M oorum ,
(ie) T ra p  rook.

7 . W h a t  a r e  th e  m eth o d s n o rm ally  u«ed to  increase  t h e  b a r i n g  capa- 

o ity  o f  a  so il ?
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2
FOUNDATIONS

Foundation is th at part o f  a building whose exclusive function  
is to distribute the loads to  the soil supporting th e building. 
Foundations are norm ally placed below  th e ground surface. The 
function o f a foundation is to  d istribute the load over a larger area 
at a uniform rate so th at the pressure on the soil below does not 
exceed its allowable bearing capacity. Foundations increase the  
stability o f a building an d , m oreover, enable th e construction to be 
carried out system atically.

Foundation oan be b uilt in various typ es o f material. Gene- 
rally bricks, stones, concrete, steel, e tc ., are used in differeut forms 
for constructing the foundation o f  a  building. However, the typ e  
o f building which is supported on a particular foundation has a 
great bearing on the selection o f th e m aterial, e.g., the use o f  R.C.C. 
foundation for reinforced concrete building.

Types o f Foundations
The various typ es o f foundation com m only used are :
(1) Spread fo u n d a tio n s : These typ es o f  foundation spread 

th e load over a greater area so th at the load transm itted to the soil 
supporting the building is less than its allowable bearing capacity, 
thereby preventing excessive settlem ent o f  the building. The width  
of the wall is made wider at th e base in a series o f  steps. The 
different types o f spread foundation are described in the following 
pages.

(2) P ile fo u n d ation s  : The load is transm itted to the soil by
driving long vertical m em bers o f either tim ber or concrete or steel 
called piles. Loads are supported in two w ays, i .e ., either by the 
effect o f friction betw een the pile and the surrounding soil or by 
resting the pile on a very hard stratum. The numbsr o f  piles used will 
depend on the type o f pile and also on the load coming from the 
building. A group of piles, if  used, is connected a t the top  by a



F O U N D A T IO N S

FRICTION AND 
BEARING P ILES

BEARING- PLkESi 

Figa. 19 21. T y p e s  o f p ile s .

!ayer of concrete which distributes the load uniformly from the
walls to the piles

t? a  These are rarely used for buildings and
(3) P ie r  h the soil a huge masonry cylinder

consist m carrying •down th (g Qr b tho fnctlonal
*he »H  around it.

^ " ^ o n s  include all those types which are d e s ire d  
to spread the load . The various type* a re .  ^

( 1 )  Wall footings C o n t i n u o u s  f o o t i n g s

(2) Isolated oo mgs j ^ f t  foundation
( 3 )  C o m b i n e d  f o o t i n g s   ̂ /

( 4 ^  I n v e r t e d  A r c h e s

i e a d  footings are c la^ ified^n to  fu r th e r  
bawd on the type of construction & few cnJ ^ 0^

-  -  i S T K S S a
f r o m  t h e  t o p  o f  ‘ h e  f o o t i n g  t o  t t e  d e p t h  o f  f o u n d -
c o M i s t s  o f  l a y e r s  w h i c h  m o r e s * ®  m  wi 
ation increase*.



X

(in) Grillage foundation : In  this type, the footing consists of 
steel or wooden joists arranged in a stepped manner.
(1) W all fo o tin g s

A footing m ay have a base course of concrete or may 
be entirely built up] o f  one m aterial, e.g., bricks or stones.

Wall footings can 
be either simple or 
stepped.

For light loads, 
simple footings are 
constructed which 
have only one projec­
tion beyond the width 
of the wall, on either 
side. This projection 
is generally not grea­
te r  than  15 cm. on 
either Bide. As a 
thum b rule for small 
footings the base 
width of concrete

—20— 

1  H

15 cm* 
OffSETS

Fige. 22-23. F o o tin g  fo r graall w a lls.

___i

j E?

bedding should be twice the  width of the .wall. The depth of the 
concrete bedding is a t  least twice the project ons.

In another type no base concrete is provided. In  th a t case 
it is necessary to increase the width of the wall in steps so th a t the 
load can be transm itted safely. This 
is done by projecting bricks regularly 
to  a  distance not greater than  one- 
fourth o f a brick beyond the  edge of 
the wall. These layers are built in 
cement m ortar and the mix of the mor­
tar should be richer than th a t used 
above the foundations. This type of 
foundation is not used nowadays as 
the first type is more economical.

When i t  is necessary to increase lion*—
the width of the foundation consider- J L __
ably, either the base concrete has to be 
finished in steps or the  bricks are pro­
jected and concrete bed is kept level.
Projections in concrete a re  not economical as the construction be­
comes difficult and hence the  bricks are stepped by giving 5 cm. 
offsets. The concrete projections are a t least 20 cm. on either side 
so as to provide a proper working space inside the trench. (tee Table)
W idth o f  E xcavation  fo r  F o u n d a t io n s

Description Width of excavation
(»') Depth about 0.3 m, W id th  o f co n c re te  foo ting .
( i i)  Depth about 0.8 m. W id th  o f  co n c re te  foo ting  o r  tvhick-

nese o f  w a ll p lu s  40 cm . w h ich e v er is 
g re a te r .

F ig . 24. S te p p e d  fo o tin g s  
fo r a  b r ic k  w a ll.



10 cm. more than for ease (ii) at top,, 
the increased width being.obtained 
by giving batter on both the sides.
W idth of concrete footing or thick­
n e s s  of w all plus 65 cm, whichever 
is greater at bottom and 15 cm. 
more at top, sides being battered.
W idth  of concrete footing or thick- 
neBS of w all plus 80 cm. which­
ever is greater a t bottom and 16 cm. 
more at top, aides being battered.
Clear working space of 40 cm. on 
either side of w all at bottom, and 
npace of 55 cm. at top, sides being 
battered.

N O TE 1 .  B a t t e r s  a r e  n o t  n e c e s s a r y  i n  t r e n c h e s  i n  h a r d  s o i l ,  
s u c h  a s m o o r u m ,  g r a v e l  a n d  i n  d i s i n t e g r a t e d  r o c k ,  if  
d e p t h  o f  e x c a v a t i o n  i s  n o t  m o r e  t h a n  1 . 2  t o  1 . 5  m .

NO TE 2 W h e r e  s h o r i n g  o f  t h e  s i d e s  o f  t h e  t r e n c h  i s  f o u n d
* n e c e s s a r y ,  e x t r a  w i d t h  s h a l l  b e  a p p r o p r i a t e l y  p r o v i ­

d e d  f o r  e x c a v a t i o n .

^ iii) Shallow depth, from 0.8 to 0.0 id . 

(iit) Medium depth, from 0 .9  to 1.2 m.

{V) Medium depth, from 1.2 to 1.5 m.

(e i) Depth greater than 1.5 r

I t  should he noted 
th a t the number of pro­
jections equals the num­
ber of half bricks in 
the thickuesB of the wall. 
Furthei the width of the 
bottom brick course is 
equal to twice the thick­
ness of the wall. I t  is 
desirable to construct 
footing courses of aa many 
headers as possible so as 
to get maximum strength. 
For breaking the bond at 
least 5 cm. offsets are 
essential. The arrange- 
ment of these steps can, 
however, * be altered to 
suit a particular depth of 
the  foundation. A proper 
design 'of the steps is essen­
tial. The load from the 
wall is distributed over a 
greater width of the steps 
and is further distribu-

M l L
f l J

F O O T IN G S

g F f  
11 l i t i i f
Figs. 25-28. Failures for footings without 

steps and w ith steps, a u u  *•»*«*—  *

i e<M ta r n The1 tpw lpT forces of soil try  to break the concrete b ed lu  
“  n the figures 25 and 2S and hence the thickness of th »  bed 
musThe adequate to resist the tendency of cracking.



The thickness of a  concrete bed is given by 
D =  P  V W jfc

D =  The thickness or depth of concrete in cm.
P  =  Offset of masonry or concrete in cm.
W == Load coming on the soil in kgm. per

square cm.
fc  =  0 . 0 3  x  ultim ate crushing strength of conc­

re te  after 28 days in kgm. per square cm.

However, i t  should be ensured th a t a  proper value of f c  is 
used in the design because concrete will gain full strength after about 
a month and if the footings are built during this period, there is a 

- of failure.
The concrete normally used in footings consists of coarse aggre­

gates of either bricks or stones passing 4 cm. screen. The fine aggre­
gate is sand or surkhi and the cementing material m ay be Portland 
cement or lime (see Table).

M ortars for Foundation Concrete

Norm ally suitabe for 
| buildings not more than
I three storeys high, 
> The quantity of mor- 
| tar to be used w ill 
| depend on the grade 
J  of aggregate. The 

corresponding conorete 
m ix shall be 1 : 5 : 10
The corresponding 
concrete m ix w ill be 
1 : 4 : 8  unless other­
wise found necessary 
by special conditions, 
such as in the case of 
excessive subsoil water.

(2) . Isolated footings
Isolated footings are used to support the individual columns. 

Column footings are either of stepped type or have projections 
in the base concrete. Since column loads are heavy, reinforce­
ment is provided by placing steel bars a t  the base of the footings. 
I f  columns are made with bricks, these are stepped down on 
all sides in regular layers giving 5 cm. offset (Figs. 29'-33), The 
concrete bedding offsets are a t least 15 cm. on all sides.

5. T ype of mortar Class of
No. Situation (A ll Proportion« 

by Volume)
Lim e

1. Drysub-grade. 1 . 1  lim e, 2 sand A
with subsoil 2 . 1  lim e, 1  surkhi
water level and 1  sand B  or A
never within 3. 1 lim e, 2 surkhi B  or A
1.5 m. (or5 ft.) 4. 1 cement, 3 lime
of the found­ and 12  sand B
ation level 5. 1 cement, 5 sand

2. Moist gub-gra- 
de w ith high 
subsoil water 
usually 1.5 m. 
( or 6ft. ) or 
lees below fou. 
ndation level

1 cement, 4 sand

For concrete columns, it is essential to have concrete footings. 
Slab type, stepped or sloped footing bases can be used. The reinforce­
ments are placed in both directions.
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Footing tlefcaila for an isolated brick column w ith p l« .  of brtek



ELEVATIONS

COLUMNS

: d j

s l o p p m  F o c n t N O
STEPPED FOOTiNO

Figs. 34-37. Sloped and stepped lootings for isolated R.C .C . columns.

S t e e l  columns can have either concrete footings or footings of 
s t e e l .  G e n e r a l l y  t h e  la tte r type is used. They consist of steel 
b e a m s  a r r a n g e d  in layers a t  righ t angles to one another and are 
e m b e d d e d  i n  concrete. Further, the beams are connected with each 
o t h e r  b y  bolts so as to form a  rigid unit. This is known as ‘Grillage 
f o o t i n g ’ .

T h e  following points about steel grillage should be kept in 
v i e w  :

(t) The pressure from the footing is uniformly distributed over 
t h e  s o i l .

(ii) The pressure of one tier of beams is uniformly distributed 
on the tier below.

(Hi) Each tier acts independently of all other tiers.

(tv) The concrete filling in between the beams does not carry 
any load but only keeps the beams in position and prevents the 
c o r r o s i o n  o f  the beams. A t least a  cover of 10 cm. is necessary.

Timber columns have a grillage foundation built of tim ber 
b e a m s  in a manner similar to the  steel grillage (Fig. 40). No concrete 
embedment is necessary. Timber grillage foundations are used for 
temporary structures and steel grillage foundations are used for very 
h e a v y  l o a d s .
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<3> C o ^ t S ^ s e n U a l w h e n e v e ,  the projection, of column, 
a r e ^ i o t  possible on one side due to limited I .

column. • 1 , ,  i r _ tl»e footing of
tions to he !> ™ j^  Co,ub',ned footings 
the  “ ten o r cohimn. that „ ,6
a r e  p r o p o r t i o n e d  r e s u l t a n t  a r e a  i s

centre of gravity oi tfravifcv of the
i n l i n e  with the o f  g m v U J  #

l o a d s .  H e n ™  ^  “ of tw o  o r
trapezoided .shape 
three columns may 
the exterior column

th e  i
___ r an d  the
footings can be

*5*25 Cfi.S- 
COLUMN — *

25* 25 Ons* 
1 m. SILL -7

be combined with
These can also 
if the load onwie cauv*^-

have rectangular Bl.ape -  —  ^  the
the  interior column is *> „„ of the
other and the mwa r P ^  Combined

x 15 Cmvxi m.

r
Fig. 40. Tim ber grillage 

footing.



footings are built of reinforced concrete. However, steel grillage 
combined footings are also used.

n n r . - . ; i u l i ...............:

FigB. 41-44, C om bined  R .C.C . foo tings,

(4) Inverted Arches
An arch consists of brick or stone units arranged in 

such a manner so as to form a curved surface. This type of

E L E V A T IO N

PL A N

Fige. 46-46. Combined Steel footings



construction is used to tranmnft loads above an opening to  the  
supporting walls. When they are built w ith  the curved surface 
having the concave face upwards, an inverted arch  is form ed. Inver­
ted arches can be ponatructed between the tw o walls a t th e  base. 
The load which is transmitted to the soil through these arches gets 
distributed over a  wider area and henoe the soil can bear the pressure 
safely. The disadvantage with this type of footing is th a t the end 
walls' have to be made sufficiently strong so as to withstand the out­
ward pressure which is caused by the arch action.

They are especially suitable when the bearing capacity of the 
soil below is very low and i t  is desired to distribute the loads over a  
large area. Further advantage of this type of construction is th a t 
the depth of foundation is quite less.
(5) Cantilever Footings

This type of foundation is useful when it is impossible 
to place a footing directly beneath a column or other load 
because of limitations of adjacent buildings or eccentric la d in g  
conditions. A load from the outer column is balanced by the 
load from the inner column acting about a fulcrum. Ih e  product 
of the load in the interior column multiplied by its oorcesponding 
lever arm should be a t least 50% greater than the load on the exterior



column multiplied by its  lever arm  under all types of loading condi­
tions. In  case th e  interior column load is not available, a suitable 
huge concrete block can be built to act as an anchorage. The founda­
tion of the in terior column has to  be built as strong as possible and 
must have suitable connecting reinforcem ent with its base.

In  practice, however, point shaped fulcrums are not used and a 
suitable base is built for the ou ter column. The connecting beam 
prevents unequal settlem ent o f the  exterior column by holding it in 
position with respect to the  inner column. Cantilever footings can 
be built of concrete o r steel.
{6) Continuous Footings

These oonsist of continuous reinforced conorete slabs ex­
tending over two or three  columns. A deeper beam can be 
constructed in between the columns to  increase the stability. 
Suitable steel reinforcement is provided. This type of cons­
truction is desired when the different (uneven) settlem ent is to 
be prevented. F u rther they a re  suitable wherever safety against 
earthquake is essential.

n
ELEVATION

F ig s. 50-51. C o n tin u o u s  R .C .C . F o o tin g .

F ig s . 52-53. R .C .C . R a f t .



(7) R a f t  fo u n d a tio n  reinforoed concrete slabs covering
This consists of thick reinforced with layers

the entire foundation area. T b j»  I ^  eaoh other w hen the 
of closely spaced bars g te beama miming between the
loads are exMBSive th  cke ^  rigidity. These foundations
columns can atld!feJ in * power of the soil is so low tha t 
are used when the g economically used,
individual spread » »  foo tlngsindividual spread footings foo tings
Distribution o f p re s su re  m0stly due to the excessive

—  ? 3
io ld  is 'distributed uniformly over the area M ow  the^  w ting  oh

i t  h a s  b e e n  n o t i o e d  t h a t  m e  v  T U s  & , g  o n  t h e

d e u t h o f  e x c a v a t i o n  a t  w h . c h  t e  t h £  v a r i a t i o n  m  p r e s s u r e

F 4  r :.r ™  " A - s * *  r  s  ■ j ’n w sGenerally w  . 0 f  p r e s s u r e  along d e c r e a s e d  a s  t h e

b a 8 6 '  i n ^ C a W  ^ U o w  " n  s a n d y  s o i l s
m ° r e  i n  t j o n  i n c r e a s e s .  F  , ■ z e r o  w h i l e  a t  t h e
d e p t h  o f  e x c a v a t i o n  ^  ? t  t h e  e a j ^  .g ^  b e lo w  t h e

i n  t h e  c a s e  of f o u n d a t i o n s
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Figs. 56-61. D is t r ib u t io n  o f p r o c u r e  on v a r io u s  types o f  soils, 
foundations carrying eccentric loads and having a pure clay base. 
The experimental variation in pressure below the building foundations 
on clays and sands is shown in Figs. 56-61.

To arrive a t  a satisfactory 
value of the bearing capacity, it 
is desirable to know the  depth to 
which the pressures get transm it­
te d  below the surface of a  footing.
The pressure gets diminished as 
the depth increases. The pre- 
sure spreads in the form of a 
bulb, the shape of which depends 
on a number of factors, e.g. the 
type of loaded areas, type of 
soil, compactness of soil, etc.
The variation of the pressure a t 
.different levels can be connected 
by equi-pressure lines (Isobars).
In  Fig. 62, the variation of pres­
sure below a circular footing is 
shown. I t  may be seen that 
below a  depth of 1J times the 
width of the footing, only 20% 
of th* pressure is left. Hence E f f e c t iv e n e s s  o f  p r e s s u r e  a t
ths borings for the determine- various le v e l*  f o r  a  s im p le  fo o t in g .



f o u n d a t i o n s

tion of the soil type should 
width of the footing.

extend froro 1*6 to 2-0 times the
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P i.  63. Pressure contours for a ro» of column. in .  building.

In  buildings consisting of units^ of ” d^ * bin” d“ ta ib  of
p r e 8 8 u r e  bulta  » ‘' " aP g“ fp  of footings arranged in a line.
pressure ^  ^ j  ^  th a t ^ e  j u n ^

r t T o l « g “ should he a , . a .  avoided
as that l e a d s  to d a n g e r o u s  conditions. 9eUlement  increases

For f o u n d a t i o n s  supported o n  ola js^ the  ^  J r
w i t h  t h e  w i d t h  o f  t h e  foundation for ^  footings will
not tru e  th a t for equal umt , f  mean that. different al owable
C s u r e  f  " u s “  different footings on such soils to get a

uniform settlement. . t  r a f t .  foundations, etc., the
For the construction a n d  designo f ran

following c o n s i d e r a t i o n s  s h o u l d  e ma . differential settlement
(<) I t  is absolutely essential to ^  extent M

in the various parts of the r bnjl( Qn ^  carry
ible. If  different parts of a > ^ irable to establish construe- 
different unit prcSBures, it s een tbeBC parts,
tion joints at the bourn designed to carry three

(«) R a f t  foundation on ^  differential settlement
t i m e s  the n o r m a l  l o a d  a n d  s t i  ^  bui,dlng. f t  is
s h o u l d  n o t  b e  l a r g e  s o  a s  to ‘  ■Bd i f f e r a n c B  i n  weight of 
e s s e n t i a l  to t a k e  i n t o  ac™“ ‘ u from the foundation,
t h e  b u i l d i n g  a n d  t h e  e x c a v a t e  ^  of foundat,on8 m
It may be worthwhile to varv manner th a t the differ-
a c c o r d a n c e  w i t h  the lo a d B  i n  sue buildjng M d the soil 
once between the load trom tn
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F ig s , 56-61. D is t r ib u t io n  o f p re a su re  on  v a r io u s  ty p e s  c*f soils, 
foundations ca rry in g  eccen tric  loads and  hav ing  a  p u re  clay base. 
The experimental variation in  p ressu re  below th e  bu ild ing  foundations 
•on clays and sands is shown in Figs. 56-61.

To arrive a t a  satisfactory 
value of the bearing capacity, it 
is desirable to know the  depth to 
which the pressures get transm it­
ted below the surface of a footing.
The pressure gets diminished as 
the depth increases. The p re  
sure spreads in the form of a 
bulb, the shape of which depends 
on a number of factors, e.g. the 
type of loaded areas, type of 
soil, compactness of soil, etc.
The variation of the pressure a t 
-different levels can be connected 
by equi-pressure lines (Isobars).
In Fig. G2, the variation of pres­
sure below a circular footing is 
-shown. I t  may be seen th a t 
below a  depth of 1J times the 
width of the footing, only 20% 
of the pressure is left. Hence 
the borings for the determ ine
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p r e s s u r e  b u l b s  w i l o v e r  * p  - £  a r r B n g e d  i n  a  h u e .
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ao th a t leads to dangerous ^  s e t t l e m e n t  i n c r e a s e .
F o r  foundations s u p p o r t e d  o n  c a> ^  p r g M U r e  I t - 1?

with t h e  width o f  t h e  foundatiM  for smaUer footings will
n o t  t r u e  t h a t  f o r  e q u a l  u n i t  t o j d * » g g  m e a n  t h a t  d i f f e r e n t  , a l  o w a b l e  

" e  t  , T b e “ J S  J  d i f f e r e n t  f o o t i n g s  o n  s u c h  s o i l s  t o  g e t

Uni" h " t r n c t i o n » n d  design of raft foundations, etc., t h e  

following considerations should b e  m  e . djffcrential s e t t l e m e n t

(t) I t  is absolutely essential to eiten( M p ^ .
'  1 in the various parts of the raft to »Sft ^  ^  ^  a n J  

ible. If  different parts of a la ? ,e to eBt*blish e o n s t r u o -  

different unit pressures, , n these parts,
tion joints at the boundaries te tw e  ^  ^  ^

{«) R aft foundation on c ay -should diflf(,rentisJ s e t t l e m e n t
1 ’ tim es the normal load and stiiU  ^  buildlng. I t  »

should not be large so as to " d i f f e r e I 1 c e  i n  w e i g h t  o f  
essential to take into a c c o t n frQm the f o u n d a t i o n .  
the building and the «c*vate  of f o u n d a t i o „ s  , n

I t  may b e  worthwhile to varj m a n n e r  t h a t  t h e  d i f f e r -

aecordance with the loads m b m l d . n g  a n d  t h e  s o i l
e n c e  between the load f r o m  t n



excavated per u n it area  has the same value for all parts o f 
the building.

(tit) For flexible buildings, the construction of a rigid founda­
tion will elim inate differential settlem ent to a  large extent 
bu t the  cos't of such construction will be exeessivo.

Pile Fonndat one
Definitions

Pile: This is an elem ent of construction placed in the ground 
either vertically or slightly inclined to increase the load carrying 
capacity of the  soil.

Bearing piles: These transm it the super-imposed load to a
stronger s tra ta  below.

Friction piles: These are designed to  transm it the loads by the 
frictional force existing between the  sides of the pile and the ground.

Battered piles: This is a  pile driven a t  an inclination to resist 
the inclined forces.

Sheet piles : These are th in  units of steel or tim ber driven as
piles.
Materials used

Piles can be m ade of wood, concrete,'reinforced cement con­
crete, steel, prestressed concrete and composite materials.

The various types of piles for foundations are described below c
(1) W ooden P i le s  : U sually tim ber trees are used as piles 

after the bark  and the branches are removed. The type of trees 
which are used in India a re  Baku], Owli, Rayani, Jam ba, Deodar, 
Sal, Teak, etc. The circular piles vary in d iam eter from 30 cm. to 
40 cm. If  square sizes are used, they are obtained from the interior 
portion of $he tree by cutting off the side planks. They also vary 
in size from 30 to 40 cm. square. The lower portion of the piles is- 
tapered to 15 to  18 cm square size. The length of the piles is 
about 20 times the top  width. Longer piles are liable to fail on 
account of buckling.

The foot of a wooden pile should be cut perpendicular to its 
axis to permit a vertical driving. In  soft or silty ground i t  may 
not be necessary to  sharpen the  pile end. If such a  pile comes 
across a harder s tra ta , i t  will have a  wider beating area over it ana 
hence provide a  stronger foundation. The blunt end will a so rea 
any obstruction like roots, etc., w ithout tilting the pi e. len 
coarse gravel or boulders are liable to bo encountered it is i esira e 
to reduce the area of the pile foot. In stiff clays it is a< van - 
geous to make the end pointed. While pointing, the en<_ is orme 
into a pyramid shape, the edge of which is 8 to 10 cm. square.
I f  this tip  is less t h a n  t h e  a b o v e  s i z e ,  the timber pile end will not
be able to resist the action of any hammering. 1 he ieng i 
point can be 1 |  to 2 times th e  diam eter of the  foot.

The tim ber point m ay be protected or replaced by a metal lie 
shoe. Various types of shoes have been designed for use wi -
ferent types of piles. Shoes are used while driving throng i s



f o u n d a t i o n s

containing boulders, gravel, hard clays, etc. They may be of cast

F ig s. 64-65. J o in in g  w ooden p iles, 

iron and should have sufficient length of wrought iron straps to 
connect them with the pile.

Whenever i t  is necessary to use a longer pile than available 
in usual lengths, it is customary to splice the piles together with their 
i n ^ T h n t t f n s  each other. Additional strength can be obtained by 
the use of steel pUteT(fish plates) bolted to  the sides of the p  ie.. 
W o d e n t t p K c a n ( alsoPbe uied but they i ™  the section 
of the pile considerably. As an alternative, a heavy pipe of steel 
can be put over the pile end and fixed to it.

The head of the pile is sub­
jected to a  heavy impact of the 
driving machine and hence gets 
distorted and chipped off. To pre­
vent this damaging effect, rings ot 
wrought iron are fitted to the pile 
head. They vary in section from 
5x1 to 10x2 .5  cm. In  fitting 
the rings, the pile is suitably out 
for about 15 cm. from the top 
and a sloping surfaoe is provided 
for a part of this length. These 
rings can be removed after the 
pile is driven.

To increase the hold of the 
piles with the ground, small pieces 
of tim ber are bolted around the 
sides of the pile. This increases 
the  surface area in oontaot with 
the soil.

The timber piles deteriorate 
due to decay or insects. Decay 

'  by the presence

e x t r a c t o r
FITTED

FUNG
REMOVED

F ig s. - 5-67. C ollar fo r w ooden p iles 
a n d  i t  e rem oval.

is caused by the °fw£ioh lives on certain products pre­
type of plant life ca g ^  Qn depend8 upon th

m o i s t u r e  a n d  temiierature conditions of the piles. Some types , of
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these fungi develop quickly under high m oisture conditions. Timber 
f u l l y  b e l o w  w ater throughout the year does not decay. I t  is desir­
able to ensure th a t the variations in the w ater level around the timber 
piles are least.

The term ites or insects are of two types, i.e., which grow in wet 
conditions and those which grow in d ry  conditions. They live on 
the cellulose present in the tim ber. Only few tim bers are safe from 
th is  attack. Another class of insects which are liable to  destroy 
tim ber piles are “ marine borers” bu t these are usually found around 
the coastal areas. The life of tim ber piles which are not suitably 
guarded against the action of m arine borers is considerably reduced.

Chemical preservation or mechanical protection is commonly 
provided as a trea tm en t of wooden piles* Treating tim ber with creo­
sote oil under pressure is usually carried out. The am ount of creosote 
to be applied depends upon the type of tim ber used and the  degree of 
protection needed. Several o ther chemicals like zinc chloride, copper 
sulphate, mercuric chloride etc. which are poisonous to  the animal 
life have been used for the  preservation of tim bers bu t they are 
liable to be washed away by the w ater tab le fluctuations. The 
various methods of chemical preservation and their suitab ility  under 
various conditions are described in details in books on “Building 
Materials”.

Mechanical protection is afforded by various types of coverings 
like th in  sheets of m etal or a  layer of felt soaked in various chemi­
cals. These treatm ents are not expensive bu t are mainly used as a 
protection against m arine borers.

Chemically treated  piles should be handled very carefully so as to 
avoid the breaking of outer fibres which ac t as protecting coverings.
Advantages of wooden piles :

(i) They are less expensive as most o f the tim ber available 
can be used a fter suitable treatm ent.

(i i) They can be made in longer lengths by joining the indivi­
dual pieces easily.

(Hi) Cutting of these piles is very easy.
(iv) They can be driven quickly and w ith lighter machinery.

Disadvantages:
(t) They deteriorate by the  action of water or insects,

(ii) They have a  lesser load bearing capacity.
(iii) W henever long piles are to be driven, it is necessary to 

join a num ber of small individual units and this entails 
lot of joining work and the cost is high.

(2) C o n cre te  P ile s  : Concrete piles can be broadly classifiod
to two types :

( i f  Precast Concrete Piles. Those are cast a t a suitable 
place, cured and afterw ards driven like a tim ber pile 

tii) Cast-in-aitu Piles. These are cast a t  the place where they 
have to rest finally. They may have a ens! in;: which also 
remains intact.



Precast Concrete Piles : Precast concrete piles are ® » l j "  
square section with chamfered corners. Other sh.ap<», 
types are also available. Octagonal type has a 
steel reinforcement can also be placed easily in it. Whenever 
piles arc to be driven through hard soils, cast iron or mild stee shoes 
are used at, the end which is driven into the sod. Generally for
normal work, 1 : 2 : -4 mix is used whereas for heavy loads and
driving through harder soils, 1 -. 1 | : 3 mix is employed.

The diameter of these piles varies from 25 to 60 cm. ^ e r -  
tain specifications lay down rules for the la t™ :1 me? ‘
sion and least diameter depending upon the length of the pile, e.g.. 
cm. for piles upto 10 metre in length and 40 cm for piles J 10
and 15 metre. Precast concrete piles are available mlength from i
to 30 metre but generally less than 5 metre are - 
not used.

Precast piles are constructed without taper but 
have pointed lower ends. Whenever tapering is 
desired, it should not exceed 2 cm. per metre length 
of the pile.

The reinforcement consists of longitudinal bars 
with spiral a t the top and bottom ends and suitable 
ties in between. However, in some cases the spiral 
may extend through the entire length of the pile.
The longitudinal reinforcing bars are separated by 
cast iron or pressed steel forks placed diagonally 
across the section a t 1 to H  metre intervals. The 
ends of these longitudinal bars should bear on the 
shoe. Sometimes it is desired to project these longi­
tudinal bars beyond the head of the pile and a 

special hood is built 
while driving.

These piles are oast 
in the forms either hori­
zontally or vertically.
Generally horizontal cas­

ting is preferred. When 
piles are cast in this 
position, i t  should be 
ensured that an unyiel­
d ing base is provided

SOLID SHOE 
SQUARE

Pi£5-18-71 . S e c t io n s  a n t i  e le v .  o f  R .C .C . p i le s  w i th  
d e t a i l s  o f  c o n n e c to r s  a n d  B lio e .



for the pile so th a t  concrete m ay no t get disturbed while setting. 
U s e  o f  vibrators is essential. The forms are removed after about 
48 hours The pile is cured in its position for a week. After this, 
i t  is removed and placed in  stacks for fu rther curing. A period of 
about 3 weeks is allowed to  lapse before they  are driven. Whenever 
a ranid construction is desired, special quick hardening cement may 
be used so th a t the  pile develops the  desired strength earlier.

Special devices are used to perm it convenient handling of piles.
C I. bolt* screwed into plates are cast in the  piles near ------

the centre of cross-section a t  the 
points of lifting. The points where 
the pile is to  be lifted are to be 
suitab ly  calculated.

I f  a  pile is to  have a hole in tho 
centre for insertion of a je t pipe 
for w ater injection while driving, a 
pipe is cast along with th e  concrete.
Sometimes an oilcoated tapered 
wooden core is left b u t this has to be 
constantly ro ta ted  to  prevent its 
stioking with the concrete.

Adding an ex tra  length to 
precast piles is done by stripping the 
head and overlapping the longitudi­
nal bars for a  distance no t less than  
40 times the  diam eter of the bars.
These longitudinal bars may also be 
welded.

Cast-in-situ Concrete Piles : Cast-in-situ pile is
concreto pile bu ilt in  its perm anent location within 

a  hole made for th is  pu r­
pose. This hole m ay be 
made by  excavating with 
auger or by driving a sui- 

^  tab le casing. The various 
types of cast-in-situ piles 
are described below :

PLAN
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(t) Simplex Pile. A 
hollow cylindrical steel pipe 
is driven into the  ground to 
the required depth. A cast 
iron or steel base is placed 
under the pipe to displace 
the soil. The reinforcement, 
is placed into the pipe, if 
needed. Concrete is poured to 
a depth of about one metre 

simplex pile. into this pipe. After pouring
the concrete, the enclosing pipe is withdrawn to some extent. Concrete 
is again poured into tho pipe and the pipe is withdrawn. As the cueing 
is pulled out the hole gets filled with concrete which acts as a pile.

F ige . 76-78. C astin g  of 
S im p lex  p ile .

SECTION A.A 
F ig s . 74-75. 

P la n  a n d  Sec­
tio n  o f  a  pil® 
w ith  w a te r  j e t  
ho le .



( t i )  Pedestal Pile.

MANDREL

HOLLOW 
SHELL 

concrete :

Figs. 79-84. P e d e s t a l  Pilea. 
type of pile is to drive a casing and a core into the ground. The
core is removed and concrete is m a n d r e l
placed to some depth inside the
casing. The core is again placed
and casing is pulled up by about 
one metre while the pressure is being 
exerted oil the conorete with the 
core. The concrete is rammed so as 
to  form a pedestal. The core is 
removed and concrete poured into 
the casing. Finally, as the concrete 
gets filled, the casing is withdrawn.
Hence a concrete pile with a pedestal 
a t the bottom is formed. It rein­
forcement is necessary, the same is 
placed after taking out the oore and 
suitable arrangements for ramming 
the concrete are made.

(Hi) Raymond Pile. A thin 
sheet steel tapered shell is driven 
into the soil with a steel mandril 
inside. The mandril is removed and 
suitable reinforcement placed, ll 
necessary. The shell is filled with 
concrete.

liv) Mac Arthur Case Pile. This 
is formed by driving into the ground 
a  heavy steel casing in which a core 
is inserted. The core is removed and

F igs. 85-87. R a y m o n d  p ile .

». SHEET MENTAL SHELL WiTH HARD 
DRAWN INTERNAL SPIRAL IS DRlVtN 
WITH A MANDREL OF SPLIT T>P£

2 MANDREL IS WITHDRAWN

3. CONCRETE IS POU3ED 1N-TO 
THE SHELL.



a  corrugated steel shell is introduced, 
crete and the  casing is withdrawn.

The shell is filled with con-

(v) Vibro Piles. Vibro piles are formed by driving a steel tube 
fitted w ith a C. I .  shoe into the ground. The tube is filled with 
concrete and is ex tracted  by a  succession of upward pulling and 
downward tamping blows. The pile thus gets enlarged every time 
and fits in the surrounding soil securely. The upward and down­
ward movement is repeated 80 times per m inute and a  pile of con­
crete is formed a t  the ra te  of about one m etre per m inute. These 
piles are cast rapidly and have a  uniform dense concrete.

F ig a . 88-91, V ib ro  pile.

Advantages of Precast Concrete Piles :
(i) Best concrete can be prepared by proper workmanship.

Any defect can be immediately repaired.
(it) The reinforcement remains in proper position and does not 

get displaced,
(iti) The concrete has only to withstand loads after complete 

curing has taken place.



They can be caat beforehand and a quick driving progress 
can be ensured.

(«) They are more convenient when driven through wet condi­
tions.

(vi) They are more suitable when a part of their length is to 
remain exposed.

Ivii) They are not affected by any other additional forces which 
act on them while adjacent piles are driven.

Disadvantages :
(i) They are heavy and difficult to transport.

(ii) Lapping of additional length means extra cost, labour 
and energy.

(it'i) They have to be heavier in section to withstand the hand­
ling stresses.

(tv) The shocks of driving make them weaker.
Advantages of C astin-Situ  Piles :

(i) There is less wastage of material as exact length of pile is
cast.

(it) The time spent on caring etc. is saved.
(Hi) They can bear heavier l o a d s  by improving upon their 

cross sectional profile, e.g., Pedestal piles.

Disadvantages :
li) Good quality concrete cannot be eaaily obtained due to 

the unusual height of dumping.
(it) The reinforcements are liable to 

get displaced.
(in) They cannot be used under water. coNcReTe 
(iv) The green concrete loses strength PlLe  ̂

after coming in contact with the 
soil.

(,;) The shells are affected by casting 
additional piles adjacent to them.

(3) C o m p o site  P iles  : Wooden piles 
can advantageously be used below the 
ground water level as they are more durable 
under water. Hence a pile consisting of 
wooden section for its lower portion and a 
concrete section for its upper portion can 
be used A wooden pile of the desired 
length is driven into the ground to its re ­
quired depth and the shell with mandril in­
side is placed on top of it. The mandril is 
removed and concrete poured into the shell.
This will make a composite pile. Ihe  joint 
between tho wooden and the concrete section 
is designed to withstand any forces coming on 
it  when the adjacent piles are being driven.

WOODEN 
PILE '

f
/

Fig . 92. ComposiU-pile.



(4) Steel Piles : Steel piles m ay be of I-section or hollow 
pipe section. Because of a  sm all sectional area, steel piles are easy 
to drive. The pipes a re  driven  with open ends. Compressed 
air may be used to drive ou t the  soil w ithin the  pipe and thus facilitate 
the driving. These pipes a re  filled w ith concrete. Steel piles are 
mostly used as bearing piles because o f the ir less available surface 
area to take the loads by frictional forces.

Another form of steel pile is th e  screw pile which is used in 
very soft soils. Shafts of screw piles can be of cast iron or mild

F ig . 93. S tee l H -p ile . 

Pile driving
Pile driving is an

k :

steel and th e  helices can be of 
cast iron, cast steel o r mild steel. 
The helix should consist of one 
complete or two half turns and 
should have sufficient pitch so 
th a t stones do not get jammed in 
between th e  blades. The diame­
te r  of the helix can be as much as
2 m etre. They are driven by 
fixing a  capstan w ith electrical 
m otor to the head of the pile. A 
framework is bu ilt while the pile 
is being screwed. The spacing 
of screw piles is abou t twice the 
d iam eter of the  helix. Water 
jets may be used to aid in the 
driving of screw piles.

A disc pile has a  metallic 
disc attached to its foot so as to 
enlarge the  bearing area. They 
a re  not commonly used for build­
ing foundation.

of forcing a pile into the ground



without previous excavation. Various methods are used.for <'ri™ 8  
piles The simplest is to drive with a heavy weight called a  irop 
hammer. This is dropped on the head of the pile and is guide^du™ fc 
its fall by suitable staging. The hammer is raised b?  P“ ll,"g * 
manually or by a  steam engine or electric motor. The’ Weigh 
t h i s  hammer for driving concrete or wooden piles is about £ to 
ten and for driving heavier piles it may be as much as -  to i  ton. 
The height of drop varies form 1 | to 3 metre. These hammers are 
made of hard wood or cast iron or cast steel. The pile driving 
f r a m e  i s  kept in vertical position by suitable guy ropes Arrainge- 
ments for automatic falling of the hammer from desired height 
made.

hammer: A heavy hammer is dropped on the pile
thrnmrl, i  small height but in quick succession. Single acting or t h r o u g h  a  small neigu i ilftbIe These hammers are

hammers over the ordinary drop hammer are :

• (») 

(it)

The damage to the pile head is less.

The number of piles driven in a given time is more a .  the 
pile is practically kept in motion while the driving is in 
progress.



(Hi) Less vibrations occur in the soil adjacent to the piles and 
hence the structures in the surrounding area  are affected 
to a lesser extent.

Water jets  : These can be used to drive piles easily in hard 
soils. However, they  are not very much effective in silty or clayey 
soils. W ater jet i8 applied to the  foot of the  pile generally*by 
pushing one or two jetting  pipes along with the pile as it is being 
driven. The diam eter of the pipe is usually 5 to  8 cm. and the  nozzle 
may be about 2-5 cm. in diam eter. W henever i t  is apparent that 
difficulty will arise in driving the piles before the  process is started, 
it is desirable to have a central hole w ith a  proper nozzlo cast along 
the pile (see Figs. 74-75). The je t pressure should be sufficient to 
overcome the soil pressure easily and hence a minimum of 20 kgm/ 
sq. cm. is desirable. As much as 6,000 litres of water per minute 
may be needed for harder soils. I t  is necessary to stop jetting 
before the  final depth is reached. A minimum distance of one 
metre should be kep t as a  m argin to allow a  proper bearing for the 
pile.

Special Methods : Screw piles and disc piles are driven into
the ground with the  aid of driving drum s and winch crabs. The 
drum is fixed to the top of the pile which is fu rther ro ta ted  gradually 
by applying a torque from the  crab with the help o f wire ropes.

Under-Reamed Piles

Structures built on expansive soils often crack due to the 
differential movement caused by the a lte rna te  swelling and shrin­
kage of the soil and under-reamed pile foundation provides a 
satisfactory answer to the problem.

The principle of th is type of foundation is to anchor the struc­
ture a t a depth where ground movements due to changes in moisture 
content or consolidation of the poor s tra ta  are negligible.

The vertical movement of ground due to seasonal changes in 
moisture content in deep layers of expansive soilB is limited to a 
depth of 3-5 m. In  shallow depths of such soils,, the length of piles 
can be reduced.

Single under-reamed piles may be provided for foundation of 
lighter structures (up to two storeys) and double under-ream ed piles 
for heavier structures, in shallow as well as in deep layers of expan­
sive soils.

Single and double under-reamed piles may also be provided for 
foundations of structures in poor soils overlying firm soil stra ta . In 
such soils for double under-reamed piles, however, both  the under- 
reams rest within the firm soil stra ta .

Piles of uniform diam eter are also provided for foundations of 
lighter structures in shallow depths (not exceeding 2 m.) of expansive 
soils and in poor soils overlying firm soil s tra ta .

The length of piles will depend on the depth of atablo zone and
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the piles are taken a t least 50 cm. into it. Uniform diameter piles in 
expansive soils are however taken down sufficiently deep into the 
firm soil s tra ta  so as to  develop the required anchorage against 
uplift.

Diameter of piles is usually not less than 20 cm.
Diameter of the under-reamed portions are normally two to 

two and half times the diameter of the shaft and do not exceed three 
times.

Piles are provided a t all the junctions of walls and a t interme­
diate points, where necessary. The spacing of under-reamed piles 
is normally kept a minimum of twice the under-reamed diameter 
for normal loading. In  double under-reamed piles, the vertical 
spacing between the two under-reamings are also kept equal to one 
and a half times the under-reamed diameter.

P i l e  C a p s
A group of piles is covered and connected together by a cap. 

Reinforced concrete piles have got R.C.C. pile caps, the reinforce­
ment of the piles being continued into the caps. The piles are 
continued into the cap to a distance of a t least. 8 cm. and further 
the cap projects around the piles by a t least 10 cm. The number 
of piies per cap should not be less than three so as to ensure stability 
of the group. Whenever less than three piles are used, a general 
practice is to connect the caps with each other.
B e a r i n g  P o w e r  o f  a  P i l e

The number of piles required to support a given structure 
was previously found out by dividing the total load coming on 
the group of piles by the load taken by one pile. This caused 
excessive settlements in some cases and hence it ,s desirable 
to know the settlem ent produced by the group of piles as 
whole Settlement may be caused by the pile groups yielding as a 
unit, or the soil below may get compacted. T h e  pressure transmitted 
by the group to the various layers of the soil below can be computed 
by the aid of formulae given in standard text books on ‘Foundation 
Engineering.”

The btaring power of an individual pile is also computed with 
the help of empirical formulae or by carrying out load te s t '^ y n a m ie  
formulae are used to compute the bearing power of a pile by noting 
its behaviour during driving. The energy used in the driving and 
the corresponding pouetration produced m the last few blows enables 
us to compute the bearing power of the pile. Factors like the  rate 
a t  which pile is driven, its sectional area, etc., are also accounted tor. 
A formula commonly used is :

16 WH
p= - s + r ’where

p=A llow able load on the pile, in kg.
W =  Weight of the hammer, in kg.
H== Distance through which the hammer falls, in metre.
S=Average penetration for the last three blows, in cm.



C—A constant and a value o f 2-50 is used for drop hammers 
and 0-25 for steam  hammers.

Static formulae are derived from the  type of the soil and the 
size of the pile. These measure tho frictional resistance along the 
surface of the pile and the  bearing resistance of the base. Empirical 
values based on theoretical aspects of ‘Soil Mechanics’ are used. 
However, the ex ten t to which pile driving affects the skin friction 
is unpredictable in deep layers of clayey soils or in soils of varying 
natures.

Test piles is the  most reliable m ethod for calculating the 
bearing power of a pile. The load on the pile is applied with the aid 
of jacks placed against suitable supports. W henever uniform soil is 
available in the  vicinity, three  te s t piles are sufficient. The tent pile 
is allowed to recover for some tim e before additional load is applied. 
The load is applied in 5 to 10-ton increments and settlem ent readings 
are taken regularly. The design load is kept for a t  least 24 hours. 
Maximum load equal to twice the design load is applied. Generally 
the maximum allowable load is taken as ha lf the  load which causes 
a perm anent settlem ent of 0 025 cm. per ton or 2-5 cm. whichever 
is less. In  the case of piles resting in silty  and clayey soils, the maxi­
mum load is taken as the load when the  settlem ent increases con­
siderably with very  slight increments of load. A suitable factor of 
safety is used to get the  design load.

The following points about pile foundation a re  worth noting :
(i) R.C.C. piles are no t norm ally economical for depths less 

than  4 to 6 m etre.
(it) Driving of piles is generally commenced a t  the centre of the 

group of piles working outward.
(Hi) W hen piles are driven in clay, displacement of the soil 

occurs which causes heaving in the soil surface. Some 
type of clays get considerably disturbed and bearing capa­
city is decreased to a large extent. “ H ” section piles 
cause least displacement.

(iv) In  the  case of sandy soils, care should be taken th a t exces­
sive vibrations are not im parted to the soil otherwise 
considerable settlem ent may occur.

(v) The minimum spacing of friction pile is 1 to  1 5  metre; 
closer spacing leading to the heaving of the  soil.

(vi) N ot more than  4 cm. deviation from the  designed align­
ment of the pile should be accepted, the tolerance on the 
v e rtic a lly  of the pile being not greater than  1 in 50.

P ie r  F o u n d a tio n s
Pier3 are generally cylindrical columns used to  support the 

loads like bearing piles, i.e:., the load is transferred through 
them to a firm 9tra ta  below. Tho difference between piers and 
piles lies in the method of construction. Bearing piles are 
driven with hammers whereas piers are driven bv excavation ot 
the soil which they occupy. Driving of bearing piles had to be



d i s c o n t i n u e d  when the pilo refuses to be driven m and t h u s  may 
t  reach the desired laver of the firm strata below. I n  the case of 

n V the excavation can be carried to the desired depth easily, 
are preferable when the structure is to be laid on decomposed 

Me overlying a stra ta  of sound rock as it becomes difficult to drive 
M arine piles through decomposed rock due to some rock fragments 
m i n i n g  under the  foot of the pile which prevent t from sinking 
farther. Similarly whenever the top clayey layers offer larger 
resistance to the driving of a bearing pile, it is desirable to use piers. 
Piers can also be driven conveniently under water.

-piera may be hollow or solid in section. They can be made of 
hricks concrete, B.C.C., steel, cast iron etc. The hollow space is 
plugged with concrete so as to form a solid section.

There are various methods of driving the piers. These are 
briefly enumerated below :

O n en  C aisso n  M eth o d  : A caisson is an enclosure which is 
driven into the ground and later on filled up. The sides of this 
enclosure may be made of masonry or 
concrete. Typical example of this case 
is the use of well foundation m India.
(See Fig. 98). In  this type,  ̂a special 
outting edge and a curb is laid on the 
ground and masonry built over it. The 
foil w ithin the hollow inside and under­
neath the edges is excavated. Ihis 
well sinks under its own weight or for 
stiffer soils, i t  may be loaded. While 
working under water, special grab 
dredgers are used for excavating the 
soil. When th e  well rests on a  suffi­
ciently hard s tra ta  (or has enough load 
carrying capacity on account o si 
friction) i t  is plugged by pouring con­
crete a t the top and bottom. Two or 
three wells may he connected together 
by covering them with a continuous

“ P ' j  i i ,  P a i s s o n  M ethod  : This type is used
C o m p r e s s e d  A i r  din „ly  soft and rushes in as it is

commonly when tho soil 8 °work;ng within the well. The
excavated, thereby proven t  g p P airlocks and com-
well is sealed a t the top with t o  a»d Th; Ppre, ents tho inflow of
s ^ 1 l . a ' X n  w o r k  w i t h i n  this chamber and excavate the soJ as

described above.
^  M ethod  • For stiffer soils a  sort of

O r d i n a r y  E x c a v a t .  ^  w ell_ ^
well is excavated anil the pier
method is used only for sma  ̂  ̂ Whenever the sides of

U se o f  S1;e c t ,” S a " to fal, as the soil within is excavated 
the excavated p it are liable

F ig . 97. W eil founda tion .



i t  is necessary to support it with the aid of vertical or horizontal 
wooden planks or steel sheets suitably braced. For s till softer sons 
th in  piles known as sheet piles are driven adjacent to each other to 
form an enclosure. The soil is excavated within th is area and the 
pier built as usual.

E x c a v a tio n  o f  F o u n d a tio n s

The first step in excavating the necessary volume of soil

9 *9  PM .XH5

PLINTH LEV ELS  12 3 4 5 
<5"< <)' P ILLA RS TO 
PU N T H  H EIG H T
Fign . 99-100. L a y o u t d e ta il  fo r a  b u ild in g  fo u n d a tio n .
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to be replaced by a suitable type of footings is to clear the 
site of all plants, debris, etc. The site is then made somewhat 
level so as to remove large inequalities.

After the foundation design baa been finalised, a foundation 
plan denoting the width of excavation along with other complete 
dimensions is prepared. The next operation is to mark this plan on 
the ground surface. This is done by the aid of measuring tapes, 
wooden squares, pegs, strings, etc. The corners of the building 
are laid and the sides checked by measuring the diagonals. 
The entire width of foundation to be excavated is marked on the 
around with the help of lime or by daugh-belling. I t is t's3ent‘a ' t0 
have permanent reference marks which should not get disturbed as 
the excavation proceeds. Marks denoting the width of excavation
t h e  width o f  masonry a t the plinth, offsets, etc arc made on “mall
brick-pillars built in brick masonry. These pillars are erected a t a 
distance of about one-metre from the edge of the excavation so 
th a t they may not get disturbed later on. In  larger buildings, he p 
of a t h S i t e  is taken to mark the central lines of the walls and to 
c h e o k  the corner angles. The plinth levels are to be accurately set 
and for this purpose, special brick pillars a t the c° " ers a r®0ere°ted 
and their tops finished a t the desired level. (See Figs. 99-100).

Ordinary excavations are carried out with the aid of tools 
shown in Figs. 101 to 110. Most of the work is done with a spade,

FiKS. 101-110. E x c a v a to r  tools.

$  B o n i n f r o ^ S ,  L X  ( 1 0 ,

etc., are used.



E x c a v a t i o n  w i t h  t h e  a i d  o f  T i m b e r i n g

In  the case of hard soils and for small depths, excavation is 
carried to  the desired breadth and depth  w ithout the aid of any 
support for the  aides.

For stiff soils and for som ewhat deeper excavation, light supp­
orts in the  form of wooden boards about 4 cm. thick and extend­
ing to the depth of excavation are used. These supports are spaced 
a t about 2 m etre centres and are fitted with the  help of strutg 
against each other. One s tru t  in the  middle of the board or one a t top 
and one t  bottom  may be used depending upon the firmness of the 
soil. (See Fig. 111).

F ig . 111. T im b e r in g  fo r s t if f  soil.

For soils which are m oderately firm, two methods a r e  g e n ia lly  
used. The first method envisages the  use of horizontal boar « 
wailing pieces which are stru tted  as described above. F o r cheap ^ 
work, round uncut wooden stru ts may be used. The boards
is e m p l o y e d  for soils which are softer. In  this case poling boards, 
wailing members and stru ts are used. (See Inga, l l t-L iA ) .

For soft soils, the poling boards have to  be ^  ai?®
otherwise the soil will come out through the m  erv^ . \ . ̂
addition, wailing members arc used to give a , , 1l /. | £
these are adequately stru tted . Wedges may be inserted a t  the place 
shown (Fig. 114) to facilitate  the tightening and removing of the 
members.

For deep excavation and in very soft 8oil», ruu? e'®’.V*’’j  *' :’' j  
wooden planks pointed a t the ends are driven deeper than  the desired 
excavation depth, wailings and s tru ts  being uBed as usual.



For soils which immediately flow'as they are excavated, arrange- 
ment as shown in Fig. 115 is used. The trench is excavated 1 to 2 
metre in depth and the soil allowed to fall. Sides are then sup­
ported by vertical sheets (poling boards), wailed and strutted. A 
secondary system of runners ia used and these are wailed and s tru t­
ted to 6upport the excavation. Wedges are inserted between run­
ners and wailing pieces. Wedges securing one runner are slightly 
loosened. The earth from its foot is removed and the runner thus 
dropped is rewedged. In  this manner the whole system of excava­
tion is completed.

For waterlogged areas special methods like chemical treatm ent, 
freezing method, caisson method etc. are used.

To build a stepped footing within a timbered trench, the 
s t r u t s  are cut and refitted against the footing masonry an shown m
Fig. 116- A  s u i t a b l e  working platform i s  made.

Foundation Concrete
Generally lime concrete is used for foundation work Brick 

, ,1 ?  ™ stone or shingle are used ns aggregate. Usually
ballast, aggregate is permitted. The nsual propor-
? io n ? a r 7 ” m of liml, 2ft c m .  of surkhi and 100 cu.m. of



F ig . 114. T im b e r in g  fo r  l o f t  soil-

F ig .U O . D ia g ra m  show ing



of aggregate. The materials are measured and mixed on specially 
constructed brick platform and protected from any adm ixture 
of d irt or other foreign materials. The ballast is stacked in 
rectangular layer of \  metre thickness and on the top of it pro- 
perly mixed lime and surkhi are spread. The stack is made aB big 
as to last for one day’s concreting. These materials are mixed three 
times dry and three times wet. W ater just sufficient to wet the 
concrete is added. This mixture is placed in position in layers not 
exceeding 15 cm. in thickness and thoroughly consolidated with
5 kgm. rammers. Consolidation is taken as complete when a 
layer of mortar appears on the surface and exposed aggregates are 
not visible. Whereever joints are unavoidable, the end of each 
layer is sloped a t  an angle of 30°. Tho concrete is cured for a 
period of not less than 10 days and no brickwork built over it for a 
period of 7 days. Alternatively cement concrete of weak propor­
tions, e.g., 1 : 8 :  16 can be used.

QUESTIONS

1. W h a t do y ou  u n d e rs ta n d  by  th e  te rm  ‘F o u n d a tio n ’ ? N a m e  th e  
v a r io u s  ty p e  o f fo u n d a tio n s  used  fo r a b u ild ing .

2. D escribe b riefly  as to  how  th e  fo u n d a tio n  is p ro v id ed  fo r a  2 b ric k  
th ic k  m aso n ry  w all. I l lu s t r a te  y o u r an sw er w ith  th e  a id  o f  a  sk etch .

I n  w h a t w ay  a  s tep p ed  fo u n d a tio n  ca n  fa il t  W h a t a re  th e  g e n e ra l 
ru les  fo r p ro p o rtio n in g  th e  v ario u s  offsets in  th is  ty p e  o f  foo ting  t

3. A n iso la ted  b ric k  colum n o f  1£ b rick s  sq u are  is to  b e  co n s tru c ted  
fo r a  b u ild in g . I l lu s t r a te  w ith  sk e tch e s  a  su ita b le  footing  fo r th is  co lum n.

4. W h a t a r e  th e  v ario u s  ty p e  o f  footings su ita b le  fo r (a) Iso la te d  
R .C.C . Colum n ; (6) Iso la te d  S tee l Colum n ; a n d  (c) I so la te d  T im b er Colum n.

5. W hen a re  co m b in ed  footings e sse n tia l f I l lu s t r a te  w ith  sk e tch  as  
to  how  a n  e x te rn a l  R .C.C. co lu m n  c a n  b e  com bined  w ith  a n  in te rn a l  R .C.C . 
co lum n.

W h a t is th e  essen tia l d ifference betw een  a  com bined  footing  a n d  a  
c a n tilo v o re d  fo o tin g  ?

ti. (a) N am e th e  various ty p e  o f  founda tions w hich a re  su ita b le  for 
a  b u ild in g  co n sis tin g  o r  R .C.C. co lum ns on soft soil.

(b) W r ite  ab o r t no tes  on :
(t) R a f t  fo u n d a tio n .

( « )  D is trib u tio n  o f p re ssu re  below  a  sp re a d  footing  on v a rio u s  ty p e  
o f soils below  g ro u n d  level.

(*t») In v e r te d  arch es .

7 W hen a re  p ile fo u n d a tio n s  necessary  T W h a t a re  th e  a d v a n ta g e s  
a n d  d isad v an ta g es  o f p iles o ver o th e r  ty p es  o f p iles I W h a t p re se rv a tio n  t r e a t ­
m e n ts  a re  n ec essary  fo r t im b e r  p iles ?

8. W h a t a re  th e  vario u s  ty p o  o f m a te r ia ls  u sed  fo r p iles t 
D iscuss th o  a d v a n ta g e s  o f ca st- in  s i tu  p iles o v er p recast R .C .C . p iles.

9 . W rite  sh o r t  n o te s  on  :
( i) P re c a s t  R .C.C. piles.

( i i )  P e d e s ta l  p iles.
(Hi )  C om posite  p iles.
( i v ) Screw  p iles.
(„) P ile  d riv in g .



1 0 . W hat ar© the various methods of installing different ty p e  of piiles 
■within ground? B rie fly  describe the w ater je t method.

11. W hat are the precautions n eo e saa ry  w hile d r iv in g  w ooden an d  
concrete pile* respectively !

W hat are the various methods of ascertaining the load bearing capacity 
of an ind ividual p ile ?

1 2 . W hat is m eant by ‘p ier foundation’ ? B rie fly  d e sc rib e  v a r io u s  m e­
thods of constructing a pier foundation.

1 3 . W hat precautions are necessary to be taken w hile excavating tren­
ches for foundations in very soft soil T

Describe the method o f tim bering a trench in  so ft  e la y e y  soil.
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3
BRICK MASONRY

Bricks arranged systematically and bedded together in m ortar 
to  form a homogeneous mass capable of withstanding and transmiting 
forces, w ithout failure, is called brick masonry.

Ordinary bricks are economical and when laid in good mortar 
form a durable construction. Bricks are comparatively small in 
size and, therefore, can be easily handled. Moreover, they can be 
suitably arranged in various shapes to form different oomponents 
of a  building, e.g., walls, partitions, footings, columns, steps, floors, 
arches, lintels, etc.
Materials used in Brick Masonry

The materials used in brick masonry construction are bricks 
and mortar.

(1) Bricks : The various kind of bricks are :
(a) Common bricks : This term is applied to bricks whioh are 

made of clay and burnt in the usual manner in kilns. Generally, 
these bricks are graded into three classes :

(t) First Class Bricks : These are 1 9 x 9 x 9  cm. in size, so 
th a t ten layers when laid in m ortar will form one metre 
height of masonry. They are made from good earth, free 
f r o m  saline deposits and are sand-moulded. They should 
be thoroughly burnt, of good colour, of regular shape with 
square edges and parallel faces. These bricks are free 
from flaws, cracks, chips, stones, nodules of lime, etc. 
They do not absorb more than one-sixth of their weight 
of water after being soaked for one hour and should show 
no signs of afBorescence on drying. They should give ring­
ing sound, when struck together.

(it) Second Class : These are also fully burnt and give a clear 
ringing sound when struck. Slight irregularities in shape, 
size or colour are accepted. They should not absorb more 
than  one-fourth of their dry weight of water after one 
hour’s soaking.



(tii) Third Class : These a re  not bu rn t so fully as in the
previous two case3 bu t a re  generally of uniform reddish 
yellow colour. Defects in uniform ity or shape are tolerated 
but they should not be excessive so as to interfere in the 
lay ing  of bricks.

Generally first and second class bricks are used for brickwork. 
They should have a  minimum compressive strength  of 80 kg.per 
sq. cm.

(6) Face Bricks : Generally selected first class bricks are used 
for face work. However, i t  is essential th a t  face bricks should be 
uniform in colour, tex ture , size, etc. Hence special bricks having 
these qualities are made under controlled supervision. Further, if 
any markings or surface finishes are needed, special bricks are 
moulded for face work. These bricks can be used for garden walls, 
side walks, steps and other exposed work where exceptionally good 
appearance is desired, regardless of cost.

CANT DOUBLE CANT SQUINT

p . s t o l  D oping  brick  p u * th header

F igs. 117-128. T y p ea  o f sp e c ia lly  sh a p e d  b rick s .

(c) Pressed Bricks ; These bricks are moulded “n'J "  
with hand for small jobs and with steam pressure or « _



These bricks have regular smooth faces, sharp edges, square '
and uniform colour They are used for face work of buildings. .Such 
bricksT are specially useful when esact dimensions are required m 
walla or other structural members.

td\ Fire Bricks -. These are made of special fire clays. They 
U  for lining in fire-places, furnaces, etc., where high tempera­

tures are prevalent and ordinary bricks get decomposed. They ar 
slightly larger than the ordinary bricks.

t^Q lazed  and Coloured Bricks : Coloured bricks are used
where s p e c ia l  c o lo u r  t r e a t m e n t  i s  n e e d e d  o r  w h e r e  o r d i n a r y  b r i c k s

o f  t r o o d  u n i f o r m  c o l o u r  a r e  n o t  a v a i l a b l e .  G l a z e d  b r i c k s  h a v e  o n  
gf T „  X / e d  i n  w h i t e  o r  a n v  o t h e r  c o l o u r .  T h e s e  a r e  u s e d  f o r  

e x t e r i o r  s u r f a c e s  o f  w a l l s  o r  p a r t i t i o n s ,  i n  d a i r i e s ,  h o s p i t a l s ,  e t c . ,  

w h e r e  c l e a n l i n e s s  i s  i m p o r t a n t .

, f )  Imilation Bricks : T h e s e  b r i c k s  a r e  s i m i l a r  i n  s i z e  t o

c o m m o n  b r i c k s  b u t  a r e  m a d e  o f  P o r t l a n d  c e m e n t  a n d  s a n d .  T h e y  
a r e  u n b u r n t  b u t  h a v e  t h e  s a m e  q u a l i t i e s  a s  t h a t  o f  a  g o o d  m o r t a r .

& ni e f r “ , c o r n i c e s f  s t r i n g  c o u r s e s  s l o p i n g  w a l l s ,  e t c .  

T h e  g e n e r a l l y  u s e d  t y p e s  a r e  s h o w n  m  F i g s .  1 1 7 - 1 - 8 .

,<1\ M o r t a r  :  I n  o r d e r  t o  b i n d  t h e  i n d i v i d u a l  b r i c k s  t o  f o r m
u ic urall a campact mass, m ortar is used. The m ortar has 

to form a cushion to take up the inequalities in the brick to 
a l s o  t o  f o r m  a ^ u s  ,  a n d  t 0  f i n  u p  t h e  i n t e r s t i c e s  i n  t h e

t t k s  X  t y l f  Of m o rta r used depends on the  to ta l load t h a t  

t h e  s tru c tu re  has t o  bear, t h e  w eathering agencies, ty p e  of finish 
desired , otc . T h e  commonly used m ortars  are  .

( a )  L i m e  m o r t a r .

(b) Cem ent m ortar.
( c )  L i m e - C e m e n t  m o r t a r .

(id) L i m e - S u r k h i  m o r t a r .

( e )  M u d  m o r t a r .

T h e  m a n u f a c t u r e  o f  t h e s e  m o r t a r s  a n d  t h e i r  c h a r a c t e r i s t i c s  d o  

n o t  f a d  w i E  t t  s c o p e  o f  t h i s  b o o k .  R e f e r e n c e  m a y  b e  m a d e  t o  

a n y  b o o k  o n  “ B u i l d i n g  M a t e r i a l s  .

B r i c k  L ay ing  T o o l s :

T h e  t o o l s  u s e d  a r e  :
m  Trowel-  T h i s  i s  t h e  m o s t  i m p o r t a n t ,  t o o l  o f  a  m a s o n .
( 1)  T r o w e l  ^  ^  ^  a h a n k  .n t o  w h l c h  a  w o o d e n  h a n d l e

It c o n s i s t s  o ^  a  S t  H  f r o m  1 0  c m .  i n  l e n g t h  5 c m .

! 8  . S o  c m  i n  l e n g t h  a n d  2 0  c m .  i n  w i d t h .  T h e  w i d t h  v a r i e s
i n  w i d t h  t o  J U  c m  *  ^  t f a e  o l h o r  T r o w e i s  a r e  u s e d  f o r

S t o g w d  s p r e a d i n g  m o r t a r  f o r  f o r m i n g  j o i n t s  a n d  a l s o  f o r  c u t t i n g  

bricks.



(2) Plumb Rule : This is a  piece of wood about 1 cm. thick 
10 cm. wide and 2 m in length . The long edges are parallel. A 
plumb bob is suspended from  th e  top  by a thread. This is used for 
checking tho vertioality  of th e  brick wall.

(3) Straight eige. : This is a  wooden piece about 1 cm long 
having parallel edges and is used for checking th e  alignment of tli#  
brick faces.

(>'**) (>”)
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-■ m  l «  Brick laying tool. : Ii) Trow el, (ii) Try-oquaro, (Hi) Plum b rule. Flg8. lo v e l_ (oj) L ,ne Md Pin>>
\  B B rio k -h a m m e r , (•*) Bolster.



(4) Gauge Rod : This is a straight edge about>10 X 1 to 2.5
in section and may be as long as a storey heigh*- Viorironta’l lines, 
ent bricklayers along with the joints are marked as hom onU I lm e^ 
This is used in setting out the brickwork and checking tha t tb 
are being laid a t correct level and are of uniform thickness.

(5) Spirit Level : This is used with straight edge for getting 
horizontal surfaces.

(6) Brick-hammer: This is used for cutting bricks to suit 
different shapes. This hammer has got one side sharpened so as to 
form an edge and the other is shaped square.

(71 Square : This consists of a  steel or wood section fitted to
form a  right angle. This is used for checking right angles.

Tine and Pins : A cord is wound round two steel pins 
.and is about 10 to 12 m long. When opened, it is used for maintain- 
ing strict alignment of the courses.

(9) Club hammer : This is a hammer with its head weighing
.about 1 to 2 kg. I t  is used for driving chisels, etc.

(10) Bolster : This is a steel chisel with a very wide blade. I t  
is used for cutting bricks accurately.

r i l l  Jointer ■ This is used f o r  p o i n t i n g  the joints in brickwork
They are generally"of two sizes, one about B ern, long
• • f  other about 1 5  c m .  long for horizontal joints, in©
edge of tho jointer makes a recess in the m ortar and g iv e s  a finishing 
treatm ent. This edge may be square, V-shaped, concave, et

l^(>\ Pnintina Rule : This is a  dressed piece of tim b e rs  xQ->
cm. in(12 e " a  bevelled edge with 1 cm. thick wooden or cork
distant pieces fixed on bevelled side.

(13) Scutch : This is used for cutting soft bricks and dressing
cu t surfaces.

[ Z f p c j
DISTANCE PIECES

„  ■ , , tools ■ (i) J o in te r , ( ii)  p o in tin g  Rule.
F ig s. 138-141. Ru le. (i» ) C Iub-H am m or.



T erm s Used

(1) Reader : This denotes the end of a  brick as seen in tho
face. (9 x 9 cm. side).

(2) Stretcher : The side of a  briok as seen in elevation in a wall
whore the  brick is laid fiat. (1 9 x 9  cm.)

(3) Bed :

(4) Bat :

(5) Closer :

Tho lower 1 9 x 9  cm. surface of a brick when laid flat.
A portion of a  brick cut across the  width. These are 
of different sizes and shapes, e.g., |  bat, i  bat and 
bevelled bat.

A portion of a  brick cut longitudinally with one long 
face uncut. The types are :

(a) Queen closer : This is placed next to the first 
brick in a  header course. This is a half brick 
cut longitudinally.

(b) K ing closer : This is used for splayed brickwork. 
I t  is a special sized brick with its one end having 
a  w idth of h a lf a  brick.

(c) Bevelled closer 
veiled.

This has one stretcher face be-

(d ) M itred closer : This has the header face splayed.

(6) Bull liose : These are bricks w ith one edge rounded (single bull-
nose) or w ith two edges rounded (double bull-nose). 
They are  used where slightly curved corner bricks 
are needed, e.g., copings.

(7) Frogs : These are indentations in the bricks provided to  form
a key for holding th e  m ortar. The bricks are laid 
w ith frogs on top. Nine cm. high bricks should have 
a  frog of 1 0 x 4 x  1 cm. size on one of its flat sides.

(8) Course : This is a complete layer of bricks laid on the same
bed. A heading course consists of only headers 
whereas a stre tcher course comprises of stretchers 
only as seen in elevation. These courses are generally 
of same thickness.

(9) Bond : This is the  m ethod of arranging bricks in courses so
th a t the  individual units are tied together. Bonds 
are distinguished by their elevation or face appearance.

(10) Bed joints : Horizontal m ortar joints between the two courses.
(11) Cross joints : The short vertical-joints between two bricks, also

referred to  as perpends.
(12) Quoin : A corner or the external angle on the face side of a

wall.



(13) Facing  : The exposed aroa of a wall or other structure. T e
internal surface of the wall is called backing whereas 
the portion in between the backing and the facing is 
called hearting.

K IN G  CLO SER

F igs. 142-
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T erm s used  in  b ric k  w ork.

C a u s e s  o f  F a i l u r e  o f  B r i c k  M a s o n r y

t o  t,he understanding of the basic require- 

—  ° f W  Brickm a8°'nry may fail due to the follow,»g causes :
(1) By crushing, if it overloaded.
(2) By shearing along any horizontal plane.
(3) By rupture along a vertical joint under vertical loads.



Care against crashing can be taken by p r o v id in g  ad^quate
dimensions. Shearing along “ g „P  T v e r S  plane i  
providing a strong mortar. Rupture aione 
avoided by breaking vertical joints in bricbwor c.

B onding in Brickwork

I t  i8 the process of arranging brick,» ^ " S r ' t a S r t t a S  
dflveloD longitudinal and transverse interlocking tor individual 
bricks. The purpose is to achieve a  united mass, as strong as prac l-

Figa, 149-150. E ffeot o f w rong a n d  c o rre c t b o n d in g  b rick s  in  a  
w all on its  load  c a rry in g  ca p ac ity .

sable, to suit the length, height and thickness of brickwork and the 
loads and stresses to which it is subjected. The mothod is to ensure 
that vertical joints do not come one over the other. A brick wall



t a v i n g  a  c o n t i n u o u s  v e r t i c a l  j o i n t  w i t .  n o *

w i l l  c o n s i s t  o f  s m a l l  p o r t i o n .  ^ “ f X c V e ^ e p t  t h a t  t h e  m o r t a r  
i n d i v i d u a l  c o l u m n s ,  t h e r e  i s  n o  b o n d i n g  , f  t f a e  w a U  j s  l o a d e d ,
c a u s e s  a d h e s io n  b e t w e e n  t h e m .  I n  s u c h > f  h  t h e r  b y
i t  i s  l i k e l y  t h a t  t h e s e  c o l u m n s  m a y  s e p a r a t e  o u t  f r o m  < * c n
t h e  s l i p p i n g  o f  t h e  c o l u m n  f a c e s  f r o m  t h e  m o r t a r  ( F i g .  1 4 9 ) .Slipping there are n() contmuou3
v e r t i c a l ” ' ( a s  ^ h Z n  i n  F i g .  1 5 0 )  ^ " K g ^ l f b r i S k s  

S J m S l  u i r w S  b a nv e ^ q u a l  d i m e n s i o n s ,  t h e  p r o c e s s  o f  b o n d i n g

18 e a 3 R u l e s f f ™ ei i o n c H n g  : T o  e n s u r e  g o o d  b o n d i n g ,  t h e  f o l l o w i n g

r u l e s  s h o u l d  b e  o b s e r v e d  . ^  ^  ^  ^

w h e t h e r  o n  t h e  f a c e  o r  i n  t h e  i n t e r i o r  o f  t h e  w a l l .

(Hi) B a t s  s h o u l d  b e  u s e d  a s  s p a r i n g l y  a s  p o s s i b l e

t h e  w f d t h  p l u s  o n e  j o i n t .  G o o d  b o n d  i s  i m p o s s i b l e  o t h e r -  

wise the lap would not be uniform. 
l,,\ T h e  b r i c k s  i n  t h e  i n t e r i o r  t h i c k n e s s  o f  t h e  w a l l  s h o u l d  b e  
(  )  M d  w i t h  t h e i r  l e n g t h  a c r o s s  t h e  w a l l ,  a s  i t  i s  t e r m e d

h e a d e r w i s e .  every s i x t h  c o u r s e  o n  b o t h

&  " j 9  o (  t h e °  w a U ^ s h o u f d  b e  a  h « S  c o u r s e  o r  t h e r e  s h o u l d

« r £ s  s r r z ,r q .r .f  -fr»
h e a d e r s  t o  p r o v i d e  c o n t i n u o u s  t i e  t h r o u g h o u t  t h e  w a l l .

T v n e s  o f  B o n d
„ u • In  this tvpe of bonding, all courses are( 1 )  S t r e t c h e r  B o n d  . I n  t h »  t y p  ^  ^  o f  t h e

l a i d  a s  s t r e t c h e r s  1 5 1 - 1 5 3 ) .  T h i s  i s  u s e d  f o r  p a r t i t i o n  w a l l s
l e n g t h  o f  t h e  w a l l  ( S e c  g .  w a l ,  i h i a  a r r a n g e .

i s  n o  b o n d i n g  a c r o s s  t h e  w a l l .

°  ( • ')  H e a d e r  B o n d  : T h i s  c o n s i s t s  o f  a l l  h e a d e r s  (se e  F i g s .  l o  -
( „ )  t l e a a e r  t o w a r d s  t h e  f a c e  o f  t h e  w a l l .

1 5 6 ) ,  i . e . ,  b 5VC k ^ a I n ' w h i ^ r e  “ e  b r i c k  t h i c k  a n d  i s  s p e c i a l l y  u s e f u l  

T h i s  i s  u 9 ®d  ‘ ? r,  k  h  c u t t i n g  o f  s t r e t c h e r s  w o u l d  e n t a i l  l o t  o f  
f o r  c u r v e d  b r >c k » o r  d  d  n o t  p 0 9 s 0 9 s  t h e  s t r e n g t h  t o  t r a n s m i t

^ p r e s s u r e ' i n 1 t h e  t o e c t i o ’n  o f  t h e  ^  o f  t h e  w a l l  a n d ,  c o n s e q u e n t l y ,  

,S  n o t  s h B M d  ; g T h i »  b o n d  i s  p r o d u c e d  b y  l a y i n g  d t o r n r t e

- a s s ¥  S S S .  s s s a s



F igs. 151-153. E lev a tio n  an d  plans 
o f a lte rn a te  courses of s tre tc h e r bond.
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F igs. 154-156. P la n s  of a l te rn a te  courses 
a n d  elevation  o f a  20 era. th ick  
w all show ing h ea d er bond.

quoin in the heading course. The following points about the English 
bond should be remembered :

(а) A heading course should never start with a queen closer 
as it would get displaced.

(б) Every alternate header comes centrally over the joint 
between the two stretchers in the course below giving a  
lap of 5 cm.

(6) There is no continuous vertical joint ejcept a t stopped ends
(d) Walls of an even member of hal f bricks in thickness present



t h e  same appearance o n  b o t h  faces, i.e., a 8 o n W t h e
stretcher on the front face will also show stretchers on the

(e) W auJoTan odd number of half bricks in t t W ™ -  *«} 
show each course comprising of headers on one tace an

( / )  C m W d “e ° ^ n eoffaeach of the thicker walls consists

(s) T ^ ^ b e r ^ - t i c a !  joints in the h e s £ e r ^
the number of joints in the stretch r thinner than
joints in the header course should be made thinner
those in the stretcher course.

In  setting out the p l.n  of a course for any width of wall, the 
following steps should be followed :

(a )  D r a w  t h e  q u o i n  o r  t h e  c o r n e r  b r ic k .

—

,  C l O I K

T tk

C O U B StS  I 3.5

X)
S T R E T C H E R

1
COURSES * -  .«  .

F ig 9 . A r ra n g e m e n t
one a n d  a  h a lf  b n  ^  flni8hed  en d  is  also  show n.
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(6) Next to the face (which shows header in elevation) place 
closers to the required thickness of the wall.

zzzzaj

COURSES ? .4 ,6

T
eft Cm s, 

1
CLOSES i

-L

CO U RSES 1, 3, 5

C O U R SE S 2 2, 4, 6 
F igs. 162-167. P la n a  o f  a l te r n a te  
courses o f 2, 2$ a n d  3 b ric k  w alls 

in  E n g lish  b o n d .
(c) Set out all the front 

headers.
(d) I f  the thickness is a 

even multiple of half 
bricks, set out the 
headers in the back 
face.

Or
I f  the thickness is an 

odd multiple of half bricks, 
set out stretchers in the back 
face. The in-between space, 
if any, should be filled with 
the headers.

The plans of alternate- 
courses for various thicknesses 
of tho walls are shown in 
Figs. 157-167.



(4) Double Flemish Bond : This is made up of alternate hea­
der and stretcher in the same course. The entire course for facing, 
backing and hearting or filling is laid in this style. The following 
point about this bond are worth mentioning :

(a) The headers and stretchers appear in the same course 
alternately on the front and the back faces.

(b) A header in any course is in the centre of a stretcher in 
the course above or below it.

(c) Closers are inserted in alternate courses next to the quoin 
header for breaking the vertical joints in successive courses.

• o rz a z z r
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E L E V A T IO N
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C O U R S E S  2 . 4  6
A LTER N ATIV E

HfAOER

-STRETCHER

CLOSER

COURSES 1.3.5

I®
•3 /4  BAT

P ig s  168-172. E l e v a t i o n  a n d  p la n s  o f  a lte r n a te  c o u rses o f  one b r ic k
and ljt b r ic k  w alls in  D ouble F leR itsn OOfld.

5 (54-49/1976)
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COURSES • .3.5

L  1
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COURSES 2.4.6

B 3

Fige, 173-178. A rra n g e m e n t o f b rick e  
jn  a l te rn a te  courses o f  2 , 2 J a n d  3 
b ric k  w alls in  D ouble F le m ish  b o n d .

(<£} In  walla having a t h i c k n e s B  

equal to  odd number of half 
bricks, bats are to be used. 

The plans of walls built in 
Double Flemish bond for various 
thicknesses a r e  shown in Figs. 168*178.



Comparative Merits and Demerits of English Bond and 
Double Flemish Bond

(а) English bond is stronger than Double Flemish bond for 
walls thicker than 1J bricks, because of the use of large number of 
headers.

(б) The Double Flemish bond has a better appearance on the 
face than English bond because of alternate headers and stretchers 
in the same course.

(c) Double Flemish bond is economical since a  large number 
of bats can be used.

(i) In  Double Flemish bond, the number of joints in the conse­
cutive courses being the same, there is no difficulty in maintaining 
the correot breaking of joints.

(e) A fairly uniform face is obtained on both sides of a one 
brick wall, if Double Flemish bond is used. This is because all 
stretchers are not of equal length and hence the combined length of 
two headers plus the joint in between exceeds, a t  places, the length 
of the stretchers if English bond is used. Whereas in the case of 
Double Flemish bond, there are less irregularities visible.

(/) To construct the walls in Double Flemish bond, extra 
care is needed to keep the vertical joints in alternate courses one 
above the other. This means tha t extra labour cost is involved

(5) Single Flemish Bond : This consists of a facing of Flemish 
bond with a backing of English bond in each course. The advan- tagea 
o f this are :

(a) The strength of English bond as well as the appearance of 
Flemish bond are partly attained

(6) Cheaper bricks can be used as a backing, whereas good 
bricks can be employed for face work which is to be done 
in Flemish bond.

The disadvantages of this bond are :
(a) This cannot be used for walls less than 1 | brick in thick­

ness.
(b) A long continuous joint occurs in the vertical direction 

for some portions and thus weakens the wall. (See Figs. 
179-188).

(6) Garden Wall Bond : This type of bonding is used for 
earden compound walls. As already pointed out, it is difficult to 
make uniform wall of one brick thick in English bond due to the 
variation in the lengths of the stretcher faces. Strether and header 
bonds can be constructed but they are not very strong. Two types 
of garden wall bonds are commonly used.



§1111
FRONT ELEVATION

-jr  I 1 I I V T*T

i I I L'j 'T n T
b a c k  e l e v a t i o n

HJUh

HUS]

A—  —

6 -

F ig s. 179-184. F ro n t a n d  back^elevations a n d  p lane  o f  a l te rn a te  
courses o f l j  an d  2 b rick  wall co rners in  S ingle F lem ish  bond.

3Q C m s. WALL

T .
Q £

_L

-
-------- '__ CONTINU

40Cms. WALL

: T
4 0  C ms. 

:  i

F igs. 185-188. PlariB o f  a l te rn a te  courses o f 1$ a n d  2 b ric k  w alls in  S ingle 
F lem ish  bond (a lte rn a tiv e  a r ran g e m en t) : v e r tic a l jo in ts  a r e  co n tin u o u s  to  

sothe exW rit?1"



(a) English Garden Wall Bond i This consists of one course of 
headers after three or five courses of stretchers. A queen closer is 
placed next to the quoin header. The middle course of stretchers 
is started with a header to give the necessary lapping.

F ig . 189. E n g lish  G a rd en  W all bond . F ig . 190. F lem ish  G arden  W a ll bond.

(6) Flemish Garden Wall Bond : This comprises of one header 
after three or five strechers in each course. A £ bat is introduced 
next to the quoin header in every alternate course and a header is 
placed over the middle of each stretcher.

(7) Facing Bond : This is used where bricks of different thick­
nesses are used in the facing and backing of the walls. This hond 
consists of one header course after several stretcher courses. The 
distance between the successive heading courses is the least 
common multiple of the thickness of backing and facing bricks, e.g. 
if the facing bricks are 10 cm. thick including mortar joints and 
the backing bricks are 9 cm. with mortar joints, the heading cour­
ses will be kept apart a t a distance of 90 cm. which is the least com­
mon multiple.

(8) R ak ing  B ond. Walls which are very thick have less 
stretchers in them and hence their longitudinal stiffness gets decrea­
sed This defect is overcome by the use of raking courses a t certain 
intervals along the height of the wall, say. after sixth or eighth course. 
The joint of bricks thus laid cannot coincide with the joint of the ordin­
ary courses directly above or below. Raking courses should not be 
laid one above the other as there will be weakness a t the junction of 
the raking with the face bricks. The alternate courses of raking bonds 
are laid in different directions for maximum strength. I t  is also used 
in strengthening the footings of very high walls. The two types 
of such bonds commonly used are :

(a) Herring Bone Bond. The bricks are laid a t an angle of 
45° starting a t the central line and proceeding towards the 
face brick.0 This is used for walls which are thicker than
4 bricks or for pavings. When used for pavements, bricks 
are ‘laid’ on edges.



F ig . 182. D u tch  bond.-*

tb) Diagonal Bond. A f t o r  t h e  face bricks are laid, one or 
' more bricks are bedded between the face bricks so that 

™ the opposite comers
touch the latter. This 
determines the angle 
a t which the bricks 
should be laid. The 
small triangular spa­
ces a t the ends are 
filled with bricks cut 
to the shapes needed. 
This is used for walls 
of 2 to 4 bricks thick.

(9) Zig-Zag B ond. This 
is similar to herring bone 

F ig . 191. Zig-zag Bond. bond except th a t the bricks
a r e  laid in a zig-zag fashion. This is commonly nsed for briek 
p a v i n g s .

(10) D u t c h  B o n d .  This header

bond i s  built up with J and 
|  brick closers along with 
t h e  regular header and
stretchers. This is slightly 
stronger a t the junction than 
the common type of bonds 
u s e d .

( 1 1 )  E n g l i s h  C r o s s  B o n d .  This consists of alternate courses 
o f  h e a d e r s  and stretchers where every alternate stretcher course has

a header introduced next 
to the quoin stretcher. This 
is used for walls where 
strength as well as beauty 
is required.

(12) Sold ier a n d  R ow ­
lock : Soldier course con­
sists of bricks standing 
vertically on end. This can­
not be bonded properly 
with the wall and hence has 
a tendency to weaken it. 
Similarly bricks laid on 

English cross aoNr> edge are called Rowlock
F ig . 193. E n g lish  Crone bond . courses. They are used for

sills, cornices, etc.



Bonds in O ther Structure*
(1) Colum ns :—Columns can be of square, rectangular, circular 

or other shapes. The various type of bonds desolribed abo™ 
be used but the commonly used are English and Double Flemish
typeB.

(a) English Bond. A 20x20  cm. column is made by laying 
two bricks together and the next course is laid a t right angles to 
this.

3 0 x 3 0  cm. column is built in two types. In  one type f  bats 
are only used. They are placed as shown in Figs. 203-204. In

ALL

ALTERNATIVE ARRANGEMENT

40 X 40C m s . F O B  30x 30c m .  o o l n m t t i n

COLUMN b ° “ d
F is*  1W -2W . P la n s  o f a l te r n a te  coulees a n d  e le v a tio n  o f o n e  4>nok, 

o ne a n d  a  h a l f  b ric k  a n d  tw o b ric k  o o lu m o . u> B n g h .h  b o n d .

th° T ^ r i r e a^ ^
t o  t a ?  type the brick, have to be cut to size.

first°course i l  a^Qfused for the second c o u r s e  except th a t the brick.
are turned through one right angle.



In larger sized columns bricks are arranged in a similar fashion 
and suitable closers are added wherever necessary.

fb) Double Flemish bond. The smal­
lest size of the column which can be built 
in this type of bond is 30x30  cm. A 
square bat is to be used in every course in 
the centre of the column and this creates 
continuous vertical joints which weakens 
the column. However, the  headers do 
not oome over the centre of tho stretchers 
as in the case with the true Flemish bond 
(jee Figs. 205-207).

The plans of alternate courses of 
40 x  40 cms. brick column in Flemish

30 X 30 Cms.
COLUMN 40X 40 Cms, 

COLUMN 
Figa. 205-210. P la c e  o f a!:*r~ 
n a te  courses and  elevation* 
o f 1} an d  2 brick  square 
colum n ia  F lem ish bond.

bond are shown in Figs. 
209-210. Continuous 
vertical joints occur a t 
certain portions of the 
column and create zone 
of weakness.

Circular and Octa­
gonal Columns. These 
may be constructed of 
cut or moulded bricks 
to suit the size. They 
are generally made in 
English bond. At pla­
ces, bull-nosed bricks 
may be used if fully cir­
cular section is not desi­
red.

a l t e r n a t e  c o u r  5tS  
F igs . 214-216. O c ta ­
gonal co lum n.

PLAN OF 
ALTERNATE COURSES

Figa. 211-213. C ircu­
la r colum n m a d e  o f 
apeoial b ricks.

(2) P ie rs  a t ta c h ­
ed  to  w a lls . These are 
used for increasing the stability of tho walls and for enhancing the 
architectural beauty of straight walls. They are projections from 
the wall acting as columns and oan be constructed in English or Dou-
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Figs. 222-225. Plana of alternate courses of ju n c tio n s  in  E n g lish  b o n d .



ble Flemish bond. Plans of courses for some of these piers are
shown in Figs. 216-221. ,

m  In n r tio n s  la) Right-angled Junctions : These are formed 
.h e n  f io J " a . n “ t  o r ' t S  Z h  other a t  right angles. They
are of two types, i.e.,

Figa. 226-227. T -junotioa 
in  D ouble F lannel; bond.

(i) T-juiiofcion.
(ii) Intersections.

T - j u n c t i o n s  c a n  b e  b u i l t  i n  

v a r i o u s  b o n d s  l i s t e d  e a r l i e r  a n d  

t h e  c o n n e c t i n g  w a l l s  m a y  b e  o f  

s a m e  o r  d i f f e r e n t  t h i c k n e s s e s .  A  
T - j u n c t i o n  b e t w e e n  a  1 0  c m .  

i n t e r n a l  w a l l  a n d  a  2 0  c m .  e x t e r ­
n a l  w a l l  i s  s h o w n  i n  F i g s .  2 2 2 - 2 2 3 .  

O n e  c o u r s e  o f  1 0  c m .  i n t e r n a l  w a l l  

o v e r l a p s  t h e  2 0  c m .  m a i n  w a l l  

a n d  a c t s  a s  a  t i e .

A  T - j u n c t i o n  b e t w e e n  2 0  c m .  

w a l l  a n d  3 0  c m .  e x t e r n a l  w a l l  i s  

s h o w n  i n  F i g s .  2 2 4 - 2 2 5 .  O n e  b r i c k  

o f  t h e  h e a d e r  c o u r s e  o f  t h e  i n ­

t e r n a l  w a l l  i s  f i t t e d  i n t o  t h e  s t r e ­

t c h e r  o o u r s e  o f  t h e  e x t e r n a l  w a l l  

w i t h  a  5  c m .  l a p .  T h e  s t r e t c h e r  

c o u r s e  o f  t h e  i n t e r n a l  w a l l  ‘ b u t t s ’ 

a g a i n s t  t h e  h e a d e r  o o u r s e  o f  t h e  

e x t e r n a l  w a l l .

A  p l a n  o f  a  T - j u n c t i o n  l a i d  

i n  D o u b l e  F l e m i s h  b o n d  i s  s h o w n  

i n  F i g s .  2 2 0 - 2 2 7 .  H e r e  a l s o  t h e  

i n t e r n a l  w a l l  i s  t i e d  t o  t h e  e x t e r n a l  

w a l l  a s  d e s o r i b e d  a b o v e .

I n t e r s e c t i o n s  a r e  f o r m e d  w h e n  t w o  

continuous w a l l s  c r o s s ,  e a c h  o t h e r .  P l a n n  

of an i n t e r s e c t i o n  b e t w e e n  a  2 0  c m .  w a l l  
and a 30 c m .  w a l l  a r e  s h o w n  i n  F i g s .  

230-233. A l t e r n a t e  c o u r s e s  o f  o n e  w a l l  
are c o n t i n u o u s  w h e r e a s  t h e  b r i c k e  i n  
these c o u r s e s  o f  t h e  o t h e r  w a l l  a b u t  w i t h  

t h e  b r i c k s  o f  t h e  c o n t i n u o u s  w a l l .  I n  t h e  
c o u r s e R  w h i c h  a r e  d i s c o n t i n u o u s ,  k e y  h e a d ­
ers a r e  f i x e d  i n t o  t h e  w a l l  a s  s h o w n  i n  

Figs. 230-233.

Figa. 228-229. S q u in t 
ju n c tio n s  in  E ngliub  

bo n d .
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F ig s. 230-233. In te rse c tio n s  o f walla in  E nglish  bond.

(b) Squint Junction  : Occasionally a wall interned* another a t 
an angle other than a right angle. Such junctions are known as 
squint junctions. These are rarely used m bnokwork PIaM Of 
squint junctions laid in English bond are shown in Figs. i228.-29. 
The heading oourse of the squint wall is bonded into the stretching 

course of the main wall. The alternate stretching course o f the 
squint wall butts against the heading course of the main wall, 
first brick in the stretohing course is a bevelled bat.
F i r e - p l a c e s  a n d  C h i m n e y s

Even today, fire-places are provided in the kitchens and lvving 
rooms of a bouse for fires and heating p u r p o s e s  respectively. They 
also servo as a means of ventilation. Somet.mea bo ile r are iiioo^po- 
rated with the fire-places and a cheap supply of hot w a te r:
For driving out the smoke and tho products of ™“ bn9‘10n'
need vertical shafts which aro termed as Chimney*. These produce a
draught which keeps the fire burning constantly.

The following terms are used in connection with the c h i m n . y s

arid fire, places ^  ^ Rhaft which carries gases from

WOr\ T ) a “ S :  This term applies to the back of a  fire, 

place opening. ^  . These 8te the vertical-sides of a fire-place 

opening.



(i) Chimney Bar : This is a  metallio bar which ties the jambs of 

chimney together. ^  I f  the chimney or the fire-place opening 
projects outside the wail face the portion so projecting is called 

ohimney breast.^  ^  ^  u  a ^  or fiuing to a chimney and

promotes an upward draught in the chimney.
(a) Chimney Gutter ■. This is suitably shaped piece of metal 

which collects and diverts water which otherwise would penetrate the 
roof a t the back of the chimney stack.

ih) Chimney Lining : This is the rendering on the inner side of 
a flue ■ may be of special fire-proof material.

(i) Chimney Piece or Mantel piece : This is an ornamental 
surrounding to a fire-place.

n ) Chimney pot : This is a terra-cotta unit, a t the top ot a 
chimney stack. This increases the height and prevents down draught.

Chimneys and fire-places are built according to the prevalent 
building codes. The various parts of a chimney are described bolow ;

(a) Foundations : The foundations of a chimney are as deep as 
that of the adjacent walls. The chimney is bonded properly to the 
w a l l .

(b) Chimney Breast : A fire-place generally needs greater depth 
than the thickness of a wail. Hence the chimney is accommodated 
in a projection called chimney breast. This projection can be avoided
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if  chim ney is p rovided in ex ternal walls where the projection can be 
p r o v i d e d  on th e  ou te r aide.

T h e  jam bs of a  chim ney m ust not be less than  20 cm. in 
w id th  The fire-place opening will depend on the  size of the  room 
nr th e  ty p e  o f th e  fire-place. The sm allest room m ay need a  fire- 
nlace opening  o f i  m. w id th  and  J  m. height. The chimney breast 
ban be w idened and  finished su itab ly  so th a t  it may look in propor­
tion  to  th e  w all from  which i t  projects.

T he head  o f a  fire-place has a  masonry arch  or a concrete 
lintel I f  th e  p ro jection  of th e  breast beyond the  wall is greater 
than  10 cm. the  arches have to  be built on iron bars for support.

T he back  wall of a  chimney should be a t  least 10 cm. th ick , 
if  th e  tw o fire-places a re  laid adjacent to  each o ther otherwise a 
m inim um  o f one b rick  thickness is needed.

(cl F lues : These are a t  least 20 x  20 cm. in size and should be 
uniform  in section th roughou t their height. However, a  th roating

ELEVATION

Figa. 235-238. B leva tion  and section of a  fi™  pi
. t  th e  end. E ach  fire-place 

(i.e., reduced  opening) m ay  be «>'r pa rtitions  betw een th e  flues 
should have a  sep ara te  flue andI the  p a r a  ftom  flu(J to
should be a ir- tig h t so th a t  gases■ d J ’, i f  flr0 ;8 lighted in
th e  o ther. I f  th e  tw o flues get <,a a ir  will-be' d raw n from  the
o n e  f l r e - p l a o e ,  s m o k e  w i l l  be created s0 as to  n eg o tia te  « k >
o th e r fire-place. T h e  f l u e s  are  ben t a t  place*



«  M o r e o v e r  t h e s e  b e n d s  r e d u c e  t h e  d o w n d r a u g h t
u p p e r  ,  i s a i o n  0 f  r a i n .  T h e s e  b e n d s  s h o u l d  b e  g r a d u a l
a n d  p r e v e n t  t h e  f tr i(r i 0  i f, RS t h a n  4 5 °  t o  t h e  h o r i z o n t a l .  T h e

mortar fco prevent
o f f l a m e  o r  s m o k e  t h r o u g h  t h e  c r a c k s  o r  t h e  o p e n  j o i n t s ^  T h e  

m a t e r i a l s  u s e d  f o r  t h e  f l u e s  m u s t  b e  i n c o m b u s t i b l e  a n d  d u r a b l e .  S p e c i a l  
c i r c u l a r ,  r e c t a n g u l a r  o r  s q u a r e  l i r e  c l a y  f l u e  l . m n g s  m a y  b e  p r o v i d e d .

l i )  Chimney Stacks : The chimney b reasts  a re  reduced  in  
w idth when they penetrate above the roofs. According to  th e  build­
i n g  co d es, th e  c h im n e y  stacks m ust be carried upto  a  he igh t o f  a t
l e L  o n e  m e t r e  a b o v e  t h e  h i g h e s t  p o i n t  o f  t h e  a d j o i n i n g  r o o f  T o  p r e -  
v e n t  down draught, the ohimney stack  is g e n e r a l l y  t a k e n  a t  l e a s t  o n e  
m e t r e  above the ridge. The maximum height o f  the s t a c k  i s  t a k e n  
a s  s i x  times the least width. The thickness o f  t h e  w a l l s  i s  a t  l e a s t

1 0  c m .  S p e c i a l  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  p r e v e n t  t h e  r a m  

w a t e r  c o m i n g  d o w n  t h e  w a l l s .  T h i s  c a n  b e  p r e v e n t e d  b y  c o n s t r u c t i n g  

t h e  c h i m n e y  s t a c k s  i n  w a t e r - p r o o f  c e m e n t  m o r t a r  t o  a  h e i g h t  J  m e t r e  

b e l o w  t h e  l o w e s t  p o i n t  o f  i n t e r s e c t i o n .

T h e  t o p  o f  t h e  f l u e  i s  c o v e r e d  w i t h  a  c h i m n e y  p o t .  T h i s  p o t  

i s  s u p p o r t e d  o n  t h e  b r i c k w o r k  a n d  h e l d  i n  a  m a n n e r  s o  a s  t o  t h r o w
o f f  t h e  w a t e r .  T a l l  c h i m n e y  

p o t s  a r e  n o t  n e e d e d  u n l e s s  

t h e  f l u e s  a r e  s h o r t  o r  a r e  

l i a b l e  t o  p r o d u c e  d o w n -  

d r a u g h t .

T h e  f r o n t  o f  t h e  h e a r t h  

m u s t  h a v e  a  t h i c k n e s s  o f  a t  

l e a s t  1 5  c m .  a n d  s h o u l d  

e x t e n d  o n  t h e  s i d e s  a t  l e a s t  

1 5  c m .  b e y o n d  t h e  i n s i d e  

c l e a r  o p e n i n g  o f  t h e  f i r e - p l a c e .  

A  p r o j e c t i o n  o f  a t  l e a s t  \  
m e t r e  i s  n e e d e d  o u t s i d e  t h e  

f a c e  o f  t h e  b r e a s t .  T h i s  

h e a r t h  i s  m a d e  o f  i n c o m b u s ­

t i b l e  m a t e r i a l  a n d  s e c u r e l y  

s u p p o r t e d .  A l l  w o o d w o r k  
s h o u l d  b e  k e p t  a w a y  f r o m  t h e  

f i r e - p l a c e  h e a r t h .

T h e  f i r e - p l a c e  i n t e r i o r  i s  

m a d e  o f  f i r e  c l a y  b l o c k s ,  m e t a l  

g r a t i n g s ,  m e t a l  f r a m e  a n d  

m a y  b e  s u r r o u n d e d  b y  g l a z e d  
t i l e s .  T h e  f i r e  c l a y  b l o c k  i s  

b e d d e d  o n  t h e  m o r t a r  a n d  

b a c k e d  s o l i d l y  w i t h  c o n c r e t e  

o r  b r i c k  i n  c e m e n t .  T h e  
u p p e r  s u r f a c e  o f  t h i s  b a c k i n g  i s  s l o p e d  t o  p r e v e n t  s o o t  f r o m  a c c u m u ­
l a t i n g .



B r i c k  L * y * ® 8
P ro o er l a v i n g  o f  b r i c k s  i s  a  g r e a t  a r t .  B r i c k  w o r k  s h o u l d  b e  

done keeping in view th e  bonding, jointing and 
T he lay ing  of brick m asonry is praotically the  sam e 

’h e th ef ' i t  is to  be laid in  walls or c o l u m n s  or footings eto 
t  ♦ soeoial  considerations have to  be given to  individual items 
X I  p rocedure o f lay ing  b ricks in  d ifferent structures is  described
virieflv in  th e  follow ing pages :

^1) W a lls .  Follow ing are th e  steps adopted in  the  construe-

^  ° L r ! s W ^ i o »  o f brick*. Bricks are selected for different part*
(o) S^ leM o  j  he!H.tillg and backing. As described on

p a ^ e ^ t  tho  b r i £  for fafo w ork should be of uniform size and good

q u a lity . T he b r i c k s  s h o u l d  be stacked in regular
st a e k i ^ l ^ T r i l 6^ u c h I  m a t e r  th a t  the ir edges or corners do 

t o  " Z S o f  » r ^ .  B u rn t b e h a v e &a g reat . n d e n c y ^ o  

"  o u ld b e  S o u g h l y  s o l e d  in w ater. The reasons for w etting 

" " " i -  b ricks will tend  to  spread the  m ortar under them  m ore

" “ w  T h ey  w ill adhere  b e tte r  to  th e  m o r ta r^  ^  ^  ^

{Hi) A  d ry  b n o k  will <lmol‘Jy * m ortar as enough w ater w ill not 
^ S r ; ^ e S g o f  the  cement m ortar, thereby  resulting 

t a  A olean 
b riek  w ill p roduce a  b e tte r  jo M ortar i8 8pr6ad  on the

{d) Spreading mortar on f o w M i o ^ ^ ^  ^  l  g ^  d
top  of th e  foundation concrete and th e  cornM3 o f

is sp read  in  th e  area  J ^ b e  b u ilt t o t  and  then  in
th e  wall. T he c o r n e r s  o f  th e  wall n
b e tw e e n  p o rtio n  is b u i up. v The mason will lay  one

(p) L a v  ina. first course (of m ortar bo as to  have only
b rick  a t  th e  corner and  will press i t  on the x hen  th e first

as
m o rta r which oozes o u t is clean
is  cheoked. . , j ^hey are ham m ered. T he

I f  th e  b ricks a re  n o t exactly  m  ftom  th e  cdge 0f
edges o f the  bricks should be a t  a
th e  found ation  concrete. 8anie maimer, i . e . ,  th ey  a re

O th er headers are  d pushed  in to  place, the  level
covered  w ith  m o rta r  on th e  sides 
a n d  th e ir  edge line being checked.



If) Laying second course. The m ortar is spread over th e  first 
- c o u r s e  to  a  depth o f  a t  l e a s t  1-5 c m .  E n d  stre tcher ,s a id  on the  
m ortar and ham mered down till th e  m ortar jo in t is 1 cm . th ick  
M ortar is throw n o n  the end of the  o ther stretchers aud  th e y  a re

- FOUNDATION

-L A Y IN G
MORTAR

FIRST * T fR

CO RN ERS 
X  B R iC K S  LAID

TMIRO S T E P

r V 1— r

□ E m
SECO N D  S T E P  C O R N E R  LAID

Figs. 238-241. Laying brickwork at corners.
' pushed in to  place. T he level an d  plum bness a re  checked for th is

H r

i i i "  r  i t

-Mi i i  r
C O R N E R S  LAID F IR S T

Fig.lMfoudo :«rri'.vu wiH ogba 'n o d i hi<:.



T h e  b a l a n c e  o f  t h e  c o u r s e s  n e e d e d  f o r  t h e  c o r n e r  a r e  l a i d  i n  a  
s i m i l a r  m a n n e r .  S i n c e  w a l l  i n - b e t w e e n  i s  b u i l t  w i t h  c o r n e r s  a s  a  
g u i d e ,  t h e  p l u m b n e s s  a n d  t h e  a l i g n m e n t  o f  t h e  b r i c k s  i n  t h e  c o r n e r s  
s h o u l d  b e  c a r e f u l l y  c h e c k e d .  T h e  b r i c k s  s h o u l d  n o t  b e  m o v e d  a f t e r  

t h e y  a r e  l a i d .  T h e  b u i l t  u p  c o r n e r s  w i l l  p r e s e n t  a n  a p p e a r a n c e  a s  
s h o w n  i n  F i g .  2 4 2 .

( g )  Building the in-between portion o f walls. T h i s  i s  d o n e  b y  
s t r e t c h i n g  a  c o r d  a l o n g  t h e  h e a d e r s  o r  t h e  s t r e t c h e r s  a s  s h o w n  i n

— --------- j / C O R N E R  M ASONRY f ----- ----------

□□□ rhnr
j______  | |  5-

~A
^ - B R I C K  BAT

F ig . 243.

F i g .  2 4 3 .  T h i s  c o r d  h e l p s  i n  k e e p i n g  t h e  a l i g n m e n t  o f  t h e  c o u r s e s  

a n d  m a i n t a i n i n g  t h e m  i n  o n e  l e v e l .  T h e  v a r i o u s  c o u r s e s  a r e  b u i l t  
o n e  a f t e r  t h e  o t h e r  i n  a  s i m i l a r  f a s h i o n .

(h) W h e n  t h e  w a l l  h a s  b e e n  b u i l t  u p  t o  t h e  h e i g h t  o f  t h e  c o r ­
n e r s  p r e v i o u s l y  l a i d ,  c o r n e r s  o f  t h e  b u i l d i n g  a r e  r a i s e d  f u r t h e r  a n d  

t h e  c o n s t r u c t i o n  i s  c o m p l e t e d  a s  d e s c r i b e d  a b o v e .

(i) W h e n  t h e  w a l l s  r i s e  t o  a  h e i g h t  o f  a b o u t  1 t o  1 - 5  m e t r e s  

t h e  m a s o n s  c a n n o t  w o r k  f r o m  , t h e  g r o u n d  a n d  n e e d  p l a t f o r m  f o r  

w o r k i n g  w h i c h  i s  c a l l e d  s c a f f o l d i n g .  T h i s  i s  d e s c r i b e d  i n  d e t a i l  

l a t e r  o n .

( j)  A l l  t h e  w a l l s  s h o u l d  b e  S u n i f o r m l y  b u i l t  a s  f a r  a s  p o s s i b l e .  

H o w e v e r ,  i t  m u s t  b e  e n s u r e d  t h a t  t h e  d i f f e r e n c e  i n  l e v e l  b e t w e e n  t w o  

w a l l s  i n  t h e  b u i l d i n g  i s  n o t  g r e a t e r  t h a n  1 m e t r e  t o  a v o i d  u n e q u a l  

s e t t l e m e n t .

(jfc) A l l  t i n -  j o i n t s  s h o u l d  b e  c l e a n e d  a n d  f i n i s h e d  a f t e r  e v e r y  

d a y ’s  w o r k .

(1) W h e n e v e r  a l l  t h e  w a l l s  c a n n o t  b e  t a k e n  t o  t h e  s a m e  h e i g h t  

i n  a  b u i l d i n g ,  t h e  h i g h e r  p o r t i o n s  a r e  s t e p p e d  s o  a s  t o  h a v e  a  p r o p e r  

b o n d  w i t h  t h e  m a s o n r y  t o  b e  b u i l t  u p  l a t e r  o n .

( 2 )  Columns. T h e  b r i c k s  a r e  l a i d  o n  m o r t a r  i n  t h e  o r d e r  s h o w n  

i n  F i g s .  1 9 4 - 1 !  1 4  T h e  s e c o n d  c o u r s e  i s  a l s o  l a i d  a s  s h o w n .  T h e  

l a y i n g  o f  m o r t a r ,  p r e s s i n g  o f  b r i c k s ,  f i n i s h i n g  o f  j o i n t s ,  e t c . ,  i s  
e x a c t l y  t h e  s a m e  a s  d e s c r i b e d  a b o v e .  H o w e v e r ,  i t  i s  e s s e n t i a l  t h a t  

a b s o l u t e  p l u m b n e s s  o f  a  c o l u m n  m u s t  b e  e n s u r e d  a n d  a l s o  t h e  c e n t r a l  

l i n e  o f  t h e  c o l u m n  w i t h  r e s p e c t  t o  t h e  o t h e r  p a r t s  o f  t h e  b u i l d i n g  i s  
m a i n t a i n e d  i n  t h e  c o r r e c t  p o s i t i o n .  C o l u m n s  s h o u l d  n o t  b e  l o a d e d  

t i l l  t h e  m o r t a r  h a s  s e t  a n d  h a s  d e v e l o p e d  s u f f i c i e n t  s t r e n g t h  t o  w i t h ­

s t a n d  t h e  l o a d s .



r t f t  Chimuem  T h e  e x a c t  l o c a t i o n  o f  t h e  o h i m n e y  i s  m a r k e d  

w i t h  i  c h a l k  o n  t h e  f o o t i n g .  M o r t a r  i s  s p r e a d  a l o n g  t h e  l . n e  w h ,  ^  

i n d i c a t e s  t h e  c h i m n e y  p o s i t i o n  o n  J i e  « » ‘ m g  _  N o  2  {me F i g  2 4 5 .  

M 6 ] T p l L « d th . n d  ^ e M e d ^ o  a s  t o . m a k e ^ a  1 c m  j o i n t  w i t h t o c k

r ^ s ^ K s a s f e M t
t h e  D u e  l i n i n g ,  t h e  c e m e n t  m o r t a r  m u s t  h e  a p p ' ' ® 1 ° n J J e 6c J , " m n e y  w a l l  
n f  t h e  b r i c k s ' a n d  t h e  s i d e s  o f  t h e  f l u e  l i n i n g .  W h e n  t h e  c h i m i i t y  w a i  

r e a c h e d  t h e  t o p  o f  t h e  f i r s t  s e c t i o n  o f  t h e  f l u e  l i n i n g ,  ™ o r t a 'j  i s  a . P P 1' -  
e ^  r o u n d  t h e  e d g e s  o f  th e  f i n e  l i n i n g  t o p  a n d  a n o t h e r  f l u e  l i n i n g  

s e c t i o n  i s  c a r e f u l l y  p l a c e d .  T h e  r e m a i n i n g  p a i r t  ° f  t h e  h - e )  > 
l a i d  i n  t h e  s a m e  m a n n e r .  H o w e v e r ,  i t  m u s t  b e  e n s u r e d  t h a t  t h e  

o h i m n e y  i s  t r u l y  v e r t i c a l .

CH IM N EY

L ay in g  o f b rick -w ork  in  ch im ney. F ig . 245-246.Fig. 244.

Joints in  B rickw ork : Joints are the weakest parts o f  a
m a s o n r y  s t r u c t u r e  and unless special care is paid to them, the brick­
w o r k  c a n n o t  b e  of good strength. Appearance o f  brickwork also 
d e p e n d s  o n  t h e  proper laying and finishing of joints. Most of the 
d e f e c t s  i n  b r i c k  m a s o n r y  j o i n t s  o c c u r  on a c c o u n t  of improper applica­
t i o n  o f  m o r t a r .  S o m e  of t h e  important points regarding the joints in 
the v a r i o u s  c o u r s e s  of b r i c k w o r k  a r e  :

MORTAR APPLIED 
NEAR JOW TS IN 

FLUE LINING



(I) Bed jo in ts  in  stretcher courses : M ortar for bed joints should

OF STRECH ERS

F ig . 247. A d ee p  b e d  o f  m o r ta r  is sp re a d  a n d  a  fu rro w  fo rm e d  w ith  a  tro w e l

HEADER
CO U RSE

F ig , 248. M ak ing  bed  jo in ts  in  B tretcber course*.



t  v,» n m t e  t h i c k  G e n e r a l l y  m o r t a r  is  n o t
b e  s p r e a d  e v e n ly  a n d  m u s t  b e  q  o r  s ix  b r i c k  le n g th s .
s p r e a d  a h e a d  fo r  a  d i s ta n c e  E re , m o r t a r  p l a s t i c  bo
T h is  a v o id s  t h e  d r y in g  o f  m o r t a r  a a d  a l s o ^  
t h a t  i t  c a n  s e t  w e ll a f t e r  t h e  b u o t o t o v e ^  ^
be p r e s s e d  o n  t h e  m o r t a r  T h e s e  m u s t  a l s o  b e  oo m -

(2 ) H eiu l j o i n t s  m  s t r e t c h e r  c m r s  ^  t l i r o w u  o n  t h e  e n d  o f

p le t e ly  filled  w i th  m o r t a r ■ f ” h o “ e  la c e d  o n  th e  m o r t a r  b e d
s q u e e z e d  o u t .  A n

F ig  J249 M aking h e a d  jo in t  in  s tre tc h e r  coursos. 

re m o v e d  w i th  a  t r o w e l .

F ig . 250. M aking  croee jo in ts  in h e a d e r  courses.



( 3 )  Cross-joints inheader  courses : C r o s s  j o i n t  s h o u l d  b e  c a r e ­

f u l l y  m a d e  a n d  s h o u l d  b e  f u l l  o f  m o r t a r .  B e f o r e  e a c h  h e a d e r  i s  l a i d ,  
t h e  e d g e  o f  t h e  b r i c k ,  a s  s h o w n  i n  F i g .  2 5 0 ,  s h o u l d  b e  c o v e r e d  w i t h  
t h e  m o r t a r  t h a t  w i l l  s t i c k  t o  i t .  T h e  h e a d e r  s h o u l d  b e  p u s h e d  i n t o  
p l a c e  s o  t h a t  m o r t a r  o o z e s  o u t  a b o v e  t h e  c r o s s  j o i n t  a s  w e l l  a s  a t  

t h e  b e d  j o i n t .  T h e  e x c e s s  m o r t a r  i s  s c r a p e d  o f f  w i t h  a  t r o w e l .

( 4 )  Closer jo in ts  in  stretcher courses : T h e  l a s t  b r i c k  t o  b e  
p l a c e d  i n  a  w a l l  a l o n g  s t r e t c h e r s  s h o u l d  b e  l a i d  i n  s u c h  a  w a y  t h a t  
t h e  h e a d  j o i n t s  a r e  c o m p l e t e l y  f i l l e d  w i t h  m o r t a r .  (See F i g .  2 5 1 ) .  

W i t h  t h e  b e d  j o i n t s  a l r e a d y  m a d e ,  m o r t a r  i s  a p p l i e d  t o  t h e  e n d s  o f  
t h e  b r i c k s  x  a n d  y  w h i c h  h a v e  p r e v i o u s l y  b e e n  l a i d .  M o r t a r  i s  a l s o  
p l a c e d  o n  b o t h  e n d s  o f  t h e  c l o s e r  b r i c k .  T h e  c l o s e r  i s  t h e n  p u s h e d  

i n s i d e  w i t h o u t  d i s t u r b i n g  t h e  b r i c k s  a l r e a d y  l a i d .  T h e  e x c e s s  m o r t a r

s t r e t c h e r

F ig . 251. F it t in g  closer b ric k  in a  s t r e tc h e r  course.

i s  s c r a p e d  o f f .  A  s i m i l a r  p r o c e d u r e  i s  f o l l o w e d  i n  l a y i n g  t h e  c l o s e r  

b r i c k s  i n  h e a d e r  c o u r s e s .

Finishing o f  Joints or Jointing and Pointing in Brick­
work :  T h e  p u r p o s e  o f  f i n i s h i n g  t h e  j o i n t s  i s  t o  i m p r o v e  t h e  a p p e a r ­

a n c e  o f  b r i c k w o r k  a n d  t o  m a k e  i t  m o r e  w a t e r p r o o f .  M e r e l y  d r a w i n g  
o n e  e d g e  o f  t r o w e l  a l o n g  t h e  j o i n t  i s  d e t r i m e n t a l  f o r  b r i c k w o r k  a s  i t  

m a y  d i s t u r b  t h e  a d h e s i o n  b e t w e e n  t h e  m o r t a r  a n d  t h e  b r i c k w o r k .  
T h e  f i n i s h i n g  o f  j o i n t s  a s  t h e  b r i c k w o r k  p r o c e e d s  i s  t e r m e d  a s  jointing 
w h e r e a s  f i n i s h i n g  o f  j o i n t s  a f t e r  t h e  b r i c k w o r k  h a s  b e e n  c o m p l e t e d  i s  

c a l l e d  pointing.
T h e  e d g e s  o f  t h e  j o i n t s  i n  b r i c k w o r k  w i l l  b e  d e f i c i e n t  i n  h a r d n e s s  

a n d  d e n s i t y .  T h e  e x p a n s i o n  a n d  c o n t r a c t i o n  o f  m a s o n r y  i s  l i a b l e  t o  
c a u s e  t h e  m o r t a r  i n  t h e  j o i n t  c r a c k  o r  l o o s e n  t h e  b r i c k  f r o m  t h e  

m o r t a r .  T h e  m o r t a r  n e a r  t h e  e x p o s e d  f a c e  i s ,  t h e r e f o r e ,  p r o n e  t o  

d i s l o d g e m e n t .  U n l e s s  t h e  w a l l  i s  t o  b e  p l a s t e r e d ,  i t  i s  n e c e s s a r y  to  
r e f i l l  v e r y  c o m p a c t l y  t h e  s u r f a c e  j o i n t s  f o r  a  d e p t h  o f  a b o u t  2  t o  
3  c m .  w i t h  a  n e a t  m i x  o f  c e m e n t  m o r t a r  o f  p r o p o r t i o n  1 : 1 .  T h i s  

p r o c e s s  i s  k n o w n  a s  p o i n t i n g .  N o r m a l l y ,  w h i l e  l a y i n g  t h e  m o r t a r  i n



„  t  „  d e n t h  o f  a b o u t  2  t o  3 c m .
j o i n t s  a t  t h e  B u r f a c e ,  a n  o f f s e t M d  b r l i s h i n g  o u t  a U  

T h e  j o i n t  i s  s u b s e q u e n t l y  c l e a n s '  y  ^  m o r t a r  i s  t h e n  a p p l i e d ,  

l o o s e  m a t e r i a l  w i t h  a  w i r e  b r u i s h . . s h o u l d  n o t  b e  a l l o w e d  t o  d r y

p r e s s e d  a n d  f i n i s h e d  s m o o t h .  8 il r i n k a g o  i s  e x p e o t e d ,  e i t h e r  h i g h
r a p i d l y .  W h e n  c r a c k i n g  d u e  t o  s l m n K J  J  o r  t h e  m o r t a r
a l u m i n a  o r  s u l p h a t e  r e s i s t a n t  c e m e i l t e  B h o u m  n  

p r o p o r t i o n s  i n c r e a s e d  f r o m  1 : 1  t o  1  .  1 o r  .

Different kinds o f pointing finishes are  given be cm

( 1 )  Flush  or F la t J o in t  : b u s s e d ' i n t o

a n d  w h e n  r u b b e d  g i v e s  a  g °  ■ s  a r 0  f i l l e d .  A  t r o w e l  i s
t h e  joint a s  the w o r k  g o e s  o n  a n d  d o p r e s s i o ^  ^  f i n i l ! h e d .  T h e

k e p t  p a r a l l e l  t o  t h e  f a c e  o  o f  ,s t 0 n e  h e l d  a g a i n s t  t h e  w a l l

j o i n t  m a y  a l s o  b e  r u n o e a  u y  y  n e e d e d  a t  p l a c e s  w h e r e
t o  i m p r o v e  a p p e a r a n c e .  T h i s  y p  j I  ^  f a c t o r i e s ,  c e l l a r ,
d e p r e s s i o n s  i n  b r i c k w o r k  a r e  n o t  d e s i r a o i e ,  t j .

g a r a g ( 2 '^Weathered or Struck Jo in t  : T h i s  j o i n t  p m n t t s  t o

d r o p  o f f  f r o m  t h e  f a c e  o f  t h e  b r i c k w o r k .  ^  T h e ^ . n t  i s  m a d e

t h e  b e d  j o i n t  a n d  s m o o t h e n i n g  

t h e  m o r t a r  i n  o n e  d i r e c t i o n  t o  

a n  a n g l e  o f  a b o u t  G 0 J . T h o  

v e r t i c a l  j o i n t s  a r e  f i r s t  s t r u c k  

f o l l o w e d  b y  b e d  j o i n t s .  T h e  

a p p e a r a n c e  o f  t h i s  j o i n t  i s  n o t  

s a t i s f a c t o r y  i f  o r d i n a r y  b r i c k s  

a r e  u s e d  b e c a u s e  u n e v e n n e s s  i n  

t h e  e d g e s  o f  t h e  b r i c k s  i s  v i s i b l e ,  

(?-)  Reces'ed J o in t  :  T h i s

j o i n t  i s  m a d e  w i t h  a  j o i n t i n g  

t o o l ,  t h e  t h i c k n e s s  o f  t h e  r u b b e r  
a t t a c h e d  i n  f r o n t  o f  t h e  t o o l  

b e i n g  e q u a l  t o  t h a t  o f  t h e  j o i n t .  

R u b b e r  a t t a c h m e n t  i s  u s e d  a s  i t  

a d j u s t s  i t s e l f  t o  a n y  i r r e g u l a r i t y  

o f  t h e  b r i c k  e d g e .  T h i s  t o o l  i s  

u s e d  a f t e r  a n y  p r o j e c t i n g  m o r t a r  

h a s  b e e n  r e m o v e d .  T h e  b r i c k  
s h o u l d  b e  c a r e f u l l y  s e l e c t e d  a n d  

s h o u l d  h a v e  u n i f o r m  t h i c k n e s s .  

T h i s  j o i n t  i s  a t  l e a s t  1  c m .  i n  
t h i c k n e s s .  T h i s  i s  s a t i s f a c t o r y  

i n  f a c e - w o r k  f o r  g o o d  t e x t u r e d  

b r i c k s  a n d  g o o d  q u a l i t y  o f  

m o r t a r .

( 4 )  Concave Jo in t : T h i s  

m a y  b e  f o r m e d  b y  a  r o u n d e d  
j o i n t e r .  T h e  v e r t i c a l  j o i n t s  a r e  

f o r m e d  f i r s t  a n d  t h e n  t h e  b e d  

j o i n t s .  T h e  j o i n t e r  i s  U B e d  b y

W E A T H E O E D  C O N C A V E
O R  S T R U C K

R E C E S S E D

D P O JE C T 1N G

Figa 252-257. V ario u s ty p e s  of 
jo in ts  in  b rick w o rk .



t w o  m a s o n s  i n  c o n j u n c t i o n  w i t h  p o i n t i n g  r u l e .  T h e  r u l e  i s  h e l d  w i t h  
t h e  b e v e l l e d  e d g e  o n  t h e  s a m e  l e v e l  a n d  p a r a l l e l  t o  t h e  l o w e r  e d g e  o f  
t h e  j o i n t .  T h e  j o i n t e r  r e s t i n g  o n  t h i s  r u l e  i s  m o v e d  t o  a n d  f r o  w h i l e  
i t  p r e s s e s  t h e  m o r t a r  t o  t h e  r e q u i r e d  d e p t h .  T h i s  t y p e  o f  j o i n t  g i v e s  

a  v e r y  a t t r a c t i v e  a p p e a r a n c e  t o  t h e  b r i c k w o r k .

( 5 )  V -Join t : T h i s  i s  m a d e  i n  a  m a n n e r  s i m i l a r  t o  t h e  o n e  

d e s c r i b e d  a b o v e ,  b u t  a  s t e e l  j o i n t e r  w i t h  a  b e v e l l e d  e d g e  i s  u s e d .  
T h i s  i s  u s e d  t o  g i v e  a n  a p p e a r a n c e  o f  n a r r o w  j o i n t s .  T h e  f i n i s h i n g  

s h o u l d  b e  d o n e  b e f o r e  t h e  m o r t a r  s e t s .

( 6 )  Projecting J o i n t :  M o r t a r  i s  l e f t  p r o j e c t i n g  f r o m  t h e  j o i n t s .

T h i s  t y p e  o f  j o i n t  a f f o r d s  a  r o u g h  s u r f a c e  w h i c h  c a n  b e  h e l p f u l  i n  
k e y i n g  t h e  p l a s t e r  w h i c h  i s  a p p l i e d  l a t e r  o n .  B r i c k s  o f  v a r i o u s  c o l o u r s ,  

i f  u s e d  w i t h  m o r t a r s  o f  s u i t a b l e  c o l o u r s ,  w i l l  p r o v i d e  a  b e a u t i f u l  

a p p e a r a n c e .

( 7 )  Stripped  Jo in t  :  T h i s  i s  m a d e  b y  p l a c i n g  w o o d e n  s t r i p s  a s
t h e  m a s o n r y  i s  b u i l t  u p .  T h e s e  s t r i p s  e n s u r e  a  j o i n t  o f  u n i f o r m  

t h i c k n e s s  a n d  m a y  b e  r e m o v e d  a f t e r  t h e  m o r t a r  h a s  s e t  s l i g h t l y .

A  c o n c a v e  j o i n t  e n s u r e s  g o o d  w a t e r  t i g h t n e s s .  R e c e s s e d  a n d  
s t r i p p e d  j o i n t s  a r e  e x p e n s i v e  a n d  a r e  n o t  f u l l y  w a t e r t i g h t .  J o i n t s  

i n  t h e  e x t e r i o r  f a c e s  o f  w a i l s  s h o u l d  b e  e n t i r e l y  f i l l e d  w i t h  m o r t a r  

t o  r e d u c e  w a t e r  p e n e t r a t i o n .  I t  i s  e s s e n t i a l  t h a t  t h e  j o i n t s  a r e  
m a d e  s m o o t h  a n d  d e n s e  b y  e x e r t i n g  c o n s i d e r a b l e  p r e s s u r e  o n  t h e  t o o l  

w i t h  w h i c h  t h e y  a r e  m a d e .

R einforced Brickwork
P l a i n  b r i c k  m a s o n r y  c a n n o t  t a k e  t e n s i l e  s t r e s s e s  a s  t h e  b r i c k s  

g e t  p u l l e d  a p a r t  a t  t h e '  m o r t a r  j o i n t s .  R e i n f o r c e d  c e m e n t  c o n c r e t e  

i s  a  s t r u c t u r a l  m a t e r i a l  w h i c h  c a n  b e  p u t  t o  a l l  t y p e  o f  u s e s ,  b u t  
o w i n g  t o  i t s  h i g h  c o s t ,  i t  i s  n o t  e c o n o m i c a l  t o  u s e  i t  f o r  m e m b e r s  

w h i c h  c a r r y  a  s m a l l  l o a d  a n d  y e t  c a n n o t  b e  m a d e  o f  p l a i n  b r i c k ; 

w o r k .  E x a m p l e s  a r e  t h e  c o n s t r u c t i o n  o f  s m a l l  l i n t e l s ,  s l a b s  a n d  
b e a m s .  T o  i n c r e a s e  t h e  l o a d  c a r r y i n g  c a p a c i t y  o f  p l a i n  b r i c k w o r k ,  
s t e e l  r e i n f o r c e m e n t  i s  i n t r o d u c e d  i n  b e t w e e n  t h e  m o r t a r  j o i n t s .  T h i s  
t y p e  o f  b r i c k w o r k  c a n  w i t h s t a n d  t e n s i l e  a n d  s h e a r  s t r e s s e s  i f  t h e  

l o a d s  a r e  n o t  u n d u l y  g r e a t .  H o w e v e r ,  t h e  f o l l o w i n g  p o i n t s  a b o u t  

R e i n f o r c e d  B r i c k w o r k  C o n s t r u c t i o n  s h o u l d  b e  n o t e d

( 1 )  A l l  t h e  b r i c k s  m u s t  b e  o f  u n i f o r m  s i z e  a n d  s t r u c t u r a l l y

( 2 )  C e m e n t  m o r t a r  i n  t h e  p r o p o r t i o n  o f  1 : 3  s h o u l d  b e  u s e d  

f o r  b o n d i n g  t h e  b r i c k w o r k .
( 3 )  T h e  j o i n t s  h a v e  t o  b e  b u i l t  i n  s u c h  a  w a y  t h a t  t h e  r e i n -  

f o r c e m e n t  g e t s  s u f f i c i e n t  c o v e r  a n d  i s  a l s o  p r e v e n t e d  f r o m  

c o r r o s i o n .

Advantages of Reinforced Brickwork  :

( 1 )  T h e  s i m p l i c i t y  o f  w o r k  o r  e a s e  o f  c o n s t r u c t i o n .

( 2 )  F i r e - p r o o f  c o n s t r u c t i o n .
( 3 )  B e t t e r  b o n d e d  s t r u c t u r e s .
( 4 )  C h e a p ,  s o u n d  a n d  p e r m a n e n t  c o n s t r u c t i o n .

T ypes o f Reinforced Brickwork :
( ! )  W alls  : R e i n f o r c e m e n t  m a y  c o n s i s t  o f  i r o n  b a r s  o f  e x p a n d e d
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Figs. 258-260. R einforced  brick  wall d e ta ils  using  m esh re in fo rce m en t.

OF HOOPS 

F ig s. 261-263. R o in fo rce d  b ric k  
w all using  hoop iron  

re in fo rce m en t.



m e t a l  m e s h .  S t a n d a r d  p a t e n t e d  e x p a n d e d  m e t a l  m e s h e s  a r e  a v a i l ­

a b l e  i n  d i f f e r e n t  w i d t h s  a n d  d i f f e r e n t  g a u g e s .  T h i s  m e t a l  i s  a v a i l a b l e

PLAN

Figs. 204-266. R e in fo rc ed  b ric k  w all w ith  iron  ro d  re in fo rce m en t an d  
specia l b ricks.

i n  c o i l s  w h i c h  c a n  b e  s p r e a d  w h i l e  t h e  b r i c k w o r k  i s  b e i n g  l a i d .  M o r t a r  
i s  e v e n l y  s p r e a d  o n  t h o  b r i c k w o r k  a n d  t h e  e x p a n d i n g  m e t a l  ( X P M )  

i a  s p r e a d  o n  i t .  T h o  n e x t  c o u r s e  o f  b r i c k s  i s  l a i d  o v e r  i t .

A n o t h o r  t y p e  o f  r e i n f o r c e m e n t  w h i c h  i s  u s e d  f o r  w a l l s  i s  h o o p  

i r o n  T h e s e  a r e  s t e e l  f l a t s  a b o u t  2 . 5  t o  3  c m .  i n  w i d t h  a n d  a r e  f r o m  
1 . 6  t o  2 . 5  m m .  i n  t h i c k n e s s .  T h e s e  f l a t s  a r e  d i p p e d  i n  m o l t e n  t a r  t o  

i n c r e a s e  t h e i r  r e s i s t a n c e  a g a i n s t  r u s t i n g  a n d  a r e  i m m e d i a t e l y  s a n d e d  

s o  a s  t o  i n c r e a s e  t h e  g r i p  w i t h  t h e  m o r t a r .  O n e  s t r i p  i s  p r o v i d e d  f o r  

h a l f  b r i c k  t h i c k n e s s  o f  w a l l  a n d  e v e r y  s i x t h  c o u r s e  i s  r e i n f o r c e d .  T h e  
j o i n t s  a t  t h e  c o r n e r s  a r e  h o o k e d  a s  s h o w n  i n  F i g s .  2 6 1 - 2 6 3 .

A n o t h e r  f o r m  o f  r e i n f o r c e m e n t  e m p l o y e d  f o r  w a l l s  w h i c h  h a v e  

t o  w i t h s t a n d  p r e s s u r e  (e.g., r e t a i n i n g  w a l l s )  i s  t h e  p l a c i n g  o f  v e r t i c a l  
r e i n f o r c e m e n t  p a s s i n g  t h r o u g h  o p e n i n g s  m a d e  i n  s p e c i a l  t y p e s  o f  
b r i c k s  T h i s  v e r t i c a l  r e i n f o r c e m e n t  i s  t i e d  a t  s u i t a b l e  i n t e r v a l s  w i t h  

f i n e  w i r e .  I n  a d d i t i o n  X P M  m a y  b e  s p r e a d  i n  c e r t a i n  c o u r s e s .



A  c h e a p  a n d  q u i c k  t y p e  o f  c o n s t r u c t i o n  i s  d o n e  b y  e r e c t i n g  
v e r t i c a l  b a r s  a n d  b u i l d i n g  b r i c k w o r k  a r o u n d  t h e m .  O r d i n a r y  b r i c k s  
a r e  u s e d  a n d  t h e  j o i n t s  h a v e  t o  b e  a d j u s t e d .  - 4 s  a n  a l t e r n a t i v e ,  b a r s  

o f  a b o u t  6  m m .  d i a m e t e r  a r e  l a i d  l o n g i t u d i n a l l y  w i t h i n  t h e  b e d  j o i n t s .

( 2 )  Columns  :  T h e s e  a r e  b u i l t  w i t h  ‘s p e c i a l  p u r p o s e  m a d e  

b r i c k s '  a n d  w i t h  v e r t i c a l  b a r s  r u n n i n g  t h r o u g h  t h e m .  b t e e l  p l a t e s
6  m m .  t h i c k  a r e  i n t r o d u c e d  a t  

c e r t a i n  i n t e r v a l s  f o r  s t r e n g ­

t h e n i n g  b r i c k  w o r k  a n d  a l s o  

t o  k e e p  t h e  b a r s  i n  p o s i t i o n .  

A l t e r n a t e l y  X P M  m a y  b e  c u t  

t o  t h e  s h a p e  o f  t h e  p i e r  a n d  

l a i d  a t  s u i t a b l e  i n t e r v a l s  a l o n g  
t h e  h e i g h t  o f  t h e  c o l u m n .  B e n t  

b a r s  o f  s m a l l  d i a m e t e r  ( a b o u t  

1 2  m m . )  c a n  b e  u s e d  i n  t h e  

h o r i z o n t a l  j o i n t s .

( 3 )  L in te ls  :  L i n t e l s  a r e  

p r o v i d e d  w i t h  b a r s  r u n n i n g  

l o n g i t u d i n a l l y  (see F i g .  2 7 2 - 2 7 3 )  

i n  b e t w e e n  t h e  v e r t i c a l  j o i n t s  

a n d  e x t e n d i n g  f r o m  j o i n t  t o  

j o i n t .  A d d i t i o n a l  6  m m .  d i a ­

m e t e r  s t e e l  s t i r r u p s  m a y  b e  

u s e d  a f t e r  s o m e  i n t e r v a l s  t o  r e ­

s i s t  t h e  v e r t i c a l  s h e a r .

( 4 )  Slabs : O r d i n a r y  b r i c k s  

c a n  b e  u s e d  f o r  t h e  c o n s t r u c ­

t i o n  o f  t h e s e  s l a b s .  S l a b s  o f  

d e f i n i t e  d e p t h s  c a n  o n l y  b e  

c o n s t r u c t e d ,  i.e., 1 0 ,  2 0  c m .  o r  

a  c o m b i n a t i o n  o f  t h e s e .  A  

1 0  c m .  s l a b  i s  m a d e  b y  l a y i n g  

b r i c k s  f l a t  o r  o n  a n  e d g e  a n d  

2 0  o m .  b y  l a y i n g  t w o  b r i c k s  

o n e  a b o v e  t h e  o t h e r  o n  e d g e  o r  

f l a t .  H o w e v e r ,  s l a b s  o f  a  t h i c k ­

n e s s  s l i g h t l y  g r e a t e r  t h a n  t h e s e  a r e  f o r m e d  d u e  t o  t h e  t h i c k n e s s  o f  
t h e  j o i n t s  b e i n g  g r e a t e r  t h a n  t h a t  o f  t h e  o r d i n a r y  m a s o n r y  j o i n t s  b u t  

w h i l e  m e a s u r i n g  t h e  s l a b ,  i t  i s  u s u a l  t o  g i v e  t h i c k n e s s e s  i n  t e r r a s  o f  

b r i c k  d i m e n s i o n s  n e g l e c t i n g  t h e  t h i c k n e s s  o f  t h e  j o i n t  m o r t a r .  S i m i ­

l a r l y  t h e  r e i n f o r c e m e n t  i s  p l a c e d  a t  i n t e r v a l s  w h i c h  f o r m  m u l t i p l e s  o f  
b r i c k  u n i t s .

F o r  l a y i n g  R e i n f o r c e d  B r i c k w o r k  ( R . B . )  s l a b s ,  a  c e n t r i n g  c o n ­
s i s t i n g  o f  s u p p o r t e d  p l p t f o r m  i s  n e e d e d .  T h i s  i s  c o v e r e d  w i t h  e a r t h ,  

w e l l  b e a t e n  a n d  f i n i s h e d  w i t h  s a n d .  T h e  c e n t r i n g  i s  n o t  r e m o v e d  t i l l  
f i v e  t o  t w e n t y - e i g h t  d a y s  h a v e  p a s s e d  a f t e r  t h e  s l a b  i s  l a i d ,  t h e  e x a c t  

p e r i o d  d e p e n d s  o n  t h e  l o a d s  c o m i n g  o n  t h e  s l a b  a n d  t h e  w e a t h e r  c o n ­
d i t i o n .  I n  f l o o r s  a n d  r o o f  s l a b s ,  r e i n f o r c e m e n t  n o t  g r e a t e r  t h a n  
1 2  m m .  i n  d i a m e t e r  i s  u s e d .  T h e  e n d s  o f  a l l  r o d s  a r e  b e n t  i n t o

Figs. 267-271. D eta ils  o f a  re inforced  
b rick  co lum n UBing rods an d  

specia l b ricks.



■ s e m i c i r c u l a r  h o o k s .  W h e r e v e r  l a p p i n g  o f  r e i n f o r c e m e n t  i s  n e c e s s a r y  

d u e  t o  s h o r t  l e n g t h s  o f  s t e e l  a v a i l a b l e ,  a  l a p  o f  a t  l e a s t  4 0  t i m e s  t h e  

d i a m e t e r  o f  t h e  b a r  s h o u l d  b e  g i v e n .

( 5 )  Beam s  :  T h e  c o n s t r u c t i o n  o f  R .  B .  b e a m s  i s  s i m i l a r  t o

t h a t  o f  R .  B .  S l a b s .  H o w e v e r ,  t h i c k  r o d s  u p  t o  2 . 5  e m .  i n  d i a m e t e r  

c a n  b e  u s e d  a s  r e i n f o r c e m e n t .

S o m e  i m p o r t a n t  p o i n t s  r e g a r d i n g  R .  B .  w o r k  a r e  g i v e n  b e l o w  :

( 1 )  Working Stresses  :

S a f e  c o m p r e s s i v e  s t r e s s  i n  b r i c k s  
S a f e  t e n s i l e  s t r e s s  i n  s t e e l  
R a t i o  o f  t h e  m o d u l u s  o f  e l a s t i c i t y  

f o r  s t e e l  t o  t h a t  o f  b r i c k  
B o n d  s t r e s s  b e t w e e n  s t e e l  a n d  m o r t a r  

S h e a r  i n  b r i c k w o r k

3 0  k g . / s q .  c m .  
1 5 0 0  k g  / s q .  c m .

4 0  : 1 
6  t o  7  k g . / s q .  c m .  

5 k g . / s q .  c m .

s e c t io n

F ig s . 272-273. T y p ica l re in fo rced  b rio k  l in te l  d e ta ils .

(2) Before s t a r t i n g  w o r k ,  a l l  r o d s  s h o u l d  b e  b e n t  t o  c o r r e c t  

Kjs and  cu t t o  p r o p e r  sizes. i n

. f<3>f a k t ' S " t t o m  rods in  the slab have adequate c o v e r  o f  m o r t a r  

and do not touch the c e n tn n g ^  ^  ^  ^  ^  ^

s a n d  f M J l t w o d a y s .  F t  s h o u l d  t h e n  b e  p r o f u s e l y  w a t e r e d  a n d  

k e p t  w e t  t i l l  t h e  c e n t r i n g  i«  r e m o v e d .



S l e n d e r n e s s  r a t i o R e d u c t i o n  i n  m a x .
p e r m i s s i b l e  p r e s s u r e

u p  t o  6

11
12

7

8 
9

N i l

1 0 %
20%
3 0 %

4 0 %
5 0 %

6 0 %

S l e n d e r n e s s  r a t i o  i s  c a l c u l a t e d  a s  g i v e n  b e l o w  :

( a )  F o r  w a l l s  w i t h  n o  l a t e r a l  s u p p o r t  a t  t o p —

1 £  a c t u a l  s t o r e y  h e i g h t  i s  t a k e n  i n  c a l c u l a t i o n .

(b) F o r  w a l l s  w i t h  l a t e r a l  s u p p o r t  a t  t o p — £  s t o r e y  h e i g h t .

( c )  P i e r s  w i t h  n o  l a t e r a l  s u p p o r t  a t  t o p — 2  a c t u a l  s t o r e y  

h e i g h t .

(4) P i e r s  w i t h  l a t e r a l  s u p p o r t  a t  t o p — a c t u a l  s t o r e y  h e i g h t .

( e )  T h e  h e i g h t  o f  t h e  l o w e s t  o r  o n l y  s t o r e y  i s  m e a s u r e d  f r o m  

t h e  b a s e  o f  t h e  w a l l  a n d  t h e  h e i g h t  o f  a n y  o t h e r  s t o r e y  i s  

m e a s u r e d  f r o m  t h e  l e v e l  o f  t h e  u n d e r s i d e  o f  t h e  f l o o r  t o  t h e  

l e v e l  o f  t h e  u n d e r s i d e  o f  t h e  f l o o r  s t r u o t u r e  o f  t h e  s t o r e y  
a b o v e  o r  h a l f  t h e  h e i g h t  o f  t h e  g a b l e .

T h e  a l l o w a b l e  r a t i o s  o f  t h e  s t o r e y  h e i g h t  o r  l e n g t h  t o  t h e  t h i c k ­
n e s s  o f  t h e  w a l l  a r e  g i v e n  b e l o w  :

W a l l s  b u i l t  i n  1  : 3  t o  1 : 4  c e m e n t  m o r t a r  1 4

( 4 )  Spacing o f Buttresses and Cross W alls. T h e  t h i c k n e s s  o f  
t h e  w a l l s  i s  d e p e n d e n t  o n  t h e  l a t e r a l  s u p p o r t s  f o r  t h e  w a l l s .  T h e  

r u l e s  f o r  t h e  m a x i m u m  p e r m i s s i b l e  r a t i o  o f  t h e  w a l l  l e n g t h  t o  t h e  

w a l l  t h i c k n e s s  h a v e  b e e n  g i v e n  a b o v e .  W a l l s  a r e  d i v i d e d  i n t o  d i s ­
t i n c t  l e n g t h s  b y  R e t u r n  W a l l s ,  C r o s s  W a l l s ,  P a r t y  W a l l s ,  o r  E x t e r n a l  

W a l l s .  A l t e r n a t i v e l y  p i e r s  o f  a  h e i g h t  e q u a l  t o  t h e  h e i g h t  o f  t h e  w a l l  
a n d  b r e a d t h  n o t  l e s s  t h a n  t w i c e  t h e  t h i c k n e s s  o f  t h e  w a l l  p r o j e c t i n g  

o n  e a c h  s i d e  o f  t h e  w a l l  f o r  a  d i s t a n c e  n o t  l e s s  t h a n  t h e  t h i c k n e s s  o f  
t h e  w a l l  o r  s u i t a b l e  b u t t r e s s e s  h a v i n g  e n o u g h  s t a b i l i t y  a r e  u s e d .  T h e

, ,  1 : 2  l i m e  m o r t a r  o r  1 :  6  c e m e n t  m o r t a r  

„  m u d  m o r t a r

1 3
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l e n g t h  o f  t h e  w a l l  i s  m e a s u r e d  f r o m  t h e  c e n t r e  o f  o n e  R e t u r n  W a l l  
o r  p i e r  t o  t h e  c e n t r e  o f  t h e  o t h e r .  M i n i m u m  v a l u e s  f o r  d i f f e r e n t  
w a l l  t h i c k n e s s e s  f o r  d i f f e r e n t  w a l l  l e n g t h s  a r e  g i v e n  a t  t h e  e n d  o f  

tbiB a r t i c l e .

( 5 )  W indow and Door Openings, Recesses, etc. : G e n e r a l l y  c o d e s  

s p e c i f y  t h a t  t h e  w a l l  t h i c k n e s s  s h o u l d  b e  i n c r e a s e d  w h e n e v e r  a n y  
p o r t i o n  i s  r e m o v e d  f r o m  t h e  w a l l .  T h i s  r e m o v a l  m a y  b e  o n  a c c o u n t  
o f  a  w i n d o w  o r  d o o r  o p e n i n g ,  f i t t i n g  o f  p i p e  i n s i d e  t h e  w a l l  o r  

d e p r e s s i o n s  f o r  t h e  p l a c i n g  o f  s w i t c h  b o x e s ,  r a d i a t o r s ,  e t c . ,  w i t h i n  

t h e  w a l l s .  I t  i s  a  g e n e r a l  p r a c t i c e  t o  u s e  r i c h e r  m o r t a r  f o r  t h e  j a m b s  

o f  d o o r s  a n d  w i n d o w s  o r  o t h e r  o p e n i n g s  t o  g e t  a  h i g h e r  s t r e n g t h  a t  
t h e s e  p l a c e s .  H o w e v e r ,  s o m e  r u l e s  f o r  r e c e s s e s  a n d  o p e n i n g s  a r e  

g i v e n  b e l o w  :

Recesses :

( а )  T h e  w a l l  a t  t h e  b a c k  o f  t h e  r e c e s s  s h a l l  n o t  b e  l e s s  t h a n  

2 0  c m .  t h i c k .

( б )  A n  a r c h  o r  l i n t e l  s h a l l  b e  b u i l t  i n  e v e r y  s t o r e y  o v e r  t h i s  

r e c e s s .

( c )  T h e  r e c e s s e s  c a u s i n g  d e c r e a s e  i n  w a l l  t h i c k n e s s e s  s h a l l  n o t  

b e  g r e a t e r  t h a n  \  t h e  s u p e r f i c i a l  a r e a  o f  t h e  w a l l s .

( d )  F a c e  w i d t h  o f  a  p i e r  a t  t h e  s i t e  o f  a  r e c e s s  s h a l l  n o t  b e  l e s s  

t h a n  | t h  t h e  w i d t h  o f  t h e  r e c e s s .

O penings  :

T h e  t o t a l  a r e a  o f  o p e n i n g s  s h a l l  n o t  e x c e e d  :

( t )  H a l f  t h e  e l e v a t i o n a l  a r e a  f r o m  t h e  s o f f i t  o f  t h e  f i r s t  f l o o r  

t o  t h e  r o o f .
( i t )  T w o - t h i r d s  o f  t h e  a r e a  o f  a n y  s t o r e y  h e i g h t  a b o v e  t h e  

g r o u n d  f l o o r .
(Hi) T h e  t o t a l  w i d t h  a b o v e  g r o u n d  f l o o r  n o t  g r e a t e r  t h a n  f  o t  

t h e  l e n g t h  o f  t h e  w a l l .

IR\ Character of Occupancy : G r e a t e r  s t a b i l i t y  i s  n e e d e d  f o r
l  K i i i M i n P f l  e a w a r e - h o u s e s ,  f a c t o r i e s ,  h o t e l s ,  e t c .  H e n c e

„  .. h .  w n i l  • W h ere  l o a d s  a r e  n o t  t h e  c o n t r o l l i n g

f  * (7 >  *  S e r  t h a n  t h e  o t h e r  w a l l , ,  i n

e w 7 b n " « ™ - l l  w a l l s  a r e  b u i l t  o f  a  g r e a t e r  t h i c k n e s s  t h a n

t h e  i n t e r n a l  w a l l s .

( 8 )  i h w g :

f i r e  f o r  a  c e r t a i n  P  d a m a g e  t h e  a d j o i n i n g  p r o p e r t y .

c o l l a p s e  w h e n  t h e y  g e t  f  w a | l s  { o r  v a r i o u s  e n d u r a n c e
n e s s e s  a r e  g i v e n  f o r  d i t t e r c n i

p e r i o d s .  ^  ^  backing : I f  t h e  f a c e

w o r k  i s  n i r t o f  t h e “ a m e  t y p £  a s  t h e  b a c k i n g ,  a d d i t i o n a l  t h i c k n e s s  f o r



t h e  b a c k i n g  p o r t i o n  h a s  t o  b e  u s e d  d e p e n d i n g  o n  t h e  t y p e  o f  f a c e  

w o r k .

A  f o r m u l a  f o r  t h e  c a l c u l a t i o n  o f  w a l l  h e i g h t s  f o r  k n o w n  v a l u e s  

o f  w a l l  t h i c k n e s s e s  a n d  a l l o w a b l e  p r e s s u r e  i s  g i v e n  b e l o w  :

H = 6 / » " ■

w h e r e  H = l i e i g h t  o f  t h e  w a l l  i n  m e t e r s .

/ = S a f e  b e a r i n g  p r e s s u r e  o f  t h e  w a l l  i n  t o n s / s q .  m e t r e .  

» = T h i c k n e s s  o f  t h e  w a l l  i n  b r i c k s .

S u i t a b l e  v a l u e s  o f  w a l l  t h i c k n e s s e s  f o r  d i f f e r e n t  t y p e s  o f  c o n s ­

t r u c t i o n  a r e  g i v e n  b e l o w  :

H eig h t of 
wall

L e n g th  o f 
w a ll

T h ick n ess  o f 
w a ll w h e n  b u ilt  
in  c e m e n t sand 

m o rta r  
1 : 3 to  1 : 4

T h ick n ess  o f  
w a ll w h e n  
b u i l t  in  lim e  
sand and 

s u rk h i m o rta r  
1: 2 or ce m e n t 
sand  m o r ta r  
1 : G

T h ick n o sa  o f  
w a l l  w h e n  b u ilt  
in  m u d  m o r ta r

1 2 3 4 5

S tru c tu ra l, ex­
te rn a l  and  
p a r ty  walla 
exposed  to 
w eather.

W h a te v e r  the  
leng th

A t  le a s t 30 
cm . o r c a v i­
t y  w a l l  25 
cm .

A t  le a s t  30
cm .

A t  le a s t  30 
cm .

S tru c tu ra l  ex 
te rn a l  and  
p a r ty  walls 
pro tec ted  
from  w eather

N o t  exceeding 
6 m .

-do- 20 cm . fo r th o  
w h o le  o f  its  
le n g th .

20 cm . fo r top 
2 m . a n d  30 
cm . fo r  the  
re s t  o f  th e  
b o tto m  por­
tio n .

30 cm . fo r  th e  
w h o le  o f  its  
h e ig h t.

E xceeding  3m. 
b u t n o t ex- ' 
ceeding  8 m .

N o t  ex ceed in g  
10 m .

20 cm . fo r  th e  
w ho le  o f  its  
h e ig h t.

30 cm . fro m  
th e  baae fo r 
th e  h e ig h t o f 
one s to re y  
a n d  20 cm . 
fo r  th o  res t 
o f  its  h e ig h t.

30 cm . fo r  th e  
w ho le  h e ig h t.

Ex ce e d in g  
10 m.

30 cm . fro m  
tho  baBe fo r 
th e  h e ig h t o f 
one  s to re y  
a n d  20 cm . 
fo r  th e  rest 
o f  i t s  heig h t.

-do- •do-



H e i g h t  o f  
w all

E x o e e d in g  8 
m .  b u t  n o t  
e x c e e d in g  10

i T h ic k n e s s  o f  
T h ic k n e s s  o f  | w a ll  w h e n  

L e n g th  o f  w a ll w h e n  b u i l t !  b u i l t  in  l ira o
w a ll i  c e m e n t  s a n d  

m o r t a r  
1 : 3 t o  1 : 4

Band an d  
su rkh i m o rta r  
1 : 2 or cem en t 
and  m o r ta r  1 : 6

T h ic k n e s s  o f  
w a ll  w h e n  b u i l t  
in  m u d  m o r t a r

N o t exceed- 20 cm . fo r th e  
ing 8 m . w hole o f its

1 heigh t.

E x c e e d in g  10 
m . b u t  n o t 
exceed ing  13

E x c e e d in g  8 
m . b u t  n o t 
exceed ing  12

E x ce ed in g  12

N o t exceeding 
12 m .

30 cm . from  
th e  b ase  fo r I 
th e  h e ig h t o f ' 
one s to rey  
an d  20 cm. 
fo r th e  re s t 

! o f its  h e ig h t.

30 cm . from  
th e  b ase  for 
th e  h e ig h t 
o f 2 s to rey s  
an d  20 cm . 
fo r tho  re s t  I 
o f i ts  h e ig h t. ,

30 cm . from  | 
th e  base  for ! 
th e  h e ig h t J 
o f 2 s to rey s  
a n d  20 cm . 
for th e  re s t 
o f i t s  h e ig h t.

30 cm . from  
th e  b ase  for 
th e  h e ig h t of 
2 s to rey s  and 
20 cm . for 
th e  re s t  o f 
i ts  h e ig h t.

-do -

40  c m . f ro m  
t h e  b a s e  fo r  
2  s to r e y s  a n d  
30 c m . fo r  
t h e  r e s t  o f  
itB h e ig h t .

E x ceed in g  12 40 cm . from  
th e  base  fo r 
th e  h e ig h t 
o f 1 s to rey , 
30 cm . for 
th e  h e ig h t 
o f  n e x t  2 
s to rey s  a n d  
20 cm . fo r 
th e  re s t o f 
i t s  he igh t.

40 cm . from  
th e  base  for 
th e  h e ig h t 
o f l  storey.

30 cm . for 
th e  h e ig h t of 
n e x t  2 s to ­
re y s  a n d  20 
cm . fo r  th e  
re s t  o f its  
h e ig h t.

.do-

50 cm . from  
th e  base  for 
th e  h e ig h t 
o f  I  s to rey , 
40 cm . for 
th e  h e ig h t o f 
n e x t  2 cto- 
reye a n d  30 
cm . for th e  
re s t  o f th e  
h eig h t.

.do-



98
A T E X T  BOOK O F B U IL D IN G  C O N STR U CT IO N

Kptwpcn Old and New M asonry

a s  n o t  t o  a l l o w  u n d u e  s e t t l e m e n t s .

Ornamental Brickwork
T h e  d e c o r a t i v e  e f f e c t  i n  b r i c k w o r k  c a n  b e  p r o d u c e d  b y  t h e  

u s e  o f  s p e c i a l  t y p e s  o f  b r i c k s ,  m o r t a r  j o i n t s  a n d  d i f f e r e n t  a r r a n g e ­

m e n t  o f  b r i c k s .
B r i c k s  o f  d i f f e r e n t  t h i c k n e s s e s  c a n  b e  u s e d  t o  g i v e  a r c h i t e c t u r a l  

t r e a t m e n t ,  M a c h i n e  m a d e  b r i c k s  w i t h  s h a r p  a n d  a n g u l a r  f a c e s  l e n d  

a  b e a u t i f u l  a p p e a r a n c e  t o  a  w a l l .  A  t h i n n e r  b r i c k  a p p e a r s  b e t t e r  
i n  c e r t a i n  l o c a t i o n s .  B r i c k s  w h i c h  a r e  c o l o u r e d  c a n  b e  s u i t a b l y  

a r r a n g e d  t o  p r o d u c e  a  g o o d  p a t t e r n .  T h e  t e x t u r e  o f  t h e  b r i c k s  i s  
a l s o  i m p o r t a n t .  S m o o t h  f a c e d  b r i c k s  a r e  p r e f e r r e d  a t  p l a c e s  w h e r e  

d u s t - s t o r m s  a r e  p r e v a l e n t  w h e r e a s  s a n d y  t e x t u r e d  b r i c k s  g i v e  a  

p l e a s i n g  a p p e a r a n c e .

T h e  t e x t u r e  o f  j o i n t s  a n d  t h e  c o l o u r  o f  m o r t a r  h a s  a l s o  t o  

b e  a d j u s t e d  i n  r e s p e c t  t o  t h e  t y p e s  o f  b r i c k s  a n d  t h e  t r e a t m e n t  

d e s i r e d .  J o i n t s  s m o o t h e n e d  w i t h  a  t r o w e l  s h o u l d  n o t  b e  u s e d  f o r  

r o u g h  t e x t u r e d  b r i c k s  f o r  w h i c h  f l u s h  o r  r e c e s s e d  j o i n t s  a r e  g o o d .  

B l a c k  m o r t a r  s h o u l d  b e  a v o i d e d  f o r  f a c e  w o r k .  G e n e r a l l y  m o r t a r  

w h i c h  d o e s  n o t  p r e s e n t  c o n t r a s t  w i t h  r e s p e c t  t o  t h e  b r i c k s  s h o u l d  
be UBed, eg.,  w h i t e  m o r t a r  s h o u l d  n o t  b e  u s e d  w i t h  r e d  f a c e d  

b r i c k s .  T h e  h o r i z o n t a l  a n d  v e r t i c a l  j o i n t s  c a n  b e  m a d e  w i t h  
d i f f e r e n t  c o l o u r e d  m o r t a r s  t o  g e t  d e c o r a t i v e  e f f e c t .  F l a t  j o i n t s  g i v e  

a  p l a i n  s u r f a c e  w h e r e a s  w i t h  r e c e s s  j o i n t s  d e e p  s h a d o w s  a r e  p r o d u c e d  

w h i c h  a d d  t o  t h e  o r n a m e n t a l  e f f e c t  a t  c e r t a i n  t i m e s .  T h e  t h i c k n e s s  

o f  t h e  j o i n t  i s  a l s o  o f  i m p o r t a n c e .  T h i n n e r  j o i n t s  i n  c e r t a i n  b r i c k s  
m a y  b e  b e t t e r  t h a n  t h i . c k  j o i n t s .

A  c o m b i n a t i o n  o f  b r i c k s ,  t i l e s  a n d  s t o n e s  c a n  p r o d u c e  a  g o o d  
a p p e a r a n c e .  S a n d s t o n e  b l o c k s  w i t h  r o u g h  t e x t u r e  a n d  c r e a m y  c o l o u r  

p r e s e n t  a  g o o d  a p p e a r a n c e  w h e n  f i x e d  w i t h i n  b r i c k w o r k  a t  c o r n e r s  o r  

e n d s  o f  w a l l s .  S m o o t h  p o l i s h e d  s t o n e s  c u t  i n t o  t h i n  s l a b s  c a n  b e  
u s e d  a s  a  c o v e r i n g  f o r  g a r d e n  w a l l s ,  p a r a p e t s ,  e t c .

T h e  a r r a n g e m e n t  o f  b r i c k s  w i l l  a f f e c t  t h e  a p p e a r a n c e  c o n s i d e r ­

a b l y .  B r i c k s  c a n  b e  a r r a n g e d  i n t o  d i f f e r e n t  d e s i g n s  a n d  a l s o  c a n  b e  
l e f t  p r o j e c t i n g  w h e r e v e r  n e e d e d .  A  d i f f e r e n t  t e x t u r e  f o r  t h e  b r i c k s ,  
w h i c h  a r e  l e f t  p r o j e c t i n g ,  c a n  b e  u s e d .

B r i c k  w a l l s  h a v i n g  a  l a r g e  a r e a  i n  e l e v a t i o n  c a n  b e  s u i t a b l y  
d e c o r a t e d  b y  t h e  p r o v i s i o n  o f  d e c o r a t i v e  p a n e l s .  S m a l l  b r i c k s  c a n  
b e  l a i d  d i a g o n a l l y ,  v e r t i c a l l y  o r  p r o j e c t i n g  g o  a s  t o  g i v e  g o o d  p a t t e r n s  
(see f i g u r e s  2 7 4  a n d  2 7 5 ) .



Figa. 274-275. O rn a m e n ta l b rickw ork  p an e ls.

F ig . 277. O rn a m e n ta l b rick w o rk  
quo ins.

r m n n a o i

Figs. 278-279. O rn a m e n ta l 
b rick w o rk  p a ra p e ts .

ODODOOOOt

F ig . 278. O rn a m e n ta l b riokw ork  ra ise d  p a n e ls .



Q u o i n s  c a n  b e  b u i l t  o f  b n ^ w t o c h  h “ ™ ‘ e n ^ n y  m a d e  d a r k e r  

w h i c h  a r c  l e f t  p r o j e c t i n g .  <1 s t i c a t e d  b r i c k s .  A  s i m i l a r

P arapets are  finis® * a t  t°P  w ith 1hr.ck^ laid  ^  ^  ^
o r  two layers of bricks one ^ decorative appearance.

£  ™,t,edS“ : r , i e r :St“ n I n e  slabs < fa n  be used a s  a  covering t o  the

b ric k  p arap ets .

F ig . 280. D e ta ils  o f B ric k -k n o g g e i l  p a r t i t i o n .



B r i c k  k n o g g i n g  c o n s i s t s  o f  a  f r a m s w o r k  o f  t i m b a r  i n  w h  l c l i  

b r i c k s  a r e  l a i d  a n d  b o t h  s i d e s  a r e  p l a s t e r e d .  T h e  u p r i g h t  p o s t s  
1 0 x 1 0  c m .  s i z e  a n d  a r e  p l a c e d  a t  1 - 0  m .  c e n t r e *  T h e  h o n z o g l  
m e m b e r s  a r e  1 0 x 1 0  c m .  a n d  1 0  m .  v e r t i c a l l y  a p a r t . .  A l l  
o r  t i m b e r  c o m i n g  i n  c o n t a c t  w ith  th e  m a s o n r y  a r e  a  c o r t m g

o f  h o t  c o a l  t a r  T h e  b r i c k s  a r e  l a i d  m  t h e  o p e n i n g s I  o f  t h e  
a n d  a r e  p l a c e d  i n  s u c h a  w a y  t h a t  e q u a l  p r o j e c t i o n s  o f  t i m b e r  a r e J e f t ^ o n  

b o t h  t h e  s i d e s .  R e i n f o r c e m e n t  c o n s i s t i n g o f  2 ;  X 0 - k . c m .  h o , p  
i s  p r o v i d e d  a f t e r  4 - 5  c o u r s e s .  B o t h  t h e  s i d e s  o f  b r i c k s  a r e  P ^ '  
s o  a s  t o  h a v e  t h e  s u r f a c e  i n  f l u s h  w i t h  t h e  t i m b e r .  I f  w o o d e n  m e m b e "  
a r e  o f  s h o r t e r  w i d t h  a n d  t h e  e n t i r e  a r e a  i s  p l a s t e r e d  t h e  p l a s t e r  p e e l s  

o f f  f r o m  t h e  w o o d e n  m e m b e r s  a n d  f a l l s  d o w n .  I n  s u e  a ' .
m e t a l  l a t h  i s  f i x e d  t o  b o t h  t h e  s i d e s  o f  t h e  k n o g g i n g ; a n d  h e  e n t  r e  

area i s  t h e n  p l a s t e r e d .  T o  p r o v i d e  a  p r o p e r  h o l d  b r ‘c k 3
t h e  v e r t i c a l  m e m b e r s  o f  w o o d ,  s m a l l  w o o d e n  s e c t i o n s  o f  2 x  ■ 
a r e  f i t t e d  t o  t h e  v e r t i c a l  m e m b e r s  a n d  t h e  bricks a r e  s u i t a b l y  n o t c h e d

t o  f i t  i n t o  t h e m .

F ig . 281. D e ta ils  o f  b rick  s te p s  an d  e n tra n c e  to  a  b u d d in g .
* i T h o  H te D S  a r e  l a i d  o n  a  c o n c r e t e  f o u n d a t i o n  a n d  t h e

8  c o n s i s t  o f  b r i c k s  l a i d  o n  e n d  w h e r e a s  t h e  t r e a d s  a r e  m a d e  o fr i s e r s  c o n s i s t  o t  o r  ^  ^  & g  g ) o p e  tQ  t h r Q W  o f f

t  " r  “ p r o p e r  b o n d i n g  'o f  b r i c k s  i s  e s s e n t i a l .  A l l  t h e  b r i c k w o r k

s h o u l d  h e  d o n e  i n  c e m e n t  m o r t a r .

B r l C k p Pa r a ^ r Sa r e  t h e  e x t e n s i o n s  o f  w a l l s  a b o v e  t h e  r o o f  l e v e l  a n d

Brick Steps
B r i c k  s t e p s  a r e  u s e d  f o r  r o o m s  w h i c h  h a v e  a  l o w  p l i n t h ,  b t a n -  
b r i c k s  a r e  u s e d  b u t  t h e y  s h o u l d  b e  s u f f i c i e n t l y  h a r d  s o  a s  n o td a r d



a r e  u s e d  a s  a  m e a n s  o f  h i d i n g  t h e  b a c k  g u t t e r s  f r o m  v i e w ,  
p r o v i d e  a n  a r c h i t e c t u r a l  m e a n s  o f  i m p r o v i n g  t h e  a p p e a r a n c e ,  l b e  
t o p  o f  a  p a r a p e t  i s  c o h e r e d  b y  c o p i n g s  t o  s h e d  o f f  t h e  r a m  w a t e r .  

T h e  c o n s t r u c t i o n  o f  a  p a r a p e t  i s  s i m i l a r  t o  t h a t  o f  a n  o r d i n a r y  m a ­
s o n r y  w a l l .  H o w e v e r ,  o r n a m e n t a l  p a r a p e t s  c a n  a l s o  b ©  b u i l t .

Brick Copings
C o p i n g s  a r e  p r o v i d e d  a s  a  m e a n s  o f  c o v e r i n g  t o  t h e  w a l l s ,  e.g., 

g a r d e n  w a l l s ,  p a r a p e t s ,  e t c .  T h e  e f f e c t i v e n e s s  o f  a  c o p i n g  i s  g a u g e d  

f r o m  i t s  a b i l i t y  t o  t h r o w  o f f  w a t e r .  S e v e r a l  t y p e s  o f  b r i c k  c o p i n g s  
c a n  b e  b u i l t .  B r i c k s  c a n  b e  l a i d  o n  e d g e  o n  t h e  t o p  o f  a  w a l l  a n d  
s u i t a b l y  j o i n e d  s o  a s  t o  s t a n d  t h e  w a t e r  e r o s i o n .  T h e s e  b r i c k s  m a y  

h a v e  b u i l t  n o s e s  a t  t h e  t o p  f o r  a d d i n g  t o  t h e i r  b e a u t y .  S p e c i a l l y  
m a d e  s e m i - c i r c u l a r  b r i c k s  c a n  b e  l a i d  a s  c o p i D g  o n  t h e  b r i c k s  w h i c h  

a r e  b u i l t  s l i g h t l y  p r o j e c t i n g  f r o m  t h e  w a l l .  T h i s  t y p e  o f  c o p i n g  c a n
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Figa. 286-287. Briok copings.

s h e d  o f f  t h e  w a t e r  e a s i l y .  T i l e s  c a n  b e  i n t r o d u c e d  i n  b e t w e e n  t h e  
b r i c k s  o n  e d g e  s o  a s  t o  d r i p  t h e  w a t e r  e a s i l y .  A  s a d d l e  b a c k  b r i c k  
c a n  a l s o  b e  u s e d  a s  a  c o p i n g .

Brick Sills

T h e  o b j e c t i v e s  o f  p r o v i d i n g  a  w i n d o w  s i l l  a r e  t o  g i v e  a  b e t t e r  

a p p e a r a n c e  t o  t h e  w i n d o w  o p e n i n g  a n d  t o  a f f o r d  p r o t e c t i o n  t o  t h e



w a l l  b e l o w .  S l i g h t  e l o p e  s h o u l d  b e  g i v e n  t o  t h e  t o p  o f  t h e  s i l l  s o  a s  
t o  s h e d  o f f  t h e  w a t e r  f r o m  t h e  w i n d o w .  B r i c k s  c a n  b e  u s e d  f o r  m a k i n g

w i n d o w  s i l l s .  T h e y  a r e  p l a c e d  o n  e d g e  a n d  s l i g h t l y  t i l t e d .  T i l e s  
m a y  b e  i n t r o d u c e d  b e l o w  t h e m  t o  i m p r o v e  t h e  a p p e a r a n c e .  T h e s e  

t i l e s  a r e  l e f t  s l i g h t l y  p r o j e c t i n g .  A s  
a n  a l t e r n a t i v e  s p e c i a l  p u r p o s e  m o u l d ­
e d  b r i c k s  w i t h  s u i t a b l e  t h r o a t i n g s  c a n  

b e  u s e d  f o r  b r i c k  s i l l s .

B r i c k  C o r b e l s

T h e s e  a r e  b r i c k s  p r o j e c t i n g  

f r o m  a  w a l l  a n d  a r e  u s e d  t o  s u p p o r t  
b e a m s ,  l i n t e l s ,  e t o .  T h e  m a x i m u m  

p r o j e c t i o n  o f  t h e  c o r b e l  s h o u l d  n o t  

e x c e e d  t h e  t h i c k n e s s  o f  t h e  w a l l .  

F u r t h e r  e a c h  c o r b e l  s h o u l d  n o t  p r o ­

j e c t  m o r e  t h a n  5  c m .  f r o m  t h e  c o r b e l  
b e l o w .  H e a d e r s  p r o v i d e  a  b e t t e r  

m e a n s  o f  c o n s t r u c t i n g  c o r b e l s  a s  

t h e y  c a n  b e  b o n d e d  w e l l .  T h e  c o r b e l s  

m a y  b e  c o n t i n u o u s  o r  d i s c o n t i n u o u s .  
D i s c o n t i n u o u s  c o r b e l s  a r e  u s e d  t o  

s u p p o r t  c o n c e n t r a t e d  l o a d s  a t  c e r ­

t a i n  p l a c e s .

J a m b s

T h e s e  a r e  v e r t i c a l  s i d e s  o f  o p e n ­

i n g s  l e f t  i n  w a l l s  t o  r e c e i v e  d o o r s ,  

w i n d o w s ,  f i r e - p l a c e s ,  e t c .

T h e  s i m p l e s t  t y p e  i s  t o  h a v e  a  

s q u a r e  j a m b .  T h i s  m e a n s  t h a t  t h e  

w a l l  i s  f i n i s h e d  t h e r e  a s  a  d e a d  e n d .  
T h e  b r i c k s  h a v e  t o  b e  b o n d e d  s u i t a ­

b l y  a s  i n  t h e  c a s e  o f  d e a d  e n d s  (see
F igs. 291-293. T y p ica l b rio k  

corbels to  s u p p o r t  g irders.



w i n d o w  f r a m e s  c a n  f i t  i n .  T h  p  t i o n 8  Q f  t h e s e  o o m p o -
r e v c a l s ,  i n n e r  r e v e a l s  a n d  r e c e s s .  T  p  P  ^  f r a m 0  t o  b e  u s e d
n e n t s  d e p e n d  o n  t h e  w a l l  t h i c k n e s s  a n d  t h e  t y p  y  e n t r y  o f
E e b a t e d  j a m b s  p r o v i d e  a n  e f f e c t i v e  m e a n s  p  

w a t e r .

Figs. 294-293. P la n s  fo r a l te r n a te  courses  a t  ja m b s .

F o r  b e t t e r  l i g h t i n g  o f  a  r o o m  o r  t o  e n h a n c e  t h e  a r c h i t e c t u r a l  

b e a u t y ,  a p l a y e d  j a m b s  w i t h  r e v e a l s  a r e  u s e d .  T h e s e  a r e  g e n e r a l l y  
m a d e ' i n  t h i c k  w a l l a .  T h e  b o n d i n g  c a n  b e  o f  E n g l i s h  o r  F l e m i s h  t y p e  

a n d  s h o u l d  b e  s t r o n g  t o  w i t h s t a n d  t h e  f o r c e s  o f  a r c h e s  o r  l i n t e l s  

w h i c h  s p a n  f r o m  j a m b  t o  j a m b .  T h e  c u t  b r i c k s  s h o u l d  b e  a v o i d e d  

a s  f a r  a s  p o s s i b l e .  R e c e s s e s  m a y  b e  5  c m .  o r  1 0  c m .  i n  d e p t h .
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F i g s .  296-299. B o n d in g  d e ta ils  o f  a l t e r n a t e  c o u r s e s  f o r  S p l a y e d  j a m b s .  

D e f e c t s  i n  B r i c k w o r k

C o m m o n  d e f e c t s  o c c u r r i n g  i n  b r i c k w o r k  a r e  :

( i )  S u l p h a t e  a t t a c k  o n  m o r t a r s .

(ii) U s e  o f  u n s o u n d  m a t e r i a l s .

(Hi) F r o s t  a c t i o n .



( t v )  C o r r o s i o n  o f  i r o n  a n d  s t e e l .

( y )  C r y s t a l l i s a t i o n  o f  s a l t s .

(vi) L i n e a r  c h a n g e s  r e s u l t i n g  f r o m  v a r i a t i o n  i n  m o i s t u r f r

c o n t e n t .

D e f e c t s  o n  a c c o u n t  o f  s u l p h a t e  a t t a c k  l e a d  t o  e x p a n s i o n  o f  

m o r t a r  t h e r e b y  c a u s i n g  c r a c k i n g  o f  b r i c k w o r k ,  s p a l l i n g  o f  b r i c k  e d g e s ,  
d e t e r i o r a t i o n  o f  m o r t a r ,  w i d e  h o r i z o n t a l  a n d  v e r t i c a l  c r a c k s  i n  t h e  
p l a s t e r  a n d  t h e  f a l l i n g  o f f  t h e  p l a s t e r e d  s u r f a c e .  T h e  c a u s e  o f  t h i s  
a t t a c k  i s  t h e  c h e m i c a l  a c t i o n  b e t w e e n  t h e  s u l p h a t e  s a l t s  p r e s e n t  i n  
b r i c k s  a n d  t h e  a l u m i n i u m  c o n s t i t u e n t s  o f  P o r t l a n d  C e m e n t .  T h i s  

a c t i o n  i s  r a p i d  i n  t h e  p r e s e n c e  o f  w a t e r  a n d  h e n c e  w h e r e v e r  m o i s t u r e  

p e n e t r a t e s  o r  e x c e s s i v e  d a m p n e s s  o c c u r s ,  t h i s  t y p e  o f  d e f e c t  i s  
p r e v a l e n t .  P r e v e n t i o n  o f  m o i s t u r e  p e n e t r a t i o n  w i l l  a v o i d  t h i s  d e f e c t  

t o  a  l a r g e  e x t e n t .  B r i c k s  o f  l o w  s u l p h a t e  c o n t e n t  a n d  s u l p h a t e  

r e s i s t a n t  c e m e n t  i n  m o r t a r  s h o u l d  b e  u s e d .

U n s o u n d  m a t e r i a l s  c a u s e  t h e  f o r m a t i o n  o f  s m a l l  p i t s  w i t h  

n o d u l e s  o f  f r i a b l e  m a t e r i a l s  a t  t h e  m o r t a r  j o i n t s .  G e n e r a l  e x p a n s i o n  
a n d  c r a c k i n g  o f  b r i c k w o r k  i s  v i s i b l e .  U n s o u n d n e s s  i n  l i m e  i s  c a u s e d  

b y  t h e  p r e s e n c e  o f  u n s l a k e d  p a r t i c l e s ,  w h i c h  m a y  b e  p r e s e n t  i n  t h e  
m o r t a r  u n l e s s  c a r e  i s  t a k e n  t o  e f f e c t  c o m p l e t e  s l a k i n g .  S i m i l a r l y  

u n s l a k e d  l i m e  p a r t i c l e s  m a y  b e  p r e s e n t  i n  t h e  b r i c k s  a l s o .

D e f e c t s  d u e  t o  f r o s t  a c t i o n  w o u l d  c a u s e  c r a c k i n g  i n  t h e  b r i c k ­

w o r k .  P r e v e n t i o n  o f  w a t e r  a c c u m u l a t i o n  w o u l d  g o  a  l o n g  w a y  i n  

p r e v e n t i n g  t h i s  d e f e c t .

B r i c k w o r k  m a y  g e t  o p e n e d  o r  c r a c k e d  a n d  s t a i n e d  d u e  t o  

c o r r o s i o n  o f  m e t a l s  l y i n g  a d j a c e n t  t o  i t .  U n p r o t e c t e d  i r o n  a n d  s t e e l  a r e  

l i a b l e  t o  g e t  c o r r o d e d  w h e n  a c t e d  u p o n  b y  m o i s t u r e  a n d  t h e y  i n c r e a s e  
i n  b u l k  t h e r e b y  c a u s i n g  c r a c k s  i n  t h e  m a s o n r y .  P r o t e c t i n g  t h e  
m e t a l  s u r f a c e  w i t h  c e m e n t  m o r t a r ,  a t  l e a s t  1  t o  2  c m .  t h i c k ,  i s  

e s s e n t i a !  t o  p r e v e n t  c o r r o s i o n .  P a r t i a l l y  e m b e d d e d  s t e e l  o r  i r o n  

m e m b e r s  s h o u l d  b o  s u r r o u n d e d  w i t h  b i t u m i n o u s  c o m p o u n d  f o r  

p o r t i o n s  n o t  e m b e d d e d  i n  m o r t a r .

C r y s t a l l i z a t i o n  o f  s a l t s  o r  e f f l o r e s c e n c e  i s  a  p r o m i n e n t  d e f e c t  i n  

b r i c k  m a s o n r y .  I n  m o i s t  c l i m a t e ,  d a m p  p l a c e s  l i k e  b a s e m e n t s  o r  
u n d e r  l e a k y  g u t t e r s ,  m a s o n r y  o f t e n  g e t s  d i s f i g u r e d  b y  t h e  f o r m a t i o n  

o f a w h i t e  d e p o s i t  c a l l e d  e f f l o r e s c e n c e .  T h i s  d e p o s i t  o r i g i n a t e s  f r o m
O I a  w n i w  u  F  -  „ n r e a d s  o v e r  a  p a r t  o r  t h e  e n t i r e  f a c e  o f

t h e  " w a l l ”  A b s o r b e d  w a t e r  d i s s o l v e s  t h e  s a l t s  o f  s o d a ,  p o t a s h  a n d  
t n e  w a i l ,  m o r t a r  a n d  w h i l e  e v a p o r a t i n g ,  f o r m s  a
m a g n e s i a  c o n t a i n e d  i n t h e  m o r t M  a n  ^  t h e  u n 9 i g h t y

c r y s t a l l i n e  d e p o s i t  • ^  p Q r e a  0 f  b r i c k s  o r

a p p e a r a n c e ,  t h e o r y a  j  -  e x p a n a i o n  r e s u l t i n g  i n  d i s i n t e g r a t i o n

m o r t a r  m a y  c a i  P  . a e  0 f  p o r o u s  b r i c k s  i n  c o n t a c t  w i t h
d u e  t o  c r a c k i n g .  A v  * ' t e c t i o n  o f  b r i c k w o r k  a g a i n s t  c o n t a m i n a -
l i m e - s t o n e  o r  c a s t - s t o n  , p  d u r i n g  b u i l d i n g  o p e r a t i o n s  a n d  f r o m  

t i o n  w i t h  8 a l  ^ g n T k e c T d u T i n g  c o n s t r u c t i o n  a n d  " c o r r e c t  d e s i g n  o fa s  p— — • . .
, ,1,  t o  t h e  s h r i n k a g e  m o v e m e n t s  a r i s i n g

r f i a n g T s ' '  U.m m o i s t u r e  c o n t e n t s .  T h i s  d e f e c t  i s  m o r e  c o m m o n
f r o m



w i t h  c o n c r e t e  a n d  s a n d  l i m e  b r i c k s .  S t e p p e d  c r a c k s  a p p e a r  o n  t h e  
s u r f a c e .  T h e y  s e l d o m  c o n t i n u e  b e l o w  d a m p  p r o o f  c o u r s e s  a n d  

m o s t l y  a p p e a r  d u r i n g  t h e  f i r s t  l o n g  s p e l l  o f  d r y  w e a t h e r  o r  i n  w o r k  
s i t u a t e d  i n  u n e x p o s e d  p o s i t i o n ,  e.g., p a r t i t i o n s  a n d  i n n e r  l e a v e s  o f  

c a v i t y  w a l l s .  G o o d  q u a l i t y  b r i c k s  s h o u l d  b e  u s e d  i n  d r y  c o n d i t i o n .  

A l l  t h e  w o r k  s h o u l d  b e  p r o t e c t e d  f r o m  r a i n  d u r i n g  e r e c t i o n .

QUESTIONS
1. B riefly describe th e  v arious ty p e s  o f b ricks used in  b rickw ork . 

W h a t are  th e  d iffe ren t ty p es  o f m o rta rs  used fo r b ric k  m aso n ry  w ork  ?
2. I l lu s tra te  w ith  sketches  th e  m ea n in g  conveyed  by  th e  follow ing 

term s w hen re ferred  to  brickw ork :
(i ) H e ad ers  ; (ii) S tre tch e rs  ; (Hi) C loser ; (iv) B ond  ; (t>) P e rp e n d s  ; 

(tri) Toothing.
3. W h a t is th e  significance o f b ond ing  in brickw ork  ? E x p la in  by  

sk e tch e s  th e  difference betw een E n g lish  bond , D ouble F lem ish  b o n d  a n d  S ing le  
F lem ish bond,

4. W h a t are  th e  ad v a n tag es  a n d  d isad v an ta g es  o f  E n g lish  b o n d  o v er 
F lem ish  bond ?

D raw  sketches to  i l lu s tra te  th e  la y o u t o f bricks in  a l te r n a te  courses o f  a  
rig h t ang led  corner o f  40 cm . w alls in E n g lish  B ond.

6. W rite  sh o rt no tes on :—
(*) S tre tch e r bond ; (t*) H e a d e r  bond ; ( in )  S ingle F le m ish  bon d  ; 

(m>) E ng lish  G arden  w all bon d  ; (v) Z igzag b o n d ; (v i ) D u to h  b o n d .
0. D raw  to  a  su ita b le  sca le th e  a r ra n g e m e n t o f v a rio u s  b rick s  in  a l t e r ­

n a te  oourses o f :—
(а) A r ig h t  an g le d  co m e r o f  40 om. w all w ith  30 om. w a ll in  E n g lish  

bond.
(б) A r ig h t ang led  co rner o f a  2J b ric k  w all w ith  a n o th e r  2$ b ric k  

w all in  D ouble F le m ish  b o n d .

7. B riefly  desc ribe w ith  sk etch e s  th e  c o n s tru c tio n  o f  a  30 x  30 cm . a n d  
4 0 x 4 0  cm . b rick  colum n in E ng lish  a n d  F lem ish  bonds,

8. W rite  sh o r t  no tes on
(♦') T -junc tions  ; (i i)  In te rse c tio n s  ; (Hi) J a m b s  ; (tv) A 00° S q u in t 

junction .

D raw  ty p ica l lay o u t fo r b ond ing  a rra n g e m e n ts  u sing  one a n d  a  h a lf  
b rick  w all th icknesses in all th e  ab o v e  cases in  E n g lish  bond .

9. W h a t are  th e  c h a ra c te r is tic s  o f  a n  efficien t fire-p lace t  D ra w  a  
typ ical e levation , sec tio n  an d  p lan  o f a  fire-p lace in  a  liv in g  room  o f  a  b u ild in g . 
In d ic a te  also as  to  how th e  flues o f tw o -th re e  fire-p laces a t  d iffe ren t floors ca n  
be accom m odated  in one ch im n ey  b re a s t .

ii 1(i ’ de<?°rib e  Btep by  s te p  th o  c o n s tru c tio n  o f  40 om . e x te r io r
-walls o f a bu ild ing  in  first class b ric k  m aso n ry . W h a t a re  th e  esse n tia l po in ts  
to  be k e p t in  v iew  to  g e t  p ro p e r b ed  a n d  s ide  jo in ts?

I l l u s t r a t e  w r t h  S k i w S ?  t l “  ™ i0U 8  t y p M  ° f  i o i n f a  ™ >d b r i o k

12. W h a t a re  th e  a d v a n ta g e s  o f re in fo rce d  b rick  w ork  co n s tru c tio n  ? 
W rite  sh o rt no tes  on :—

(»') R ein fo rced  b rick  w alls ; ( i i ) R e in fo roed  b ric k  lin te ls, 

w a lls  13 B n efly  d eacnbe tb e  fa c to rs  w h ich  d e te rm in e  th e  th io k n ess  o f  b rick

W h a t a re  th e  sa fe  allow ab le p re ssu res  on :__
(а) B u rn t  b rickw ork  in  c e m e n t m o r ta r  1 : 4.
(б) B u r n t  b rickw ork  in  m u d  m o rta r .



14. W rite  sh o r t  n o te s  on  :
(i) B rick  knogged p a r t i t io n s ;  (« )  B rick  oopings : (***) J a m b s;  

(i v ) B rick  steps.

16. W h a t a re  th e  com m only observed  d efects in  b rick w o rk  ? W h a t 
p re v e n tiv e  m ea su res  can  be tak e n  in each case ?
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4
STONE MASONRY

S t o n e  h a s  b e e n  r e o o g n i s e d  a s  a  b u i l d i n g  m a t e r i a l  s i n c e  p r i m i t i v e

d 8 y 8 ' S t o n e  m a s o n r y  i s  u s e d  f o r  t h e  c o n s t r u c t i o n  o f  w a l l s ,  c o l u m n s  

l i n t e l s ,  a r c h e s ,  f o o t i n g s ,  b e a m s ,  e t c . ,  o f  a  b u i l d i n g .  S t o n e s  a r e  a b u n  
d a n t l y  a v a i l a b l e  i n  n a t u r e  a n d  w h e n  c u t  a n d  d r e s s e d  t o  p r o p e  
s h a p e s  t h e y  p r o v i d e  a n  e c o n o m i c a l  m a t e r i a l  f o r  t h e  c o n s t r u c
tion of various parts  o f  a  b u i l d i n g .  H o w e v e r  s t o n e s  a r e  n o t  a v a i l

a b l e  i n  a l l  p a r t s  o f  I n d i a  a n d  a r e  c o s t l y  t o  w o r k  i n t o  d i f f e r e n t  s h a p e s  

I t  i s  a l s o  d i f f i c u l t  t o  h a n d l e  s t o n e s  b e c a u s e  o f  t h e i r  h e a v y  w e i g h t  
G e n e r a l l y ,  w h e r e v e r  s t o n e s  a r e  a v a i l a b l e ,  b r i c k s  c a n n o t  b e  m a n u f a c  
t u r e d  e c o n o m i c a l l y  a n d  vice versa. H e n c e  s t o n e  m a s o n r y  i s  a n  i n  

t e c r r a l  f e a t u r e  o f  b u i l d i n g s  l o c a t e d  i n  h i l l y  a r e a s .  S t o n e  m a s o n r y  

a l s o  p r o v i d e s  a  g o o d  a r c h i t e c t u r a l  l o o k .  S t o n e s  a r e  a l s o  u s e d  f o r  t h e  

c o n s t r u c t i o n  o f  m o n u m e n t a l  s t r u c t u r e s .

Materials used for Stone Masonry
T h e  m a t e r i a l s  u s e d  f o r  s t o n e  m a s o n r y  a r e  s t o n e s  a n d  m o r t a r .  

T h e  c o m m o n  t y p e s  o f  s t o n e s  a v a i l a b l e  i n  I n d i a  f o r  s t o n e  

m a s o n r y  a r e  :

( ! )  Granites  :  T h e s e  a r e  t h e  h a r d e s t  t y p e s  o f  s t o n e s  a n d  a r e

d i f f i c u l t  t o  w o r k  w i t h .  T h e y  a r e  a v a i l a b l e  i n  v a r i o u s  c o l o u r s  r a n g i n g  
f r o m  w h i t e  t o  g r e e n .  T h e s e  a r e  u s e d  f o r  t h e  c o n s t r u c t i o n  o f  s t e p s ,  

w a l l s ,  s i l l s  a n d  a s  f a c i n g  o v e r  o t h e r  m a s o n r y .  T h e y  a r e  f o u n d  i n  

D h a r w a r ,  M a d r a s  a n d  K a s h m i r .

( 2 )  Sandstones  : T h e y  a r e  m a d e  u p  o f  q u a r t z  c c m e n t e d  b y  a

m a t r i x  o f  s i l i c a .  T h e y  a l s o  c o n t a i n  m i c a ,  f e l s p a r  a n d  o x i d e s  o f  i r o n .  

T h e  c o l o u r  o f  s a n d s t o n e s  i s  d u e  t o  t h e  p r e s e n c e  o f  o t h e r  m i n e r a l s  

i n  t h e m .  T h e y  c a n  b e  w o r k e d  e a s i l y  t o  t a k e  a n y  o r n a m e n t a l  s h a p e .  

T h e i r  t e x t u r e  b e i n g  c o a r s e ,  t h e y  g i v e  a  g o o d  a p p e a r a n c e  w h e n  u s e d  

a l o n g  w i t h  b r i c k  m a s o n r y .  C o l o u r e d  s a n d s t o n e s  a r e  u s e d  i n  t h e  

f a c e w o r k  o f  b u i l d i n g s  t o  g i v e  a r c h i t e c t u r a l  t r e a t m e n t .  T h e y  a r e  

u s e d  f o r  w a l l s ,  c o l u m n s ,  f a c i n g s ,  s t e p s ,  f l o o r i n g ,  e t c .  T h e y  a r e  m o s t l y  

f o u n d  i n  B o m b a y  S t a t e ,  R a j a s t h a n  a n d  A n d h r a  P r a d e s h .



( 3 )  Lim estones  :  T h e s e  a r e  c a l c i r i o u s  r o o k s  a n d  c o n s i s t  o f  

c a r b o n a t e  o f  l i m e .  T t i e y  a r e  a v a i l a b l e  i n  v a r i o u s  c o l o u r s  a n d  a r e  e a s y  
t o  w o r k  w i t h .  T h e y  a r e  u s e d  f o r  w a l l s ,  f l o o r s ,  s t e p s ,  e t c .  H o w e v e r ,  

t h e y  a r e  l i a b l e  t o  g e t  d i s f i g u r e d  i n  a c i d i c  a t m o s p h e r e .

( 4 )  Marbles  s T h e y  a r e  v e r y  u s e f u l  m a t e r i a l  f o r  f l o o r i n g  a n d  
m o n u m e n t a l  s t r u c t u r e s .  M a r b l e s  a r e  a v a i l a b l e  i n  v a r i o u s  c o l o u r s  a n a  

c a n  t a k e  v e r y  g o o d  p o l i s h .  T h e y  a r e  a v a i l a b l e  i n  R a j a s t h a n  a n d  

B o m b a y  S t a t e .
( 5 )  Slates : T h e s e  a r e  a v a i l a b l e  i n  h i l l y  a r e a s  a n d  a r e  m e m -

m o r n h i c  r o c k s .  G e n e r a l l y  t h e y  h a v e  a  b l a c k  c o l o u r .  S l a t e s  c a n  b e  
s p l i t  i n  t h i n  s h e e t s  a l o n g  t h e i r  b e d d i n g  p l a n e s .  T h e y  a r e  m o s t l y  u s e d  

f o r  r o o f i n g  w o r k .
T h e  p r o p e r t i e s  o f  s t o n e s  w h i c h  a r e  i m p o r t a n t  f o r  s t o n e  m a s o n r y  

a r e  s t r e n g t h  a n d  d u r a b i l i t y .  E c o n o m y  a n d  a p p e a r a n c e  a r e  a d d i -  

t i o n a l  r e q u i r e m e n t s .  T h e  m a i n  c o n s i d e r a t i o n s  f o r  d u r a b i l i t y  a r e  

l a s t i n g  q u a l i t i e s  o f  t h e  s t o n e  i t s e l f  a n d  t h e  l o c a l i t y  w h e r e  i t  i s  t .  b e  
u s e d  P o r o u s  s t o n e s  a r e  u n s u i t a b l e  f o r  a r e a s  p r o n e  t o  h e a v y  r a i n f a l  

IZ  f r o s t  S t o n e s ,  e.g., m a r b l e s  h a v i n g  l o w  p o r o s i t y  a n d  l o w  c o e f f i -
o U n t s  o f  e x p a n s i o n  a n d ’ c o n t r a c t i o n  s h o u l d  b e  u s e d  i n  a r e a s  s u b j e c t e d  

t o  l a r g e  v a r i a t i o n s  i n  r a i n f a l l  a n d  t e m p e r a t u r e s .

O n n e r a l l v  l i m e  a n d  c e m e n t  m o r t a r s  a r e  u s e d  f o r  s t o n e - m a s o n r y .

E ffiA ..... W — »“ -
cem enting m aterials and  ; 3  a filler m a t e r i a l  s o  e c o -

n o m y T s rV o " u . a : f a n ? s T n d l y  i t  ^ s  t o  d e n s i t y  t h e r e b y  a d d i n g  

s treng th  and  also reducing shrinkage.

D e f e C B e t o e S ‘ ” n "  s t o n e  i n  a  b u i l d i n g ,  t h e  f o l l o w i n g  d e f e c t s  s h o u i d

b8 0 h "  = T h e s e  a r e  s m a l l  f i g u r e s  o r  h o l . o w s  i n  t h e  s t o n e

w h i c h  r e n d e r  i t  h a b | ^  * °  ^ “ ^ n u t o c r a c k s  c o n t a i n i n g  c a l c i t e  w h i c h

( 6 )  Shake, ■■ J h « See aat r06n8T e a t h e r s ,  t h e s e  v e i n s  b e in g  s t r o n g e r  

p r o T e o t T b e y o n d 3 t h e  s u r f a c e  o f  t h e  s t o n e  a n d  r e n  e r  

a p p e a r a n c e .  T h e s e  a r o  o r a c k s  o r  b o l e s  f i l l e d

w i t h e r ' ^ " l u t L .  T h e y  a r e  l i a b l e  t o  d e c o m p o s i t i o n  

w h e n  s u b j e o t e d  t o  w e a t h e r i n g  p e a r a n C e  d u e  t o  t h e  p r e -

i n g  m a t e r i a l  T h e s e  a r e  s m a l l  f o s s i l s  o r  s h e l l s  a n d  w h e n

f o u n d ' i n  e ^ s , r e n d e r  t h e  s t o n e  l i a b l e  t o  d e c a y .

l i n e  o f  p r e s s u r e .



( 2 )  Bedding P la n ts  :  T h e  p l a n e s  w h i c h  s e p a r a t e  t h e  d i f f e r e n t
l a y e r s  o f  s t o n e  a n d  a r e  a t  r i g h t  a n g l e s  t o  t h e  p r e s s u r e  w h i c h  a c t s  o n  

t h e  s t o n e  m a s s  d u r i n g  i t s  f o r m a t i o n  i n  n a t u r e .

( 3 )  Ashlar M asonry  :  M a s o n r y  c o m p o s e d  o f  r e c t a n g u l a r  u n i t s  

u s u a l l y  l a r g e r  i n  s i z e  t h a n  a  b r i c k .  T h e  s t o n e s  a r e  p r o p e r l y  b o n d e d ,  

s a w n ,  d r e s s e d  a n d  h a v e  p r o p e r  t h i n  m o r t a r  j o i n t s .

( 4 )  Rubble M asonry  : A n y  s t o n e  w o r k  w h i c h  i s  n o t  h i g h l y

f i n i s h e d .

( 5 )  String  Course :  T h i s  i s  a  c o n t i n u o u s  h o r i z o n t a l  c o u r s e  o f  
m a s o n r y  p r o j e c t i n g  f r o m  t h e  f a c e  o f  t h e  w a l l  a n d  i s  i n t e n d e d  t o  

t h r o w - o f f  w a t e r .

( 6 )  Corbel:  T h i s  i s  a  p i e c e  o f  s t o n e  p r o j e c t i n g  f r o m  a  w a l l  t o  

s u p p o r t  a  s t r u c t u r a l  m e m b e r .

( 7 )  Cornice :  T h i s  i s  a  m o u l d e d  c o u r s e  o f  m a s o n r y  h a v i n g

l a r g e  p r o j e c t i o n s .  I t  i s  u s e d  f o r  t h r o w i n g  o f f  w a t e r .

( 8 )  Block in-course : T h i s  i s  a  c o u r s e  o f  s t o n e s  e r e c t e d  o n  t h e
c o r n i c e .  T h e  o b j e c t  i s  t o  h o l d  d o w n  t h e  c o r n i o e  a n d  a l s o  t o  g i v e
e m p h a s i s  t o  t h i s  p a r t  o f  t h e  s t r u c t u r e .

( 9 )  Cramp  ;  T h i s  i s  a  s l a t e  o r  m e t a l  c o n n e c t i o n  u s e d  i n  s t o n e
w o r k .

( 1 0 )  Diaper-work  :  S u r f a c e s  a n d  p a n e l s  i n  s t o n e  w o r k  f o r m e d  
b y  t h e  u s e  o f  s q u a r e  s t o n e s  i n  a n  o r n a m e n t a l  m a n n e r  i s  c a l l e d  d i a p e r  
w o r k .

( 1 1 )  D rip-Stone  :  A  p r o j e c t e d  s t o n e  m o u l d i n g  h a v i n g  a  t h r o a t ­
e d  u n d e r  s u r f a c e  t o  t h r o w  w a t e r  o f f  t h e  w a l l s .

( 1 2 )  Grouting  : S p r e a d i n g  a n d  w o r k i n g  o f  m o r t a r  o v e r  t h e  
s t o n e s  t o  f i l l  u p  a n y  i n t e r s t i c e s  b e t w e e n  t h e m .

( 1 3 )  M ouldings  : T h e s e  a r e  o r n a m e n t a l  f e a t u r e s  g i v e n  t o  c o n ­
s t r u c t i o n a l  m e m b e r s  t o  e n h a n c e  t h e i r  a e s t h e t i c  e f f e c t .

( 1 4 )  Tem plates  ; P i e c e s  o f  s t o n e s  p l a c e d  u n d e r  t h e  e n d  o f  a  
b e a m  t o  d i s t r i b u t e  t h e  l o a d  o v e r  a  g r e a t e r  a r e a .

( 1 5 )  Throating  ; T h e s e  a r e  g r o o v e s  c u t  o n  t h e  u n d e r - s u r f a c e s  
o f  s i l l s ,  c o p i n g s ,  s t r i n g  c o u r s e s ,  e t c . ,  t o  p r e v e n t  t h e  w a t e r  f r o m  t r i c k l ­
i n g  d o w n  t h e  w a l l s .

, ,  , ( * ? !  Through-stone  : T h e s e  a r e  s t o n e s  e x t e n d i n g  t h r o u g h o u t
t h e  t h i c k n e s s  o f  t h e  w a l l .  T h e y  a o t  a s  b o n d  s t o n e s  a n d  i n c r e a s e  t h e  
s t a b i l i t y  o f  t h e  w a l l .

Tools for Stone Masonry

m . a r e  w ° r k 8 d  Y i t h  h a n d  t o o l «  «  ™ 1 I  a s  w i t h  m a c h i n e s .
I h e  f o l l o w i n g  a r e  t h e  t o o l s  u s e d  b y  a  m a s o n .

.TJ ? w d ; T i l i a  i s  f o r  s p r e a d i n g  m o r t a r  a n d  i s  s i m i l a r  
t o  t h e  b r i c k l a y e r  s  t r o w e l .

f i n - J ?  Squarr l ':  T h i 8 . i8  m a d o  o f  f l a t  i r o n  a n d  e a c h  a r m  i s  a b o u t  
o u  c m .  l o n g .  I t  i s  u s e d  i n  s e t t i n g  o u t  r i g h t  t

f . s J e J J r t i L l ^ z madeonwo bladea of ir0n “  and



(4) Sp irit level : This is used for checking th e  horizon ta lity  o f 
m asonry courses.

F ig s. 300-302. T ools fo r sbone m aso n ry  : (t) B evel, ( it)  Chisel, 
(m )  T ry -square .

( 5 )  Plumb rule and bob : T h i s  i s  s i m i l a r  t o  a  b r i c k l a y e r ’s  p l u m b  

r u l e  a n d  i s  u s e d  t o  c h e c k  t h e  v e r t i c a l i t y  o f  w a l l s .

( 6 )  M allet :  T h i s  i s  a  w o o d e n  h e a d e d  h a m m e r  a n d  i s  u s e d  f o r  

d r i v i n g  w o o d e n  h e a d e d  c h i s e l s .

( 7 )  Iron  hammer  : T h i s  i s  u s e d  f o r  c a r v i n g  s t o n e s .

( 8 )  P ick : T h i s  h a s  a  l o n g  h e a d  p o i n t e d  a t  b o t h  e n d s .  T h i s  i s  

u s e d  f o r  r o u g h  d r e s s i n g  o f  g r a n i t e s .

( f l )  Spoiling hammer  :  T h i s  i s  a  h e a v y  h a m m e r  u s e d  f o r  r o u g h  

d r e s s i n g  o f  s t o n e s  i n  t h e  q u a r r y .

( 1 0 )  Chisels  • T h e y  a r e  u s e d  w i t h  m a l l e t s  a n d  w i t h  h a m m e r s .  

T h e y  h a v e  g o t  d i f f e r e n t  s h a p e s  a n d  h a v e  p o i n t e d  h e a d s .

' ( 1 1 )  Claw tool : T h i s  h a s  a n  e d g e  w i t h  a  n u m b e r  o f  t e e t h  

f r o m  3  m m .  t o  9  m m .  i n  w i d t h  a n d  i s  u s e d  f o r  d r e s s i n g  t h e  s u r f a c e s

o f  s t o n e s .
( 1 2 )  Pitching tool : T h i s  h a s  a  l o n g  e d g e  w i t h  a t h i c k  b e a d  

a n d  i s  u s e d  f o r  r e d u c i n g  t h e  s i z e  o f  s t o n e s .

( 1 3 )  Jum pers  :  T h e s e  a r e  u s e d  f o r  b o r i n g  h o l e s .



s t o n e s .

A TEXT BOOK OF BUILDING CONSTRUCTION 

( 1 4 )  W o o d  h a n d le d  c h ise ls  : T h e s e  aro r a e d  for dressing soft

¥

T ?

F ig a . 303-316. Tools for s to n e  m aso n ry .

( 1 5 )  Wedge and feathers  :  T h e s e  a r e  s m a l l  c o n i c a l  w e d g e s  a n d  

c u r v e d  p l a t e s .  T h e y  a r e  u s e d  f o r  c u t t i n g  t h o  s t o n e s  a f t e r  t h e y  h a v e  

b e e n  b o r e d  w i t h  a  j u m p e r .

( 1 6 )  Gads  :  T h e s e  a r e  s m a l l  i r o n  w e d g e s  f o r  s p l i t t i n g  o f  s t o n e s .



( 1 7 )  Saws : T h e s e  m a y  b e  d o u b l e  s a w ,  a  f r a m e d  s a w  o r  a  h a n d  

s a w .  T h e y  a r e  u s e d  f o r  c u t t i n g  s t o n e s  w i t h  h a n d s .

Cutting and Dressing of Stones
S t o n e s ,  f o u n d  i n  n a t u r e ,  h a v e  t o  b e  q u a r r i e d  f r o m  t h e i r  t h i c k  

b e d s . A f t e r  q u a r r y i n g  l a r g e  p i e c e s  o f  s t o n e s ,  i t  i a  e s s e n t i a l  t o  b r e a k  
t h e m  i n t o  s m a l l e r  s i z e s  s o  t h a t  t h e y  c a n  b e  u s e d  i n  a  b u i l d i n g .  T h e y  
a r e  a l s o  d r e s s e d  i n t o  s u i t a b l e  s h a p e s  a n d  p o l i s h e d  t o  g i v e  a  s m o o t h  

s u r f a c e ,  i f  d e s i r e d .  T h e  s t o n e s  a r e  u s e d  i n  d i f f e r e n t  t y p e s  o f  m a s o n r y  
d e s c r i b e d  s u b s e q u e n t l y  a n d  h a v e ,  t h e r e f o r e ,  t o  b e  c u t  a n d  s h a p e d  t o  

f i t  i n  t h e  t y p e  o f  w o r k  n e e d e d .  V a r i o u s  t y p e  o f  f i n i s h e s  a n d  t h e  
m e t h o d s  o f  d r e s s i n g  a n d  c u t t i n g  t h e  s t o n e s  t o  g e t  t h e  d e s i r e d  s u r f a c ­

e s  a r e  d e s c r i b e d  b e l o w  :

( 1 )  Scabbling  : I r r e g u l a r  e d g e s  o f  t h e  s t o n e s  a r e  b r o k e n  o f f  
a n d  t h e  s t o n e  i s  s h a p e d  s o m e w h a t .  T h i s  w o r k  i s  g e n e r a l l y  d o n e  i n  

a  q u a r r y  a n d  t h e  e d g e s  a r e  b r o k e n  w i t h  a  s c a b b l i n g  h a m m e r .

( 2 )  H amm er dressed  :  L a r g e  r a i s e d  p o r t i o n s  o f  t h e  s t o n e s  a r e  

c u t  a n d  t h e  s t o n e  i s  m a d e  s o m e w h a t  f l a t  b u t  r o u g h  d u e  t o  h a m m e r  
m a r k s .  T h e s e  s t o n e  b l o c k s  a r e  s q u a r e d  s o m e w h a t  a n d  t h e  b e d  a n d  
v e r t i c a l  s i d e s  a r e  d r e e s e d  t o  a  d i s t a n c e  o f  8  t o  1 0  c m  f r o m  t h e  f a c e .  

T h i s  i s  d o n e  t o  e n a b l e  t h e  s t o n e  t o  h a v e  p r o p e r  j o i n t s .  T h i s  w o r k  i s  
d o n e  b y  t h e  u s e  o f  W a l l e r ’s  h a m m e r .  T h e  t y p e s  o f  s t o n e s  s o  o b t a i n e d  
a r e  t e r m e d  h a m m e r  f a c e d ,  q u a r r y  f a c e d  o r  r u s t i c  f a c e d  (see  F i g s .  

3 1 7 - 3 2 2 ) .

( 3 )  Boasted or Droved fin ish  : T h e  s t o n e  i s  c u t  t o  a  l i t t l e  l e v e l  

f a c e  a n d  i s  f i n i s h e d  b y  m e a n s  o f  a  b o a s t e r  ( c h i s e l  w i t h  a n  e d g e  
o f  6  c m .  w i d t h ) .  T h e s e  m a r k s  m a y  b e  h o r i z o n t a l  o r  a t  a n  a n g l e .  

T h e  c h i s e l  m a r k s  a r e  n o t  c o n t i n u o u s  a c r o s s  t h e  w h o l e  w i d t h  o t  t n e  

s t o n e .
( 4 )  Tooled fin ish  : I n  t h i s  c a s e  t h e  c h i s e l  m a r k s  a r e  c o n t i n u o u s

a n d  p a r a l l e l  t h r o u g h o u t  t h e  w i d t h  o f  t h e  s t o n e .  T h e s e  a r e  a l s o  

d e e p e r  t h a n  t h e  o n e s  d e s c r i b e d  a b o v e .

f e y

h a m m e r

D R E S S E D

B O A S T E D  
O R DROVED

V ER M ICU LA TED

F ig s -  3 1 7 - 3 2 2 .  F i n i s h e s  f o r  s t o n e w o r k .
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( 5 )  Furrowed finish : I n  t h i s  c a s e ,  a b o u t  1  cm. vertical or
h o r i z o n t a l  g r o o v e s  a r e  s u n k  w i t h  a  c h i s e l  h a v i n g  its  e n d  shaped as a 
h o l l o w  s e m i - c i r c l e  ( g o u g e ) .  T h e  s i d e s  o f  t h e  rock are kep t either 
c h a m f e r e d  o r  s u n k .

( 6 )  Reticulated fin ish  :  I n  t h i s  t y p e  o f  work, irregular shaped
s i n k i n g s  a r e  m a d e  w i t h i n  t h e  c e n t r a l  p o r t i o n  o f  the stone having a
2  c m .  w i d e  m a r g i n  o n  i t s  s i d e s .  T h e s e  sinkings are  abou t 6 m m .  

deep. T h e  m a r g i n  a r o u n d  t h e  s i n k i n g s  i s  o f  constant w idth. The 
s u n k  s u r f a c e s  m a y  h a v e  p u n c h e d  m a r k s  t o  g i v e  a b etter appearance.

( 7 )  Vermiculated fin ish  : T h e  s i n k i n g s  are  of the reticu lated  
t y p e  e x c e p t  t h a t  t h e y  a r e  m o r e  c u r v e d  and g i v e  a  worm ea ten  type  
o f  a p p e a r a n c e .  T h e s e  t y p e s  a r e  n o t  v e r y  common as they need lot 
o f  l a b o u r  i n  c o n s t r u c t i o n .

( 8 )  Oombed or Dragged fin ish  ; This type o f finish is done on 
s o f t  s t o n e s .  A  c o m b  i s  d r i v e n  over the surface o f th is  stone t a  
r e m o v e  a l l  e l e v a t i n g  p o r t i o n s .

( 9 )  Punched fin ish  : D e p r e s s i o n s  are  formed on the rough 
s u r f a c e  w i t h  a  p u n c h .  A  s e r i e s  o f  r i d g e s  and hollows are produced.

p u n c h e o

COMBED OR
DRAGGED

PIC K ED
PO LISH ED

RUBBED

Figs. 323-327. F in ish es  fo r S tonew ork .

s t o n e s

t y p e .

? l ^ t i J l n i Sh \ » ™ s , t y p e  ° f  f i n i s h  ia  o b t a i n e d  b y  d r e s s i n g  
s w i t h  a  p o i n t  a n d  the depressions are  sm aller t h a n  t h e  a b o v e



( 1 1 )  Chisel Drafted M argins  : T h e y  g i v e  a  b e t t e r  a p p e a r a n c e

a n d  h e l p  i n  g e t t i n g  u n i f o r m  j o i n t s .  T h e  m a r g i n s  c a n  b e  c h a m t e r e d ,  
s q u a r e d  o r  p i t c h e d .  T h e y  a r e  g i v e n  a  b o a s t e d  o r  a  t o o l e d  h m s  . 

E a c h  q u o i n  s t o n e  m u s t  h a v e  d r a f t s  a t  t h e  c o r n e r s  s o  a s  t o  h e l p  i n  

p u t t i n g  t h e  s t o n e s  i n  p l u m b .

( 1 2 )  M oulded fin ish  : M o u l d i n g s  o f  v a r i o u s  t y p e s  c a n  b e
w o r k e d  o n  t h e  a t o n e s  t o  i m p r o v e  t h e i r  a p p e a r a n c e .  T h e s e  a r e  e i t h e r  
h a n d  m a d e  o r  m a c h i n e  m a d e .  V a r i o u s  t y p e s  o f  m o u l d i n g s  u s e d  a r e  

d e s c r i b e d  l a t e r  o n .

( 1 3 )  Rubbed fin ish  : T h e  s u r f a c e s  o f  t h e  a t o n e s  a r e  r u b b e d

t o  s e t  a  s m o o t h e r  f i n i s h .  O n e  p i e c e  o f  a t o n e  i s  r u b b e d  a g a i n s t  t h e  

o t h e r .  W a t e r  a n d  s a n d  a r e  a d d e d  t o  a i d  t h e  o p e r a t i o n .  M a c h i n e  

r u b b e d  s t o n e s  a r e  a l s o  a v a i l a b l e .

( 1 4 )  Polished Surfaces  : S t o n e s  w h i c h  c a n  t a k e  p o l i s h ,  e.g., 
g r a n i t e s ,  m a r b l e s ,  l i m e - s t o n e s  a r e  f i r s t  r u b b e d  t o  a  s m o o t h  s u r f a c e  
a n d  t h e n  p o l i s h e d  b y  u s i n g  r u b b e r  a n d  p a d ,  s a n d  a n d  w a t e r  
p u m i c e ,  a n d  p u t t y  p o w d e r .  H o w e v e r ,  m a c h i n e s  c a n  a l s o  b e  u s e d  

f o r  p o l i s h i n g .

( 1 5 )  Sand Blasting : T h i s  i s  d o n e  t o  i m p r i n t  l e t t e r i n g s  a n d

d e s i g n s  o n  t h e  s u r f a c e  o f  g r a n i t e s .  T h e  p o l i s h e d  s u r f a c e  i s  c o a t e d  
w i t h  a  m o l t e n  r u b b e r  l i k e  c o m p o u n d  w h i c h  s o l i d i f i e s  o n  ° ° “ h n g  
T h e  d e s i r e d  d e s i g n  i s  c u t  o n  t h i s  c o a t i n g  w i t h  a  s h a r p  t o o l  t h e r e b y  

e x p o s i n g  t h e  s t o n e  s u r f a c e  w h i c h  i s  t o  b e  c u t .  A  b l a s t  o f  s a n d  i s  
t h e n  b l o w n  w i t h  c o m p r e s s e d  a i r ,  t h e  p a r t  w h i c h  i s  e x p o s e d  i s  c u t  t o  

t h e  d e p t h  n e e d e d .

Selection  o f  Surface Finish
T h e  t y p e  o f  f i n i s h  t o  b e  a d o p t e d  a t  a  p a r t i c u l a r  p l a c e  d e p e n d s  

u p o n  t h e  t V p e  o f  m a s o n r y ,  t y p e  o f  s t o n e ,  t h e  a r c h i t e c t u r a l  e f f e c t  

n e e d e d ,  a t m o s p h e r i c  c o n d i t i o n s  a n d  t h e  f u n d s  a v a i l a b l e .

T h e  h a m m e r e d  f i n i s h e s  a r e  s u i t a b l e  o n l y  o n  h a r d e r  s t o n e s  a s
t h e  r i d e e s  w i l l  n o t  s t a n d ,  i f  m a d e  o f  a  s o f t  s t o n e .  S i m i l a r l y  t o o l e d

f i n i s h e s  a r e  n o t  s u i t a b l e  f o r  s o f t  s t o n e s .  P o l i s h i n g  c a n n o t  b e  d o n e  

o n  s t o n e s  s u c h  a s  s a n d s t o n e  o r  l i m e s t o n e .

R u b b l e  m a s o n r y  w i l l  b e  h a m m e r  d r e s s e d  a n d  a s h l a r  m a s o n r y  
W i l l  h a v e  s m o o t h  o r  r u b b e d  f a c e s .  M a r b l e  i f  u s e d  f o r  e x t e r i o r  u s .  

w i l l  h a r e  r u b b e d  f a c e  a n d  i f  u . e d  i n  t h e  i n t e r i o r  w i l l  h a v e  a  p o l i s h e d

s u r f a c e .  ,

P o l i s h e d  s u r f a c e s  a r e  u s e f u l  w h e r e  a b s o l u t e  c l e a n l i n e s s  i s  
d e s i r e d  e g  h o s p i t a l s ,  b a t h  r o o m s ,  e t c .  S i m i l a r l y  f i n e r  f i n i s h e s  a r e  

u s e d  o n  i n t e r i o r  s u r f a c e s  w h e r e a s  c o a r s e r  f i n i s h e s  a r e  u s e d  o n  e x t e r n a l  
f t t c e s  H o w e v e r ,  e c o n o m y  i s  a l w a y s  t o  b e  c o n s i d e r e d .  I t  i s  v e r y  

c o s t l y  t o  g e t  s m o o t h  f i n i s h e s  i n  t h e  c a s e  o f  h a r d  s t o n e s  w h e r e a s  i t  

i s  c o m p a r a t i v e l y  c h e a p e r  i n  t h e  c a s e  o f  s o f t  s t o n e s .

T ypes o f  Stone M aso»ry
M a s o n r y  c a n  b e  c l a s s i f i e d  a c c o r d i n g  t o  t h e  t h i c k n e s s  o f  j o i n t * ,  

c o n t i n u i t y  o f  c o u r s e s  a n d  f i n i s h  o f  f a c e .



B r o a d l y  s p e a k i n g  t h e r e  a r e  t w o  t y p e s  o f  s t o n e  m a s o n r y ,  n a m e l y  :

( 1 )  Rubble M asonry  : T h i s  c o n s i s t s  o f  b l o c k s  o f  s t o n e s  e i t h e r

u n d r e s s e d  o r  r o u g h l y  d r e s s e d  a n d  h a v i n g  w i d e r  j o i n t s .

( 2 )  Ashlar M asonry  : T h i s  i s  b u i l t  o f  s t o n e s  c a r e f u l l y  d r e s s e d  

a n d  h a s  n a r r o w  j o i n t s .

T h e  v a r i o u s  s u b - d i v i s i o n s  o f  t h e s e  t w o  t y p e s  a r e  :

B u b b l e  M a s o n r y

A s h l a r  M a s o n r y

( a )  R a n d o m  R u b b l e  :

(b) S q u a r e d  R u b b l e  :

( c )  M i s c e l l a n e o u s  :

( i ) U n c o u r s e d
(ii) C o u r s e d

( i )  U n c o u r s e d  

(it) C o u r s e d  

(Hi) B u i l t  t o  r e g u ­

l a r  c o u r s e s  
( t )  P o l y g o n a l

(ii) F l i n t

( a )  A s h l a r  f i n e

( b)  A s h l a r  r o u g h  t o o l e d

( c )  A s h l a r  r o c k  o r  q u a r r y  f a c e d
(d) A s h l a r  c h a m f e r e d

( e)  A s h l a r  f a c i n g

( / )  A s h l a r  b l o c k - i n - c o u r s e

Rubble Masonry

T h e  s t o n e s  i n  t h i s  t y p e  o f  m a s o n r y  a r e  p y r a m i d a l  t o  s o m e  

e x t e n t .  T h e y  a r e  n o t  o f  u n i f o r m  s i z e  a n d  s h a p e  a n d  a r e  n o t  f i n e l y  

f i n i s h e d -  P r o p e r  b o n d i n g  v e r t i c a l l y  a s  w e l l  a s  t r a n s v e r s e l y  i s  t o  b e  
a t t a i n e d .  T h r o u g h  s t o n e s  h a v e  t o  b e  l a i d  f r o m  b a c k  t o  f a c e  o f  w a l l  

o r  f o r  a t  l e a s t  m o r e  t h a n  h a l f  t h e  w i d t h  o f  t h e  w a l l .  F o l l o w i n g  

p o i n t s  m a y  b e  n o t e d  f o r  a l l  t y p e s  o f  r u b b l e  m a s o n r y .

( 1 )  A l l  s t o n e s  s h o u l d  b e  w e t t e d  b e f o r e  b e i n g  l a i d  i n  t h e  
m a s o n r y .

( 2 )  T h e  s t o n e s  o n  t h e  f a c e  s h o u l d  h a v e  f u l l  j o i n t s  f o r  a  s p e c i f i e d  
d i s t a n c e  f r o m  t h e  f a c e .

( 3 )  S t o n e s  f r o m  o p p o s i t e  f a c e s  s h o u l d  b o n d  w i t h  e a c h  o t h e r ,  a s  
f a r  a s  p o s s i b l e .

( 4 )  T h e  b a c k i n g  s h o u l d  h a v e  s u f f i c i e n t  b o n d  w i t h  t h e  f a c i n g .  

B u i l d i n g  o f  b a c k i n g  a n d  f a c i n g  s e p a r a t e l y  a n d  t h e  f i l l i n g  o f  i n t e r ­
m e d i a t e  s p a c e  w i t h  s m a l l  s t o n e s  i s  o b j e c t i o n a b l e .

( 5 )  T h e r e  s h o u l d  b e  s u f f i c i e n t  h e a d e r s  i n  e a c h  c o u r s e  a n d  t h e y  
s h o u l d  b e  e m b e d d e d  i n t o  t h e  w a l l s  f o r  s u f f i c i e n t  d e p t h .

( 6 )  T h e  f i l l i n g  m a y  n o t  n e c e s s a r i l y  b e  b r o u g h t  t o  t h e  l e v e l  o f  

e a c h  c o u r s e  b u t  s l i g h t l y  t h i c k e r  s t o n e s  t h a n  t h e  h e i g h t  o f  t h e  c o u r s e s  
m a y  b e  a l l o w e d .

( 7 )  T h e  h e i g h t  o f  t h e  s t o n e  s h o u l d  n e v e r  e x c e e d  i t s  l e a s t  
h o r i z o n t a l  d i m e n s i o n .

( 8 )  S t o n e s  s h o u l d  b e  p l a c e d  o n  t h e i r  w i d e s t  s i d e  s o  t h a t  t h e y  
m a y  n o t  a c t  a s  w e d g e s  a n d  f o r c e  o u t  t h e  a d j a c e n t  s t o n e .



( 9 )  F e a t h e r  e d g e d  s t o n e s  w i t h  i n s u f f i c i e n t  t a i l s  s h o u l d  n o t  b e

u s e d .

( 1 0 )  T h e  u s e  o f  c h i p s  s h o u l d  n o t  b a  a l l o w e d  i n  b e d  j o i n t s  f o r  

s e t t i n g  t h e  s t o n e s .

( 1 1 )  T h e  w i d t h  o f  t h e  f a c e  s t o n e  s h o u l d  n o t  b e  l e s s  t h a n  t h e  

h e i g h t  o f  t h e  c o u r s e .

( 1 2 )  C o r n e r  o r  q u o i n  s t o n e  i n  c o u r s e d  r u b b l e  w o r k  s h o u l d  b e  o f  

t h e  s a m e  h e i g h t  a s  t h e  c o u r s e .  I n  o r d e r  t h a t  t h e  v e r t i c a l  j o i n t  m a y  
b r e a k ,  o n e  s i d e  o f  t h e  c o r n e r  s t o n e  i s  m a d e  l o n g e r  t h a n  t h e  o t h e r  
b y  a b o u t  1 5  c m .  a n d  t h e  c o r n e r  s t o n e s  i n  a l t e r n a t e  c o u r s e s  a r e  p l a c e d  
w i t h  t h e i r  l o n g e r  s i d e s  o n  t h e  s a m e  e x p o s e d  f a c e .  T h e  b e d s  o f  c o r n e r  
s t o n e s  m u s t  b e  d r e s s e d  t o  a  d e p t h  o f  1 0  c m .  a n d  e a c h  c o r n e r  s t o n e  

s h o u l d  b e  o f  s u c h  d i m e n s i o n s  s o  a s  t o  h a v e  t h e  m a x i m u m  b e a r i n g  

i n t o  t h e  w a l l .

Random Rubble Masonry
Un-couraed  : U n c o u r s e d  r u b b l e  m a s o n r y  i s  b u i l t  p r a c t i c a l l y  

w i t h o u t  a n y  d r e s s i n g .  T h e  s t o n e s  u s e d  v a r y  v e r y  m u c h  i n  s h a p e  a n d  
s i z e  T h e  m a s o n  s e l e c t s  t h e  s t o n e s  a t  r a n d o m  f r o m  a  h e a p  a n d  l a y s  

t h e m  t o  f o r m  a  s t r o n g  b o n d .  P r i o r  t o  l a y i n g ,  a l l  p r o j e c t i n g  c o r n e r s  

a r e  s l i g h t l y  k n o c k e d  o f f  w i t h  a  h a m m e r ,  i f  n e c e s s a r y .  L a r g e r  s t o n e s  
a r e  l a i d  o n  f l a t  b e d s  a n d  i n  e x c e p t i o n a l  c a s e s  m a y  b e  s u p p o r t e d  o n  

s m a l l  s t o n e s  b u t  n o t  o n  c h i p 3 .  V e r t i c a l  j o i n t s  a r e  n o t  f o r m e d  t o  

p l u m b n e s s .  T h e  j o i n t s  a r e  f i l l e d  

a n d  f i n i s h e d  f l u s h .  T h e y  v a r y  i n  
w i d t h  f r o m  s t o n e  t o  s t o n e .  L a r g e  

s t o n e s  a r e  u s e d  a t  c o r n e r s  a n d  
j a m b s  t o  i n c r e a s e  s t r e n g t h .  T h r o u ­

g h  s t o n e s  a r e  a l s o  p r o v i d e d  a t  
i n t e r v a l s  t o  f u r t h e r  i n c r e a s e  t h e  

s t r e n g t h .  O n e  t h r o u g h  s t o n e  i s  
u s e d  f o r  e v e r y  s q u a r e  m e t r e  o f  

f a c e  w o r k .  T h e y  a r e  a t  l e a s t  4 0 0  

s q .  c m .  i n  a r e a  a n d  r u n  t o  a  d e p t h  
o f  a t  l e a s t  h a l f  m e t r e  o r  t o  t h e  

f u l l  d e p t h  i f  i t  i s  l e s s  t h a n  h a l f  
m e t r e .  T h i s  t y p e  o f  m a s o n r y  a f f o r d s  a  v e r y  r o u g h  a p p e a r a n c e .

I f  t h e  w a l l  i s  g r e a t e r  t h a n  h a l f  m e t r e  i n  t h i c k n e s s ,  a  l i n e  o f  

i  i a r c ( w p r l a n n i n e  e a o h  o t h e r  b y  a t  l e a s t  l o  c m .  s h o u l d  b e  l a i d  

t h r o u g h  t h o  w a l l .  T h e  b a c k i n g  s t o n e s  s h o u l d  b e  o f  l a r g e  s i z e  a n d  3 3 %
«  a h  o n  I d  e x c e e d  V t h  c u b i o  m e t r e  i n  c o n t e n t .  T h e  q u o i n s  a r e  o f  

e le c te d  s t l s h —  d r e s s e d  t o  t h e  r e q u i r e d  a n g l e  a n d  l a i d  h e a d e r  

a n d  B t r e t c h e r  a l t e r n a t e l y .  N o  q u o i n  s h o u l d  b e  l e s s  t h a n  A t h  o f  a  c u .  

m .  i n  c o n t e n t .

O m rse i  ■ I n  t h i s  t y p e ,  t h o  a t o n e s  a r e  l a i d  t o  s o m e w h a t  l e v e l  

c o u r s e s  I n  e a o h  c o u r s e ,  h e a d e r s  o f  f u l l  c o u r s e  h e i g h t  a n d  o o n s . s t . n g  o f  
h a m m e r  d r e s s e d  s t o n e s  a r e  p l a c e d  a t  c e r t a i n  m t e r v a l s .  E a c h  h e a d e r  

h a r  a  w i d t h  n o t  l o s s  t h a n  i t s  h e i g h t  a n d  p r o j e c t s  m t o  t h e  w a l l  a t  

l e a s t  t h r o e  t i m e s  i t s  h e i g h t .  B e t w e e n  t h e  h e a d e r s ,  e a c h  c o u r s e  i s  b u . l t

Figa. 328-329. Random Rubblo 
uncouraed.



,  • i  t h a n  5  c m .  i n  t h i c k n e s s ,
w i t h  s m a l l e r  s t o n e s  w b i o ^  o u n l b e r |  o n B  a b o v e  t h e  o t h e r ,  i n

T h e y  m a y  b e  p l a c e d  t  r f i  n o f  b e  d r e s s e d  b u t  s h o u l d  h a v e  f l a t
e a c h  c o u r s e .  T h e s e  s t o n e s  n e e d ^ o ^ b e  d r e ^  ^  ^  ^

b e d s .  T h e  s ^ e  j o i n t  ^  t h e  b e d  j o i n t s . I t  s h o u l d  b e  a i m e d  t o  

a n  a n g l e  g r e a t e r  t  c o u r s e s  J o i n t s  m a y  b e  a b o u t  1 . 5  c m .  i n

t h i o t a e ®  J ° i n  w a l l s *  o f  t h i c k n e s s e s  u p  t o  h a l f  m e t r e  h e a d e r s  s h o u l d  

r a n  f r o m  f a c e  t o  f a c e  a n d  a c t  a s  t h r o u g h  s t o n e s .  I n  t h i c k e r  w a l l s  
h e a d e r s  f r o m  t h e  f a c e  a n d  t h e  b a c k  s h o u l d  o v e r l a p  e a c h  o t h e r  b y  a t  
] “  t S  °m  T h e  h e a d e r s  o f  s u c c e s s i v e  c o u r s e s  s h o u l d  n o t  b e  p l a c e d  

^  a b o v e  t h e  o t h e r .  T h e  q u o i n s  a r e  t o  b e  o f  t h e  s a m e  h e i g h t  a s  o f  

t h e  c o u r s e  a n d  a r e  a b o u t  h a l f  m e t r e  l o n g .  T h e y  a r e  I « d  a s  s t r e t c h e r s  

a n d  h e a d e r s  a l t e r n a t e l y .  A l l  t h e  s t o n e s  a r e  t o  b e  s e t  i n  m o r t a r .  T h i s  
t y p e  o f  w o r k  i s  u s e d  f o r  s m a l l  b u i l d i n g s  w h e r e  t h e  w a l l s  a r e  n o t  

v e r y  h i g h .
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P L A N  O F  A  C O U R SE

Figs. 330-332. R a n d o m  R u b b le  C oursed .
(E le v a tio n , p la n  o f  a  course a n d  a  Section )

Squared R ubble
T h e s e  s t o n e s  a r e  u s u a l l y  s q u a r e d  a n d  g i v e n  a  h a m m e r  d r e s s e d  

f i n i s h .  T h e y  c a n  a l s o  h a v e  t o o l e d  o r  d r a g g e d  s u r f a c e  f i n i s h .

Uncoursed  :  T h e  s t o n e s  a r e  l a i d  i n  i r r e g u l a r  p a t t e r n s .  T h e y  

a r e  s q u a r e d  o n  a l l  j o i n t s  a n d  b e d s .  T h e  b e d s  s h o u l d  b e  h a m m e r  o r  
c h i s e l  d r e s s e d ,  t r u e  a n d  s q u a r e  f o r  a t .  l e a s t  1 0  c m .  f r o m  t h e  f a c e



• w h e r e a s  t h e  j o i n t s  a r e  f i n i s h e d  s i m i l a r l y  f o r  a t  l e a s t  5  c m .  T h e  f a c e s  
o f  t h e  s t o n e s  s h o u l d  n o t  p r o j e c t  m o r e  t h a n  5 0  c m .  f r o m  e d g e s .  A  
g o o d  a p p e a r a n c e  i s  p r o d u c e d  b y  a r r a n g i n g  t h e  s t o n e s  i n  s e r i e 8 ,  i.e., a, 
l a r g e  s t o n e  ( r i s e r ) ,  t w o  t h i n  s t o n e s  ( l e v e l l e r s )  a n d  o n e  s m a l l  s t o n e  
( c h e c k ) .  M o s t  o f  t h e  j o i n t s  s h o u l d  b r e a k  v e r t i c a l l y .  B i g g e r  s i z e d  

s t o n e s  s h o u l d  b e  u s e d  a s  q u o i n s .  C h i p s  s h o u l d  n o t  b e  u s e d  f o r  b e d d ­

i n g  t h e  s t o n e s .

Coursed  : T h i s  t y p e  o f  m a s o n r y  i s  m a d e  u p  o f  a  f a c i n g  c o m ­
p r i s i n g  o f  h a m m e r  s q u a r e d  s t o n e s  w i t h  a  b a c k i n g  o f  r u b b l e  m a s o n r y  
a n d  b o n d e d  t o  t h e  f o r m e r .  T h e  s t o n e s  i n  e a c h  c o u r s e  n e e d  n o t  b e  
o f  t h e  s a m e  h e i g h t .  N o t  m o r e  t h a n  t w o  s t o n e s ,  o n e  a b o v e  t h e  o t h e r  
a r e  u s e d  i n  e a c h  c o u r s e .  A l l  t h e  c o u r s e s  s h o u l d  b e  o f  t h e  s a m e  h e i g h t .  
H o w e v e r ,  t h e  l o w e r  c o u r s e s  s h o u l d  n o t  b e  t h i n n e r  t h a n  t h e  u p p e r  
c o u r s e s .  T h e  s t o n e s  s h o u l d  b r e a k  j o i n t s  w i t h  t h o s e  a b o v e  t h e m .  
T h e  h e a r t i n g  a n d  b a c k i n g  s h o u l d  b e  b r o u g h t  u p  s i m u l t a n e o u s l y .  
T h e  h e a r t i n g  i s  m a d e  u p  o f  f l a t  b e d d e d  s t o n e s  l a i d  c a r e f u l l y  o n  t h e i r  
b e d s .  S m a l l  c h i p s  m a y  b e  u s e d  w h e n e v e r  t h e  j o i n t  i s  v e r y  t h i c k .  

H o w e v e r  n o  d r y  h o l l o w  s p a c e s  s h o u l d  b e  l e f t .  T h e  q u o i n s  s h o u l d  
b e  o f  s t o n e s  e q u a l  i n  d e p t h  t o  t h e  h e i g h t  o f  t h e  c o u r s e  a n d  s h o u l d  
a t  l e a s t  b e  h a l f  m e t r e  l o n g .  T h e y  a r e  l a i d  a l t e r n a t e l y  a s  h e a d e r s  

a n d  s t r e t c h e r s .

PL A N  o f  A COURSE

Figa. 333-335. S q u are d  R u b b le  C oursed

B uilt to regular Courses .  T h e  s t o n e s  a r e  l a i d  i n  h o r i z o n t a l  

l a y e r s  n o t  l e s s  t h a n  1 5  c m .  i n  h e i g h t .  S t o n e s  a r e  o f  e q u a l  h e i g h t



i n  »  c o u r s e .  N o  c o u r s e  i s  t h i c k e r  t h a n  t h e  c o u r s e  b e l o w  i t  T h e  
f a c e s  o f  t h e  B t o n e s  a r e  s q u a r e d  o n  a l l  j o i n t s  a n d  b e d s  T h e  e d .
h a m m e r e d  o r  c h i s e l  d r e s s e d  t o  a  d e p t h  o f  a t  l e a s t  1 0  c m .  f r o m  t h e

f a c e  a n d  t h e  j o i n t s  t o  a t  l e a s t  5  c m .  f r o m  t h e  f a c e .  T h e  p r o j e c t i o n s  
d o  n o t  e x c e e d  5  c m .  S t o n e s  a r e  n o t  l e s s e r  i n  b r e a d t h  t h a n  h e  g h t  
T h e y  f i t  i n  t h e  w a l l  t o  a  d e p t h  n o t  l e a s  t h a n  t h e  h e i g h t  a n d  a t  l e a s t  

i r d  o f  t h e  a t o n e s  t a i l  i n t o  t h e  w a l l  t o  a t  l e a s t  t w i c e  t h e i r  h e i g h t .  
T h r o u g h  s t o n e s  a r e  u s e d  a t  2  m e t r e s  a p a r t  m  e v e r y  c o u r s e  a n d  

e x t e n d  f r o m  o n e  f a c e  t o  t h e  o t h e r  f a c e  o f  t h e  w a l l s  i f  t h e y  a r e  n o t  
g r e a t e r  t h a n  h a l f  m e t r e  i n  t h i c k n e s s .  F o r  t h i c k e r  w a l l s  h e a d e r s  
s h o u l d  r u n  f r o m  b a c k  t o  f a c e  w i t h  a n  o v e r l a p  o f  a t  l e a s t  1 5  c m  A  
h e a d e r  s h o u l d  h a v e  a  l e n g t h  o f  a t  l e a s t  3  t i m e s  t h e  h e i g h t ,  l h e  

q u o i n s  a r e  o f  t h e  s a m e  h e i g h t  a s  t h e  c o u r s e s  a n d  a r e  a t  l e a s t  h a l t  
m e t r e  i n  l e n g t h .  T h e y  a r e  l a i d  a s  h e a d e r s  a n d  s t r e t c h e r s .  S t o n e s  

a r e  l a i d  i n  s u c h  a  m a n n e r  s o  a s  t o  b r e a k  t h e  j o i n t s  v e r t i c a l l y .  A t  
l e a s t  h a l f  t h e  h e i g h t  o f  t h e  c o u r s e  i s  k e p t  a s  t h e  o v e r l a p  b e t w e e n  t h e  
t w o  s t o n e s .  T h e  h e a r t i n g  i s  m a d e  o f  f l a t  b e d d e d  s t o n e s  w h i c h  a r e  
l a i d  c a r e f u l l y  i n  m o r t a r .  S m a l l e r  s i z e d  c h i p s  a r e  u s e d  t o  a v o i d  t h i c k ,  

m o r t a r  j o i n t s .

IU U L

EL EV A T IO N

S E C T IO N

P L A N  O F  A  C O U R S E S .

Figa. 336-338. S q u are d  ru b b le  (b u il t  to  re g u la r courses). 

Miscellaneous Types

Polygonal W alling \ T h e  s t o n e s  a r e  r o u g h l y  d r e s s e d  t o  a n  
i r r e g u l a r  p o l y g o n a l  s h a p e .  E a c h  s t o n e  i s  d r e s s e d  c a r e f u l l y  t o  f o r m



n e a t  a n d  u n i f o r m  j o i n t s .  T h e  s t o n e s  a r e  l a i d  c a r e f u l l y  i n  m o r t a r  

a n d  t a i l  b a c k e d  t o  b o n d  w e l l  w i t h  t h e  b a c k i n g .  T h e y  a r e  n o t  o f  
g r e a t e r  l e n g t h  t h a n  t h e  b r e a d t h  o f  t h e  f a c e  o r  t h e  l e n g t h  a t  r i g h t  
a n g l e s  t o  t h e  f a c e .  O n e  h e a d e r  o r  t h r o u g h  s t o n e  i s  i n s e r t e d  t o  r u n  

t h r o u g h  t h e  w a l l  i f  t h e  w a l l  i s  l e s s  t h a n  h a l f  m e t r e  i n  t h i c k n e s s  o r  
e l s e  h e a d e r s  a r e  l a i d  f r o m  t h e  f a c e  a n d  t h e  b a c k  o v e r l a p p i n g  e a c h  
o t h e r  b y  a t  l e a s t  1 5  c m .  T h e  s t o n e s  a r e  a r r a n g e d  t o  b r e a k  j o i n t s  a s  

m u c h  a s  p o s s i b l e  a n d  l o n g  v e r t i c a l  j o i n t s  s h o u l d  b e  a v o i d e d  i n  f a c e  
w o r k  S m a l l  c h i p s  s h o u l d  n o t  b e  u s e d  t o  s u p p o r t  t h e  s t o n e s  o n  t h e  
f a c e .  I f  t h e  s t o n e s  a r e  n o t  f i n i s h e d  a t  t h e i r  e d g e s  p r o p e r l y ,  p i n t s  o t  
g r e a t e r  t h i c k n e s s e s  a r e  s e e n .  T h i s  t y p e  o f  w o r k  i s  s l i g h t l y  i n f e r i o r .

F lin t W alling  :  T h e  s t o n e s  u s e d  i n  t h i s  t y p e  o f  w o r k  a r e  s m a l l  

i n  s i z e ,  v a r y i n g  i n  t h i c k n e s s  f r o m  8  t o  1 5  c m .  a n d  i n  l e n g t h  f r o m  

1 5  t o  3 0  c m .  B u i l d i n g s  n e a r  c o a s t s  a r e  c o n s t r u c t e d  o f  w a l l s  w i t h  
r o u n d e d  f l i n t s  p r o c u r e d  f r o m  t h e  b e a c h e s .  T h e  w a l l s  a r e  a b o u t  h a l f  

m e t r e  i n  t h i c k n e s s  a n d  m a y  b e  b u i l t  w i t h  a  f a c i n g  o f  c u t  f l i n t s  a n d  

a  b a c k i n g  o f  u n d r e s s e d  f l i n t s .  A  s e c o n d  m e t h o d  i s  t o  s h a p e  t h e  H i n t s -  

i n t o  s q u a r e  s i z e s  a n d  u s e  t h e m  a s  f a c i n g s .  A  c h o a p  t y p e  o f  _ w o r k  is -

oooooooooq
p O O O O O O O Q O  

ooo ooooooo

S i i i l
r a W f f l S S S

E L E V A T IO N

Figs. 341-342. F lin t  m asonry .

F iga. 339-340. P o ly g o n a l w alling



f o r m e d  b y  u s i n g  u n d r e s s e d  f l i n t s .  [ T n o o u r s e d  o r  c o u r s e d  type  o f  w o r k  
c a n  b e  m a d e .  W h e n  t h e  f l i n t s  a r e  u n d r e s s e d  t h r o u g h o u t ,  t h e  . s t e r ­

n a l  a n d  t h e  i n t e r n a l  f l i n t s  a r e  l a i d  a s  h e a d e r s  a n d  t h e  h e a r t i n g  o f  
h e a d e r s  a n d  s t r e t c h e r s  t i g h t l y  p a c k e d .  T h e  m o r t a r  j o i n t s  a r e  
s l i g h t l y  r a k e d  b a c k  w i t h  a  p o i n t e d  s t i c k  t o  i m p r o v e  t h e  a p p e a r a n c e .

Ashlar Masonry
T h i s  c l a s s  o f  m a s o n r y  c o n s i s t s  o f  s t o n e  b l o c k s  a c c u r a t e l y  

d r e s s e d ,  w i t h  v e r y  f i n e  j o i n t s  o f  t h e  o r d e r  o f  3  m m .  t h i c k .  T h e  
b a c k i n g  o f  s u c h  w a l l s  m a y  a l s o  b e  b u i l t  o f  a s h l a r  m a s o n r y  o r  r u b b l e  
m a s o n r y .  I t  s h o u l d  b e  e n s u r e d  t h a t  t h e  s i z e s  o f  i n d i v i d u a l  s t o n e s  

a r e  i n  c o n f o r m i t y  w i t h  t h e  g e n e r a l  p r o p o r t i o n s  o f  t h e  w a l l  i n  w h i c h  

t h e y  a r e  p l a c e d /  T h i s  i s  t h e  h i g h e s t  g r a d e  o f  m a s o n r y  a n d  i s  v e r y  

c o s t l y .  D i f f e r e n t  t y p e s  o f  p a t t e r n s  c a n  b e  f o r m e d  b y  s u i t a b l y  a r r a n g ­
i n g  t h e  b l o c k s .  T h e  v a r i o u s  t y p e s  o f  a s h l a r  m a s o n r y  a r e  d e s c r i b e d  

b e l o w  :

Ashlar Fine. : E v e r y  s t o n e  i s  d r e s s e d  o n  a l l  b e d s ,  j o i n t s  a n d

f a c e s  p e r f e c t l y  t r u e  t o  t h e  p a t t e r n  d e s i r e d .  A l l  c u r v e s  o r  t w i s t s  i f  
n e e d e d  a r e  m a d e  a c c u r a t e l y  t o  s u i t  t h e  p a t t e r n .  T h e  s t o n e s  a r e  l a i d  

i n  r e g u l a r  c o u r s e s  w h i c h  a r e  n o t  l e s s  t h a n  3 0  c m .  i n  h e i g h t .  A l l  
c o u r s e s  a r e  m a d e  o f  t h e  s a m e  t h i c k n e s s  e x c e p t  w h e n  i t  i s  d e s i r e d  t o  

h a v e  t h e  t o p  c o u r s e s  o f  l e s s e r  t h i c k n e s s  t h a n  t h e  b o t t o m  c o u r s e s .  
S t o n e s  a r e  n e i t h e r  l e s s  i n  b r e a d t h  t h a n  t h e  h e i g h t  o f  t h e  c o u r s e  n o r  
t h e y  a r e  l e s s  i n  l e n g t h  t h a n  t w i c e  t h e  h e i g h t .  T h e  f a c e  s t o n e s  a r e  

l a i d  h e a d e r s  a n d  s t r e t c h e r s  a l t e r n a t e l y  o r  t o  a  d i f f e r e n t  b o n d  p a t t e r n ,  
i f  s o  n e e d e d .  T h e  h e a d e r s  c o m e  u n d e r  t h e  m i d d l e  p o r t i o n  o f  t h e  

s t r e t c h e r s .  T h e  s t o n e s  i n  a d j a c e n t  l a y e r s  s h a l l  h a v e  a  l a p  o f  a t  l e a s t  

h a l f  t h e  h e i g h t  o f  t h e  c o u r s e  s o  a s  t o  b r e a k  t h e  c o n t i n u o u s  v e r t i c a l  
j o i n t s  (See f i g s .  3 4 3 - 3 4 6 ) .

T h r o u g h  s t o n e s  a r e  p u t  i n  w a l l s  w h i c h  a r e  l e s s  t h a n  8 0  c m .  i n  

t h i c k n e s s .  T h e s e  a r e  i n  t h e  f o r m  o f  h e a d e r s  w h i c h  r u n  f r o m  o n e  f a c e  

t o  t h e  o t h e r .  A l l  t h e  j o i n t s  a r e  e i t h e r  h o r i z o n t a l  o r  v e r t i c a l .  T h e y  

a r e  m a d e  o f  f i n e  m o r t a r  w i t h  a  t h i c k n e s s  n o t  e x c e e d i n g  3  m m .  

N o  b r o k e n  e d g e s  o f  t h e  s t o n e s  s h o u l d  b e  v i s i b l e  a t  t h e  j o i n t s .  S t o n e s  
a r e  s t r u c k  w i t h  a  m a l l e t  s o  a s  t o  h a v e  s o l i d  b e a r i n g  o n  t h e  b e d s  a n d  
t h e  s i d e  j o i n t s .

Ashlar Rough Tooled  : I n  t h i s  t y p e  o f  m a s o n r y ,  t h e  e x p o s e d

f a c e s  s h o u l d  h a v e  a  f i n e  d r e s s e d  c h i s e l  d r a f t i n g .  T h i s  m a y  b e  a b o u t  

2 . 5  c m .  i n  w ' i d t h .  T h e  p o r t i o n  i n  b e t w e e n  t h e  d r a f t s  i s  r o u g h l y  
t o o l e d .  A l l  b e d  j o i n t s  a n d  v e r t i c a l  j o i n t s  a r e  s i m i l a r l y  d r a f t e d .  T h e  

s i z e  o f  s t o n e s ,  b o n d s ,  e t c . ,  a r e  a s  f o r  t h e  A s h l a r  f i n e  t y p e .  H o w e v e r  
j o i n t s  a s  t h i c k  a s  8  m m .  c a n  b e  a l l o w e d  i n  t h i s  c a s e .

Ashlar Rock Quarry Faced  : T h e  e x p o s e d  f a c e  b e t w e e n  t h e
d r a f t s  i s  n o t  t o o l e d ,  a s  d e s c r i b e d  a b o v e ,  b u t  i s  l e f t  u n f i n i s h e d .  H o w ­

e v e r  t h e  p r o j e c t i o n s  ( b u s h i n g s )  s h o u l d  n o t  e x c e e d  1 0  c m .  f r o m  t h e  

p l a n e s  o f  d r a f t s .  T h e  s i z e  o f  t h e  s t o n e s  a n d  t h e  b o n d ,  e t c . ,  i s  s i m i l a r  
t o  t h e  o n e  d e s c r i b e d  a b o v e .

Ashlar Chamfered : S t o n e s  h a v e  t h e  e x p o s e d  e d g e s  b e v e l l e d  f o r  a  

d e p t h  o f  a b o u t  2 . 5  c m .  T h e  t y p e  o f  j o i n t s ,  b o n d s  a n d  s i z e  o f  s t o n e s  
i s  t h e  s a m e  a s  d e s c r i b e d  a b o v e .
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Figa. 343-340. A sh la r fine.



Ashlar Facing ■ T h e  f a c e s  o f  s t o n e s  a r e  r o u g h  t o o l e d .  r u » t i c  

o r  c h a m f e r e d .  I n  t h i s  t y p e ,  t h e  f a c e  w o r k  i s  m a d e  o f  t h e Be  s t o n e #

ELEVATION

Figs. 347-48. C ham fered  A sh la r w all.

a n d  t h e  b a c k i n g  i s  o f  b r i c k  o r  r u b b l e  m a s o n r y  o r  c o n c r e t e .  H e n c e  
t h e  b a c k  f a c e  o f  t h e  s t o n e s  m a y  b e  l e f t  r o u g h .  T h e  s t o n e s  a r e  n o t  l e s s  
t h a n  2 0  c m .  i n  h e i g h t  a n d  a r e  a b o u t  l i  t i m e s  t h e  h e i g h t  i n  w i d t h .  A t  

r e g u l a r  i n t e r v a l s ,  h e a d e r s  a r e  p u t  w h i c h  a r e  i n  l e n g t h  g r e a t e r  t h a n  
t h e  b r e a d t h  o f  t h e  s t o n e  p l u s  4 0  c m .  O n e  t h i r d  o f  t h e  l e n g t h  o f  e a c h  

c o u r s e  s h o u l d  b e  o f  h e a d e r s .  T h e  b e d  j o i n t s  o f  a l l  f a c e  s t o n e s  s h o u l d  

b e  d r e s s e d  p e r f e c t l y  t r u e  a n d  s q u a r e .  B o n d  s t o n e s  s h o u l d  r u n  t h r o u g h  
t h e  b a c k i n g  w h e n  t h e  w a l l  i s  l e s s  t h a n  8 0  c m .  i n  t h i c k n e s s .  F o r  

t h i c k e r  w a l l s ,  t h e  b o n d  s t o n e s  s h o u l d  o v e r l a p  a t  l e a s t  1 5  c m .  T h e y  

a r e  i n s e r t e d  a t  e v e r y  2  m e t r e  i n t e r v a l  a l o n g  t h e  c o u r s e .  T h e  h e i g h t  

o f  t h e  c o u r s e s  s h o u l d  e q u a l  a n  e x a c t  n u m b e r  o f  r u b b l e  c o u r s e s  o r  

b r i c k  c o u r s e s  p l u s  i n t e r m e d i a t e  m o r t a r  j o i n t s .  T h e  b a c k i n g  i s  b u i l t  

s i m u l t a n e o u s l y  w i t h  t h e  f a c i n g .

Figs. 349-360. A sh la r facing  (i) w ith  b ric k  b a c k in g  ( ii )  w i th  ra n d o m  
ru b b le  b ack ing .

Ashlar Block in-course  : T h i s  t y p e  o f  w o r k  i s  s i m i l a r  t o  a s h l a r  

r o u g h  t o o l e d  w i t h  t h e  o n l y  d i f f e r e n c e  t h a t  t h e  h e i g h t  o f  t h e  c o u r s e  i s  
l e s s e r  b u t  n o t  b e l o w  2 0  c m .

General Principles t o  be fo llow ed  in  th e  con stru ction  
of Stone Masonry

( 1 )  T h e  s t o n e s  u s e d  s h a l l  b e  h a r d ,  d u r a b l e  a n d  t o u g h .  A l l  s t o n e s  

s h o u l d  b e  l a i d  o n  i t s  n a t u r a l  b e d .

( 2 )  T h e  p r e s s u r e  a c t i n g  o n  t h e  s t o n e s  s h o u l d  n o t  a c t  p a r a l l e l  

t o  t h e  b e d d i n g  p l a n e s .  T h i s  w i l l  t r y  t o  s p l i t  t h e  s t o n e s .  S o m e t i m e s



s t o n e s  u s e d  i n  c o r b e l s  a r e  l a i d  w i t h  p r e s s u r e  a c t i n g  p a r a l l e l  t o  b e d d i n g  
p l a n e s .

( 3 )  T h e  b o n d  s t o n e s  a n d  h e a d e r s  s h o u l d  n o t  b e  o f  a  d u m b - b e l l

s h a p e .

( 4 )  L a r g e  f l a t  s t o n e s  s h o u l d  b e  l a i d  u n d e r  t h e  e n d s  o f  g i r d e r s ,  

r o o f  t r u s s e s ,  e t c .

( 5 )  I n  a l l  s l o p i n g  r e t a i n i n g  w a l l s ,  t h e  b e d s  o f  t h e  s t o n e s  a n d  t h e  
p l a n  o f  t h e  c o u r s e s  s h o u l d  b e  a t  r i g h t  a n g l e s  t o  t h e  s l o p e .

( 6 )  A l l  l a i d  f i n e  d r e s s e d  s t o n e  w o r k  s h o u l d  b e  p r o t e c t e d  a g a i n s t  
d a m a g e  d u r i n g  f u r t h e r  c o n s t r u c t i o n  b y  m e a n s  o f  w o o d e n  b o x e s .

5  CmSMARGINS 
-H >  H-

■*|6Cm

F ig s . 351-352. P la n s  o f good F igs . 353-364. B a d  s tre tc h e rs
h ea d ers . w ith  th in  edges.

Cm

F igs. 355-56. G ood a n d  b ad  
quoins.

F igs . 357-358. Section  th ro u g h  
a  good an d  b a d  m asonry  w all.



( 7 )  J a m b s  f o r  d o o r  a n d  w i n d o w  o p . s h o u l d  b e ^ m a d e  o f

q u o i n s  w h i c h  a r e  e q u a l  m  h e i g h t  t o  t h e  c o u r  . j

b r e a d t h  e q u a l  t o  a t  l e a s t  l i  t i m e s  £ J E

l e n g t h  s h o u l d  b e  a t  l e a s t  t w i c e  thef̂ ng '  k  o f  t h e  w a i f  w h e r e a sthree q u o i n s  s h o u l d  e x t e n d  t o  t h e  f u l l  t i n e  w i n d o w
f o r  w i n d o w  ODeninHs two o f  them  are sufficient- D o o r  a n a  w i n a o w  
fram es s h o u l d  b e  fitted into corresponding g r o o v e s  cu t i n  t h e  q u o l  . .

( 8 )  A l l  t h e  s u r f a c e s  s h o u l d  b e  k e p t  w e t  w h i l e  t h e  w o r k  i s  i n  

p r o g r e s s  a n d  a l s o  t i l l  t h e  m o r t a r  h a s  s e t .

( 9 )  D o u b l e  s c a f f o l d i n g  w i l l  b e  u s e d  w h e r e v e r  i t  i s  d i f f i c u l t  t o  f i t  

i n  t h e  s t o n e s  l a t e r  o n .

( 1 0 )  A l l  t h e  p o r t i o n s  o f  t h e  m a s o n r y  s h o u l d  b e  r a i s e d  u n i f o r m l y ^  

W h e r e v e r  t h i s  i s  n o t  p o s s i b l e ,  t h e  s t o n e  w o r k  b u i l t  “ r h e r  s h o u l d  

b e  r a k e d  ( s t e p p e d )  s o  t h a t  t h e  n e w  w o r k  c a n  b e  b o n d e d  w e l l  w i t h  t h e  

o l d .

( X I )  S u f f i c i e n t  t h r o u g h  s t o n e s  s h o u l d  b e  u s e d  a n d  t h e y  s h o u l d  
'  f o r m  J t h  t o  £ t h  o f  t h e  a r e a  i n  e l e v a t i o n .

( 1 2 )  T h e  h e a r t i n g  o f  t h e  m a s o n r y  

s h o u l d  b e  p r o p e r l y  p a c k e d  w i t h  m o r t a r  
a n d  c h i p s ,  i f  n e c e s s a r y ,  t o  a v o i d  a n y  

h o l l o w s  o r  v e r y  t h i c k  m o r t a r  j o i n t s .

( 1 3 )  V e r t i c a l  f a c e s  o f  t h e  m a s o n r y  

w a l l s  s h o u l d  b e  c h e c k e d  w i t h  a  p l u m b  

r u l e  a n d  t h e  b a t t e r e d  f a c e s  s h o u l d  b e  

t e s t e d  w i t h  w o o d e n  t e m p l a t e  c o r r e s ­

p o n d i n g  t o  t h e  b a t t e r  a n d  a  p l u m b  r u l e  

t o  e n s u r e  a  c o n s t a n t  b a t t e r .

( 1 4 )  T h e  s t o n e s  u s e d  i n  t h e  m a ­

s o n r y  s h o u l d  b e  w e t t e d  b e f o r e  u s e  t o  
a v o i d  m o i s t u r e  b e i n g  s u c k e d  f r o m  t h e  

m o r t a r .

( 1 5 )  M a s o n r y  s h o u l d  n o t  b e  a l l o w e d  

t o  t a k e  t e n s i o n .

Figs. 359-360. Defective 
bedding of stone*

Dry Stone M asonry
T h i s  i s  t h e  o r d i n a r y  r u b b l e  m a s o n r y  w i t h o u t  a n y  m o r t a r .  I t  

i s  u s e d  f o r  t h e  c o n s t r u c t i o n  o f  r e t a i n i n g  w a l l s ,  p i t c h i n g  c h a n n e l  s l o p e s  

a n d  r i p - r a p  p r o t e c t i o n  i n  e a r t h  d a m s .

Dry stone retaining walls  : T h e s e  w a l l s  a r e  s t a b l e  o n  a c c o u n t

o f  t h e  i n t e r l o c k i n g  b o n d  b e t w e e n  t h e  i n d i v i d u a l  s t o n e s .  H e n c e  t h e  

s t o n e s  u s e d  f o r  t h i s  t y p e  o f  w o r k  s h o u l d  b e  s e l e c t e d  c a r e f u l l y .  T h e s e  

s t o n e s  a r e  r o u g h l y  h a m m e r  d r e s s e d  s o  a s  t o  h a v e  m a x i m u m  b e d d i n g  

a r e a .  A l l  h o l l o w s  a r o u n d  t h e m  s h o u l d  b e  t i g h t l y  p a c k e d .  T h e  s t o n e s  

a r e  l a i d  a t  r i g h t  a n g l e s  t o  t h e  f a c e  b a t t e r  a n d  e a c h  c o u r s e  i s  b u i l t  
w i t h  a  p r o p e r  b o n d  a n d  v e r t i c a l  j o i n t s  b e i n g  b r o k e n  w i t h  r e s p e c t



t o  t h e  o t h e r  c o u r s e s .  T h r o u g h  a t o n e s  o r  h e a d e r s  a r e  p r o v i d e d  i n  e a c h
c o u r s e  a t  a b o u t  2  m e t r e  i n t e r v a l  a n d  a r e  c o n t i n u e d  t h r o u g h o u t

t h e  w h o l e  w i d t h  o f  t h e  w a l l .  T h e

h e a d e r s  s h o u l d  o v e r l a p  e a c h  o t h e r  b y  tfTJTJh
a t  l e a s t  1 5  c m .  s o  a s  t o  t i e  t h e  f r o n t  a n d
t h e  b a c k  p o r t i o n s  o f  t h e  w a l l  t o g e t h e r .  VL M iji
T h e  t i l l i n g  b e h i n d  t h e  w a l l  s h o u l d  b e  h h U h h
m a d e  u p  o f  s t o n e  c h i p s .  E a r t h  s h o u l d  UVTPlfFh
n o t  b e  u s e d  f o r  t h i s  p u r p o s e .  H o l e s  r m t f Z z L
r u n n i n g  t h r o u g h  t h e  w i d t h  o f  t h e  w a l l s  ?

s h o u l d  b e  l e f t  t o  a l l o w  f o r  t h e  d r a i n a g e  $

o f  t h e  b a c k  a i l i n g .  T h e s e  a r e  c a l l e d

w e e p  h o l e s .  T h e  d r y  s t o n e  w a l l s  s h o u l d  I W V t ^ ^  b

h a v e  a t  l e a s t  i  m e t r e  t o p  w i d t h  a n d  a  '
b a t t e r  o f  1  i n  4  f o r  h e i g h t s  u p t o  5  U L lilX rP SST V ?’
m e t r e s .  F o r  g r e a t e r  h e i g h t s  t h e  b a t t e r

m a v  b e  d e c r e a s e d  o r  t h e  p o r t i o n s  b e l o w

5  m e t r e s  f r o m  t o p  s h o u l d  b e  m a d e  u p  ■ * i i Z S S Z Z 3 E 3  

i n  m o r t a r .  L o n g  l e n g t h s  o f  d r y  s t o n e  C 2 Z Z ) C E 2 ) ( 2 H 3

w a l l s  s h o u l d  b e  d i v i d e d  i n t o  p a n e l s  b y  (Z2Z2E7Z3K7Z73
s h o r t  l e n g t h s  o f  w a l l s  ( 1  m e t r e  o r  s o )  f 7 y ,] i77 T ' )  f 7 77 77 ')  ’?7rS
b u i l t  i n  m o r t a r  a t  m t e r v a  s  o f  1 0  irnj r i V  7  V f r
m e t r e s  s o  a s  t o  r e s t r i c t  t h e  d a m a g e  i t  |

a n y  w ith in  these lengths. Fig. 381. Dry stone
D ry stone pitching  : W h e n  t h e  m a s o n r y  w a l l ,

s l o p e  o f  a n  e a r t h e n  c u t t i n g  c a n n o t
s t a n d  t h e  s c o u r i n g  a c t i o n  o f  w a t e r ,  i t  i s  p r o t e c t e d  w i t h  a  l a y e r  o t  

s t o n e s  l a i d  d r y  w h i c h  i s  c a l l e d  p i t c h i n g  o r  r e v e t m e n t ,  i h e  s t o n e s  
u s e d  f o r  s u c h  t y p e  o f  w o r k  s h o u l d  b e  s o u n d  r e g u l a r  m  s h a p e  a n d  i n
l e n g t h  e q u a l  t o  t h e  t h i c k n e s s  o f  t h e  d e s i r e d  p i t c h i n g .  T h e  p i t c h i n g

i s  g e n e r a l l y  g i v e n  a  b a c k i n g  o f  s m a l l e r  s t o n e s  p a c k e d  w e l l  o r  o f  

m o o r u m .  T h i s  i s  c a r r i e d  s i m u l t a n e o u s l y  a l o n g  w i t h  t h e  p i t c h i n g  a n d  S w e l l  w a t e r e d  a n d  r a m m e d ,  i f  n e e d e d .  T h e  s t o n e s  s h o u l d  b e  l a i d  

t i g h t l y  w i t h  e a c h  o t h e r  i n  s u c h  a  m a n n e r  t h a t  t h e i r  l e n g t h s  a r e  a t  

r i g h t  a n g l e s  t o  t h e  f a c e  o f  t h e  s l o p e .  S m a l l  s t o n e s  m a y  b e  
i n  b e t w e e n  t h e  l a r g e r  o n e s  t o  m a k e  t h e  b o n d  p e r f e c t  ^  ^ . U t y  

a t  t h e  t o e  o f  t h e  e m b a n k m e n t ,  a  m a s o n r y  w a l l  i s ”  J i s
p i t c h i n g  i n  p o s i t i o n  o r  e l s e  a  d r y  s t o n e  w a l l  o f  d e s i r e d  t h i c k n e s s  i s

b u i l t .

J o in ts  in  Stone M asonry
T h e  j o i n t s  i n  s t o n e  m a s o n r y  m a y  b e  c l a s s i f i e d  u n d e r  t h e  f o l l o w i n g  

t h r e e  h e a d s  :
(а) S t r e n g t h e n i n g  j o i n t s

( б )  L e n g t h e n i n g  j o i n t s ,  a n d

( c )  M o r t a r  j o i n t s .

A  b r i e f  d e s c r i p t i o n  o f  t h e s e  f o l l o w s .

(a) Strengthening jo in ts
T h e r e  a r e  c e r t a i n  s t r u c t u r a l  l o c a t i o n s  i n  a  b u i l d i n g  w h e r e  t h e



w e i g h t  o f  t h e  s u p e r s t r u c t u r e  a n d  t h e  a d h e s i o n  o f  m o r t a r  a r e  i n .  

s u f f i c i e n t  t o  k e e n  t h e  s t o n e s  i n  p o s i t i o n .  T h i s  m a y  l e a d  t o  a  p o s s i ­

b i l i t y  o f  f a i l u r e  a l o n g  j o i n t  b y  e i t h e r  s l i d i n g  o r  s e p a r a t i o n s .  S u c h  
f a i l u r e  c a n  b e  c h e c k e d ,  i f  t h e  j o i n t  i s  s t r e n g t h e n e d  b y  s o m e  s p e c i a l  
m e a n s  s u c h  a s  d o w e l s ,  c r a m p s  a n d  j o g g l e s .  E x a m p l e s  w h e r e  s u c h  
m e t h o d s  a r e  a p p l i c a b l e  a r e  c o p i n g  s t o n e s ,  i n c l i n e d  w a l l s ,  c o r n i c e s  a n d  

“ r b e l s  I w h i c h  c a n n o t  b e  k e p t  i n  p o s i t i o n  b y  t b e  s u r r o u n d i n g  

m a s o n r y .

S t r e n g t h e n i n g  j o i n t s ,  i n  s t o n e  m a s o n r y ,  a r e  o f  t w o  t y p e s  n a m e l y

(a) t o g g l e  j o i n t s  a n d  d o w e l s  a n d  (b) r a m p  j o i n t s .  T h e  f o r m e r  t y p e  i s  
s u i t a b l e  f o r  t a k i n g  c a r e  o f  s l i d i n g  o f  t h e  a b u t t i n g  s u r f a c e s ,  w h e r e a s  
t h e  l a t t e r  t y p e  i s  s u i t a b l e  f o r  p r e v e n t i o n  o f  s e p a r a t i o n  o r  o p e n i n g  o u t  

o f  t h e  j o i n t s .

J o g g l e  j o i n t s  c a n  b e  i n  t h e  f o r m  o f  t o n g u e  a n d  g r o o v e ,  t a b l e  

a n d  s l a t e  o r  m e t a l  o r  c e m e n t  j o g g l e s .  T h e s e  j o i n t s  a r e  s u i t a b l e  t o  

p r e v e n t  s l i d i n g  b e t w e e n  v e r t i c a l  b u t t  j o i n t s  (e.g. l a n d i n g  o f  s t o n e - s t a i r ) ,  
h o r i z o n t a l  s l i d i n g  o f  s t o n e s ,  l a t e r a l  m o v e m e n t  o f  a t o n e s  i n  c o p i n g s  

r e s p e c t i v e l y .  D o w e l s  a r e  a l s o  u a e d  f o r  r e s i s t i n g  l a t e r a l  m o v e m e n t s .

C r a m p s  m a y  b e  m e t a l l i c  o r  o f  s t o n e  s u c h  a s  s l a t e .  C o v e r i n g s  o f  

c o p i n g s ,  c o r n i c e s  a n d  p r o j e c t i n g  s t r i n g  c o u r s e s  a r e  t h e  s i t u a t i o n s  w h e r e  

c r a m p s  c a n  b e  u s e d  t o  r e s i s t  t h e  p a r t i n g  o f  s t o n e s .  L e a d  p l u g s  c a n  

a l s o  b e  u a e d  f o r  t h i s  p u r p o s e .

D e t a i l s  o f  a t r e n g t h e i n g  j o i n t s  a r e  g i v e n  b e l o w  :

( 1 )  Table or bed joggle jo in t : T h e  p r o j e c t i o n  o f  o n e  8 t o n e  f i t s  

i n t o  t h e  d e p r e s s i o n  o f  t h e  a d j a c e n t  s t o n e .  T h i s  p r e v e n t s  t h e  m o v e ­

m e n t  o f  t h e  s t o n e s  a l o n g  t h e  j o i n t i n g  p l a n e .

( 2 )  Tongued and grooved : I n  t h i s  a l s o  t h e  p r o j e c t i o n  o f  o n e  
s t o n e  f i t s  i n  t h e  c o r r e s p o n d i n g  g r o o v e  i n  t h e  a d j a c e n t  s t o n e .  T h i s  i s  

a l s o  c a l l e d  j o g g l e d  j o i n t .

( 3 )  Slate or metal joggled jo in t : I n  t h i s ,  a  p i e c e  o f  m e t a l  o r  

s l a t e  i s  p l a c e d  i n  b e t w e e n  t h e  c o r r e s p o n d i n g  g r o o v e  o f  t h e  a d j a c e n t  

s t o n e .

( 4 )  Dowel jo in t  :  W h e r e v e r  s t o n e s  a r e  l i a b l e  t o  b e  d i s p l a c e d ,  

t h e n  a  d o w e l  i s  i n t r o d u c e d  t o  c o n n e c t  t h e m .  T h e s e  d o w e l s  m a y  b e  o f  

s l a t e ,  g u n  m e t a l ,  b r a s s ,  b r o n z e ,  e t c .  T h e y  a r e  s e t  i n  c e m e n t  m o r t a r .

( 5 )  Cramped jo in t : T h e  c r a m p  i s  a  p i e c e  o f  m e t a l  a b o u t  2  t o  
5  c m .  w i d e ,  6  t o  1 2  m m .  t h i c k  a n d  2 0  t o  4 0  c m .  l o n g  w i t h  e n d s  t u r n e d  

d o w n .  T h e y  m a y  b e  s e t  i n  d e p r e s s i o n s  i n  t h e  t o p  o f  t h e  s t o n e  o r  s e t  
b e n e a t h  t h e  s t o n e s  w i t h  t h e i r  e n d s  u p w a r d .  T h e y  s h o u l d  b e  p r o t e c t e d  

b y  p o u r i n g  m o l t e n  l e a d  a r o u n d  t h e m .  T h e s e  c r a m p s  c a n  a l s o  b e  m a d e  

o f  s l a t e  o r  o t h e r  s t o n e .  T h e y  h a v e  a  d o v e t a i l e d  s h a p e  o n  b o t h  e n d s  

a n d  a r e  s e t  i n  c e m e n t .  H o w e v e r  t h e y  a r e  n o t  a s  e f f e c t i v e  a s  t h e  
m e t a l  c r a m p s .

( 6 )  Plug jo in t : T h i s  i s  a n  a l t e n a t i v e  t o  t h e  u s e  o f  c r a m p s  a n d  
c o n s i s t s  o f  a  d e p r e s s i o n  b e l o w  t h e  t o p  s u r f a c e  d o v e t a i l e d  i n  p l a n .  T h e  

s t o n e s  a r e  j o i n t e d  i n  t h e  u s u a l  w a y  a n d  t h i s  d e p r e s s i o n  i s  f i l l e d  w i t h  
c e m e n t  o r  l e a d .



,, itntjlhmiwj Joints
T h o  d i f f e r e n t  k i n d s  o f  j o i n t s  u s e d  f o r  p l a c i n g  t h e  i n d i v i d u a l  

s U m c s  t o g e t h e r  l e n g t h w i s e  a r e

P TABLE o r  b e d  j o g g l e

; OR TONGUED GROOVEO

DOWEL

r — — }

----------  StON E CB»W’>

K i, . „ , 3 , o .  v a r i o . ^ o n - — ; ~

V a n °  "  a r e  p l a c e d  s i d e  b y  s i d e  w i t h  t h e i r

(1 >  aBq u i r e T a e e s  p u t t i n g  e “ h  t y p e  o f  j o i n t ,  t h e  r e b a t e  i n

( 2 ^  RtbaU d or Lapped Jo in ts  :  f l  ^ ( o t ji e r  s t o n e .(2) one Z . e * Ps over the projection ^  ^

•( e )  MoHar jo in t ,  . J o * *  u s e d  ^  
s i e t o n t l y  u n i f o r m  i n  t h l . . e 3  0 f  s t o n e s  o r  c h ip ! s  . h e l d  i n
p o l y g o n a l  w a l l i n g ,  s m a l l  p i e c e  o t  ^  o r  m o r t a r  t o i n g
i n t o  t h e  j o i n t s  t o  p r e v e n t  e x c e s s . v

b e t w e e n  t h e  t w o  j o i n t s .  m o r e  o r  l e s s  h o r l -

I n  t h o  s q u a r e d  3
z o n t a l  a n d  v e r t i c a l  a n d  a  - t h  t h e  s u r f a c  f f e c t  o f

t h i s  t y p e  o f  ^ ^ " f e n t  c o l o u r )  i s  P o n d e d  t o  g i v e  
m o r t a r  ( m a y  b e  o f  a  a i l i e r e

9  ( 5 4 - 4 9 / 1 9 7 6 )



a  n a r r o w  j o i n t .  H o w e v e r ,  p r o j e c t i n g  j o i n t s  m a y  b e  u s e d  f o r  t h i c k  

j o i n t s .  T h e  c o m m o n  t y p e s  o f  t h e s e  j o i n t s  a r e  s h o w n  m  f i g u r e s  

3 7 1 - 3 7 6 .

PROJECTING

= channeclEo & channeled

Fige, 371-376. V arious ty p e s  o f jo in ts  fo r sto n e  m asonry .

A s h l a r  m a s o n r y ,  a s  d e s c r i b e d  e a r l i e r ,  i s  a c c u r a t e l y  d r e s s e d  s o  a s  

t o  h a v e  v e r y  f i n e  j o i n t s .  T h e y  a r e  m o s t l y  f l u s h  j o i n t s .  H o w e v e r ,  
w h e n  j o i n t s  t h i c k e r  t h a n  a b o u t  6  m m .  a r e  u s e d ,  k e y e d  o r  V - j o i n t s  

m a y  b e  u s e d .  O t h e r  t y p e s  o f  j o i n t s  w h i c h  a r e  s u i t a b l e  f o r  t h i s  t y p e  

o f  m a s o n r y  a r e  t h e  c h a n n e l l e d  j o i n t s  o r  V e e  a n d  c h a n n e l l e d  j o i n t s .

Mortars used

S t o n e  m a s o n r y  m o r t a r s  h a v e  t o  b e  s e l e c t e d  d e p e n d i n g  u p o n  t h e  

c o l o u r  o f  t h e  s t o n e  s o  a s  t o  h a v e  a  g o o d  c o m b i n a t i o n  o f  c o l o u r s  o n  

t h e  f a c e  w o r k .  G e n e r a l l y  s t o n e  m a s o n r y  i s  b u i l t  i n  c e m e n t  m o r t a r  

o f  1 : 3  r a t i o .  T o  i n c r e a s e  t h e  w o r k a b i l i t y  o f  m o r t a r ,  a b o u t  1 5 %  o f  
t h e  c e m e n t  m a y  b e  r e p l a c e d  b y  l i m e .  F o r  l i m e s t o n e s  w h i c h  g e t  

s t a i n e d  b y  t h e  o r d i n a r y  c e m e n t  s a n d  m o r t a r ,  a  n o n - s t a i n i n g  w h i t e  

P o r t l a n d  c e m e n t  m o r t a r  m a y  b e  u s e d .  G e n e r a l l y  o n e  p a r t  o f  n o n ­

s t a i n i n g  c e m e n t ,  o n e  p a r t  o f  h y d r a t e d  l i m e  a n d  s i x  p a r t s  o f  c l e a n  

s a n d  a r e  u s e d  f o r  a t o n e s  w h i c h  a r e  l i a b l e  t o  b e  s t a i n e d  b y  c e m e n t  
a i n n a  S p e c i a l  n o n  s t a i n i n g  w a t e r  p r o o f  c e m e n t s  m a y  b e



u s e d  i n s t e a d .  F o r  p o i n t i n g  w o r k  v e r y  r i c h  m o r t a r  B h o u l d  n o t  b e  
u s e d .

Lifting Appliances
L i f t i n g  a p p l i a n c e s  a r e  n e c e s s a r y  f o r  p r o p e r  h a n d l i n g  o f  h e a v y  

s t o n e  b l o c k s  w h i c h  c a n n o t  o t h e r w i s e  b e  r a i s e d  o r  l o w e r e d  t o  t h e  

d e s i r e d  l e v e l  a n d  s e t  p r o p e r l y .  V a r i o u s  a p p l i a n c e s  a r e  u s e d  f o r  l i f t ­
i n g  a n d  p l a c i n g  s t o n e s  i n  p o s i t i o n .  H e a v i e r  s t o n e s  a r e  l i f t e d  w  i t h  a  
d e r r i c k  a n d  c a r r i e d  t o  a  p l a c e  w h e r e  i t  i s  t o  b e  p o s i t i o n e d  i n  m a s o n r y .  

G a n t r i e s  o r  c r a n e s  c a n  a l s o  b e  u s e d  t o  m o v e  t h e  s t o n e s  f r o m  o n e  p l a c e  
t o  a n o t h e r .  H o w e v e r ,  c e r t a i n  a t t  a c h m e n t s  a r e  n e c e s s a r y  f o r  h o l d i n g  
t h e  s t o n e s  w h i l e  t h e  d e r r i c k  l i f t s  t h e m .  T h e  d i f f e r e n t  t y p e s  o f  s u c h  
a t t a c h m e n t s  a r e  :

( 1 )  Qrab Hooks i T h e  p o i n t e d  e n d s  o f  t h e s e  h o o k s  g e t  f i t t e d  
t i g h t l y  i n t o  t h e  c o r r e s p o n d i n g  n o t c h e s  c u t  i n  a  s t o n e .  S m a l l  w o o d e n  
b l o c k s  m a y  b e  u s e d  o n  t h e  s i d e s  o f  t h e  s t o n e  t o  p r e v e n t  d a m a g e  t o  

p o l i s h e d  s u r f a c e s ,  i f  a n y .  T h i s  t y p e  o f  a t t a c h m e n t  i s  U B e d  f o r  l i f t i n g  
s m a l l  s t o n e s .

( 2 )  P in  Lewice :  P i n s  o f  i r o n  a r e  p u t  i n t o  t h e  c o r r e s p o n d i n g  
i n c l i n e d  h o l e s  i n  t h e  s t o n e  a n d  a t t a c h e d  t o  a  c h a i n  o r  r o p e  b e n t  i n t o  
a  t r i a n g u l a r  s h a p e  a s  s h o w n  i n  F i g  3 7 7 .  T h e  t i g h t e n i n g  o r  p u l l i n g  

o f  t h e  v e r t i c a l  r o p e  p r e v e n t s  t h e  p i n s  f r o m  c o m i n g  o u t  o f  t h e  s t o n e  
a n d  p e r m i t s  t h e  s t o n e  t o  b e  r a i s e d .

( 3 )  Chain Dog :  I n  t h i s  t y p e  o f  a t t a c h m e n t ,  t h e  c h a i n  u s e d

i s  a r r a n g e d  a s  d e s c r i b e d  a b o v e  ; b u t  i n s t e a d  o f  p i n s  a t  t h e  e n d s  o f  

t h e  t r i a n g u l a r  r o p e  w o r k ,  h o o k s  c a l l e d  d o g s  a r e  f i t t e d .  T h e s e  h o o k s  
g e t  f i t t e d  i n t o  t h e  c o r r e s p o n d i n g  d e p r e s s i o n s  a b o u t  2  c m .  d e e p  i n  t h e  

e n d s  o f  t h e  s t o n e s .  W h e n  t h e  c h a i n  i s  l i f t e d ,  t h e  d o g s  g e t  t i g h t e n e d  
a n d  p e r m i t  t h e  l i f t i n g  o f  t h e  s t o n e .  E n o u g h  d e p t h  ( a t  l e a s t  8  t o  1 0

c m . )  o f  s t o n e  s h o u l d  b e  a v a i l a b l e  a b o v e  t h e  e n d  d e p r e s s i o n s  s o  t h a t  

w h i l e  l i f t i n g  t h e  s t o u e s ,  t h e i r  c o r n e r s  m i g h t  n o t  g i v e  w a y  a n d  t h e y  
m a y  f a l l  d o w n .  T h i s  m e t h o d  o f  l i f t i n g  i s  e m p l o y e d  f o r  h e a v y  s t o n e s  

w i t h  l o n g  n a r r o w  b e d s .

PIN LEW IS J
Fig . 377 F ig . 378. C h a in  Dog.



( 4 )  Chain Lewis  : T h i s  i s  m a d e  u p  o f  t h r e e  r i n g s  a n d  t w o

o u r v e d  s t e e l  l e g s  w h i c h  a r e  a t t a c h e d  t o  e a c h  o t h e r  a s  s h o w n .  A  h o l e
i s  f o r m e d  s l i g h t l y  d o v e t a i l e d  i n  t h e  t o p  
o f  t h e  s t o n e  w h i c h  i s  t o  b e  l i f t e d ,  i n e
l e w i s  i s  p l a c e d  i n t o  t h e  h o l e  w i t h  o n e
l e g  a t  a  t i m e .  A  w e d g e  p i e c e  m a y  b e  
i n s e r t e d ,  i f  n e c e s s a r y .  W h e n  t h e  c r a n e  

l i f t s  t h e  t o p  r i n g ,  t h e  B m a l l e r  s i d e  r i n g s  

g e t  p u l l e d  a p a r t  a n d  c a u s e  t h e  l o w e r  t i p s  

o f  t h e  l e g s  t o  g r i p  t h e  s t o n e .  T h e  h o l e  
s h o u l d  n o t  b e  e x c e s s i v e l y  d o v e t a i l e d  a s  

o t h e r w i s e  t h e r e  i s  l i k e l i h o o d  o f  t h e  e d g e s  

b e i n g  b r o k e n  a n d  t h e  s t o n e  f a l l i n g  d o w n .

( 6 )  Three legged common L ew is : 
T h e s e  c o n s i s t  o f  t w o  d o v e t a i l e d  s t e e l  

p i e c e s ,  a  p a r a l l e l  p i e c e  o f  s t e e l  i n  b e t w e e n ,  

a  s h a c k l e  a t  t h e  t o p  a n d  a  r o u n d  s t e e l  p i n  

w h i c h  c o n n e c t s  a l l  o f  t h e s e  t o g e t h e r .  A  

d o v e t a i l e d  b o l e  i s  m a d e  i n  t h e  t o p  o f  t h e  

s t o n e  c o r r e s p o n d i n g  t o  t h e  s h a p e  o f  t h e  
l e g s .  F i r s t  t h e  t w o  e n d  d o v e t a i l e d  p i e c e s  

a r e  i n s e r t e d  a n d  t h e  c e n t r a l  p i e c e  i s  

d r i v e n  n e x t .  T h e  p i n  a n d  t h e  s h a c k l e  a r e  f i t t e d  t i g h t l y .  T h e  c r a n e  

h o o k  i s  p a s s e d  a r o u n d  t h e  s h a c k l e  t o  l i f t  t h e  s t o n e .

LEGS

CHAIN LEWIS

F ig . 379

S T E M
COMMON LEWIS

Figs. 380.S83. A ssem bling  d e ta ils  o f  a  com m on lewia (3-leggod). 

Structural Members Built o f Stone

( 1 )  Steps  : S t e p s  a r e  u s e d  f o r  e n t r a n c e  a n d  s t a i r s  o f  a  b u i l d ­

i n g .  S t o n e  s t e p s  a r e  u s e d  t o  a  l i m i t e d  e x t e n t  t h e s e  d a y s  T h e y  
c a n  b e  g i v e n  v a r i o u s  a r c h i t e c t u r a l  s h a p e s .  S t o n e s  u s e d  f o r  s t e p s  

s h o u l d  b e  h a r d  a n d  d u r a b l e .  T h e y  s h o u l d  a l s o  t a k e  p o l i s h .  V a r i o u s  

t y p e s  o f  s t o n e  s t e p s  a n d  t h e i r  m e t h o d s  o f  c o n s t r u c t i o n  a r e  d e s c r i b e d  

i n  t h e  c h a p t e r  o n  S t a i r s .

( 2 )  Plin th  and  p liv th  courses  :  P l i n t h  i s  a  t e r m  a p p l i e d  t o

t h e  h o r i z o n t a l  p r o j e c t i n g  c o u r s e  a t  t h e  b a s e  o f  s u p e r s t r u c t u r e ,  i.e., 
b e t w e e n  t h e  g r o u n d  l e v e l  a n d  t h e  f l o o r  l e v e l .  T h e  h e i g h t  o f  t h e  
p l i n t h  i s  d e p e n d e n t  u p o n  t h e  a r c h i t e c t u r a l  t r e a t m e n t  n e e d e d  f o r  

a  b u i l d i n g ,  t h e  f l o o d i n g  t o  w h i c h  t h e  a r e a  i s  s u b j e c t e d ,  e t c .  T h e  

t o p m o s t  c o u r s e  o f  t h e  p l i n t h  m a s o n r y  i s  c a l l e d  p l i n t h  c o u r s e .  P l i n t h  

c o u r s e  c a n  b e  m a d e  o f  s t o n e  a n d  m a y  b e  g i v e n  s p e c i a l  m o u l d i n g s  t o



e n h a n c e  i t s  a r c h i t e c t u r a l  b e a u t y .  S l i g h t  s l o p e  i s  n e c e s s a r y  f o r  t h e  

t o p  p o s i t i o n  s o  a s  t o  s h e d  o f f  t h e  w a t e r .

F igs. 384-380. S to n e  p lin th s .

( 3 )  Window SiLls :  W i n d o w  s i l l s  a r e  n e e d e d  f o r  s h e d d i n g  o f f
w a t e r  f a l l i n g  o n  t h e  w i n d o w .  They c a n  a l s o  a c t  a s  s u p p o r t  f o r  t h e

v e r t i c a l  m e m b e r s  o f  t h e  w i n d o w .  T h e y  a r e  m a d e  o f  b r i c k s  o r  
s t o n e s .  S p e c i a l  m o u l d i n g s  h a v e  t o  b e  g i v e n  t o  p r e v e n t  t h e  w a t e r  

f a l l i n g  o n  t h e  w a l l .

Figs. 387.388. S to n e  w indow  sills.

( 4 )  String  Courses : T h i s  i s  a  h o r i z o n t a l  p r o j e c t i o n  o f  t h e

m a s o n r y  t h r o u g h o u t  t h e  l e n g t h  o f  t h e  w a l l  a n d  i s  m e a n t  a s  » n  a r c h i ­

t e c t u r a l  f e a t u r e .  S p e c i a l  m o u l d i n g s  c a n  b e  g i v e n  t o  t h e s e  c o u r s e s .

( 5 )  Frieze  • T h i s  i s  a  c o u r s e  b e l o w  t h e  c o r n i c e .  T h i s  m a y  b e  

i n  f l u s h  w i t h  t h e  w a l l  b e l o w  o r  m a y  b e  p r o j e c t i n g  i f  t h a r e  i s  n o  

p r o j e c t i n g  m e m b e r  b e l o w  i t .

( 6 )  Cornice • T h i s  i s  a  l a r g e  p r o j e c t i n g  h o r i z o n t a l  c o u r s e  p r o -  

v i d e d  o n  t h e  t o p  o f  t h e  w a l l .  T h i s  a d d s  t o  t h e  a r c h i t e c t u r a l  b e a u t y  

o f  t h e  b u i l d i n g  a n d  a l s o  p r o t e c t s  t h e  w a l l  b e l o w  i t  f r o m  t h e  w a t e r  
t r i c k l i n g  d o w n  i t s  s u r f i j . e e .  S p e c i a l  m o u l d i n g s  m a y  b e  g i v e n  t o  t h e  

c o r n i c e s  f o r  c r e a t i n g  a n  a r c h i t e c t u r a l  t r e a t m e n t .

1 7 )  Parapets am i Copings  : T h e s e  m a y  a l s o  b e  m a d e  o f  s t o n e s .

B u b b l e  m a s o n r y  o r  a s h l a r  w o r k  c a n  b e  u s e d  i n  t h e i r  c o n s t r u c t i o n  

d e p e n d i n g  u p o n  t h e  g e n e r a l  t y p e  o f  m a s o n r y  u s e d  m  t h e  w a l l s  t o  

w h i c h  t h e  p a r a p e t s  s u r m o u n t .



Fig. 389. Section  th ro u g h  an  e x te rio r w all o f  a  b u ild in g  show ing  d iffe re n t 
e le m e n ts  o f  co n s tru c tio n  in  Mtone m aso n ry .

F ig s . 390-392. S to n e  mnBonry copinga.



2  CAVETTO

C f v iA . RECTA
CYM a

REVERSA

Figs. 393-394. E lev a tio n  a n d  p lan  o f a  ty p ic a l com ice.
C o p i n g s  c a n  b e  m a d e  o f  s t o n e s  c u t  t o  d i f f e r e n t  s h a p e s .  M o u l d ­

i n g s  c a n  b e  g i v e n  t o  t h e  f a c e  e n d s  o f  t h o  c o p i n g s  t o  e n h a n c e  t h e i r  
b e a u t y .  T h r o a t i n g s  h a v e  t o  b e  i n c o r p o r a t e d  t o  p r e v e n t  t h e  w a t e r  

f r o m  t r i c k l i n g  d o w n  t h e  f a c e  o f  t h e  w a l l .

Mouldings
T o  g i v e  a e s t h e t i c  e f f e c t  t o  t h e  v a r i o u s  m e m b e r s  o f  a  b u i l d i n g ,  

s p e c i a l  c u r v e d  s u r f a c e s  a r e  c a r ­

v e d  o n  t h e m .  T h e  m o u l d i n g  t o  b e  
u s e d  d e p e n d s  u p o n  t h e  p o s i t i o n  

o f  t h e  m e m b e r  i n  t h e  b u i l d i n g .
C r o w n i n g  m o u l d i n g s  a r e  n o t  e x ­

p e c t e d  t o  c a r r y  a n y  s t r u c t u r e  
a b o v e  t h e m .  H e n c e  t h e y  a r e  

u s e d  o n  t h e  t o p  m e m b e r s  o f  

a  b u i l d i n g .  V a r i o u s  t y p e s  o f  

m o u l d i n g s  a r e  u s e d  a n d  a  f e w  o f  

t h e m  a r e  s h o w n  i n  F i g s .  3 9 5 - 4 0 3 .

T h e  s u p p o r t i n g  m o u l d i n g s  

a r e  u s e d  i n  m e m b e r s  w h i c h  h a v e  
t o  s u p p o r t  l o a d s .  T h e y  d o  n o t  

h a v e  h o l l o w  d e p r e s s i o n s  n e a r  

t h e i r  u p p e r  e d g e s .

C o n n e c t i n g  m o u l d i n g s  a r e  

n a r r o w  p r o j e c t i o n s  u s e d  t o  d i v i d e  

a  g r o u p  o f  m o u l d i n g s  o r  v a r i o u s  
p a r t s  o f  a  s t r u c t u r a l  m e m b e r .

i  i
R*

4 OVOLO 5. B ILLET 6 ASTRAGAL

SCOTIA 9 TORUS 9  BIROS
BEAK

Figa. 39r>-403. 1-3. S u p p o rtin g  m ould ings. 
4.6. C onnecting  m ould ings.

7-9. B aae m oulding*.



B a s t '  m o u l d i n g s  a r e  c o n s t r u c t e d  t o  b r o a d e n  t h e  b a s e  o f  a  l o a d e d  

m e m b e r  a n d  t h e r e b y  d i s t r i b u t e  t h e  l o a d s  o v e r  a  l a r g e  a r e a

S t o n e  L i n i n g  .
C o s t l y  s t o n e s  e.g., m a r b l e  a r e  n o t  e c o n o m i c a l  l o r  t l i e  c o n s t r u c ­

t i o n  o f  w a l l s  o f  l a r g e  t h i c k n e s s e s .  H e n c e  o n l y  a  f a c e  u o r k  b u i l t  o f  
t h i n  s l a b s  o f  t h e s e  s t o n e s  c a n  b e  u s e d .  T h e s e  f a c i n g s  a r e  n o t  a c t i n g  
a s  l o a d  b e a r i n g  c o m p o n e n t s  o f  w a l l s  b u t  h a v e  t o  b e  o n l y  f i x e d  w i t h  

t h e  b a c k i n g  w h i c h  t a k e s  t h e  e n t i r e  l o a d  o n  t h e  m e m b e r .  T h e  s t o n e s  
a r e  c u t  i n t o  t h i n  s h e e t s  a b o u t  2 . 5  c m .  i n  t h i c k n e s s  a n d  f i x e d  s o  a s  t o  

a p p e a r  a s  a s h l a r  w o r k  o r  m a y  b e  s u i t a b l y  c u t  s o  a s  t o  f o r m  p a n e l s .  

M a r b l e  f a c i n g  m a y  b e  k e p t  a b o u t  2 . 5  c m .  a w a y  f r o m  t h e  f a c t '  o f  t h e  
b a c k i n g  a n d e a n  b e  m a d e  t o  r e s t  o n  p a d s  o f  P l a s t e r  o f  P a r i s .  I t  i s  

k e p t  i n  p o s i t i o n  w i t h  b r a s s  d o w e l s  a b o u t  6  m m .  i n  d i a m e t e r  f i x e d  

a l o n g  t h e  l o w e r  e d g e s .  T h e  t o p  e d g e s  a r e  k e p t  i n  p o s i t i o n  b y  b r a s s  
c r a m p s  w h i c h  a r e  t u r n e d  i n t o  t h e  s l a b  a n d  f i x e d  i n  t h e  b a c k i n g  o f  

t h e  w a l l .  T h e  a n g l e  j o i n t s  a t  c o r n e r s  c a n  b e  m a d e  b y  t h e  u s e  o f  

s c r e w s  c o v e r e d  w i t h  m a r b l e  s t u d s  o r  c r a m p s  a n d  d o w e l s .

F igs. 404-407. D e ta ils  o f m a rb le  lin in g s to  m aso n ry  walla.

E x t e r n a l  w a l l s  m a y  b e  f a c e d  b y  t h i n  s l a b s  o f  s t o n e s  p o l i s h e d  
s u i t a b l y .  T h e s e  a t o n e  f a c i n g s  s h o u l d  n o t  b e  g r e a t e r  t h a n  8  t i m e s  t h e i r  

t h i c k n e s s  i n  h e i g h t .  S u i t a b l e  b o n d  s t o n e B  m a y  b e  u s e d  f o r  s t r e n g ­
t h e n i n g  t h i c k  f a c i n g s  w h e r e a s  f o r  t h i n  f a c i n g s ,  c r a m p s  h a v e  t o  b e  

u s e d  f o r  a n c h o r a g e  w i t h  t h e  b a c k  o f  t h e  w a l l .

Maintenance of Stone Work
{ 1 )  Efflorescence : T h i s  i s  c o m m o n  w i t h  c e r t a i n  t y p e s  o f  

m o r t a r s  a n d  c a n  b e  p r e v e n t e d  b y  p r o p e r  d r a i n a g e  o f  t h e  b u i l d i n g .



Its  removal is described on page 92. The stones should be kept 
saturated with water so that it may not get discoloured on account 
of acid action.

(2) Stains : Stains can be removed easily if they are not old
and their origin is known. Iron stains have a rusty appearance and 
can be removed by rinsing the area with a solution of \  kg. oxalic 
acid in 5 litres of water. The surface should then be scrubbed with 
brushes and clean water after 2 to 3 hours. Darker stains may be 
removed with a  mixture of 6 parts of water, one part of sodium 
citrate, one part of glycerine mado into a paste with fcufficient whit­
ing. This paste is applied to the surface and left for a few days. 
For very deep and dark stains, one part of sodium citrate is dis­
solved in 6 parts of water and the surface of stains is moistened 
with this solution. The surface is then covered with a thin layer of 
sodium hydro-sulphite crystals. This is removed after an hour. 
This treatm ent may be repeated, if necessary. The final surface is 
washed.

Copper and bronze stains are removed by applying a mixture 
of one part of ammonium chloride and 4 parts of powdered talc with 
ammonia water to foim a paste. This paste is covered on the surface 
and removed after some time.

Smoke and fire stains can be removed by rubbing with powder- 
ed pumice or grit. This treatm ent is applied several times till a 
clean surface appears.

Oil stains can be removed by scrubbing with benzene or petrol. 
However a mixture of acetone and amyl acetate can remove deeper 
stains.

Tobacco stains can be removed with a weak solution of 
tri-sodium phosphate. Chlorinated lime paste is added to make the 
solution perfect bleaching agent.

Ink stains can be removed by applying a paste of whiting in 
a strong solution of sodium perborate and water. Chlorinated lime 
or ammonia water can also be used as an alternative.

(3) Repair of cracks : Cracks should be repaired only after
the settlement causing the crack has ceased. This period may be 
taken as about one year. Small orncks should be cleaned with a wire 
brush or with a thin blade. A thick paste of cement mix is forced 
into the opening. Large cracks should be raked out to get a firm 
key for the mortar. An inverted V groove of a t least 1 cm. depth is 
necessary. A cement mortar of 1 : 2 ratio with less water is suit­
able. Tnis mortar should not be applied for about an hour after 
mixing and should be remixed without additional water, immediately 
before using. This mixture (grout) should be forced into the crack 
to get a good bond. Expansive agents, e.g., aluminium powder can 
be added so as to make a tight fit for this grout.

(4) Water proofing : Colourless water proofing materials can
keep the stone masonry free from damp, efflorescence, frost action 
otc. Water proofing materials obtained from heavy petroleum distil­



lates, fatty oils or insoluble soaps are best. Stones having a very 
close texture are difficult to be water proofed. W ater proofiing sub­
stances containing resins are not suitable. They are applied as a 
washing coat. The water proofiing causes some discoloration of the 
stones but that goes off in course of time.

Artificial Stone

Wherever stone is not available and it is desired to give a 
face treatment of stone work, artificial stone or cast stone is used. 
These types of stones are nothing but cement concrete blocks with 
special surface treatment. Aggregates of crushed stone are used to 
produce a rough surface. Coloured sands may be used with coloured 
aggregates. Best types of aggregates are essential so as to with­
stand the weathering effect. Coloured cements or pigments may be 
used wherever coloured treatment is necessary. Cement aggregate 
ratio of 1 : 3 is maintained. An excessive quantity of aggregate will 
produce a weak product whereas a concrete containing less quantity 
of aggregates is gving to have chipped off surfaces. Facing and 
backing portions of the blocks may be made of different sized aggre­
gates, the smaller sized being used on the face. Special architectural 
details and mouldings can be cast economically and with ease. A 
polished surface can also be developed from the cast stone. The oast
stone has got some advantages over the natural stone, e.g., no bedd­
ing planes are present and hence the precautions regarding the 
placing of the stoues with regard to their bedding planes are not 
necessary.

QUESTIONS

1. B r ie f ly  describe the different types of atones used in the construction 
o f s tone  m aso n ry . What a re  the common defects which are to be checked in 
a  s tone  before  it is used in  a building ?

2. W h a t a re  th e  fac to rs  on w hich a  p a r t ic u la r  ty p e  o f  fin ish  is se lec ted  
m  sto n e  m asonry  w ork 7 W h a t a re  th e  u su a l ty p e ,  o f  flnishcs u sed  ?

3 N am e th e  v a r io u s  classes o f  ru b b le  m asonry . W lia t a re  th e  im nor- 
t a n t  p o in (8 to  bo k e p t in view while carrying out rubble work.

4. Describe briefly the following types of masonry work
(а) Random,Rubblo coursod.
(б) Squared Rubble uncoursed.
(c) Polygonal walling.

__ Jig:. ,V" v1ar!°'1'  ‘J?™  “f A sh la r m a so n ry . B riefly  d esc rib e  th eco n s tru c tio n  of walls with Ashlar flne masonry.
fl. W rite  sh o r t  n o tes  on :—

(») D ry  s to n e  re ta in in g  w alls.
( i i )  Ashlar facing,

(tit) Ashlar rough tooled.
7. W h a t  a re  th e  various types of joints used in stone masonry for 

p la c in g  atones to g e th e r? Illustrate with neat sketches.
8. W rite  s h o r t  no tea  011 :__

(t) Chain dog,
( i i )  Co m m o n  L e w is ,

(t'tt) Plinth courses.



(tt>) Cornice.
(w) Frieze.

(t>i) String courses,
( v i i )  A rtific ia l Btones.
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5
Concrete M asonry

The use of cement concrete blocks for masonry construction 
h a s  developed rapidly due to the various advantages which they 
p o s s e s s  over traditional building materials like bricks and stones. 
T h e  main advantages of concrete blocks are their large size, uni- 
formity in design, easy handling and placing, a ttractive  appearance 
a n d  strength. Cheapness and the ease with which blocks of any size 
or form can be manufactured and laid are the two distinct qualities 
o f  concrete blocks as a valuable building material. New materials 
a n d  methods of manufacture for these blocks are being developed 
a n d  adopted regularly. The use of machine with large manufactur­
i n g  capacity enables quick production. The method of steam c'iring 
e n a b l e s  these blocks to be laid within hours after casting.

There are several kinds of concrete masonry units depending 
o n  the shapes and sizes (Figs. 408-420) in which they are manufac­
tured. However two distinct types of concrete masonry units are :

(1) Regular concrete blocks : These are precast cement concrete
blocks made from dense aggregates and intended for load bearing 
walls. °

(2) Light weight concrete units ; Light weight aggregates are 
used m the construction of these units and although they are not 
as strong as the heavy concrete blocks, yet they are extensively used 
tor both load bearing and non-load bearing walls. The situations 
wbere they are used for load bearing walls are external walls 
rendered or otherwise protected, the inner leaf of cavity walls, backing 
or brick work and stone masonry internal load bearing walls and

par itions and infilling panels for framed buildings. As non-load 
eanng units, they are used in partitions and internal panels for 

framed buildings.
Concrete block masonry can be built in various sizes depending 

upon the job requirement. There is also no standard size of concrete 
block8- However, as recommended by the Concrete Association of



India, the face thickness should not be less than 5 cm. and the net 
area should be a t least 55 to 60 per cent of the gross area Streng­
thening of the block in the middle, where cracking is liable to take 
place, is necessary. I t  iB recommended that the cores should 
least two in number and they should preferably be oval shaped. The 
common sizes for building blocks are given in the table below :

Actual dimensions in Cm.
Type

L e n g th H e ig h t

Size A 
Size B 
Size C 
Tolerance

39
39
39

3 mm.

30
20
10

: 1 5 m m .

19
19
19

; 1-5 mm.

Various types of surface finishes are used. Some of them are 
described below :

(1) Common fin ished  surface. Fine to coarse texture 
obtained by varying the mix proportions and by u s i n g  suitable 
aggregates. Coloured aggregates can also bo used. Tl“  
can be exposed by treating the surface of blocks with a dilute solut 
of acids or bv scrubbing it while the concrete has not sot completely.

F ige. 408 .120. block,
( j )  S t r M c h « b l o c M ( . )  M  b £ k

W eek, (x, A n o th er p a r ti t io n  block.

(2) Glazed finish-.  C o n c r e t e  M , S  stales’*’ This is done in a 
glazed surface in any These tvpes of blocks are suitable

a n d la v e  sufficient water resistant propert.e .



(3) Slumped finish : A concrete of desired slump is prepared 
so that when the forms are removed, the blocks settle somewhat. 
This produces a rough surface on the exterior and blocks of various 
dimensions are used in the face work.

(4) Specially faced block : Finishing materials other than 
concrete, e.g., marble, can be incorporated on the facing side of the 
blocks. The smooth finish thus obtained enables the blocks to be 
used in various places, e.g., hospital, cinema, etc.

(5) Split blocks : They are used for some decorative finishes 
in buildings and are produced by dividing the blocks into two parts 
lengthwise. The surface thus formed is rough and the aggregates are 
exposed Hence proper selection of aggregates and their blending 
has to be done.

(6) Coloured finishes : Various types of pigments can be
incorporated in the concrete mix so as to produce a vai iety of colours 
from block t-o block. Similarly special paints can be applied to the 
surface of the blocks to enhance their beauty.

F ig .  421«424. (*) S ta n d a rd  b lock, (ii) S cored b lock , (Hi) S lu m p  b lock,
(iv) S p lit b lock.

M a n u f a c t u r e  o f  C oncrete  B locks

The manufacture of conorete blocks is similar to  th a t of ordinary 
o o n c r e t e  masonry. However, the following points regarding the manu- 
f a c t u r e  o f  these blocks should be noted :—

( 1 )  T h e  aggregates should be correctly graded. The mixture 
° no a88re8ates (tiO%) and coarse aggregates 6 to 12 mm. size 
( 4 0 / o )  is u s e d .  The fineness modulus of the m ixture should varv 
b e t w e e n  2-9 to 3-6. Use of fine sand should be avoided.

(2) The concrete mix should be a t leaBt of L : 6 cement to 
combined aggregate ratio,

(3) When hand moulding is resorted to, the hollows should be 
vertical to get better compaction. The concrete should not have a 
very lean consistency. The ooncrete block should be taken out from 
the mould just a t the time when i t  has sufficiently set.

(4) The block should not be disturbed on the moulding plat, 
form for a t least 24 hours.

. (5J  ‘8 Preferable use machines for casting tho blocks so
th a t a better finish and strength can be obtained.

(6) The blocks should be cured after keeping them  under shade 
for a t  i # a s t  24 hours so th a t they are protected from the action



of wind and sun during this period. These units Bhould then be 
immersed in a tank of water for a t least one week. Blocks should 
not be stacked for a t least two days after casting to eliminate any 
damage to the corners and edges. After curing, the blocks should 
be dried for about four weeks before use. Stacking during this 
period should be done with cells horizontal.

(7) Improper compaction should be avoided.
(8) The compressive strength of the blocks should be a t least 

28 kg./sq. cm. a t the age of 28 days. However, greater strengths on 
leaner mixes are possible if good care is taken to see that the blocks 
are manufactured properly.
L aying o f  C o n cre te  M asonry
Walls :

I t  is essential to check whether any cutting of blocks is necessary 
or not because concrete blocks are available in definite sizes. This is 
done by laying a course of blocks without any mortar and fitting the 
same within the desired length of the wall. The blocks should be 
laid with proper clearance to allow for mortar joints.

Next a mortar bed is spread on the foundation concrete and is 
evelled to have sufficient but uniform thickness ot mortar everywhere. 
The corner block is laid first and placed in position accurately. 
Mortar is applied to the ends of the other blocks and are placed and 
pushed against the corner block in turn. After a  few blocks are 
laid, the level of the course is checked. I t  may be necessary to tap 
some of the blocks <>r to put extra mortar underneath them but it 
should be ensured that every block has a t least about 2 cm. mortar 
below it. The first course is also to be carefully put in plumb. The 

, level and verticality of the first course is checked carefully so that 
the upper courses are brought up regularly in line and level with it.I 

The succeeding courses are laid in such a manner so as to 
break the joints vertically. Mortar is applied to the bottom of the 
concrete block a t the horizontal face members only. For vertical 
joints, the mortar is applied to the projections a t  the sides of the 
block. These courses are built first a t the corner only and every 
time they are checked vertically and horizontally. A storey rod is 
used to guide the courses. For building the portion in between the 
corners, a chord is spread between the two horizontal end blocks of 
a course and tho blocks are laid in between as described above. 
Mortar should not be spread for longer distances ahead of the block 
which is being laid so that it may not get dried when the block a t 
that particular position is fitted. Excess mortar is trowelled off 
from the face of the joint. The final closing block is fitted carefully. 
I f  it is to be cut, the same should be done accurately and the cut 
edges should be true and square. All the four vertical edges of the 
block and the edges of the opening are covered with mortar. This 
block is then pushed into the opening and fitted into place.

The face of the masonrj7 may be pointed by running a tool 
along the joints after the mortar is stiff but before it has set. The



(3) Slumped finish : A concrete of desired slump ia prepared 
so that when the forms are removed, the blocks settle somewhat. 
This produces a rough surface on the exterior and blocks of various 
dimensions are used in the face work.

(4) Sptcudly faced block : Finishing materials other than 
concrete, e.g., marble, can be incorporated on the facing side of the 
blocks. The smooth finish thus obtained enables tho blocks to be 
used in various places, e.g., hospital, cinema, etc.

(5) Split blocks : They are used for some decorative finishes 
in buildings and are produced by dividing the blocks into two parts 
lengthwise. The surface thus formed is rough and the aggregates are 
exposed Hence proper selection of aggregates and their blending 
has to be done.

(6) Coloured finishes : Various types of pigments can be
incorporated in the concrete mix so as to produce a vai iety of colours 
from block to block. Similarly special paints can be applied to the 
surface of the blocks to enhance their beauty.

Fig . 421-4*24. (») Standard block, (ii) S cored b lock , (Hi) S lu m p  b lo c k ,
(iv) Split block.

M anufacture o f  Concrete Blocks

The manufacture of concrete blocks is similar to th a t of ordinary 
concrete masonry. However, the following points regarding the manu­
facture of these blocks should be noted :—

(1) The aggregates should be correctly graded. The mixture 
no/ a^ re8afces (60°/o) and coarse aggregates 6 to 12 mm. size

(40/o) is used. The fineness modulus of the mixture should vary 
between 2-9 to 3-6. Use of fine sand should be avoided.

(2) The concrete m il should be at. least of X • 6 cement to 
combined a g g re g a te  ratio.

(3) When hand moulding is resorted to, the hollows should bo 
vertical to get better compaction. The concrete should not have a 
very lean consistency. The concrete block should be taken out from 
the mould just a t the time when it has sufficiently set.

(4) The block should not be disturbed on the mouldino plat­
form for a t least 24 hours.

.  <®> } }  is Preferable to use machines for casting the blocks so 
that a better fanish and strength can be obtained.

f,.» i 6] T1ie E 0* *  8hould be cured aft*r keeping them  under shade
for at least 24 hours so that they are protected from the action



of wind and sun during this period. These units should then be 
immersed in a tank of water for a t least one week. Blocks should 
not bo stacked for a t least two days after casting to eliminate any 
damage to the corners and edges. After curing, the blocks should 
be dried for about four weeks before use. Stacking during this 
period should be doiie with cells horizontal.

(7) Improper compaction should be avoided.
(8) The compressive strength of the blocks should be a t least 

28 kg./sq. cm. a t the age of 28 days. However, greater strengths on 
leaner mixes are possible if good care is taken to see that the blocks 
are manufactured properly.
Laying o f  C o n cre te  M asonry
W alls  :

I t  is essential to check whether any cutting of blocks is necessary 
or not because concrete blocks are available in definite sizes. This is 
done by laying a course of blocks without any mortar and fitting the 
same within the desired length of the wall. The blocks should be 
laid with proper clearance to allow for mortar joints.

Next a mortar bed is spread on the foundation concrete and is 
evelled to have sufficient but uniform thickness ol mortar everywhere. 
The corner block is laid first and placed in position accurately. 
Mortar is applied to the ends of the other blocks and are placed and 
pushed against the corner block in turn. After a few blocks are 
laid, the level of the course is checked. I t  may be necessary to tap 
some of the blocks < >r to put extra mortar underneath them but it 
should be ensured th a t every block has a t least about 2 om. mortar 
below it. The first course is also to be carefully put in plumb. The 

, level and vertioality of the first course is checked carefully so that 
the upper courses are brought up regularly in line and level with it.l 

The succeeding courses are laid in such a manner so as to 
break the joints vertically. Mortar is applied to the bottom of the 
concrete block a t the horizontal face members only. For vertical 
joints, the mortar is applied to the projections a t  the sides of the 
block. These courses are built first at tho corner only and every 
time they are checked vertically aud horizontally. A storey rod is 
used to guide the courses. For building the portion in between the 
corners, a chord is spread between the two horizontal end blocks of 
a course and the blocks are laid in between as described above. 
Mortar should not be spread for longer distances ahead of the block 
which is being laid so that it may not get dried when the block a t 
that particular position is fitted. Excess mortar is trowelled off 
from the face of the joint. The final closing block is fitted carefully. 
If  it is to be cut, the same should be done accurately and the cut 
edges should be true and square. All the four vertical edges of the 
block and the edges of the opening are covered with mortar. This 
block is then pushed into the opening aud fitted into place.

The face of the masonry may be pointed by running a tool 
along the joints after the mortar is stiff but before it has set. The



surface of the joint may be concave or V-shaped. Raked, flush and 
strucked joints are not recommended. The types of joints which 
can be used are weathered, V-shaped or concave as they ahed off 
water easily. Pointing may also be done.

The following points should be noted for the construction of 
walls and corners in addition to what has been described above.

(») Only well dried blocks should be used in the construction. 
The blocks should not be drenched in water before laying in the 
walls. Only sides of the joints should be slightly wetted.

(it) Blocks for this work should have less than 10 per cent 
absorption for external walls and less than 15 per cent for internal 
walls. When blocks with higher water absorption are to be used, 
they should be painted with water proof materials.

(iit) The mortar used shall not be stronger than the concrete 
mix used for the manufacture of blocks. Cement, lime and sand 
mortar of 1 : 1 : 10 mis is preferable.

(iv) The joints should be about 5 mm. to 1 cm. in thickness.
(v) When the difference in the height of two adjacent walls is 

more, e.g., when a main wall meets a compound wall, the two walls 
should be separated by a joint.

(vi) The corners of hollow concrete block wails crack due to 
thermal expansion. In the case of Jong walls there will be cracks in 
the centre of the wall. Solid concrete blocks or hollow blocks filled 
with concrete are used a t the junction of walls to avoid cracking.

Controlled joints with metal stirrups may also be used as an 
alternative.

(vii) At the junction of load bearing and non-load bearing walls, 
corrugated metal ties are used. The joints between two walls are 
not inter-bonded.
Columns :

Whenever large bearing surfaces are needed, columns are used.
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F ig a  4 25-420 . P i l la n te r a  a n d  pie rs .



They can form an internal unit with the wall or can be built separate­
ly. They are made of standard stretcher and corner blocks or other 
special shapes are used. The hollows within the blocks m a y  be filled 
with concrete.

Window and Door Openings :

The blocks used in jambs should have one boilow near the open­
ing which should be filled with concrete. The door and window 
frames are screwed to wooden plugs left in the masonry and fixed in 
the lintel with s m a l l  dowels of mild steel. Under the windows and 
doors a course of solid concrete block masonry is laid which extends 
into the adjacent walls to a distance of a t least 30 cm. on either aid?' 
Alternatively a precast concrete sill of solid section may be used. 
Lintels are made of hollow channel shaped blocks filled with concrete 
and having steel reinforcement a t their bottom.

Expansion Joints :
The masonry is liable to crack due to unequal stresses created 

on account of the expansion and contraction of the hloek- Hence 
controlled joints are introduced at definite intervals (o to 10 metre) 
These arrest the movement of the concrete masonry units. They can 
be placed a t the junction of load bearing and non-load bearing walls 

r «? the iunction of walls and columns or a t other suitable places. 
T h e r e  are many types of controlled joints used. At each joint, an

i f pfimnonnd consisting of a mixture of chalk, sand and linseed 
6T  !, u s T “ his1 “ covered with cement to match the colour. The 
thickness of'the joint is 5 to 10 mm. Two G.I. strips 15 x  5 cm m 
size should be provided in every alternate joint for bond w.th the
m a i n  walls.

Reinforced Walls :
Reinforcement is provided a t the horizontal joints for develop- 
Reintorcem i Further expansion cracks which oceuring higher strength "Walls, j u  ^  reduced- Tw0

on account o:f m_ l- djaInote?are  plaeed one each on the face 
honzonta bare of r restricted to top and bottom
courses^of w i^o w  openings, door ownings, etc. Welded steel mesh 
can also be used.

Water Proofing of Exterior Walls :
, ,. , lt ,i concrete blocks are able to resist free leak-

Va' ' ? “ bu leakage mav occ,.r through the joints. Two coat, 
age of water but leak g y blaster of 1 : 4 cement m ortar is 
of neat cement slurry o ‘ onry p or blocks cast on a vibrat-
helpful m water;pr g ,u ^  3uffloient painting on plastered
ing machine painting llPV walls. When blocks of greater
walls should be done P . - t , should invariably be
absorption are used, two coats providing suitable drip
^ s e s ^ P w i X S  and by making the joints properly.



The recommended th ic k n e ss  in cm. of hollow concrete block 
walls for the various floors is given m the table belo .___________

N o . o f 
floors

F o u n d a t io n
and

B a s e m e n t

G ro u n d
floor

30 o r  20 

30 

30 

40

20

20

30

20

SO

30

20

30

Hollow concrete block masonry is used in domestic buildings 
schools, churches and other public buildings. I t  is specially suitable 
for low cost houses.

S t r u c t u r a l  C la y  T i l e  M a s o n r y

Structural tile is light in weight, fire proof, resistant to rats 
and termites and is free from decay caused by the contact with water 
or chemicals. The use of these tiles reduces the. maintenance and 
constructional costs. Struotural clay tile is a term referred to the 
various sizes and kinds of hollow and practically solid structural units. 
They are moulded from clay or diatomaceous earth. The latter gives 
very light tiles which can 'b e  easily cut but possess less crushing 
strength. These tile units are used to build foundations, walls, parti­
tions, floors and other structural members.

The various types of structural clay units are shown in figures 
4 2 7 - 4 3 8 .

Figs. 427-428. D ifferen t ty p e s  o f s t ru o tu ra l  clay  u n its.

I t  should be noted th a t these units can be used while being laid 
on end or on side and are designed accordingly. Load bearing tiles are 
made in various grades, e. g., load bearing (L.B.) and extra load bear­
ing ( L . B . X , ) .  Specifications have been framed in various countries



Fige. 429-436. T y p ic a l sh a p e s  a n d  sizes o f  s t ru c tu ra l  clay  unite .

to account for the various physical properties of the tiles. Generally 
absorption is not greater than  IS per cent for good quality tiles. 
The compressive strength based on gross area in kg./sq. cm. is about 
100 for tiles laid vertically on end and about 50 for tiles laid 
on sides. For non-load bearing walls, these limits are relaxed.



The shell of a  t ile constitutes the four sides surrounding the 
hollow interior and the webs serve as partitions between the cells.

F ig s. 437-438. C lay  finite.

The overall average thickness of the shells should not be less than  2 
cm and of the web not less than 1 cm. for end construction tiles. 
The shell for side construction tile should not be less then 1 cm. lh e  
width of any c ell in the side construction tile, measured in the direc- 
tion of wall thickness, should not exceed times the average overall 
thickness of either the upper or lower bearing shells. All tiles must 
be free from laminations, cracks, blisters, surface roughness or 
other defects which would interfere in the  construction.

I f  plaster is to be applied directly to the sides of a tile, the 
surfaces should be grooved to provide keys for holding the plaster 
in place. Common and face tile units may have grooves on one or 
two faces and both ends grooved. Groove should not be less than
3 m.m. and not more than 2 5 cm. in depth. They should not be 
more than 2.5 cm. in width. The area covered by grooves should 
not exceed 50% of the area of the scored faces. For walls and 
partitions where no plastering is needed, smooth tiles may be used.

Glazed surfaces can be obtained for the tiles in various colours, 
Other finishes resembling rocks, bricks, etc. can also be obtained.

Laying of clay tile units :
This is similar to the laying of ooncrete hollow block masonry. 

However, the following points should bo noted in this connection :
(t) All the units should be dipped in water before being laid 

in mortar.
(ii) The corner tile is laid on end.
(in) Mortar is applied to the inner and the outer faces in the 

horizontal joints and to ends.
(iv) Special closer units can be used for the corners.
(w) Columns or pillasters are built of hollow tile units arranged 

suitably and special blocks are cast . The c o u r s e s  are bonded by 
providing units which connect the wall with the column in alternate 
layers.

(vi) The jambs of doors and windows are made of special blocks. 
Lintels are used for bigger openings. They are made up ol units



which are commonly used for the corners. The concrete ia filled into 
the cores and reinforcement is passed through the lower cells.

Walls of struotural clay are built of units which are of load 
bearing or non-load bearing type having one or many cells. These 
units may be glazed or natural, rectangular, square or curved. Tile 
walls are used for residences, silos, poultry houses, etc. These walls 
are easy to construct and can bear heat and moisture effectively. 
Partitions are made of smaller units and are frequently used in 
construction. Similarly hollow tiles can be used for floors, roofs and 
foundations.

QUESTIONS
1. W h a t a rc  th o  v a rio u s  ty p es  o f concrete block  m aso n ry  a n d  th o  

finishes w hich  ca n  be a d o p te d  ?
2. H ow  a re  th e  co n c re te  blocks m an u fa c tu re d  a n d  la id  in tho  w alls ?
3. W h a t a re  th e  p recau tio n s  to  be k e p t in view  w hile c o n stru c tin g  

concre te  block  m aso n ry  ?
4. W h a t a r e  th e  a d v a n ta g e s  o f hollow  ti le  b lo ck  c o n stru c tio n  !
W h a t  a re  th o  special p re cau tio n s  to  be tak e n  fo r th is  ty p e  o f m asonry

w ork t
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6
PA RTITIO N  AND CAVITY WALLS

Partition walls are thin internal walls whose main function 
is to divide the space within a building into rooms or areas. These 
can be load-bearing or non load bearing but with the sole purpose 
of division with strength and stability, sound insulation and fire 
resistance. When a partition wall is required to partially support 
girders over it, it is called a load bearing partition wall. A portion 
of the floor load, which the girders carry, is transferred to the 
partition wall.

Conventional partition walls are of the non load-bearing type 
and they are used to economise in space, weight and reduce cost.

They do not have to support any 
other load than its own dead 
weight.
T ypes o f  N o n -b ea rin g  P a r t i ­
tio n s

The various types of such 
partition walls are :

(1) Brick-partitions.
(2) Hollow block pa rti­

tions.
(3) Glass block partitions.
(4) Concrete partitions.
(5) Metal Lath partitions.
(0) Solid plaster parti­

tions.
(7) Corrugated sheet par­

titions.
(8) Wooden partitions. 
They are described in the

following articles :
(1) Brick partitions :

They are of the following types.
n o n  l o a d  b e a r in g  p a r t i t io n  (a) Plain Brick Type. :

Fig. 439 These partitions are 10 cm. thick

1 5 0
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and are constructed by laying bricks as stretcher courses. Suffi­
cient care should be taken in laying the bricks properly so as 
to develop full strength. These partitions cannot take a heavy 
load and hence their height is restricted. In U.S.A., partition 
walls of 5 cin. thickness are also used to enclose rooms of small 
dimensions and where the partitions are not subjected to lateral 
forces, e.g., load due to coal or grain. Openings in brick partitions 
for doors, etc., must have lintels over them.

(b) Reinforced Brick Partitions -. These are stronger than the 
ordinary plain brick partitions. The bricks are reinforced with iron 
strap about 2.5 cm. wide and 1.5 mm. thick which is laid horizon­
tally every fourth or fifth course. If  lime mortar is used in the 
construction of the partitions, the course containing reinforcement 
must be laid in cement mortar. Instead of hoop iron, two mild steel 
rods about (> m.m. dia. can also be used. Sometimes a wire mesh is 
used as reinforcement for these partitions.

(c) Brick Knogging : This type of partition wall consists of 
brickwork built up within a framework of wooden members. This 
is described on pages I02-lo:5.

(2) Hollow Block Partition Walls :
Structural clay tile units or hollow concrete blocks described 

in chapter V can be used for the construction of partition walls. Tile 
partition walls are similar to the tile walls except that tbeir thickness 
is less and varies from 5 cm. to 10 cm. depending upon the type of 
partition, attachment of any fixtures and sound insulation desired. 
Because of large amount of air within the cells of the clay tiles 
they are good insulators against heat. Tile partitions are used 
when they are supported by steel or concrete beams or concrete 
floors. They should never be used when they are supported on

F ig . 440. S u p p o rt  fo r a  p a rt it io n  on ho llow  tiles.

4 nr wooden frames. When a partition is supported
th e ™ X u  d be a solid concrete foundation below ,t. 

tL :  S 'needed —  the tile, if used as a foundation, ,,11 not bear 
the weight coming over it. (.?« 1 ig- « 0 ).



The laying of these partition wails is similar to th a t of the 
structural clay walls. I f  tile partition is laid from one wall to the 
other and has no corners, the two ends are built up for three or four 
courses and the in between portion is laid as stretcher units. The 
d is a d v a n t a g e  of structural clay tile partition with respect to solid 
brick partition is that the fixing of any attachment with the pa rti­
tion is difficult. Whenever door and window openings occur, lintels 
should be provided. These lintels should be made up of structural 
clay units filled with concrete.

Hollow concrete blocks are also used for partitions. Light 
weight concrete blocks can be very suitable for insulation.

(3) Glass Block Partition Walls :
Glass blocks can be used in the construction of partition walls 

because they provide good architectural effect and also adm it light. 
Further the glass block partitions act as insulated walls and prevent 
a passage of sound or heat to a great extent. Glass partitions are 
easy to clean and maintain.

Glass blocks can be made of different thicknesses and sizes. 
They are usually made square, of side 14 cm. and 19 cm. Sometimes 
the size 20 X 12 cm. is also made. The thickness is normally 10 cm. 
Different surface patterns can be developed by fluting the inner 
and outer surface. The jointing edges are painted internally and 
sanded externally to form a key for mortar.

They can be of glass brick type which act as individual units 
and are interconnected with joggled joints. Another type is to have 
a glass block with hollows inside. A third type is to have glass 
blocks with hollow spaces, some of which can be filled with concrete. 
Horizontal and vertical steel rods are placed in between to act as 
reinforcement.

The glass brick type blocks having joggles are fitted to each 
other as shown in figure 441. They are connected to the wall by 
fixing a fillet to it and fixing the glass blocks in such a manner that 
their end grooves fit with the fillet.

Other types of glass blocks are connected together with con­
crete and steel bars or with cement lime mortar. In the latter case 
fine sand is used and care should be taken th a t all the joints are 
filled completely. I f  blocks are greater than 25 cm. in height, every 
horizontal joint should be reinforced with iron stirrups or expanded 
metal stirrups. For blocks about 15 cm. in height, this reinforce­
ment can be placed after every third or fourth course. The joints 
can be suitably tooled. Provision for expansion can be suitably 
made along the jambs and the head of each panel. Expansion joint 
strips about 1 cm. thick made of cork, fibre glass or other suitable 
material should be placed in the expansion joint. Panels which are 
greater than 16 square metre in area should be provided with 
structural stiffening members.

Loads other than the self weight of the partitions hould not be 
transmitted to the partitions. The joints may not be broken verti- 
cally or horizontally.



Foam glass can be used in the partition walls for insulating 
rooms from sound and heat transmissions. Thus they are specially 
suited to air conditioned buildings. Foam glass can easily be out and 
worked with common masonry tools. The pieces can be joined



together with hot asphalt or asphaltic cements and can be plastered 
with a suitable medium. For insulation purposes, foam glass can be 
uaed as a core between the internal and external covering or the 
wall is built first and covered with a layer of foam glass which is 
suitably finished. Pre-fabricated construction can also be done 
with foam glass. Many types of facing materials, e.g., asbestos 
cement board and plywood can be used for facing purposes. Concrete 
foam glass panel using 5 to 10 om. of concrete on inside and outside 
and a core of 5 cm. foam glass is commonly used.

(4) Concrete Partition Walls : Precast concrete slabs and special 
concrete posts are used for the construction of partition walls. J he 
partition of this type consists of one or two thin precast concrete 
slabs kept in position by concrete posts which are suitably shaped to 
receive these slabs. The slabs are generally 4 cm. thick and the 
posts are suitably designed.

T or L-shaped sections can be used for the construction of 
partitions. At every point the joint between the web and the oppo­
site vertical face (skin) is overlapped by the solid shoulder of the 
L or T which is placed from the opposite face in the wall in alternate 
courses. A break in bond and interconnection of outer and inner 
facing of the walling is necessary.

fc



Foamed concrete blocks can be used for the construction of 
partitions. The thickness used varies from 8 to 10 cm. The blocks 
are made in density of 6 kg./cu. metre. These blocks can be easily 
sawn with ordinary saw to suit the various positions. The mortar 
used in the construction is lime cement mortar or weak cement 
mortar. Rich cement mortar, if used, will give cracks along the 
ioints. The m ortar may be of 1 : 6 cement sand mix or 1 : 1 : > 
lime cement, sand mix. Joints in the walls with foamed concrete 
blocks should be as thin as possible and never greater than I cm 
The partition walls made of these blocks can be bonded with external 
walls by driving 15 cm. long square nails a t every 30 cm. spacing in 
the external walla. For partitions exceeding S metires long»tadma.lIy 
it is desirable to lay two 6 m.m. dia. bars longitudinaly hal^ e 
height of the wall. No plastering is necessary for internal walls^ 
The surface can be given a coat of coloured cement. If  P'ast^ |  
is desired, the same can be done in two layers, the first coat being

ELEV A T IO N

SEC T IO N  ON X X/
F ig „  445-446. P ro c a s t  co n c re te  p a r ti t io n  using  T .sh a p e d  u n its.

of weak p ta .f i^  wif m"  by" means°of “ b em .lo lg  square 

Reinforced
but can bo convenient ly builti » reinforcement is placed een-
For thin walls up o t  ^ h o rizo n ta l and vertical rods or a
t« u y a  T tey  are used Where g re a fr  resistance of the partition

is necessary.



(5) Metal Lath Partition Walla ; Solid partitions are constructed 
by placing 2 cm. or 2,5 cm. channels vertically and fixing metal lath 
to it. The metal lath may be fixed on one side and the plaster 
applied on both the sides (see fig. 448). The lath is placed with its 
greatest dimension horizontally. The sheets are lapped a t least -.5 
cm. on the ends and are fixed with the wire to the channel a t 15 cm. 
interval. The channels are placed by driving holes into the floors 
and the roofs. For wooden floors and roofs, these channels can be 
bent and fixed by nailing.

Hollow partitions can also be made by fixing the metal lath 
to these steel channels on both sides. These channels are spaced a t 
30 to 40 cm. apart. Special cold formed channels, made up of 
sheet steel and bent to the required shape are used. They are from 
5 to 10 cm. deep and may have projections to which the lath is fixed. 
Built up channels can also be used. They consist of two small 
channels braced by flat iron.

I. SECTIONS

i & w

j ^ r - o v a -

METAL s t u b  
d e t a i l s

SOLID PARTITION WITH P L A S T E R  
BOARD AND S T E E L  STUDS

F igs. 447-452. M eta l L a th  P a r t i t io n  W all D e ta ils .

Metal laths are of various types. The expanded metal lath is 
formed by cutting sheet metal in such a way that it will cover a 
greater area when expanded. Diamond or rectangular meshing are 
suitable for small spacings whereas ribbed lath is used for greater 
spans. Wire lathing may be woven or welded. I t  has a mesh of 
1 to 1.5 om. square and may be made with or without stiffners. The 
stiffners are V-shaped metal seotiona or circular rods spaced at 
about 20 to 30 cm. Various types of patented laths are available 
for different constructional purposes and are described a t suitable 
places in this book.

(6) Solid Plaster Partition Walls : One type of solid plaster
partition wall has been described above. Solid plaster partitions can 
also be t»uilt of plaster boards fixed on metal channels. They are about 
5 cm. thick and the channels are 2 to 2.5 cm. in width. Channels 
act as supports and hence are spaced a t  about half metre interval. 
The surfaces can be rendered with plaster for a smooth finish.



a s  Corrugated Sheet Partition Walla ■ Corrugated steel 
or corrugated asbestos cement sheets are used to 

i S n t  for the construction of -n^rr 
S rtitio n s . They are specially 
suitable for cheap type of con­
struction and in factories. These 
sheets are fixed to a  framework 
of wood or iron. The sheets c a n  
h e  fixed with different types of a t­
tachments to  the horizontal and 
•he vertical members of the 
framework. The various types of 
f lin g s  to the horizontal mem- 
tors o f  i r o n  a r e  shown in figures
453-455

F ige . 453-455. S upporting  m ethods 
for co rrugated  p a rtitio n s .

For fixing to wooden members, special screws and washers are 
. F n nen ngs for doors, etc., can be easily left in these parUt.ons_ 

n t f ' i s n e P«  to h a v e  a smooth surface on one side, plywood 
boards can be fixed to  the framework.

Patented asbestos cement 'thick
thick attached to an inner' ^  The8e 9heet8 are jointed

(8) F o o t o  Partition Walls : These may be divided into two

ty i* 3 : . . . H .
( O )  C o m m o n  p a r t i t i o n  w a l l s .

(6) Trussed partition walls.
C o m m o n  p a r t i t i o i ^ ^ a U s ^ n s i s t ^ ^ a  f r a m e w o r k  o f  ^

s g s i r M s ?
h e n c e  they should be jJaced l“Bt fn ° underneath. The struts are 
S t  angles to the joint of the Boor g ^  They p t e d
usually 10 to 8 cm. x «  to s cn , ,  „f facing to be used. The
suitable intervals dcprodm gnp r f t im bers called knoggm p.
stru ts  are stiffened b y  hom onta lp  and are about 5 cm.

3 5 ?  • s S J Z  s z z * ! *The head is fixed to the ceding J int0 the walls which
Mooring Sometimes these mem ^  a3 deBfr.jhed above. If
is not necessary if they are secure J d tlmt the vertical and
any opening to to be toft. °h°a 'd g e n t l y  strong and are pined  
horizontal posts for the doors are ^  oan be COVcred by a
securely The partition framing or by fixing boarding
W jST S piaster Pon lath on. one o r t o *  ^  ^  light and need 
plywood sheet, eto. Ihese i



(5) Metal Lath Partition Walls : Solid partitions are constructed 
by placing 2 cm. or 2.5 cm. channels vertically and fixing metal lath 
to it. The metal lath may be fixed on one side and the plaster 
applied on both the sides (see fig. 448). The lath is placed with its 
greatest dimension horizontally. The sheets are lapped a t least -.5 
cm. on the ends and are fixed with the wire to the channel a t 15 cm. 
interval. The channels are placed by driving holes into the floors 
and the roofs. For wooden floors and roofs, these channels can be 
bent and fixed by nailing.

Hollow partitions can also be made by fixing the metal lath 
to these steel channels on both sides. These channels are spaced a t 
30 to 40 cm. apart. Special cold formed channels, made up of 
sheet steel and bent to the required shape are used. They are from 
5 to 10 cm. deep and may have projections to which the lath ia fixed. 
Built up channels can also be used. They consist of two small 
channels braced by flat iron.

SOLID PARTITION WITH P L A S T E R  
BOARD AND S T E E L  STUDS

F igs. 447-462. M etal L a th  P a r t i t io n  W all D e ta ils .

Metal laths are of various types. The expanded metal lath  is 
formed by cutting sheet metal in such a way that it will cover a 
greater area when expanded. Diamond or rectangular meshing are 
suitable for small spacings whereas ribbed lath is used for greater 
8pans. Wire lathing may be woven or welded. I t  has a  mesh of 
1  to 1 . 5  cm. square and may be made with or without stiffners. The 
stiffners are V-shaped metal sections or circular rods spaced a t 
about 20 to 30 cm. Various types of patented laths are available 
for different constructional purposes and are described a t suitable 
places in this book.

(6) Solid Plaster Partition Walls : One type of solid plaster
partition wall has been described above. Solid plaster partitions can 
also be fc>uilt of plaster boards fixed on metal channels. They are about
5  cm. thick and the channels are 2 to 2,5 cm. in width. Channels 
act as supports and hence are spaced a t  about half metre interval. 
The surfaces can be rendered with plaster for a smooth finish.



p a r t i t i o n  a n d  c a v i t y  w a l l s 1S7

(71  Corrugated Shed Partition IValla : Corrugated steel
of corrugated asbestos cement sheets are used to a large 

8he.®..t for the construction of 
£ r t “t U  They are specially 
S a b l e  for cheap ty pe of eon- 
rtruction and in factories. These 
fvL ts are fixed to a framework 
„r wood or iron. The sheets can
i i  fixed with different types of at- 
tach ments to the horizontal and 
the vertical members of the 
f r a m e w o r k .  The various types of 
fixings to the horizontal mem­
bers of iron are shown in bgures 
453-455

Figs. 453-455. S u p p o r t in g  m e th o d s  
fo r  c o r r u g a te d  p a r t i t io n s .

For fixing to  wooden members, special screws and washers are 
1 Ooenings for doors, etc., can be easily left in these

i n f i s n e C J y  to have a smooth surface on one side, plywood
boards can be fixed to the framework.

P a t e n t e d  a s b e s t o s

s  i x s r  a s s
in cement m ortar and can be' P* . ht partitions. Asbestos

£ S - . e x c - z s z  » " *
«  • ru„ii0 ■ These may h e  divided into two

( 8 )  Wooden Partition  Wall* : l h e s e  m a y

types :
( o )  C o m m o n  p a r t i t i o n  w a l l s .

( 6 )  T r u s s e d  p a r t i t i o n  w a l l s .

C o m m o n  P * ^ ™  t o t o  'th ° / h e a d  ' a n d

3 f  S S t t M S ™  «
h e n c e t h e y  s h o u l d  ' f l o o r i n g  u n d e r n e a t h .  T h e  s t r u t s  a r e
r i g h t  angles t o  t h e  j o i n t  o f  t h e  f l o o r i n g  ^  T h e y  p l » « d  a t  

n m i a l l v  10  t o  8  c m .  t o  o  • Qf  f a c i n g  t o  b e  U B e d .  T h e

s u i t a b l e  i n t e r v a l s  d e p e n d i n g  “ P ° n  ■ s ' 0 f  t i m b e r s  c a l l e d  k n o g g i n g s .  
s t r u t s  a r e  s t i f f e n e d  b y  h o r i z o r  a l  p e w .  ^  a n  ^  B  o m .

o X d t d  ,3a. w  to " e

Z t i t  ' s o m e t i m e s  t̂ e X js  * « £  t l " ;

C e r  o f  P l a t e r  Po n  l a t h  on one Oarr ^ t h s  ^  ^  , . g h t a n d  n e e d

plywood sheet, etc. Hies 1
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not have any supporting wall below. However, they cannot support 
any loads or cannot bear any big fixture.

F ig .  464. T r u s s e d  p a r t i t io n .

Trussed partition wall, 
there is no other means of supi g weipht and in addition
ends. Tbey are designed 0f trussing is to
» n y  f l o o r  loads coming on 8uch a manner that the loads
arrange the ‘ h members directly on to the supports and
are transm itted through Hence triangular frameworks are
a rigid framework is ensured ™ L n  in figure 464. It
desirable. A simple typ«> o s u n0{jned braces, vertical studs, knoggin- 
consists of a sill, a bead mehnea ora ^  m J  be held
pieces and posts for J * °  or iK£  bolts ; instead ofknogging pieces, 
together With ironisit pa strengthening the partition. The

the ho"  membcr is 8hown 
in the figure. ^ goor loads also, the trusses
have and the number of brace, is increased



(see fig. 465). Further a horizontal member is added in between 
the sill and the head. This is called 'in tertie’.

F ig . 465. T ru sse d  p a r ti t io n  to  s u p p o r t  floor loads.

These partitions can also be covered with plywood or lath and 
plaster or wood boarding.

CAVITY WALLS

A cavity wall consists of two separate walls called leaves or 
skin9 of brickwork with a  cavity in-between and connected together 
by metal ties or special bonding bricks. This type of construction 
is ideally suitable for places where prevention of dampness from 
exterior, high insulating value against heat and sound and economy 
are desired. In  a country like India, where the climate is either 
hot and/or hot-humid, cavity wall construction is very desirable for 
conditions of comfort health and preservation of the building 
against dampness. However, i t  is being used to a limited extent 
till today.

The two leaves of a cavity wall may be of equal thickness or 
the thickness of the inner leaf may br* increased to meet, the desired 
structural requirement. The inner and outer leaves of the w a ll 
should not be less than 10 cm. in thickness throughout the height 
of the wall.



For a cavity wall to be effective, it is absolutely essential that 
the inner leaf is entirely disconnected from the outer leaf, except 
for ties. This is done by providing a cavity of uniform width, 
normally 5 cm. but, not exceeding 7 5 cm. I t  is, however, .it the 
openings for doors and windows, where special precautions are 
necessary.

The inner and outer leaves of the wall are securely tied to.
aether with suitable b o n d i n g  t i e s  o f  adequate strength. These ties
should be of such a shape that water from the outer wall does not 
pass into the inner wall. Strong non-eorrodable ties of wrought 
iron or mild steel thoroughly galvanised, dipped in hot tar and 
sanded are used. Copper or bronze metal ties are used whenever
excessive corrosion is anticipated. These ties can be of win type,
the ends of which are twisted together and turned downward 
to prevent the transmission of water from the outer face to the 
inner face. Flat sections can be used of twisted or loop shape 
(see figs. 468-71). These ties should be placed a t intervals not ex­
ceeding 1 metre horizontally and 40 cm. vertically. Special bonding 
bricks of terracotta are also sometimes used as ties.

A cavity wall is built with an outer facing of specially selected 
face brick and the inner leaf is made of common bricks. The ties 
are placed wherever the joints coincide. The 10 cm walls are 
constructed in stretching hond. However a t certain intervals half 
headers may be introduced to improve the appearance.

The cavity wall may extend down to the concrete foundation
which means that water in t h e  s o i l  c a n  pass into the inner face of

section. If  water is liable to oollec. the course of bricks n he 
external face just below the ^  ^ '“ “^ t . 3 These hollow joints 
r ^ e  m  m “ n f S  £ L  tho length of the course. 
As an alternative small weep holes may be lett.

The damp proof course for these walls should be about 15 cm. 
below the ground level.

Whenever wooden floors

™ waUhX  «  0" « - •
The following points about the cavity walls should be noted

(2) During construction, no mortar or any other thing
get accumulated in the cavity.



(3) The cavity should be free from any projections. Any 
mortar slicking excessively to the walls or ties should be promptly

F ig . 466*469. C av ity  w a ll d e ta ils-

removed. At least 5 cm. wide cavity will break the continuity 
between the inner anil the outer faces of tho wall.



(4) The contact between the inner anti outer wail should be
least.

(5) Whenever openings are provided in the wall, e.g., for 
windows and doors, heads of openings should be carefully attended
to for damp prevention. Ways and means of preventing damp are 

described below.
(6) Ties must be of rust proof material and should be able to 

prevent transmission of water from inner face to the outer face.

Advantages of Cavity Walls :

The advantages of cavity wall construction are :
(1) Damp prevention : A cavity wall prevents dampness in

a better manner than an equivalent brick wall. Only thick external 
walls can effectively prevent the movement of dampness. A 20 cm. 
solid brick-wall will not prevent the movement of dampness from 
the outer to the inner face but a cavity wall made up of 10 cm. 
inner and outer leaves and a 7-5 cm. cavity in between will be able 
to prevent dampness effectively. The thickness of the solid masonry 
constructed in both the cases is the same.

(2) Insulation : Air being a bad conductor of heat, a cavity
wall reduces the heat transmission from external to internal faces or 
vice versa. Thus the rooms will be warmer in winter and cooler in 
summer. The sound insulating value of cavity walls is also greater 
than th a t of a solid wall.

The cavity may be taken as a part of thickness for walls 
whenever this thickness does not exceed 20 cm. otherwise the cavity 
is to be excluded from the wall thickness. In certain cases only 
thickor face of the wall is considered as the load bearing wall and 
is only taken into account for the calculation of wall thickness.

QUESTIONS

1 W h a t  is th e  d iffe rence  b e tw een  r  h ea r in g  an d  a  n on-bearing  
p a rt it io n  ? B r ie f ly  describe  w ith  sketch es  th e  va r io u s  typ o s  o f  b r ic k  p a rt it io n s .

2 W h a t  a re  th e  a d va n ta g e s  o f  concre te  p a rt it io n s  ? D escribe  w ith  
•ketches th o  va r io u s  typo s  o f  p re ca s t co n c re te  p a rt it io n s .

3. W r i t e  s h o rt  notes  on : 
i t )  11. C . C . P a r t it io n s .

( i t)  M e ta l L a th  P a r t i t io n s .
( i i 't )  S o lid  P la s te r  P a r t it io n s .
/to) C o rru g a te d  S tee l P a rt i t io n s .

4 W h a t  a re  th e  typ e s  o f w ooden  p a rt it io n s  co m m o n ly  u sed  T D esc r ib e  
w ith  ske tch es  th o  co n s tru c t io n  o f  a trussed  p a rt it io n .

5 W h a t  a re  th e  a d va n ta g e s  a n d  d isa d va n ta g e s  o f  c a v i t y  w a ll cons­
t r u c t io n ’  D ra w  a sectio n  th ro u g h  a n  e x te rn a l c a v i t y  w a ll o f  a  b u ild in g  
sh o w in g  c le a r ly  a l l  d e ta ils  in c lu d in g  th o  p re ve n tio n  o f  d a m p  e n t r y  a t  th e  
w ind o w s.
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7
ARCHES AND LINTELS

\n art'll is a structure, comprising of a mechanical arrangement 
of wedge shaped blocks, upholding each other by the mutual pressure 
„f their own weight and maintained in equilibrium by the reaistaaoc

type They are used to span bridges and are not covered; in this 
chapter.
T e r m s  U s e d

(1) A rch  B in g  : This is the curved ring of masonry forming the

*,,h ‘ (2) S p iln  : This is the width of the opening which is covered 
bv the arch.

(3) Y oussoirs ; These are wedge shaped blocks of masonry of 
which the arch ring is made of.

(4 ) K ey  Stone : The central voussoir at the highest point of the
arch. ,

(5) E x t rad os : The outer curve of the arch.
(Ii) In tm d o s  : T h e  in n e r  curve of the arch.
(i) Soffit : The inner or under surface of the arch.
(g) Crown The highest part of tho extrados. 
m \l)utmc.nt : The portion of the wall which supports tho arch. 
A ,  These are the inclined or splayed surfaces of

thl, aC !m tV s P-Pared to receive the a,oh and from which the arch

’pr""f,. S p r im i iw  P o in ts  : The points at the intersection between 
,h0 ,keivbaoks and the intrados.



(12) Springing Line : Tho horizontal line joining tho two 
springing points.

(13) Springer : The lowest voussoir 
immediately adjacent to the skewback.

(14) Haunch : The lower half of the 
arch between the crown and a skewback.

(15) Rise : The vertical distance be­
tween the springing line and the highest 
point of intrados.

(16) Spandril : The triangular space 
between the back of the arch ring and a 
horizontal plane tangent to it a t the crown.

S t a b i l i t y  o f  A r c h e s

The arch remains stable due to the friction between the surface 
of voussoirs and the cohesion of the mortar. The various ways in 
which an arch can fail are :

(1) The crushing of. the material.
(2) The sliding of one voussoir on another.
(3) Rotation of some joint about an edge.
(4) Uneven settlement of abutments.
An arch will fail in crushing, if the thrust in some part of 

the arch exceeds the safe crushing strength of the material com­
prising the arch. For this the dimensions of the voussoirs should 
be adequate to withstand the pressure coming on them. Usually they 
are of uniform height, generally x*th of the span but not less than 
20 cm. For large spans, the height of the voussoirs may bev aried, 
less a t the crown and increasing towards the skewback.

To safeguard against sliding of one voussoir on another, the 
angle between the line of resistance and the normal to any joint
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should be less than the angle of internal friction. Also the depth of 
the voussoirs should be adequate to resist the tendency of the joints 
to  open and slide upon one another.

To prevent rotation or overturning, the line of thrust or resis­
tance should lie within the intrados and the extradoa. Further the 
line of thrust may be made to cross each joint away from the edge 
to avoid crushing a t an edge.

The abutments of the arch should be sufficiently strong to resist 
the thrust of the arch due to the superincumbent load and the sell 
weight of the aroh. The arch should be symmetrical to avow unequal 
settlement of the abutments.

T y p e s  o f  A r c h e s
The intrados is a combination of area of various radii and 

centres or may have one arc with one centre.

One-centred arches are :
(») Semicircular,
(ii) Segmental which is less than a semicircle,

(tit) Horse-8hoe which includes more than a semicircle, and 
(tv) Stilted which consists of a semicircular arch with two 

vertical portions a t  the springings.

The two-centred aroh can be of many types, some of them being 
described below ;

(t) Blunt Arch : In  this type of arch, the centres are within 
the arch itself. ,

lit) Gothic or Equilateral Arch : The radius of the mtrados 
equals the span and the centres are on the springing lines.

(in) Acute Arch : In  this type of aroh, the centres are outside 
the aroh.

Two types of three-centred arches, one in which the central 
Dortion of the arch is drawn with one centre a n d  the other two 
centres are used for making up the ends of the arch, whereas m the 
second type this procedure is reversed are shown in Figs. 479-480.

In the four-centred arch, the centres for the lower section do 
not coincide as in the case of three-centred arch.

The other types of arches are :
Ii) Flat Arch : In  -which there is no rise.
(ii) Two Cusp Arch : Which is used mainly for decorative 

purposes.
(Hi) Elliptical Arch : Which has an elliptical shape for its 

intrados.
Some other types of arches, e.g., a  relieving arch which is used 

to take the major portion of the load coming over a lintel (see Fig. 
484) are also used.



FigB. 472-483. V arious ty p e s  o f arches.

Brick Arches
Brick arches may be divided into the following types .

(i) Gauged arches.
(ii) Axed or rough cut arches.

(Hi) Rough brick arches.
(iv) Brick flat arches.

Primarily this, classification is based on the typo of bricks used 
in t h e  arch construction. The varieties of bricks which can be 
used are :

(a) Ordinary standard bricks.
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( i )  O r d i n a r y  b r i c k s  c u t  t o  a, w e d g e  s h a p e .

F ig .  484 . A re l ie v in g  a r e h  c o n s t r u c te d  a b o v e  a  f la t  a rc h .

(c) Purpose made bricks. These are special bricks of d i f f e r e n t .

sizes suitable for various types of arch work.
Id) Soft bricks. These are made of diatomaceous e a r t h  a n d  c a n  

be sawn and rubbed to the desired shapes.

Gauged Arches :
In  this type of arches, bricks are cut and accurately d r e s s e d

U  ^ i  8S s



©repared and metallic templates are cut corresponding to each 
vousaoir. The voussoirs are cut to this shape accurately.

The centering of the arch, as described later on, is erected and 
• e a c h  voussoir fitted i n  its position with mortar. When all the vous­
soirs are placed in position, the key stone is fitted and hammered 
slightly. If  very thin joints are desired, the voussoirs are dipped in 
mortar and then placed in position otherwise m ortar can be applied 
with a  trowel.
Axed Arches :

The bricks are cut with a bricklaying axe to form wedge shaped 
voussoirs. They have a rough appearance a t the joints. The cons­
truction prooedure is the same as described above.

Rough Brick Arches :
These are made of ordinary bricks which are neither cut nor 

dressed to the wedge shape. As the length of the extrados is greater 
than th a t of the intrados, the joints near the extrados are wider. 
The appearance of these arches is not pleasing. They are mostly 
constructed in half brick rings so as to reduce the thickness of the 
joints. (See fig. 488).

F ig . 486. S e g m e n ta l ro u g h  b ric k  aroh .

Brick Flat Arches :
These are constructed of specially out bricks made to wedge 

shape and arranged in a manner so as to have flat under surface. 
All the joints are made to radiate from one common point. Either 
■one brick thickness may be used or half brick may be used for thicker 
arches.
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Whenever loads are excessi ve, segmental or semi-circular arches 
oan be built above the fiat arches so as to reduce the loads on the 
latter. (See fig. 484).

F lat arches can also be used for facework and part of the wall 
thickness can be supported by a horizontal wooden section (lintel).

F ig . 487. F la t  a rc h  (gauged). F ig , 488. F la t  aroh  facing#

S t o n e  A r c h e s  :
Ashlar and rubble masonry work can both be used for arch 

construction.
Ashlar arches are made of fully dressed stones cut to wedge 

s h a p e B .  They are constructed with the aid of templates as described 
under briok gauged arches.
Ashlar arches oan also be 
made to give flat arch 
appearance. The joints are 
joggled or rebated. Reliev­
ing arches can be built for 
excessive loads.

R u b b l e  a r c h e s  a r e  

m a d e  o f  r o u g h l y  d r e s s e d  
s t o n e s  a r r a n g e d  a n d  f i t t e d  F i g .  4 8 9 . F l a t  a r c h  o f  a s h l a r  m a a o a r y .  

i n t o  a  d e f i n i t e  a r c h  s h a p e .
On account of unevenness of individual stones, the joints are thicker. 
These arches have lesser strengths than the ashlar arches.
C o n c r e t e  A r c h e s  :

Cement concrete blocks are frequently used these days for arch 
construction. The blocks are similar to stone voussoirs and are of 
precast type. These arches are suitable where stones are not availa­
ble and concrete work can be carried out easily. Arches of reinforced 
cement concrete are rarely used in buildings. They are used for 
carrying suspended floors or improving the appearance of very big 
buildings.



Centering for Arches
A temporary structure is necessary to support the arch till it 

deveibps strength. For very small work*, mud masonry, made to 
the shape of the soffit of the arch i. built and p l a s t e r e d ^  ^ , c h  
archwork is c o n s t r u c t e d .  The temporary masonry work can be 
dismantled later on.

A  t i m b e r  centering i s  commonly used for arch const ruction 
as i t  i s  e a s i e r  t o  erect, dismantle and can be re-used for a number ot 
arches.

F ig s . 490-491. Arch centering for 10 era. wide soffit nrche*.
The simplest type of arch centering used for a 10 cm wide soffit 

. 1 . . : t x r.r o f-liicU- wtxit u-n n lank  win eh
a r e a  w u w s t m g  * * -*  •* • •  ................................

i s  s h o w n ' i n  % ! - '  fflO-491. It consists of a thick wooden plank w in ch  
is s h a p e d  to t h e  underside curve of the soffit and »  supported by 
v e r t i c a l  t i m b e r  posts (called props) a t the end.,. Wedges are used 
t o  t i g h t e n  o r  l o o s e n  the centering.g n ^ n  o r  i u u o c u  m e  

F o r  s o f f i t  thicknesses greater than 10 cm., two ribs suitably 
shaped and connected a t the top by 4 x 2  <m. wooden section,, 
called laggings are used. These are supported by bearers, we,lye,, 
and p o s t s  as "shown in the figs. 492-403.

SECTION

F i g n .  4 9 2 - 4 9 3 . Arch centering for wider soffit arches.



I?nr larce spans and very wide soffits, a built up centering ot 
. wood riba joined together and Bhaped to the soffit are used.

. .... .'onneeted by braces and strutted. They are m turn
rted on bearers which rest on posts and wedges. Lagging 

™ used to connect the ribs together a t the top and also to support 
Krinks.the bricks.

After the arch develops strength, the wedges are slightly loos- 
i 1 the oosts and centering removed. For heavy arches, it 

n 'c e s s l r y  to support the posts on boses containing sand. A hole

<• _ Vf-rv w ide soffits o r b igger spans. F igs. 494-495. Arch ce n te rin g  for v r j

, U W h a n  t h e  n l u b  i s  r e m o v e d ,  s a n d  f l o w s

“  S d W  “ • “ * *  « *

. . .
over doors and window* of a b °  8 arch thruat. i nstead lintels
abutm ents t h e  openings and they support the
r Pe X u m b e n t Z d  by beam action. Theya>c «b y  £  u

b e a r i n g  i»  m i n i m u m  a n d  i f  F o r P v e r y  l o n g  s p a n s ,  t h e  b e a r i n g  

i u a v  b e  i n c r e a s e d  t o  1 0 .{s d e p t h .

the lintel end sh o r n  -*i f ,intel rofty be k e p t  as ^ t h  of
A B a t h u m b . r n k ^ t t e , cd e P e r . . g grcater. The depth may b e  

the span or U . of briok or stone, 
adjusted to cour ^  commonly used :

The following type of 1 oldest type 0{ lintels. The
(i) Wooden orer whicb  the masonry

opening is spanned by a wooden



i s  b u i l t .  Wooden lintels cannot take greater load, are costly 
w h e r e v e r  timber ia not available and are subjected to decay in course 
o f  t i m e .  They are also not as sound as other types.

(ii) Stone lintels : Stone slabs are also used for lintel construc­
tion. They are not widely used as the type of atone needed for this 
work is not available a t all places.

(in) Reinforced concrete lintels : These are most commonly
used these days. They consist of a  rectangular concrete section, 
strengthened with steel rods. For small spans, one or two rods a t 
t h e  b o t t o m  are sufficient. For larger spans, some of the bars are 
taken to top a t the ends and vertical bars (stirrups) are used in 
addition. (See fig. 497). They may be cast in place or precast 
R. C. lintels may be used with advantage to accelerate the progress 
of work.

F ig .  496. R.C.C, Lintel.

F ig s . 497-498. R.C.C. Lintel.

Reinforced brick lin te ls: These are used for comparatively
s m a l l  openings and consist of bricks laid in mortar and strengthened 
with steel bars. Ordinary brick masonry is not capable of taking 
l o a d s  over openings.



QUESTIONS
1  W h a t  is m e a n t  by th e  te rm  " a r c h "  T Briefly illu s tra te  w ith  sketches 

vKiOTB ty p e s  Of arch es  used  in m asonry  construc tion .
2 W h a t  a re  th e  v a r io u s  ty p es  o f brick  arches I Briefly deacribe lh »  

n s tm o tio n  o f  ft 3 m e tre  sp an  seg m en ta l arch for 40 cm. th ick  wall.
CUI1 a D efine vousso irs, k ey  atone, soffit, rise of th e  arch , ex trados, skew.

ck  a n d  h a u n c h . I l lu s t r a te  y o u r answ er w ith  sketches.
, W h a t  a re  th e  different, ty p es  o r lin te ls used I  Sketch a  Rem forcod. 

eunete te  l in te l  to  s p a n  a n  oponing  2 m o tre  cle a r in a  m aaonry wall.

R e f e re n c e *

I .  B r » J e y  E .  L .  : Brickwork.
2 B o m b i v  P .W .D .  : Specification Tots. I  and 11.
3. H u n t in g to n  W .C . . BuiU.n<r Construction.

M a c W e y  W .B . . Building Construction. 
s '  F „ . ,  W . a n d  B o a g h to n  R . V . : A fo * r»  Practical Brickwork.
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d a m p  p r e v e n t i o n

D a m p n e s s  i s  t h e  p r e s e n c e  of J p g " “ h® ^ i “ , ° a n T  i J . f . I ’r i t f
t o  u n h y g ien io  o d n d ' t i o n *  a f f w t a n g  ^  ^  stability  0f  t h e

t h e  i n h a b i t a n t s  a n d  s e r i o n  y  s h o u l d  f o r m  a n  e s s e n t i a l
b u i l d i n g .  P r o t e c t i o n  a g a i n s t  d a m p  

f e a t u r e  f o r  a n y  t y p e  o f  c o n s t r u c t i o n .

S o u r c e s  o f  D a m p n e a s
T h e  s o u r c e s  w h i c h  c r e a t e  d a m p n e s s  i n  a  b u i l d i n g  a r e  :

(a) G e o l o g i c a l  a n d  c l i m a t i c  c a u s e s  :
( i )  R a i n  p e n e t r a t i o n .

(ii) G r o u n d  m o i s t u r e  r i s e .
( k ' )  C o n d e n s a t i o n  i n  b u i l d i n g s  d u e  t o  m o i s t u r e  i n  , h ,  

a t m o s p h e r e .

( i v )  D r a i n a g e  o f  t h e  s i t e .

( v )  O r i e n t a t i o n  o f  t h e  b u i l d i n g .

(t) ^ w ln r o d u c e d t a t h e s t r u c t u r e d u r , ,s t r u c t .....
(ii) D e f e c t i v e  c o n s t r u c t i o n .

(1) Rain Penetration : T h e  c l i m a t e  o f  » ^ “ nt t h e

W h e r e v e r  s u c h  c l i m a t i c  c o n d i -  

tions occur, d a m p n e s s  i n  t h e  b u i l d i n g  i s  i n e v i t a b l e .

D i r e c t  p e n e t r a t i o n  o f  r a m  t h r o u g h  t h e  r e s i s ­

t s  r a r e l y  s e e n .  P r o p e r l y  c o n s t r u c t e d  p e n e t r a t i o n  o l

tance t o  t h e  p e n e t r a t i o n  of b  b e t w e e n  t h e  m o r t a r
m o i s t u r e  t a k e s  p l a c e  t h r o u g h  t h e  c a p  t r a o t  t h c  w a l l .  P o r o u s  

j o i n t s  a m i  t h e  b r i c k s  o r  a t o n e s  u s e d  j e x t e n t  w h e r o -
i . f e m a l  r e n d e r i n g *  p r e v e n t  r a i n  p e n e t r a t i o n  t o  a  l a r g o  e x

1 7 tl



as dense renderings usually crack and are, t h e r e f o r e  sources through 
which damp can pass. Projecting features of a building arrest water 
on them and transmit it inside.

R a i n  p e n e t r a t i o n  i s  c o m m o n  o n  t h e  r o o f  c o m p o n e n t s  s u c h  a s  

v a l l e y  g u t t e r s  a n d  d o r m e r  w i n d o w s  ! S i m i l a r l y  
c h i m n e y s  c o l l e c t  w a t e r .  L e a k a g e  o c c u r s  t h r o u g h  f l a t  r o o f s  a l s o  a n d  
w a t e r  i n  t h i s  c a s e  m a y  p e n e t r a t e  a t  a  c r a c k  o r  a t  a  j o i n t .  H e n c e  

i n s p e c t i o n  o f  t h e  e n t i r e  s u r f a c e  i s  e s s e n t i a l  i n  t h i s  c a s e .

(2 1  Qround Moisture Rise : T h e  s o i l  o n  w h i c h  t h e  b u i l d i n g  i s
c o n s t r u c t e d  i s  a n  i m p o r t a n t  f a c t o r  f o r  c a u s i n g  t h e  d a m p  o r i t a  

p r e v e n t i o n .  G r a v e l  a n d  s a n d y  s o i l s  a l l o w  w a t e r  t o  p a s s  t ! W u g h
v e r y  e a s i l y  w h e r e a s  s o i l s  o f  c l a y e y  n a t u r e  c r e a t e  d a m p  c o n d i t i o n s  
d u o  t o  h e a v y  c a p i l l a r y  r i s e .  F u r t h e r  i f  a  c l a y e y  s t r a t u m  i s  c o v e r e d

by a sandy layer it is difficult to dram such soil.

D a m p n e s s  i n  f l o o r s  i s  p r i m a r i l y  d u e  t o  t h i s  r e a s o n .  T h e  r i s e  

o f  w a t e r  a l s o  c a u s e s  t h e  s o l u b l e  s a l t s  t o  b e  b r o u g h t  u p  a n d  t h e y  g e t  
d e p o s i t e d  o n  t h e  w a l l s  a t  t h e  f l o o r  l e v e l .  A  s o r t  o f  d a r k e n e d  s u r f a c e  
w i t h  i r r e g u l a r  p a t c h e s  i s  c r e a t e d  f o r  s o m e  h e i g h t  a b o v e  t h e  f l o o r  

level,
(3) Condensation in a building due to moisture in the

TfxeeDt under very  cold climates, c o n d e n s a t i o n  i s  n o t p r e v a l e n t  i n

in thfs country In the case of dampness due to condensation usually 

rides of alkali metals cause dampness.

F ^ V a m l t s s ^ Z w  T y ’l n g 6  d i S

and presentsomewhati water logged
S : t i l " - l " S  that the site cfn  be drained off

O r i e ^ i o ^ ^ n  = £
of direct sun's rays 

conditions which create ram  falling a place thoP3e which

le ls^n n T h ln e trin g  the hotter part of the day are liable to

"  T " ?while being built are m while the walls get
long period after the ya results If this dampness persists,
dried, e®ore8“ " 0° Similarly if wet timber is painted, it cannot get 

#  na“  ey attacked by vermin.
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(7) Defective construction : Improper construction of the 
various parts, e.g., fixtures in a building, joints in the roofs, throating 
of sills and coping, proper jointing of walls, etc., creates dampness by 
transmitting water. In  every component of a building, there are 
specific points where damp is liable to find its way and it is essential 
th a t enough oare is taken to see tha t proper construction is carried 
out. In  the following chart various types of defective constructional 
causes for some important structural members are described. The 
extent of dampness along with the time of occurrence is shown in 
the table on page 178.

S tr u c tu r a l
e lem en t

E x te n t  o f  
d a m p n e ss

T im in g  o f  
o ccu rren ce

S o u rces  o f  
d a m p

O th er causes

W all, p a r t i ­
tio n s, ceilings, 

floors

(a)  C om ple te ly  
sp re ad

A fter a  c e rta in  
rise in  tem p , 
a n d  h u m id ity  
o f th e  ou ts id e  
a i r  o r  o f 
room s on ly

A ir C ondensation

(6) I n  p a tc h es D uring  high  
h u m id ity

A ir C ondensation  
aid e d  b y  deli­
q uescen t s a lts

(e) O ne p a tc h F ro m  p lum b, 
in g  fittin g s

L ea k in g  p ipes 
o r condensa­
tio n  o r  cold 
pipes

W alla F ro m  floor 
level to  eome 

d is ta n ce  above

A t a ll tim es 
o f th e  y e a r

D ue to  ground  
m o istu re  
m ov em en t

A bsence or de­
fe c t in  D-P.C.

C him neys (a) F ro m  roof 
dow nw ards

A fte r  ra in M oisture p en e­
tra tio n .

A bsence o r d e ­
fec tiv e  D .P .C .

(ft) P a tch e s  
w ith  brow n 
co lour

W h e n ev e r 
ch im ney  ia 
used

C ondensation  
in  s id e  fluea.

—

C eilings (a) P a tc h e s A fte r ra in L eak ag e in 
roofs.

(ft) W ide spreac D u rin g  co ld  
w e a th e r

C ondensation -

G round
F loors

(a) P a tc h e s W henever 
gro u n d  is w e t

G round  m ois. 
tu.ro m ove­
m e n t

D e fec tiv e  base

(ft) A round 
edges

— Do.— I — D o — D . P . C. n o t 
effec tive

Effect* of Dampness :
(1) Corrosion of metals used in the construction.
(2) Plasters get crumbled and softened.



(3) The floor coverings loose adhesion with the floor bases.
(4) Timber, when in contact with damp gets rotten.
(5) The paints get blistered and bleached. Further they get 

disfigured.
(6) The stones, bricks, etc. are disfigured on account of a coating 

of Balts which collect on them.
(7) All electrical installations get deteriorated.
(8) Causes unhygienic conditions for the occupants of the 

building.

P r e v e n t i o n  o f  D a m p n e s s

There are various methods of preventing damp. Different 
types of materials are used for reducing-the occurrence of dampness. 
The methods of damp prevention may be classified as under :

(1) Use of water proofing mixtures or Integral treatm ent.
(2) Application of water proof surface treatm ent.
(3) Interposing a  water proof membrane.
4̂ ) Use of special constructional devices.

These are described below :
1. Water proofing mixtures or Integral Treatment :

Synthetic compounds are available which can be added during 
the process of mixing of the constructional materials. Substances 
such as chalk, talc or fuller’s earth  fill the pores in the concrete or 
mortar mix and make it denser. The other type of chemicals are sili­
cates, chlorides and sulphates which react chemically and fill the 
pores’- Soaps and other fatty  acid compounds such as calcium, sodium 
ammonium stearates and oleates and petroleum oils are used as ad ­
mixtures in concrete to make i t  water repellent. The water wluDle 
soaps are not water repellent in themselves but they react with hyd­
rated lime to form insoluble compounds. Some compounds are avail­
able in commercial patented forms like Pudlo, Impero, Cico, etc. 
Some of them are used after diluting with water.

2. Water-proof surface treatment:
Surface treatm ents can be either external or internal, the for­

mer are considered to be more effective in preventing dampness. 
While the latter cannot eliminate dampness but can only reduce it to 
an acceptable degree.

External surface t r e a t m e n t s  c o n s i s t  o f  p o i n t i n g  j o i n t s  i n  b r i c k -  

work or stone masonry a n d  p l a s t e r i n g  over b r i c k  w a l l s .  T h e  i n n e r  
walls are normally p l a s t e r e d .  P a i n t s ,  o i l s ,  w a x e s ,  s o a p s  a n d  s i l i c a t e  

solutions, eto. can also be a p p l i e d  o n  the s u r f a c e s  f o r  t r e a t m e n t  against 
damp. These, however, need r e n e w a l s  a f t e r  a  f e w  y e a r s .

A thin film of a water proofing m a t e r i a l  c a n  b e  a p p l i e d  t o  t h e  

surface of concrete after it is laid. T h e s e  m a t e r i a l s  c o n s i s t  o f  s i  i c a t e s  

of aluminium, potassium, barium hydroxide and m a g n e s i u m  s u l p h a t e



in alternate applications, soft soap and alum, lime and linseed oil, 
coal tar, bitumen, waxes, fats, etc. Some of these covering materials 
give a durable resisting surface to the concrete while others afford 
only a temporary protection. However the tars and asphalts render 
the surface black whichis not desirable.

3. Interposing a water proofing membrane :
This method consists of introducing a layer of water repellent 

material against the travel of damp. These are called Damp Proof 
Courses (D.P.C.). The materials used for the damp proof courses 
are : —

(i) Flexible materials like bituminous sheet, plastic sheet, metal 
sheet etc.

(ii) Semi-rigid materials : Like mastic asphalt.
(in) Rigid materials : Like slates, bricks, stones, dense cement

concrete, etc.

For selection of the material for D. P. C , the following rules 
should be applied :

(i) The material should be durable and impervious.
(ii) I t  should be capable of withstanding the dead load of the 

wall and other superimposed loads without disintegrating itself.
(iii) I t  should not allow any movements in itself so tha t the 

walls resting on it do not crack.
(it?) For walls of 30 cm. thickness any of the types described 

above may be used.
(t>) For thicker walls or wider areas, a D.P.C. which has 

least number of joints should be used.
(vi) When water uader pressure is to be retained, a jointless 

D.P.C. is desirable to prevent leakage.
(vii) For bridging cavities or joints, flexible materials should 

be used.

A brief description of some of the types of membrane damp 
proofing agents is given below :

(а) Concrete layers : Cement concrete layer of I : 2 : 4 mix with 
water proofing agents is used as D.P.C. I t  does not permit the rise 
of water by capillary aotion but allows the water to pass through 
the cracks which occur in this layer due to shrinkage or minor 
settlement of the building. This can be used wherever damp is not 
excessive. For preventing the damp effectively, a layer of concrete 
a t least 4 cm. in thickness painted with two coats of hot bitumen 
are used. This type of D.P.C. is used as a horizontal plinth D.P.C.

(б) Mortar : This can be used as a bedding layer for other 
types of D.P.C. and is made up of cement sand mix in the ratio of 1 : 
3 with a slight addition of lime to increase the workability. For



(3) The floor coverings kvso adhesion « *
(4) Timber, when in contact , 'fu r th e r  they get
(5) The paints get bliatewd *8<J bte»oi*

disfigured. .Mafisuwi on account of a coating(6) The stones, bricks, etc. are itia%urca o
of salts which collect on them.

(7) All electrical installation# get deteriorated.
(8) Causes unhygienic conditions for the occups 

building.
Prevention o f D a m p n e s s

Them are various methods of preventing d a m p  Different 
type, ̂ f  materials are used for re d u c in g ^  o e c ~ o f j a m p f e B a .  
The methods of damp prevention may be classified ■

(1) Use of water proofing m atures or Integral treatment.
(2) Application of water proof surface treatment.
(3) Interposing a water proof membrane.
(4) Use of special constructional devices.

These are described below :
1. Water proofing mixtures or Integral Treatment t

Synthetic compounds are available which can be added during 
the process of mixing of the constructional materials. Substances 
such as chalk, talc or fuller’s earth fill the pores in the concrete or 
mortar mix and make it denser. The other type of chemicals are sili-mortar mix and mane it denser, i™  ~  - J r  ... ,
cates chlorides and sulphates which react chemically and hll the 
notes Soaps and other fatty acid compounds such as calcium, sodium 
ammonium stearates and oleates and petroleum oils are used as ad ­
mixtures in concrete to make it water repellent. The water soluble 
soaps are not water repellent in themselves but they react with hyd­
rated lime to form insoluble compounds. Some compounds are avail­
able in commercial patented forms like Pudlo, Impero, Cico, etc. 
Some of them are used after diluting with water.
2. Water-proof surface treatment:

Surface treatments can be either external or internal, the for­
mer are considered to be more effective in preventing dampness. 
While the latter cannot eliminate dampness but can only reduce it to

External surface treatments consist of pointing joints in brick­
work or stone masonry and plastering over brick walls. The inner 
walls are normally plastered. Paints, oils, waxes, soaps and silicate 
solutions, eto. can also be applied on the surfaces for treatment against 
damp. These, however, need renewals after a few years.

A thin film of a water proofing material can be applied to the 
surface of concrete after it is laid. These materials consist of silicates 
of aluminium, potassium, barium hydroxide and magnesium sulphate



in alternate applications, soft soap and alum, lime and linseed oil, 
coal tar, bitumen, waxes, fats, etc. Some of these covering materials 
give a durable resisting surface to the concrete while others afford 
only a temporary protection. However the tars and asphalts render 
the surface black whioh^is not desirable.

3. Interposing a water proofing membrane :
This method consists of introducing a layer of water repellent 

material against the travel of damp. These are called Damp Proof 
Courses (D.P.C.). The materials used for the damp proof courses 
are : —

(i) Flexible materials like bituminous sheet, plastic sheet, metal 
sheet etc.

(ii) Semi-rigid mattrials : Like mastic asphalt.
(iit) Rigid materials : Like slates, bricks, stones, dense cement

concrete, etc.

For selection of the material for D. P. C , the following rules 
should be applied :

(i) The material should be durable and impervious.
(ii) I t  should be capable of withstanding the dead load of the 

wall and other superimposed loads without disintegrating itself.
(iii) I t  should not allow any movements in itself so th a t the 

walls resting on it do not crack.
(iv) For walls of 30 cm. thickness any of the types described 

above may be used.
(v) For thicker walls or wider areas, a D.P.C. which has 

least number of joints should be used.
(vi) When water under pressure is to be retained, a  jointless 

D.P.C. is desirable to prevent leakage.
(vii) For bridging cavities or joints, flexible materials should 

be used.

A brief description of some of the types of membrane damp 
proofing agents is given below :

(а) Concrete layers : Cement concrete layer of I : 2 : 4 mix with 
water proofing agents is used as D.P.C. I t  does not permit the rise 
of water by capillary action but allows the water to pass through 
the cracks which occur in this layer due to shrinkage or minor 
settlement of the building. This can be used wherever damp is not 
excessive. For preventing the damp effectively, a layer of concrete 
at least 4 cm. in thickness painted with two coat« of hot bitumen 
are used. ThiB type of D.P.C. is used as a horizontal plinth D.P.C.

(б) Mortar : This can be used as a  bedding layer for other 
types of D.P.C. and is made up o f cement sand mix in the ratio of 1 : 
3 with a slight addition of lime to increase the workability. For
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sand mortar, a t least 2 cm. 
r r «  c o « &  tw o W *  of hot of their

(c) Bricks : ^ n6o b™ k\ 7 hDbp ? 8wherever the damp is not

^ ^ ; r , ^ f c S ownward” ofdampproven* ion. The joints should be left open.

are at least used with joints breaking vertically.
(e) Hot laid bitumen : This material is used or, ab bedding of 

concrete or mortar and should be applied so as to have a thickness 
of a t  least 3 m. m.

if) Mastic Asphalt : This provides a semi-rigid impervious 
D.P.C. Special care is needed in its laying.

(3 ) Metal Sheets : Lead copper and aluminium sheets are used 
for X> P C Lead is to be protected from corrosion with an appli­
cation of bitumen coating. This can stand distortion and can be
suitably lapped. At l e a s t  1 2  kg. of lead per square metre should be
used Copper sheets are also quite durable and damp resistant but. 
may stain the external wall surfaces. The copper sheets are not 
less than 3 m. m. in thickness. Aluminium sheets have to be 
protected with a layer of bitumen.

While laying a D.P.C. the following points should be kept in
view :

(i) The D.P.C. should cover the full thickness of the wall and 
should not be recessed into the wall.

(it) The mortar bed upon which the D.P.C. is laid should be
even.

(in) Each D.P.C. should be placed in correct position with 
another D.P.C. so as to provide a continuous protection.

(it») Whenever D.P.C. are to be used to cover angle projection 
they B hould  be laid continuously.

U s e  o f  m e m b r a n e s  i n  t h e  p r e v e n t i o n  o f  d a m p  a t  v a r i o u s  
p o s i t i o n s  i n  a  b u i ld in g .

Basement : Vertical D.P.C. is applied to the enclosing walls 
of a basement. The horizontal D.P.C is applied to the flooring of 
basement. There are various methods of applying vertical D.P.C. 
The horizontal D.P.C. of the flooring may be continued to the top 
(See fig. 499) so that a sort of waterproof tank is formed. This 
prevents water from passing through the floors and walls adjacent 
to the earth and also intercepts the water which walla would absorb 
directly from the ground. Asphalt mastic or asphalt felt may be 
used along with concrete surfaces of the basement. The D.P.C.’s 
m ay  be laid on the inner surface or on the outer surface of the walls 
or else th e y  may be incorporated into the wall thickness.



The bottom layer of concrete is covered with a 2 cm, thick
asphalt mastic laid in two coat* a n d  a  second layer of concrete .8
laid over it. The mastio is continued as a vertical D.F.U A i 'j  cm- 
outer wall is constructed from the horizontal D.P.C. to a little above 
ground level. The joints are raked out on the inner surface

^ e a o o u n t e r e d r a  drain c a n  b e  laid outside the J l  junction with 
bottom concrete. (See fig. 500).

I f  the aspha* treatment • • • » £ . £ «  -  ^  " e x L t  

£ K d ‘ twoWooats m ^ T  J

(Sec fig. 501). This prevents an ugly appearance on the e itenor.
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with waterproofing
Floor ■ The concrete Boom can b treatment is

laver of mastic asphalt or «b7 ““ a S  and moisture is likely 
necessary when the subsoil water tabl® g oapi]lary aotion of
to rise through the flooring by p g^ thjckne38 j8 laid and
th e  so il. A  b e d d in g  o f  c o n c re te  ■ . ^  a  p r im in g  c o a t  o f
allowed to set and dry for the roq| . applied in two coats,
hot liquid asphalt is given and a s p t a l m ® be ,ovolled „  
I f  asphalt felt is used, the concrete 8 excessive uplift
as to prevent the tearing of the felt Whenever « in‘ t he
pressures are expected, rein or J—  -  t»  p ro v ,^  ^  ^

r s a r n " 0 -  h° ^ to ground floore
as well as to basement floors.

Horizontal D.P.C. for Walls : In external walls t h e ^  
should be laid about 20 cm. above the ground level. It is essential 
to have a vertical D.P.C. between the floor level and the D I G. 
level on the inside of external walls in this MW. Somebmldmg 
codes presoribe that the horizontal D.P.C. should be a t the p nth 
level below the flooring. In an m teflajiw ill, the D P . 0 « W  «  
level with the upper surface of concrete in the finished floor, 
continuity of D.P.C. between the internal and external walls i& 
obtained by inserting bitumenised bricks or cement conorete blocks.

Damp proofing in cavity walls : A horizontal D.P.C. is laid a t
about 20 cm. above the ground level and is built of separate inner 
and outer slabs for the two walls. Dampness is also caused a t the 
head of openings if proper protection is not afforded. Water which 
finds its way to the inner surface of the outer wall will drip on the 
opening, if not suitably treated. A layer of asphalt felt or lead or 
copper sheeting is stepped down from the inner wall and continued 
over the door or window frame. This covering should extend to 
a t least 10 cm. on either side of the opening. Lead sheet in the 
form of a trough should not be used as it collects water. Dampness 
can also occur a t the window sills and lead or asphalt felt can 
be introduced in between the face of the sill and the inner wall

Parapets : Water drains on the inner side of the parapet and 
finds way to the interior of the building. A D.P.C. just above 
the junction of the roof with the parapet wall gives an effective 
protection. Materials whioh form a continuous sheeting are preferred 
and flexibility is desirable. D.P.C. should extend through the full 
thickness of the wall including any plaster etc. A metal flashing 
may be provided on the exterior surface to improve appearance. 
A D.P.C. underneath the coping may be necessary where the bricks 
are not of good quality and are liable to get damaged on account 
of sulphate action. To reduce the number of joints in the coping, 
it should be cast monolithically. If any projection is present on 
a parapet, it should be protected by suitable flashings. Whenever 
it is anticipated that the plaster is going to crack, the plastering 
should be done on the interior surface only.



(4) Special constructional devices :
Ii) Cavity wall construction : For preventing the external

walls from carrying damp inside, cavity wall construction can be 
adopted. The details are described in Chapter VI.

sSTONt COPING

ASTER 5COOM&

EXTERNAL PLASTER

Figa. 603-504. P rev e n tio n  of d am p  along  p a ra p e ts .

(ii) For solid walla a t least 1J briok thickness should be uaed if 
lot of damp is anticipated.

(in) The face bricks should be of best quality which can absorb 
very little moisture.

(.VI Openings and waltB in general should be proteoted by the 
use of cornices, string courses, sills plinth courses and canop.w 
These elements should be sloped away from the building and should 
have throating to prevent the water dripping on the surfaces.

(v) Roofs should be given an adequate slope to drain off water 
easily.

Ivi) All plumbing fixtures, e.g., down water pipes should be 
suitably fixed and it should be ensured th a t the water does not leak 
a t their connections.

(vii) Special attention should be paid to the construction o f 
joints and also to the junction of the roofs with parapet walls.

T re a tm e n t  o f D am p
Before starting any treatment for the dampness occurred a t 

any place, the cause of the damp should be thoroughly investigated 
The following table ia recommended for the treatm ent of damp m the- 
various parts of a building.



isa

A b o ve  openings 
in  w e t w eather.

A ro u nd  the  aides 
o f open ing  (so lid  
w alla).

A long th e  und er­
s ide o f  wooden 
giila in  w et 
w eathe r.

P e rm a n e n t  darnp- 
neaa a t  o r about 
th e  in s id e  floor 
le v e l on th e  w a lls  
o f  the  rooms.

O n  w a lls  and 
floors be low  
ground le ve l.

O n  ceiling appe. 
a ring  suddenly  
in  bad w eather.

I n  fro n t o f  fire, 
p la ces  a t  ceilings.

In e f fe c t iv e  lin te l 
o r cop ing  or 
absence o f  D .P .C .

D u e  to  porous 
b rickw ork  in  the  
re vea ls  or defec­
t iv e  p o in tin g  o f 
the  fram e.

D e fe c t in  the  
design or settin g  
o f  th e  aill.

A b sence  or in* 
ad»quateneaa o f 
th e  ho rizonta l 
D .P .C . or ineffec­
t iv e  resistance  
to  the  ho rizonta l 
m ovem en t o f
d am p due to 
w a te r g etting  
co lle c ted  on
ground outside.

( i )  S it e  m a y  be 
u nd ra ined  ;
( i i)  F lo o r  ia la id  
on s lo p ing  c la y  
bed.

( t )  T h ro a t in g  m a y  be co rrec ted .
( « )  T h e  D .P .C .  c an  be  in tro d u ced  

b y  cu ttin g  a  receaa a t  th e  to p  o f  th e  
opening.

( i )  R e n d e rin g  a p la s te r  o f  w a te r  
p ro o f cem en t a ro u nd  th e  ja m b  
revealB.

( i i )  R e p o in t in g  the  fram e .

A  th ro a t in g  on th e  u nd ers id e  o f  
the  a ill sho u ld  b e  fo rm ed . G ood  
slope sho u ld  bo g ive n  on th e  to p  
surface  o f  th e  s ill ou tside . T h e  s ill 
should  be  ren d ered  w ith  p la ste r .

A  D .P .C .  is to  be  p ro v id e d  b y  
su ita b ly  open in  g th e  w a ll. I f  th e  
ex is ting  D .P .C . is  in a d e q u a te , a  
double  la y e r  D .P .C . sho u ld  b e  la id . 
T o  p re ve n t th e  ap p ea ra n ce  o f  da m p  
on th e  surface, th e  p la s te r  ia b roken  
and th e  b r io k  w o rk is  g ive n  a  co a t ­
ing  o f  n e a t ce m e n t s lu rry  s u ita b ly  
w a te r  p roofed an d  p la ste r  ap p lie d .

D is co n n e c tin g  th e  floor from  
sub so il w i l l  h e lp . A  n ew  th ic k  la y e r  
o f  san d y  so il iB la id  be lo w  th e  floor. 
T h e  fo u n d a tio n  o f  th e  flo o r m a y  be  
b u ilt  o f  ru b b le  p a ck in g  an d  th en  
floor s u i ta b ly  fin ished . S u ita b le  
w eep  h o les  m a y  be se t in  th e  w alla . 
S p e c ia l ren d ering s can  be  g iv e n  b y  
s trip p in g  o ff th e  co n cre te  to p p in g  
an d  re la y in g  i t  o v e r  th e  w a te r  proof, 
ing  la y e r.

B a d  eaves  or j  C le a n in g  o f  g u tte rs  a n d  re p a ir , 
choked ra in  water; ing  o f  eaves, 

gu tte r .

D e fe c t iv e  lead  ; R e n e w a l o f  g u tte r  le ad  w o rk  a n d  
w o rk  around  j  co n s tru c tin g  su ita b le  fillets, 
ch im n e y  stacks. !

QUESTIONS
1. W h a t  ore th e  va rio us  causes o f  dam pness in a  b u ild in g  ? G iv e  e 
J an sw e r °  »

3. D escribe  b r ie fly  how  d a m p ™  con occu r in  wall*, c h im n e y , ,  co ilin m  
a n d  floore o f  a  bu ild ing . W h a t  a re  th e  tim in gB  o f  th e ir  o ccu rrence  T

3‘ W rifc® a, Hhori- »o te  on dam pness du e  to  s t ru c tu ra l cau ses . W h a t  a re  
th e  b a d  effects  o f  dam pness 1



4. W rite  a  d e ta iled  n o te  on th e  p rev en tio n  o f dam p n e ss  b y  in terposing  
a  w a te r  proofing m em b ra n e  in  a  s tru c tu re .

N am e th e  v a rio u s  m ate r ia ls  w hich  can  b e  used for th is  purpose .
5 . A  b ase m e n t o f  a  bu ild in g  is  4 m etre s  deep  a n d  re c ta n g u la r  in  p la n  o f

in ai™ ia like lihood  o f dam pness occurring  m  th e  ln siae

y a u u u o  lucw iuua «»' d a m p  p re v en tio n  i .  .. 
m a so n ry  a n d  a  concrete floor ia to  b e  used .

6. W r ite  sh o r t  no tes on  th e  p re v en tio n  o f dam pness in  ca v ity  w alla a n d  
a lo n g  p a ra p e ts .
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WOOD WORK JOINTS, FASTENINGS AND TOOLS

Different pieces of timber have to be connected together in 
order to develop a framework whioh may be used in the construc­
tion of a building. Timber, being a natural product available in 
abundance in India, is used for the construction of doors, windows, 
roofs, partitions, beams, posts, etc. To increase the structural 
stability, enhance the architectural beauty, economise timber and 
to facilitate construction, joints form a very important part of car­
pentry.

I t  is well known that the joint iB the weakest part of any 
struotural member, hence it is desirable that utmost attention is 
paid to the construction and finishing of joints. The forces acting 
on wooden members can be of the following nature :

(i) Tensile : This force will move the two parts of a joint
apart.

(ii) Compressive : A force of this nature will try  to crush the 
fibres of the component parts.

(tit) Shear : This will try  to tear off the wooden fibres a t 
right angles to their line of growth.

(tv) Torsion : Any force trying to twist a member will tear it 
off crosswise.

Keeping in view these forces, the following points about the 
joints should be noted :

(i) The joints should be as simple as possible to save labour 
in construction. Further complicated joints present numerous 
surfaces or angles which can lodge verms and cause timber to 
decay.

(ii) The joint should be cut in such a way so as to weaken 
the connecting members as little as possible.

(Hi) Each face abutting fcwith the other should be cut in such 
a  way that the face is perpendicular to the line of pressure acting 
on it.



(iv) Each p a r t should be safe to  -withstand compressive forces 
ac tin g  on it. This m eans th a t  the  a rea  o f m embers being connected 
should be in proportion to  the  forces ac ting  on them .

(v) The fastenings should be proportioned in  such a  w ay th a t 
th e y  equal in  Btrength to  the  m em bers w hich they  connect.

(vi) T he fastenings should be placed in such a  m anner th a t 
the re  is sufficient resistance to  the  failure o f a  jo in t by the  fastenings 
getting  sheared or crushed through the  tim ber.

D efinitions
(i ) Ohamfer : A rris (edge) of tim ber plained off fla t to  form

an  angle usually 45°.
(ii) Bevel : I f  th e  angle of cham fer is not 45°, i t  is called

bevel.
( in ) Stopped Chamfer : W hen the  cham fer is no t continued to

th e  end o f th e  wooden piece b u t ends in ano ther cham fer o r slope, 
it is called stopped chamfer.

(iv) M oulding  : P rocess o f shaping various un its  of construc­
tion  by  h and  o r m achine to  produce a  moulded section.

(v) Bead : M oulding consisting o f a  semi-circle and a  qu irk
or bead re tu rned  ; three quarters  of a  circle w ith qu irk  a t  each end.

(vi) Bead jo in ted  : Term  applied to two un its  of tim ber fitted
a t  th e ir  sides, w ith  a  bead worked on one un it to  cover the  joint.

(vii) Groove : Recess form ed in board  or a  piece o f wood. The
shapes m ay be hollow, V-shape, sem i.oircular, etc.

(viii) Rebating  : C utting  rectangular portion  from  a  p lank  to
receive ano ther p lank sim ilarly  cut.

(ix) M itring  : Jo in ing  two boards a t  an  angle.

Types o f  jo in ts
Jo in ts  m ay be classified as under :
(1) Lengthening jo in ts  : These connect m embers lengthw ise

in o rder to  m ake use o f small members.
(2) Bearing jo in ts  : These are  the  transverse joints.
(3) Oblique shouldered jo in ts .
(4) Side or widening jo in ts .
(5) Angle jo in ts.
A b rie f discussion of each type  is given below.

Lengthening Joints
Joints connecting two timbers may have, to withstand tension 

or compression if tho connected members are stressed likewise Some 
joints may not haye to stand these fo r c e s  This means th a t the 
design of the former type is to bo done carefully and all members a t 
toe joint are selected in such a way that the forces are ^ b u t e d  
evenly I t  is not within the scope of this book to deal with the 
structural design of joints for which reference may be made to any 
standard book on design of timber structures. The various types of 
lengthening joints are :



Figs. 805-506- K ">  and elevation of a l»p joint w ith ire 
straps having bolt ends.
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(i) Lap Jo in t : Method of joining tw o m em bers by  tapping 
one over the o ther and  bolting th e  same is catted tap  jointing. 
Sufficient num ber of bolts are  provided to  w ithstand the  forces. In  
th is  type of joint, th e  tim bers are  n o t cu t b u t w rought iron  straps 
a re  placed over them  and the pieces are  bolted. As the  tim ber is
n o t  cut, a hundred per cent efficiency could be achieved. I  he joint
ia satisfactory  for tem porary construction.

(ii) F ish  Jo in t : This type of joint iB m ore effeotive for 
transm itting  only tension. The tim bers are  cu t and iron p la tes are 
bolted to  them . These plates are called ‘fish plates. T he streng th  
of the  jo in t depends upon the  bolts and the fish p lates. To increase 
th is  s treng th , keys a re  provided in  the joint as shown m  F igure 5H . 
As an  a lte rn a tiv e  the  plateB m ay be ben t as Bhown in Dignre MJJ,

(Hi) Tabled Jo in t : The members of wood are cu t w ith  the  
shapes shown in F igures 511-513 and joined su itab ly . This jo in t is 
no t very  effloient as lo t o f m aterial is cut. This jo in t is used m  
joinery work only.

z m jo/s z Z l

Fig«. 611-513. Various types of tabled joint*.

fitrt Scarf Jo in t  : These are  used where streng th  as well as 
th e  shape o f the  jo in t a re  e q u a U y  im portan t. D ifferent types 
sca rf jo in ts are  B h o w n  in F igures 514-515.

T he sim plest scarf joint depends entirely  upon th e  s treng th  of 
bolts and  p la tes Bemding of the p la tes in to  th e  tim ber m ay also be

h a a d w o o o  W EDGES may b e  a d o e d

Fig*. 614.515. Typical scarf joints.



helpful. Using notched splays and hard wood keys strengthen th e  joint 
but are difficult to  construot. These are very strong types ot joints.

Bearing Joints
When two members have to be joined a t  right angles to  each

Figa. 516-520. V arious ty p es  o f bearing  joints.
(A) N o tch in g , (B) D ouble N otching, (C) Cogging, (D) H a lv ing , (E) D ovetailing.



W O OD W O R K  JO IN T S , PAHTKNTHOa AMD TOOLS IDS

other, it is essential that they should have sufficient strength a t 
the connection. Various types of joints are used depending on the 
nature of members to be connected and the forces acting on them. 
Some of them are described below.

(») Notching : One member may bo cut as shown in Fig. ‘A' 
and the other fitted with it. The shoulders thus created help in the 
prevention of any displacement of the joint. I f  both the members 
are cut, double notching ia formed (See figures 616 520B).

(*■») Cogging-. When the entire depth of the timber is to be 
utilised, the mem bers are  to  be eonneoted as shown in Figs. 516-520C. 

(m ) H alving  : Tim bers th a t cross each other and are required

620D ° n °ne ° r  tW°  faC68 are °Ut ^  m6et a3 8hown in F i88' 516‘
(iv) Dove-tailing : Wedge shaped pieces are cut from members 

and  th e  tim bers a re  fitted  in to  the  projections of each other.

Figa. 521-628. Typioal housed joints.

(u) Housing  : W hen the  en tire  end or thickness of a  member 
fits into the notch o f another, a  housed joint ia formed.

(vt) Mortice and T enon  : In  the  ord inary  type o f th is  jo in t, th e  
end o f one tim ber is cu t so as to  form a  projection which *is called 
Tenon. The o ther m em ber ia morticed to correspond to  the  dim en­
sions of the  tenon and the  la tte r  fitted into the  form er. This jo in t 
ia oommonly used. The tw o members m ay fu rther be prevented  
from  displacem ent by driv ing  wedges or pins in to  th e  joint.

(vii) Chase M orticing  : This is used when subsid iary  mem bers 
are  connected to  the m ain members which have been fixed ea rlie r.

(viii) Joggle T enon  : This is used for m embers which res t on 
eaoh o ther and diaplacem ent between the tw o is undesirab le , e.g., a 
wooden post resting  on a sill.

(ix) House and  Dovetail T enon  : W hen the  o rd in a ry  tenon is 
insufficient to develop the  necessary bearing s tren g th , th e  en tire  end 
o f one m em ber is fitted  o r housed  in to  the recess m ade in  the o ther 
and fu rth e r a tenon and m orticed jo in t is built.





I f  the tenon is made of the shape of a dovetail and the mortice 
is cut in a similar fashion to suit the tenon, a dovetailed joint is 
formed.

(x) Tuslc-Tenon : When members of equal depth meet each 
other a t right angles, this type of joint is used.

PinB may be driven to prevent th e  la teral m ovement of the
joint.

(x i) Fox-tail Wedging : This joint is used when the  back side
of the morticed member is not accessible. In  this case the  mortice 
is cut to a  lesser dep th  than  the member and is also slightly dove­
tailed. T he tenon is cu t and two sockets a re  made in the  tenon 
in which wedges are inserted. The entire assembly is forced into 
the  mortice.

(xii) Bridle : In  this, th e  members are  slotted and tenoned as
shown in Fig. 527. These joints are used in  wooden trusses a t  the 
junction of s tru ts  and  ties.
Oblique Shouldered Joints

(i) M itre  : W hen two planks are to be joined a t  an  angle, a 
m itre joint is formed. F or right angled junctions, the  two members 
are  cu t a t  45° and joined. To prevent light from being seen through 
the widening of the  joint, a wooden piece is fitted in the centre of 
th e  members and th is is called m itred  and feather joint.

(ii) B ird 's  mouth : The oblique member of th is  jo in t is cu t in
such a way so as to  form a  notch and into th is fits the  other member.

Figa. 529.531. T yp ica l B ird ’sjm o u b h  jo in ta .
One or two oblique members may join and res t on o ther m embers in 

| th is  m anner.
(Hi) Halving and Dovetailing  : W hen it is desired th a t one or

both  sides of the  connected members are  to  be in flush on one or 
both sides, th is type of joint is used. I t  is constructed by cu tting  
a  depression in one o f the m embers and fitting the other member into 
it. However, one or both of the cu t surfaces of th is  depression and 
the  corresponding tenon are  made inclined so as to form a  dovetail.
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(in) Oblique Tenon  : For joining bigger sized tim ber members 
a t an angle, this type of joint ia commonly used. I h e  tenon of the 
inclined member fits into the corresponding mortice made in to  the 
horizontal member. On account of the inclination of one of the 
members, the meeting Biirfaoes are out in a  maimer th a t the force 
from the inclined member is a t  right, angle to  the  cut surface. 
Examples of this type of joint are the joints between the tie  beam 
and the principal rafter of a roof truss or inclined members and 
horizontal beams of wooden partitions.

(v) Bridle : This joint is also used mostly for connecting
inolined and horizontal members. I t  is the reverse of the mortice and
tenon joiut. A sort of a mortice is out in an inclined member and a 

corresponding projection or bridle le ft 
in the horizontal member. This jo in t 
is also used a t  the end of the  principal
rafter being connected to  a  tie  beam.

Side or Widening Joints
These are used for laying planks 

in floors or in  battened doors. The 
following types are commonly used :

(») Butt : The two members are  
simply joined side to side.

(ii) Rebated : In  this, depressions 
are cut in both the members and are 
joined lapping m utually.

(in) Rebated and filleted : A small 
depression is made in the connecting 
ends of both the members and other 
small piece fitted in.

(iv) Tongued and Grooved : A 
depression (groove) is made in the side 
of one member and a  corresponding 
projection (tonque) is out in the  o ther 
member. They are fitted tigh t.

(v) Rebated, Tongued and Groov­
ed: In  addition to forming a tongue and 
groove, a  rebate is also given by out- 
ting an  additional w idth on one side of 
the  tongue and making a similar shape 
for the other member.

(vi) Splayed, Tongued and Grooved 
This joint is sim ilar to the  joint (iv) 
except th a t the  tongue has got one

cut a t  an  angle.
(vii) Ploughed and Tongued ; In  

th is both the members have got sim ilar 
grooves and a  small wooden piece is

FT „ i  o f . ! d , f o S r ‘ fitted tig h t in  between.

TONGUED & GROOVED

REBATED/ T I G

SPLAYEO/ T I G

PLOUGHED & TONGUED



(viii) Dowel : This is similar to the above type except that the 
additional small member may be of any other material (dowel) and 
may not fit tight.

(ia;) Matched, Bceded and Fee ; This has got a tongue and 
groove arrangement and in addition has special moulding on one side 
and a V-shaped depression on the other.

(x) Keyed : A dovetailed shaped key is used to fit in the
depressions in the connecting members which are fitted tightly.

Angle Joints
These joints are generally used for connecting members parallel 

or a t right angles to their grains. The following types are generally 
used:

Figs. 642-553. V arioua ty p es  o f  angle jo in tt,



A t e x t  b o o k  o f  b u i l d i n g  c o k s t r c o t i o n  

(0  Butt : Tho members are connected b y juat jo in ing  them

together. rebate is form ed in  one o f tho
(ii) Rebate, Butt and Bea . ;t better

mfimheW and the other member is fattea in re. » 
r r ^ a n “ a m oulding in  the form  of a bead .a used.

t j e>„ t t  Tn the members are butted
againBt^each'other and a sm ail piece o f wood is fitted  in to  the corres- 
ponding depression of the two members.

(is ) Tongue and Groom : The members m ay be jo ined by 
fitting a projection of the two members.

(v) Mitre : The members aie cut a t an angle a t the joint and
fitted.

(vi) Mitre and Feather ■ An additional small wooden member 
is inserted in the middle of the mitre joint.

(vii) Housed : One member is completely fitted into the de­
pression of the other.

(viii) Shouldered and Housed : Part of one member fits into a 
corresponding depression of the other members.

(ix) Dovetailed Bousing : One member is fitted into the other 
by dovetailed joint.

(x) Mitre and Rebate : In  addition to mitre, a rebate is used,
(it) Mitre, Rebate and Feather : A feather is used in addition

to the joint described above.
(xii) Tongue, Groove and Mitre : A tongue and groove joint 

with a part of the connecting members jointed a t an angle is some­
times used.

F asten in gs

(i) Dowels : These are small wooden pieoes fitted in between 
two connecting members to keep them in one plane.

(ii) Pins : The joints of door and window shutters are 
strengthened by driving small wooden pieces called pins.

(Hi) Wire nails : These are circular, elliptical or rectangular 
in section. They are used for connecting different wooden members. 
They have a tendency to split the wood in some cases.

(iv) Cut nail and floor brads : They are thin nails reotangular 
or trapezoidal in section having a head on one or both sides. They 
are used wherever a small sized nail hole is required.

(t>) Screws : They are used for fastening wooden members 
which may have to be disconnected a t times or where vibrations will 
not permit the nails to stay longer. They may be round headed or 
counter sunk headed.

(vi) Bolts and Coach Screws : Whenever spikes or ordinary 
screws cannot offer much resistance, bolts have to be used. They 
are generally used for connecting large sisjed members.



WOOD W ORK JOINTS, FASTENINGS AND TOOLS

Ivii) Connectors : T hin metal rings or corrugated sheetjpieces
can  be driven  in to  the  m embers after abu tting  them . They 
sufficient s treng th  and  do n o t dam age the tim ber.

Iviii) Doga : These are w rought iron U-shaped pieces w ith
pointed ends. They are driven to  connect the members.

Figs. 554-667. Fastenings.

T o o ls  f o r  C a r p e n tr y  W o rk
Following are the  types of tools used in  ca rpen try  work :

(i) Marking to o k j  These are used 9cribing

skm kss. -  f : r r :g0' T be w -
(ii) Cutting tools : These ing ch iQ©l, firmer chisel

chisels commonly used are  o o  dovetR;ied saws, compass saws and  
etc. CroB8cu‘ “a®od1or various types of cu tting  work.
coping saws driving holes ra tch e t and  brace m ay be

r h r Û ^ r r m 1 r a ? d  b r a d ™ , are also used for driving

(in) Planning tools : Various ° f ^ '““ e d t o ’sLoothening

iv) Hammers and  Screw driver, : Various types
pre shown in 6gureB 568-604,



Figs. 508-680, Tools UBed in c a rp en try  work.



DOVE .TAIL SAW

QUESTIONS
1. W h a t a re  th e  vario u s  ty p ee  o f leng then ing  jointa ? D escribe briefly 

how  a  s c a r f  jo in t  is  m ad e  up  so as  to  connect tw o m em bers.

2. W r ite  sh o r t  no tes  on :
(») N o tohing .

(ii)  C ogging.
(i»») D o v e ta ilin g .
(iv) H a lv in g .
3. I l lu s t r a te  w ith  sketches  how  a  m ortioe an d  a  tenon jo in t  is m ad e  T 

W h a t  is m e a n t by  a  ch ase  m ortioe jo in t 1 W hen is fox-ta il w edging  u sed  fo r a 
m o rtice  a n d  ten o n  jo in t T

4 . W r ite  s h o r t  n o tes  on :
(*) M itred  jo in t.

( ii)  B ir d ’s m o u th  jo in t.
(H i) O b lique  ten o n  jo in t.
(iv) B rid le  jo in t.
6. W h a t  a r e  th e  v ario u s  ty p es  o f  aide jo in t*  used  fo r jo in ing  w ood 

p lan k s T I l lu s t r a te  w ith  sketches,



« W b «  arff t h e  v a r io u s  t y p e ,  o f  » < *  '■ « '  in
c a r p e n t r y  w o rk  I  W h e n  a r e  d o w e l .  a n d  c o n n e c to r .  u . e d
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DOORS AND WINDOWS

Location o f  D oors and W indows
Doors

o f  a  building. Hence they should be bo io<*t*a wu* ”  " 
movement in and out of the room is  ensured keeping r "  '  o f the
maximum use of accommodation in the room and privacyof the 
occupants. Doors should preferably be
ro o iT  I n  case a room has more than one door and they are to n e  
located in the opposite walls of the room the doors Bhould t o  each
other. This would provide a good ventilation and a
interference with the inside arrangement of the room.

Distribution and control of day light^ ^ - d ^  vision 
side, privaoy, ventilation control and of windows. The
factors which have to bo consideredin'the ^  j OTtent
pattern  of air movement inside a r P \a desirable
on the angle a t which air enters ‘ef ^ r  room for proper 
th a t the movement of air is down ; l ; y located opposite to
ventilation. This means that window,^shouldta lo c a te^  pp ̂  ^
each other wherever p o g l e -  A Window8 locat.ed on the
maximum am°unt oMight into in this respect. Wherever
northern side would be highly buildings situated just near
windows have to be located m res cinema, privacy of the
public places, e.g., a shopping aF°’r  Pthe windows
rooms on the ground floor is' J t r e s  ab0ve the groundshould be kept at a  h ig h e r  le v e l  say a b o u  room B
level outside. On sim ilar c o n s .d e r a t i o ^ to j in d o ^ ^  ^
s h o u ld  b e  lo c a te d  a t  a  h ig h e r  e . s u r r o u n d in g s .  I t  i s
m e a n s  o f  g e t t i n g  f l o o r  l e v e l  o f  a  r o o m  in
d e s i r a b l e  t o  l o c a te  t h e  w in d o w s  o o n v e n i e n t l y  lo o k  o u ts id e .  A  
such a  m a n n e r  t h a t  t h e  r e s id e  m  b o v e  t h e  f lo o r  le v e l  19
h e i g h t  o f  0 .7 5  t o  1 m e t r e  fo r  t h e  w in a o w  
recommended.



Sizes o f  D oors and W indow s

Doors :
Internal floors of residential buildings should not. as a rule, 

be less than 0 .9 x 2  metre. However the size of doors leading to 
bath rooms can be reduced to 0.75x2 metre. I t  should be aimed 
that two persons walking shoulder to shoulder should conveniently 
pass through the door. A size of 1.0x2 metre would be an average 
recommended standard. Doors in public places should be ot larger 
size and their height increased accordingly. A common criterion 
for the sizes of the doors, used in India, is :

width= (0 .4  to 0.6) height

Doors of garages should as a rule, be not less than 2 .5 x 2 .2 5  m.
The following further points may be noted regarding the loca­

tion, hanging and size of the doors s —
(i) Width * The aggregate clear width o f doorways serving as 

exit for more than 40 persons shall not be less than 55 cm. per 
hundred persons accommodated.

(ii) Hanging o f doors :
(а) The doors shall be so hung and arranged that when opened, 

they shall not in any way diminish or obstruct the required width of 
passageway, stair or other means of exit.

(б) Buildings constructed facing streets should have door open­
ing outside (i.e., towards the street).

(c) Exit doors leading from rooms occupied by 15 persons or 
more shall be hung to swing in the direction o f exit.

(d) No exit door shall open immediately on a flight o f stairs, 
but a landing the length and width of which are not less than the 
width of such door shall be provided between the door and the stairs. 
No riser should be located within 30 cm. o f an exit door.

(in) Door fastenings  : Fastenings required on exit doors shall 
be such that the deor can be readily opened from inside.

Windows :

The size of windows would be governed by the total area of 
window space needed. The following criteria may be kept in view  
while designing a window.

(i) Breadth of w indow = |(w idth  of room-fheight of room).

(it) There should be one square metre of window space for every 
30 to 40 cubic metre of inside content of the room.

(Hi) Glass area in the windows should be at least 15% of the 
floor area of the room. However, it is a good practice to provide 
20% o f the floor area as the total glass area of the windows. Conti­
nuous sash or one large opening in a room provides better distribu­
tion of light than a number of small windows,



M aterials
Doors :

(i) Wood : Wood ie uaed in several forms for the  cons­
tru c tio n  of doorB. Doors may be made of 
solid planks or built up of small individual 
pieces. Since wood is one of the  most com­
monly available building m aterials in Ind ia , 
it  is largely used for th is purpose. More­
over, i t  can also take a  good polish and can 
be given different typo of mouldings to 
produce an  a ttrac tive  appearance. How­
ever, its  life is less as it is easily attacked  
by verm in especially when in contact w ith 
walls built of mud masonry.
This is used in  panels of doors to adm it 
light. Big openings in doora fitted  with 
th ick  glass sheets give a  very good appear­
ance. Coloured glass, frosted glass, and 
beaded glass can be used for ornam ental 
appearance.
This m aterial is very useful for doors 
whioh have to  be made flush.
Steel fram ed doors are gaining popularity  
these days. Cast m etal doors are  relatively 
high priced. They are used mostly for mo­
num ental s tructures. Hollow m etal doors 
made up o f a  m etal fram e and covered w ith 
sheet m etal are seleoted for g reater rig id ity , 
life and  fire resistance.
Reinforced cement conorete fram es can be 
used for doors in areas where the re  is a 
danger of d isintegration of wooden fram es 
by verm in.

W indows :
The above-m entioned m aterials can also be used for the cons­

tru c tio n  of windows. Use of m etal in windows is progressively in- 
creasing. Aluminium and steel a r e  m ostly used. However bronze 
stainless steel and  galvanised steel a re  used for specific type  of 
buildings.

D efin itions
li\ Frame ■ A group of members assembled and placed
1 ' ‘ along the  top, bottom and sides of an  open­

ing so as to form an enclosure and a support 
for a door or a  window shutter.

Hi) S ill : The horizontal member forming the bottom
of the fram e.

(it) Glass :

(iii) Ply-wood : 

(it>) Metals :

(v) Concrete ;



(Hi) Shutter :

(iv) Style or Stile :

(v) Top rail :

(t>£) Lock-Rail :

(vii) Bottom-Rail :

(viii) M ullion  :

(ta:) Jom i :

(z) Reveal :

(«) &ar ;

(xH) Sash-door :

(xiii) Panel :
(xiv) Hanging or : 

Hinged Style

(xv) Cross-Rail;

(xvi) Transom  :

(xvii) Threshold :

(xviii) Rebate :

(xix) Louver \

P la n k s  p a n e l l e d  o r  o t h e r w i s e  w h io h  f i t  i n

the frame.
U pright or vertical outside m embers of a 
shu tte r or framework.
The topm ost horizontal member o f a shutter 
or framework.
Middle horizontal member of a shu tte r or 
framework wherein lock and bolt are  fixed.
The lower-most horizontal m em ber of a 
sh u tte r  or framework.
The vertical member running through a 
shutter or a  frame.
Vertical face of a  window or door opening 
which supports the frame.
E x ternal jamb o f a door or window opening 
a t righ t angles to the face of the wall.
L ight weight units of a  fram e which carry  
the glass w ithin a  window or a  door-frame.

Door whose upper p a r t is glazed.
The area included between the  rails.

The styles of a  door, whioh is hung on one 
side, are  called H anging o r H inged styles.
Additional horizontal member connecting 
the two styles of a  sh u tte r  o r fram ework.

windowH orizontal dividing member in 
or a  door frame.
Wooden fixture fixed to the  floor under a 
door-frame, thus  enabling the  door to be cut 
short enough to  clear floor coverings on the 
inside.
D epression cut in  the  fram e to  receive the 
door.
An inclined piece of wood fixed in a  fram e­
work.

General types o f Door M ovem ents
(i) Swinging doors : The shu tte rs  are hung to  the door fram e 

on hinges or bu tts  fixed to one side of the shu tte r so th a t they  swing 
on a vertical axis. These types are mostly used in residential build­
ings. The frame of these doors may be laid in flush with the  outside 
or inside face of the wall so as to minimise the obstruction created by 
the opened shutter. They may be of either single swinging or double 
swinging type.



(J  Sliding doora : In these, the shutters cm  slide either up­
w a r d ,  downward or sideway. These doors do not create obstruction 
in movements.

(Hi) Bolling shutter door,  : This is an improvement on the
nlirtina doors They are generally made of steel and have the ad

where large openings have to be provided.
(«,) Revolving doors : These doora are used in places where

r r S o S S r  T ey  do not admit heavy draught 
of air when opened.

They

m o s tlf  l “ e;P:5“ lVin £ e d  “  t ^ "
wherein small rollers have been kept.

• They a r e  u s e d  f o r  v e r y  l a r g e  o p e n in g s .
(«») Te!esMp% t  ° m e J  leaves, generally centre parting. They are made up of five to M teenlea , s  ̂^  ^  ^  Thefie

When opened, the shutters a r the M id  pockets. The central
are operated by t w o hai n operated by the motor. T to 
leaves are driven by an en ^  attached to the powered
: " e Taf8and a“ °angedL  such a way that all leaves arrive or close
simultaneously.

Door Frame
- . i t  TTxtfiriial doors are fixed to “ frames .(a) Wooden doorframe. E aQd Qne hori2on.

A door frame consists of tw° a horizontal member is added
tal piece a t top (head). ; f the members
a t the base also and t t o  . .  « l  W  ‘ Mo3t,y they ar6 12 x 7 .5
depends on the size of the d°or f bg t  x 25 cm. depth wherein
c m .  in section. They h a v ,a  rebate oj about The

io h i te te f w ^ T  the toad and th l  £  may be any one of the 
following :

(*) Closed Mortised and  tenoned joint,

(ii) Haunehed mortised and tenoned joint.

(in) Pin and tenoned joint.

(it>) Double tenoned joint.



A T E X T  BOOK O F  B U IL D IN G  CO N STR U CT IO N  

These are illustrated in the diagrams below.

Fig. 606. Closed m ortioe an d  ten o n  
Joint betw een door fram e head  

an d  vertical m em b er.

A 4XV25 Cms. BEAD IS . FIXED 
TO THE FRAME FOR FIXING 
THE DOOR SHUTTER AS 
SHOWN BELOW

F ig . <108. D e ta il o f  p in  a n d  te n o n  jo in t.

GROOVES FOR PLASTER NOT SHOWN 

T ig . 807. A d d it io n a l atop t o d  to  door fra rao  f„p  rM tm g  o f  th o  ah u tto r.

DlainfS0"  fThe ee0tj ° na 01 8uitabIe 8ize are  “ fccted “ nd
&  are tam ed - ° are cut' Tho tenon and morticed
S r r e o tn L  o n h e  jo I te  T te  J tU ,i to cheok the
a t the contact f a c i  of t h e l t t  p L  of •“ “1 h  appUedand cut to shape In addition J j  diameter are inserted
sired. T h e f ra ^ 6 is f l^ n ;U2 i n e d ga ^ m ', y a  Su° be inB6rted if  d e ’ a  sand paper. plained and  smoothened w ith the  a id  of



GROOVES FO R PLASTER FITTING WITH 
THE FRAME NOT SHOWN

Fig. 608.

DOW ELS 1-5 O TS-OIA.

ALTERNATIVE 
DETAIL USING 

OOWELS

Fig. 609. Dowelled joint 
for door frame.

F ixing : (fl) Before or during the. contruction of wall. The
frame is erected vertical in plumb and secured tightly before any 
masonry around it is built To ensure the proper fixing inside the 
wall, the head is projected beyond the frame dimensions (known as 
horns). In addition to this or as an alternative iron straps known 
as holdfasts of suitable dimensions are fixed to the frame.



To enable taking out of the frame for repairs or replacement 
after the building is constructed the wooden horns are not used. Hold 
fasts (Iron straps) which have got bolts running through the frame 
are used. T h e  nut of the bolt is sunk into the frame and covered 
with putty. Any time removal is desired, the putty is scraped and 
the nut opened out.

(b) After the construction of wall. For expensive door frames 
which would get damaged during construction, the door frame is 
fixed into the wall after construction.
Plugs of suitable size are driven into 
the wall as the masonry is construc­
ted. They are sawn off true to the 
face of the jamb. The door frame is 
erected and nailed to these plugs.

(c) Steel door frame. These are 
made of steel channel sections and 
have depressions wherein the door 
shutter can fit in. These are welded 
a t corners, and have suitable attach­
ments, e.g., fixing lugs, hinges, rubber shock absorbers, etc.

Types o f Doors
(1) Wooden doors : (a) Battened and Ledged doors.

(6) Battened, Ledged and Braced 
doorB.

(c) Battened, Ledged and Framed
doors.

(d) Battened, Ledged, Braced and 
Framed doors.

(e) Framed and Panelled doors.
(/)  Glazed or Sash doors.
(g) Flush doors.
(A) Louvered doors.
(t) Wire-gauged doors,

(2) Metal doors : (a) Hollow metal doors.
(6) Steel plate doors.
(c) Corrugated Bteel doors.
(d) Rolling shutters.
(e) Collapsible doors.

(3) Composite doors : (a) Metal covered doors.
(6) Revolving doors.
(c) Sliding doors.
(d) Telescopic doors.

Battened and Ledged Doors
This i3 the simplest type of wooden doors and is used for narrow

openings and where cost is the main consideration. I t  consists of

0 0 0 8  FRAM E P R O FILE S

Figs. 611-612. Steel door framea.



vertical battens fixed w ith horizontal mombera called “ ledges . The 
size o f vertical battens varies from 10 to  20 cm. and th e ir  thickness 
ranges from 2 to  4 cm. The battens a re  joined together in various 
ways. The type of jo in t to  be given depends on the desired appear­
ance. Some of the  commonly used joints between the  ba tten s  are 
shown in figs. 618 624.

Square joints in ba ttens should be avoided as they open out 
and give a  very unsighty appearance. I f  they  have to  be used, square 
joints should be grooved to  enhance the ir appearance.

Ledges are norm ally three in number. The bottom  ledge and 
the middle ledge are  w ider th a n  the  top  ledge. The section of 
ledges may be taken  as under :

Top ledge : 10 x  2.5 cm. to  10 X 4 cm.
M iddle and bottom ledges : 1 5 x 2 .5  cm. to  2 0 x 4  om.

These ledges may be bevelled to  p reven t w ater standing against 
them  if  the  door is fitted  on the  exterior face of the  building.

Construction  : The battens after being plained, grooved and
cu t to  proper size are assembled on the  working platform . One 
ledge is fixed tem porarily  on one side. The second ledge is also 
fixed in a  sim ilar m anner. The middle ledge is then  properly fixed 
w ith nails or screws to  the battens. The other two ledges are also 
fixed perm anently  thereafter. I f  nails are  used, they  should be 
sufficiently long so as to  pro ject beyond the  ledges. W hile fixing 
th e  nails, small pieces o f wood are placed below the ledges to  avoid 
dam age to  the  surface o f the  ledge. The nails a re  then ben t over the 
ledges. H owever, it  is b e tte r  to  use screws. The side of ba tten s  
should be pain ted  a fte r  grooving and  before fixing as otherwise when 
the  joints open, a bad  appearance is oreated.

Hanging o f door : The door is fitted to the  fram e w ith garnet
hinges, which are  generally 25 cm. long and three in number.

F ittings : The following fittings are  generally used.
B olts  : 2 Nos. o f 25 om.
H andle : 1
A ldrop bolt and  paok-look : 1 
Hooks t 2
D oor stop : 1 No.
A very  oheap typo o f a door would need a  bo lt on inside, a 

thum b la tch  and a  hasp and staple with padlock on outside.

B attened, Ledged and Braced Doors
T he battened  and  ledged door, desoribed above, has a tendenoy 

to  droop a t  the  ‘nose’. This is particu larly  so in  th e  case o f wide 
doors. To prevent th is tendenoy and  also to  strengthen the door, 
i t  is custom ary to  insert sloping braces between th e  ledges. These 
braces m ust incline upw ards from the  hanging edge or else they  will 
n o t be useful in preventing the  droop. T he position of the  middle



ledge should allow the braces to have the 81̂ H y  2.5 to  4 OB.
width of braces varies from 10 to Id  cm. and are usually

th 'Ck C o n s t r u c t  : This door is made in . . — ' « *  £  
battened and lodged door T h e  joint bet 
brace is shown in Figure 610.

HINGE BRACE
SECTION AT A.A

F ig# . 613-615. E le v a t io n ,  V o rtio a l a n .l  H o r iz o n ta l 
se c tio n *  o f  a  b a t to n e d ,  led g e d  a m i b ra c e d  d oo r. . UIO, J o in t ,  b e tw e e n  

brrfo© a n d  le d g e .



Hanaina of the door : This i> hung bv garnet hinges 20 to  26 
cm. long m d  thrc4 in num ber for a  single leafed door and six for 
double leaved door.

Fitling t : Same as in th e  battened and ledged door.

e lev a tio n

BEADED

V .  JO IN T E D

FRAME 12 X 7-5 Cms.
i 2x9 Cms.

Figs. 619-626 . J o in t*  b e tw e e n  
b a t t e n s  o f  d o o rs .

PLAN AT * *

FittB. 617-618 E le v a tio n  an d  
Sectional p lan  o f  a  b a tte n e d  

an d  b ra ced  door.

Sometimes doors with 
trive a better a p p e a r a n c e  than a battened, le g 
(as shown in Figs. 617-618).



Battened, ledged and fram ed Door
This is superior in strength and appearance to an ordinary 

battened and ledged door. I t  consists of a framework of two vertical 
styles, bottom rail, top rail and one middle rail. The battens are 
fixed in this framework. The styles are, generally, 10 cm. wide and 
4 cm. thick. The top and bottom rails are also of the same size. 
The middle rail is about 20 cm. wide and 4 cm. thick as the lock

Figs. 628.628. E lev a tio n  v e rtic a l and  ho rizonta l sec tions o f a  fram e,) 
ledged an d  b raced  door.



fittings are  fixed to  it . B attens are  from 10 cm. to  12.5 om. wide 
and about 1.5 to  2 cm. thick.

The middle and bottom  rails a re  m ortised and tenoned into 
the  styles. The upper and lower ends of the battens are  le t into the 
rails and the side battens are tongued in to  the  styles.

Construction : The rails a re  fitted loosely into the  style*. 
The battens are accurately fitted  and slipped into the  grooves of 
the sty les and rails. The tenons are wedged and pinned firmly.

Hanging of the door : This is hung with heavy garnet hinges. 
Sometimes s trap  hinges or a  N arm adi is used.

F ittings  : The usual fittings are :
S trap  hinges : 3 Nos.
Bolts : 2 Nos. o f 25 cm.
A ldrop w ith padlock : 1 No.
H andle : 1 No.

B attened, ledged, braced and fram ed door
This door ia s tronger than  the battened , ledged and fram ed 

type. In  addition to  the  members of th a t door, cross braces inclining 
upw ards from the  hanging side are used. The middle and  bottom  
rails a re  m ortised and tenoned in to  the  styles and the  braces are 
e ither housed in to  the rails a t  abou t 4 cm. from the  style or taken  
into th e  corners and tenoned into the styles. The size of braces 
is 1-5 x  12 cm. G enerally the  thickness of the  top  rail or the  styles 
is equal to  th a t of the  braces and the  battens together.

An im proved type  of th is  type of door ia one in which the 
bottom  rail, m iddle rail and the  braces are equal in  thickness to  th a t 
o f the  head minus the  thickness of battens. This means th a t the 
ba tten s  will run  over the bottom  rail, m iddle rail and braces. I f  
auch a door ia used on exterior side of a  building, the w ater collecting 
otherw ise on the  projection of the  bottom  rail, is not the re  and does 
n o t ro t the door.

This is a  strong type of door and  a t the same tim e is also cheap.

Construction : The only difference from the above type is 
th a t  the  braces are  to  be nailed w ith the battens. For the  modified 
type , the batten  have to  be nailed to  the  rails.

H anging and fittings : Same as above.

Fram ed and Panelled Doors
Fram ed and  panelled doors consist of a  fram e in which wooden 

or glass panels are  fitted.
The object of using such a  type of door is to  ob ta in  skeleton 

fram e work in which the tendency to  shrinkage is reduced. Moreover 
a  very p leasant appearance is obtained by panelling. A panelled 
door conaiats o f a  fram e which ia grooved on the inside edges to  
receive one or more panels. The styles are continuous from  top  to



ONE PANNEL TWO PANNEL

Figs. 629-034. T ypes of panelist! doors.



bottom . Tho top, middle, interm ediate and bottom  rails a re  joined 
to tho styles. The mullions are  joined to  the  rails. The thickneM  
of the  shu tte r fram e is dependent on the  size of the  door the 
situa tion  of the door, the type of lock to  be filed , the thickness 
of panels and the size of panel mouldings. They are generally 
4 to  5 cm. thick. They m ay be divided into a num ber of panels 
depending upon the  size of the  door and  the natu re  of appearance 
desired. The panels range from one to  six or even more in num ber 
(Figures 929-634). The size of the individual panel is one s own 
choice. However, it  m ust be ensured th a t the  Btylea a re  a t  least 
10 om wide and the bottom  rail and lock rail are  15 cm. a ide . In 
order to  enhance the beauty of the door the panels are given archi­
tectu ral mouldings as shown in figures 635-039.

C H A M FER ED

■ V /J .—
7 7 7

TYLE RAISED PANEL

PL A N T E D  
M OULD ING

OVOLO
F ig s. 035-039. V arious typos o f  m ou ld ings used for door panels.

These figures show th e  junction of the  panel w ith the  style 
in section. As is clear from  these figures, the  panels can be of 
raised or flush type . They may be m ade of solid or lam inated wood. 
Doors free from in trica te  mouldings are  easy to  clean and construct.

Construction :
T he joints of the  door sh u tte r  fram e m ay be :
(i) Mortised and Tenoned Joint :

T h e  w i d t h  of eaoh tenon is 5  0 om. Grooves a re  far med along 
the  inner edges of the  fram e to  receive the  p anek  The dep th  of 
the  grooves is m ade equal to the thickness of th e  panel and  shall 
not be less than  i-25 om.



B ft

-  -  DIMINISHING 
STILE

EL E V A T IO N  VERTICAL
SECTIO N

Figg. 640-642. E leva tion , v e r tic a l and  ho rizon ta l eoofcions o f a  g lazed  an d  
panelled  door w ith  d im inish ing  sty le.

(it) Dowelled Joint :
The dowels are m achine made and are of hard  wood. Mostly 

they are 1-5 x 12*5 cm. long and are placed a t  about 5 cm. centres. 
The ends of the rails a re  bored and glue is applied to  the  edges of 
the rails and the inside of holes. Sim ilar trea tm en t is given to the 
style. Glued dowels are inserted in to  the rails and both o f them 
are fitted  into the styles. This type  of construction is considered to 
be n o t very  durable b u t is an essential feature o f door construction 
w ith machinery since the  usual type  of joints cannot, be made with 
machines easily.



Figs. 644-646. Jo in t*  betw een R ails  
an d  S tile*  o f  door pan e ls.



(»») Twin Tenon joint : , ■ ■ .
This type of joint is similar to  mortised and tenoned joint ex­

c e p t  t h a t  it S t e e d  for larger rails, e.g., middle rail joining with styles 
The o p e r a t io n s  in the construction of panelled doors by hand

method are, ^  ; ThB detail> of the door ar6 drawn on a b o a r l
Then the pieces of timber to be used for various members are selected 
carefully to avoid waste during construction The members are 
then marked to the required dimensions and planed. Tlie position 
of rails, the depth of grooves, etc., is transformed on to them.

(ii) Forming tenons and mortices : The tenons and mortices ot 
correct dimensions are marie as described in Chapter IX . A ter 
the comers of the tenons have been cut, thev are fitted temporarily 
so as to check the fitness of the joint.

(Hi) Making Panels. The penels are 
next made to the required size and mould 
ings.-

(iv) Gluing and fix ing . The shutter 
frame is opened and glue is applied to all 
the places which come in contact with each 
other. The panels are placed in position
and the frame is immediately re-assembled. .rr r  . rt A f l in ,  a  A ■ * Fjb. 649. A  door jo in t bet-
W e d g e s  o r  p m s  (See 8 g . 6 4 9 ) a r e  B x ed  i n t o  n i l  M d  s ty U  , hoiril,g
the joints. pina.

STILE PANEL

PINS
Rail

IN TENONS

Figs. 647-648. A tw in  ten o n  
jo in t fo r a  Lock R a il a n d  S tile .



<1.1 Gleaning. All the projections which are in excess to the 
required dimensions are sawn off. The shutter thus prepares is 
finally cleaned with a sharp plane follower by sand paper.

Hanging of the door :
These doore are hung with the aid of butt-hinges or riswg- 

b u tt hinges.
Fittings ; The following fittings are used :
Hinges 3 on each leaf
Bolts 3 Nos of 25 om.
Handles 3 Nos.
Door stops 2 Nos.
Aldrop and Padlock 1 No.
or mortiBe lock 

Glazed or Sash Door
When light is desired to be admitted inside a room through a

ELEVATION

12* 7-5 Cm 
- DOOR FRAME

10*4 CfT> ST ILES 6

F i* l. B,-,0.831. Elevation and * '* " rt 'k” r -



door, its upper part may be glazed and the lower part panelled. 
These are called partially glazed doors. The latest trend is however, 
to provide fully glased doors Usually 5 to 8 mm thick polished 

glass is used, Special kind of glasses, e.g., reinforced with wire 
mesh or toughened are being used to avoid shattering.

The glasses are fixed in the rebates of sash bar and they are 
secured with putty or by wooden beads fixed to the frame. The 
sash bars do not add to the strength of the door.
F lu sh  D oors

This type of door provides a clean surface and is extensively

F ig a . 652-855. D e ta i ls  o f  flu sh  d o o rs .



u s e d  th e s e  d a y s .  T h e  f lu sh  s u r f a c e ,  w h e n  p o l i s h e d  g iv e s  a  b e a u t i f u l  
a p p e a r a n c e .

They are of two types :
(t) The solid or lam inated core type :
(See fig. 653 and for section see fig. 655).
The laminae are 1.5 cm. th ick  an d  joined together in  pieces. 

On th e  outside 0.6 om. plywood (3 plys) are  fixed to  the  laminae. 
Edging strips a re  fitted, as shown, on the sides. This door is quite 
strong and  sound insulating than  the one described below. Sometimes 
instead o f wooden lam inae light w eight m aterial such a s  cork 
board, perforated wood resin boards and strips of compressed straw  
boards m ay also be used as a  filling.

Ei

FIX ED
"L O U V E R S

Figs. 656-658. E lev a tio n  a n d  d e ta ils  o f  louveced  doora.



(ii) Skele to n  fra m ed  type  (See figs. 683 ™d «54) : This t o *  «m-

them. Each side .8 covered with 0.6 cm. thick p y £
hinge blocks 1 5 x 4 x 2  5 cm. in size .re  hied. This type 
tion is cheaper and saves wood.

Construction  : I n  t h e  l a m i n a t e d  t y p e ,  a l l  t h e  c o m m e n t s  a r e

S & ‘s r S S £ T ^
for durability.

H anging  an d  filings As for panelled type.

Loavered Doors
This type of door allows sufficient amount of air «r®“tation even 

when closed and at the same time maintains privacy. The louvera 
are filed in a series so that the upper back edge of any louver is above 
the lower front edge of the next higher louver. The louvers m aybe 
fixed into the style or made movable as shown in figure 6oB.

Wire-gauged Doors
These doors enable air to pass into the room and do not allow 

flies or insects to come in. They are made of vertical and horizontal 
styles into which wire gauge is fixed. They may be hung on the 
same door frame or on a separate frame. The styles and rails sball



be o f the same size as th a t of the other door. W ire gauge shall be of 
best quality  woven wire webbing. The entire area of the wire gauge 
w ithin a  panel shall no t have any joint. Wire gauge is fixed to  the 
leaf by rails and 2 x 2  cm. heads are  fixed. Double leaf wire gauge 
door shall close with the meeting styles abutting  against eaoh other. 
The leaves may close to  such an ex ten t th a t the junction projects 
outside from the face of the  frame. The top of the fram e and the 
sill, if any, shall have a  wedge-shaped wooden projection.
Clearance under th e doors

A 1.25 cm. clearance may be kept between the  door and the 
flooring so th a t bottom  of the door leaf clears off any carpet or other 
furnishing laid on the floor. This is done either by hanging the door 
on rising b u tt hinges or fixing a wooden threshold to the  flooring. As 
an  alternative  a concrete flooring may be raised and sloped both ways 
under the door.

Door Casings
In  im portan t buildings internal doors are  fixed to  casings, 

or linings which provide a suitable finish to the openings. Follow­
ing are the  types o f  casings generally used :

(a) Plain Casings : They are made of plain thick wooden boards 
(about 4 cm.). The door leaf is fixed in rebate cu t in this plank or a 
stop is fixed to the casing as shown in fig. 661. The top casing is 
grooved to  receive the vertical sides. This type of casing is suitable 
for walls not greater than  20 cm. thick.

(b) Skeleton Casings. This consists of vertical m embers to 
which th in  boarding is fixed. Horizontal pieces are also fixed a t  
intervals to  give strength . These are used for th icker walls.

(c) Framed Casings. This is made of panelled jam b and top 
m ember and is used where architec tural beauty is the main consider­
ation.

F ix in g  o f  C a s in g s . The methods of fixing are as under :
(i) With Pallets. 1 cm. thick pallet pieces are fixed a t  regular 

intervals into the masonry and to  this is attached  the casing.
(ii) Plugs. H ard  wooden plugs are fitted into the wall and 

casing is fixed to them.
(Hi) Ground work. These provide continuous m eans o f fixing 

the casings. The jamb grounds are fixed with plugs to  the wall and 
cross pieces, which ac t as packing for wide casings, are fitted to  these 
jam b grounds.

Fig . 681. P la in  Casing



Fig. 663. F ram ed  Casing.
F ig . 662- Skeleton  Casing.

Meta,(a7 Z l o »  metol doors. They are
are shaped as ™»den doora 'L .  i t o d are Btrengtheaed by welding 
p la c e s  where hinges, locks ... fll) d itj, eome msulat-

plate,(;f
is built up with ™’tob. a “ door is desired, an additional sheet

b^placed and the gap between the two being filled with asbestos
* . .> __ _ r rrtofund

are
can D6 pia-ueu -— » -r . .
or any other fire-proof materialor any ouuer

, 71 Bntu™ shutters doors. These are commonly used, these days, 

2 ^  ,rn and causes no obstruction to the floor space.



Their operation is also easy. They are sufficiently strong and can be 
nsed in exposed situations.

(e) Collapsible door. These doors have the advantage that they 
do not require any frame or hinges to hang upon. These metallic 
doors are made from small rolled steel channel sections and strips. 
They are fitted with rollers a t the bottom which slide in rails provi­
ded in the floor. When opened, they collapse to the sides. They are 
normally provided a t the entrance of residential buildings, godowns 
or publio buildings.
C o m p o s ite  D o o rs

Metal covered doors. They consist of cores of seasoned non- 
resinous timber covered with a tight fitting sheet metal, e.g., furni­
ture steel, galvanised steel, cold rolled copper, sheet bronze, tin and 
lead combination (terne plate), etc. The cores are made of two or 
three layers of 2.5 cm. boards and about 20 cm. wide. One layer 
should be vertical aud the other horizontal. The covering is made 
of 35x50  cm. sheet preferably with double joint. The three-ply 
doors are very strong and two-ply doors give a moderate degree of 
protection.

In case cheaper doors of this type are needed, the same can be 
made by making a framework of wooden styles and rails and the 
inner spaces being filled with asbestos or other fire proof material. 
This type has got considerable fire resistance qualities.

W IN D O W S
Windows comprise of two parts, one frame which is fitted in the 

opening in the wall and the other sashes which are small shutter

E L E V A T IO N

S E C T IO N  A-A

FIXED Ty^*
Figa. 6S4-666. Elevation and ieofcion of a fixed type window



f r a m e s  c o n ta in in g  t i e  g l a s . » d  S C t t T w
retained by grooves. Ihe ype 
of window movement.

TyP«  Of W indow M ovem ents f r a m e w o tk  in  w h ic h  t h e

{a ) Z « 2  f r a m e w o rk : c a n n o t  m o v e .

p ;; c z g «**. m *«■«»"■ open towarda °
of a «•» the "  open in8ide tbe building'

OPENING INS 10 E 
PLANS

F.jh . 666-C6S. W imlow E lev a tio n  a u d  open ing  arrangem en t* .

(d) Top-hinged. The shu tte r is hinged a t  the bottom  and oan 
be moved outside.

(e) Bottom-hinged. The shutter is hinged a t  the bottom  and  can 
be moved inside.

I r\ Pivoted These window shutters ro ta te  abou t a pivot which 
mav be iixed to  the window frame. The w i n d o w s  can ro ta te  hor.tt.n- 
tally or vertically depending upon the  position of the  pivot.



(g) Sliding. In  th is  type, the  shu tte rs  can move inside the walls 
horizontally  or vertically .

(A) Double hung. One shutter goes up and  the other moves
down.
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Figs 669-072. V arious ty p e s  o f w indow  m ovem ents
1. T op h u n g . 2. S ide hung . 3. B o tto m  hung . 4. f ix e d .

Types o f  W indows
(1) Wooden W indows :

(2) M etal W indows t

(a) Casem ent Windows.
(b) D ouble H ung W indows.
(c) Sliding Windows.
(d) P ivoted Windows.

T^mivftrftd or^ V enetiated
(а) Solid S eo tion^fe ta l WIficrorwBT-
(б) M etal Covered and Hollow 

M etal Windows,



m N O  CO NSTRUCTION A T B X T B O O K O F B t n I . D l N O C O

J  C o m p o s i t e  Windows-
(3, Miscellaneous Windows ^ ^ d o w s -

r i  W i n d o w s .
(ĉ  C ere o t o  —  
J) Corner Windows,

[e) Dorm er Windows.



m ent windows. This has a frame consisting of styles, , top rail an 
bottom  rail. The window frame is made in the same m anner as a 
door fram e except th a t i t  has a sill a t the bottom . However, ^  may 
have an additional central vertical member which is called mulliom 
A dditional horizontal members known as transom es may also 
used. The wooden frame can be made as one unit w ith the door 
fram e.

Heads, mulliona and transomes are generally 10 x  6 c™\
1 2 x 7  5 cm. in  section. T h e  s i z e  of sills may be more. The joints
and  th e  construction of the window frames is sim ilar to the oor 
fram e.

The window frame is provided with iron bars or welded ijpn 
grills., particu larly  on the ground floor, as a safety measure ag*i

PLAN SECTION * -*

076-077. E lev a tio n  an d  p la n  o f  a  ca a e m e D t w in d ow .



, „ n C o m p o s i t e  W i n d o w s .
(3) Miscellaneous Windows . g w t a i ^ ^

i i r ^ w —  
c« ' w ^ r ,  *—  *■* - i i t e  d o o r s  a t e  o a U e d  c a 8 e ’

i 'ig - 616. A com bined door and  a w ^ o w  fram o.

Figs. 673.74. W indow  framesw



m ent windows. This has a frame consisting of styles, .to p  rail an 
bo ttom  rail. The window frame ia made in the same m anner as a 
door fram e except th a t i t  has a sill a t  the bottom . However, i t  may 
have an additional central vertical member which is called mmlion. 
A dditional horizontal members known as transom es may also 
used. The wooden frame can be made as one un it w ith the door 
fram e.

H eads, mullions and transomes are generally lO x S c® ? ',
12x?-&  cm. in section. T h e  s i z e  of sills may be more. The joints 
and the  construction of the window frames is sim ilar to  the oor 
fram e.

The window frame is provided with iron bars or welded iron 
grills, particu larly  on the ground floor, as a  safety measure agftmst-

PL AN SeCTlON t . t

f i g , .  076.677. E !c\ ation  an d  p lan  c f  a  < • » « « *



burglars. W rought iron bars varying in  d in ordinary
and spacing of 10 to  la  cm. provide welded grills
buildings. However, t h e  present trend is »  1>
with beautiful patterns.

Sash or shutters which comprise of ™ ^ calh should DOt 
sash bars are also similarly constructed. Each s t t»  ^  a ^

t s r  nmd°in the frame and

TYPE OF FRAME & S iL L  

USED IN A CHEAPER 
CONSTRUCTION AND 
FOR -.WINDOWS NOT 
DIRECTLY A FFE C TED  
BY RAIN
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the rails. These are capable of stopping water which would other, 
wise proceed by capillarity into the room. It is essential ia le 
windows should not admit rain water into the room. Hence o 
sills may be projected outside and throated as Bhown in the section  
of the window on page 231.

jFitting* : Hinges —* 4 Nos. of 10 cm.
Bolts — 3 Nos.
Handles — 2 Nos.
Stope — 2 Nos.

Double hung
This type of window consists of a pair of shutters 

both of which can slide to facilitate cleaning. Ventilation 
can also be controlled effectively. The shutters move vertically 
within openings left in the frame and the walls. A pair of metal 
weights contained within the frame are connected to each shutter 
by means of cords or chains after being passed over pulleys which 
are fixed to the frame. The components of this type of a window 
are briefly described below :

{%) Frame : This consists of two vertical members, a head 
and a sill. The vertical members are made of an inner lining, 
pulley style, back lining, and an outer lining. A small wooden 
section is used between the two weights to keep them apart. Small 
parting bead is provided to separate the two shutters when they are 
opposite each other. The sill ia made of solid wood.

( it)  Shutters : These are of ordinary type with two vertical 
styles, a top rail, a bottom rail and sash bars. The usual thickness 
of the shutter shall be about 5 cm.

(in) Fittings : Shutter fastener — 2 Nos.
Shutter lift — 1 No.
Shutter Handle — 2 Nos.
Pulleya, Cord, Chains, etc.
Tower bolts — 4 Nos.

Sliding w indows

These windows are made of shutters which move horizontally 
or vertically on small roller bearings. The shutters are of usual 
size. Suitable openings in the frame are left to accommodate the 
shutters.

Pivoted windows

This type consists of a frame and a shutter which is pivoted 
to allow it to opea with the top rail swinging inside. The pivots arc 
fixed slightly higher than the horizontal central line of the shutter 
so that the shutter can be self-closing. Tho frame is similar to that 
of a casement window except that it is not rebated.

Fittings : Pivots, Cleats, Latches and Ventilating gear etc 
are used.



5tcT 10K  D ouble hun g  window  d o ts '1

L o u v e red  o r V e n e tU te d  «»” * > «  ftir js desilei ]ouv«
uuW3 are used. These may be of B.ed or moving type. The 

construction is similar to that of louvered doors.

Solid  sec tio n  m r t a l  8tMl sections which act as a

f r a m e  The g L ”  g is B t t e d 'W  this frame. The shutter containing
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F ig . 689. Section th ro u g h  a  s tee l w indow  
show ing th e  use o f an  add itional 

w ooden fram e su rround ing  it.

VERTICAL SECTtON
Figs. 687.688. E lev a tio n  a n d  sec tion  

o f at-eel window.



Fig . 690. Section  th ro u g h  a  
steel window w ith  a m etallic  
sub fram e an d  a  w eather b a r

th e  glass can have various types< ° f̂  j a horizontal or vertical
a t  bo ttom , top, side '  " e r t i c a l  moving sh u tte r , or
direction. Sim ilarly hom onto l o r ^  ^  ^  d n^ t he
d o u b le  h u n g  types are  P ° 33lD . o r n l l t  T e a k  w o o d  f r a m e  a n d  s i ll  
— y i n  a g ^ v e  J e n h a n c e  t h e  a p p e a r a n c e ,

can also be used ^  be operated m echanically a r e

« d  ^  M  a t  to p ' ^  being

Steel windows ’^ " “ ^ r i i t b  PL‘i“ the r coat of a 
installed. Then they should I*  f f  the glazing is fixed. The 
durable pain t and  re^ dows m ay be steel, bronze, a lu m in iu m ,  
m aterials used lor me™ 
s t a in l e s s  steel etc.-.



Fig . 893. H inge for a  steel w indow  F igs. 694-695. A ty p ic a l
in d u s tr ia l s te e l window.

M etal covered and H ollow  M etal Windows
Metal covered windows are more fire resistant and durable 

than the wooden windows. They are more attractive than solid 
section steel windows. However, they are more expensive. Their 
construction is similar to that of the metal covered doors and metal­
lic coverings described therein can be used.

Hollow metal windows are made of blue annealed steel, 
galvanised steel, bronze, copper or nickel steel. They are generally,’ 
double hung type or casement type. These are more fire resistant 
than the metal covered and the wooden windows.



C o m p o s i t e  Window
Different type of movements can be obtained in the same 

window This type of window can be adopted for a small room 
w h e r e  only one large window is used. Thu can control moverne 
of air and a t the same time provide maximum light.

Bay W indow
Thi« ia a window which projects outward from the face line of

architectural beauty of the entire house.

Clere-Storey Window

front is blocked by a verandah roof.

F ig . 698. B »y W indow.

" T h "  in the corner of a building so th a t light and air
can come from  the  two directions.

D orm er W indow roof of a building.
This window is provided on thee P g ^  ^  ap withm

The object is to provide light and
the roof slopes. 

Ventilators
TU.y pravitleiltot unVlteroMi™,





F ig s. 699-700. D orm er W indows, 
permits They are usually pivoted type and can be operated with 
a pulley and a cord or have self-closing small bolts.
A rchitraves

These are used to conceal joints between the door frames or 
casings and the plaster a t the door. They consist of two vertical

R- T .5 X 2 '5 C m e -  AftCWTMVE 

15*5C <T)S. PLAIN CASING

^D O O R  SH U T T ER  

Figa. 701*702. A roh itrave* .



and one horizontal member which have mitred• “ g*®. ar*
nailed to the plugs and edges of o«mgs. The »“ e and dM.gn 
depends on tho size of opening, the quality of timber a id  ^
architectural effect desired. Generally they 
6 x 2  cm.
P ic tu r e  R a ils

These are generally fixed a t the top level of architrave and 
have various types of mouldings and finishes. They are fixed to 
the walls bv plugs They are used for hanging pictures or photo­
graphs. They are made of wood and are about 7 SX-2 cm. in section.

A ngle B eads
External angles of plaster are protected from damage by 

wooden beads 1 or 2 cm. in size fixed to plugs in the walls.

G lass  a n d  G laz in g
The various types of glass used in the construction of doors 

and windows are described below :
(а) Plate Glass : This is transparent and flat glass haying 

plain polished surfaces and showing no distortion when objects 
through it are viewed a t any angle. Show windows, picture windows 
and exposed windows in costly buildings are fitted with this glass. 
The thickness of plate glass varies from 3 to 6 mm., however 6 mm. 
thickness is usually used for windows.

(б) Clear Window Glass. This is transparent, relatively thin 
flat glass having plain and smooth surface but small waviness of 
surface is present which is visible when viewed a t  an angle. The 
thickness varies from 2-5 to 7-5 mm.

(c) Obscured glass. One side of this glass is patterned while 
rolling which obscures direct vision but does not obstruct light. 
Figured glass or rough cast glass are examples of this type.

(d) Processed Glass : These are of three kinds, i.e , ground- 
glass, chipped one process and chipped two process. There are many 
patterns and some provide true privacy with a uniform diffusion of 
light while others give maximum transmission of light.

(e) Wired-Glass ; Rolled flat glass having wire mesh embedded 
in it is called wired glass. This is used where slight degree of fire 
protection or safety against breakage is desired.

(/) Prism Glass : This has prism shaped ribs for deflecting 
light. The prisms with different angles are available to suit various 
needs.

(g) Active Glass : This reduces heat and a large percentage 
of glare. Also it transmits lesser amount of ultraviolet rays which 
bleach some coloured fabrics.

(h) Quartz Glass : This transmits ultraviolet rays and is used 
in hospitals where maximum benefit from sun’s rays is desired for 
the health of the patients.



(i) Bullet-proof Glass : This is made of lam inated plate glass 
which may break under im pact b u t will not shatter.

on li j : Tho process of placing glass w ithin sash bars is
. , e  r f . a z ,n ° ‘ A b a te s  of about 6 mm. depth  are  provided on one 

Biae oi ■the sash bars to  support the glass. A fter the  glass is placed, 
i in opt in position by means of pu tty , glazing beads, strips or 
moulds ot wood. Windows are sometimes provided with two thick- 
nesses of glass w ith an a ir space between them . This is called 

-Double Glazing”  and is adopted in  air-conditioned buildings.

Oi

o>| jjo

SPRIN G HINGE

Figs. 703-714. D ifferen t ty p es  o f hinges for doors.

F ittin gs for Doors and Windows
(a) Hinges :



(i) Butt hinges: The« are X “ of I'h eT ^ to T e a n T re b a ^
window* and are sorewed to the edges ot tne sn.i.
in the frame,

finri- ttnv kinae ■ This is used where the shu tte rs  are thin(tt) Back-jiap Hinge 1 , fix6d to the back sideand butt hinges cannot be filed. Iliese are nxeu
of the shutter and the frame.

(m ) QarMt hinge : This is filed to  lodged and braced doors.

(w) Strap hinge : This is also used on ledged doors.

(„) N a r m a i i: This is fixed on heavy doors. The pin on
which the strap  rotates is fixed into the wall or fram e.

(vi) Parliamentary hinge : This is fixed to a  door which o tter-
wise would obstruct the passage when open. Tins enables the 
shutter to rest against the longitudinal profile of the wall.

Mi) Rising Butt hinge : This is used on doors which are desired 
to  leave a clearance between the leaf and the floor when opened.

Bolts. Various types of bolts are shown in the figures 715-722.

Locks. Different types of looks fitted on doors and windows 
are shown in figures 723-727.

Handles. Handles which are fitted to doors and windows are 
shown in figures 728-731.
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P ig s . 728-731. D o o r handles.

QUESTIONS
1 W h a t  a r e  t h e  v a r io u s  points to be considered while locating the 

situation o f  doo™  a m i w indow s ? What are tho commonly used s«es for thorn 
and how m u c h  window area ia necessory for a building !

2 . H o m o  th o  v a r io u s  ty p e s  of doors used in a building and also describe
briefly t h s  d i f f e r e n t  ty p e s  o f  door movements.

1 S k e tc h  a  le d g o d  a n d  braced door in elevation and section and describe
it. c o n s t r u c t io n  g iv in g  a p p r o x im a te  , i » *  of member, used. A lso  mention the
f i t t i n g s  a n d  fastening* u s e d .

4 . W r i t e  s h o r t  n o te s  o n  :
( i )  L e d g e d  d o o r .
(t») V a r io u s  ty p o s  o f  p a n e l le d  d o o rs .

•; Draw d e to ilo d  s k e tc h e s  to  sh o w  tho constructional joints of a panelled 
d o o r  shutter. R o u g h ly  s k e tc h  the various types of door mouldings.

II What are tho advantages of flush doors. Draw a seotion of * flush 
door with skeleton frame as the interior Bupport,



7. Write short notes on :
(t) Glased doors.

(ii) Louvered doors.
(Hi) W ire  g o u g e  d o o rs .
(ttf) Plain casings.
(t>) Skeleton casings.

(of) Framed casings,
(vii) Doorframe.

8. Name the various ty p e s  o f  w in d o w s. D ra w  a n  e le v a t io n  a n d  a 
vertical section of a c a s e m e n t  w indow  sh o w in g  in  d e ta i l  t h e  a r r o  g
water proofing.

9. Write notes on :
(t) Double hinge windows.

(it) Sliding windows.
(tit) Pivoted windows.

10. Draw a n  e le v a t io n  a n d  se c tio n  o f  a  ty p ic a l  s te e l  w in d o w . A lso  sh o w  
an arrangement fo r  u s in g  a  w o o d en  f r a m e  o r  a  m e ta l l ic  s u b - f r a m e  w i th  tn e s e  
windows.

11, Write short notes on ;
(i) B ay  window.

(it) Ciere-etorey window.
(i i i)  C o rn e r  w in d o w .
(tv) D o rm e r  w in d o w .

(v) Architraves.
(vi) Picture rails.

(v ii)  V a rio u s  ty p e s  o f  g la s s  u s e d  fo r  d o o rs  a n d  w in d o w s- 
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11
FLOORS

Floors divide a building into different levels, one above the other 
for the purpose of creating accommodation within restricted space. 
Bottom-most floor of a building is called ground floor unless it is below 
the surrounding ground level when it is termed basement floor. The 
object of the ground floor is to have a clean, smooth, impervious level 
and a durable surface. The top floors, in addition to the above 
objects have to be sufficiently strong so as to withstand the loads 
which come over the floor.

Two distinct components of the floor are :
(i) A subfloor or sometimes termed as base course.

(ii) Floor covering.
The object of providing a subfloor is to give proper support to 

the covering and hence loads are taken by this part. Moreover the 
subfloor is used to carry the covering and to make the flooring, in 
general, water-proof and sound proof. A thin layer of another 
material may be used in between the two components.

The materials used for grouud floor construction are :
(i) Bricks 

(ii) Stone
(iii) Wood 
(it;) Conorete

The materials used for the finishes of ground floors are :
(i) Bricks (viii) Asphalt
(ii) Stones (is) Rubber

(iii) Concrete (#) Linoleum
(iv) Tiles (xi) Cork
(v) Wood (xii) Magnesite

(vi) Terrazzo (xiii) Glass
(t’ii) Mosaic



Since ground floors rest directly on the soil, it i. 
have a proper drainage for the floor. This may > to* jea(j
of drains suitably constructed below the floor « ran g « l d
the water outside the building. However, this measure not ■w » *«ry
in the normal type of construction, (.enera y I1' , ^
inert material ,s provided to prevent the m e of the Moor.
The material generally used is sand, crushed rook, gra j
In  certain cases asphalt layers may assist m the general drainage ot 
the surface.

To select a suitable type of floor construction in a building 
certain points have to he kept in view. These are diacussed^on. pages 
260-262 and apply mostly to upper floors. However, for giound
floors, ihe s e l e c t i o n  o f  the type of the wearing surface is important
and the various considerations governing the suitability of one over 
the other are given below :

ii) Initial Cost : The cost of the floor covering is a very 
important item. The expensive type of floor coverings are marble, 
rubber tiles and special clay tiles. Terrazzo, cork, tiles, linoleum, 
asphalt and slate form a less expensive group of floor coverings, 
whereas concrete and brick are the cheapest.

However, the type of base course used with a particular cover­
ing has an important bearing on the co3t of tho floor, if a wearing 
surface is to be provided on a wooden base, the cost would be 
different for different coverings as special treatment would be needed 
to fix the covering with the base in each case.

(it) Appearance : Colour, texture and decorative value with 
regard to the architectural beauty of a room are the factors which 
have to be taken into consideration while selecting a type of floor for 
a room, Terrazzo, tiles and marble give a good appearance whereas 
an asphalt covering has an unattractive look.

(in) Durability : Resistance to wear is an important factor for
a floor covering. Further, resistance to temperature changes, humidity, 
disintegration and decay have to be taken into account. Tiles, 
terrazzo, marble and concrete floor coverings offer good resistance to 
these forces of disintegration whereas linoleum and rubber give less 
satisfactory resistance while cork and asphalt coverings have very 
low resistance. Wherever heavy floor traffic is not anticipated, bricks, 
wood blocks and asphalt mastic can be used.

(iv) Cleanliness : A floor should be non-absorbent and capable of 
being easily cleaned. All joints should be simple so that they can be 
made as water-tight as possible. Terrazzo, tiles, marble and slates 
provide surfaces which can be easily cleaned.

In addition to general cleanliness, a floor covering should have 
an effective resistance against the absorption of oil and grease which 
would otherwise give a very unsightly a[>f>earance. Greasy substances 
are not absorbed by tiles but affect terrazzo, concrete, and bricks to 
some extent. Grease, oil and gasoline distinegrate asphalt and rubber 
floors to a considerable extent.



(u) Dampness : Resistance to damp 1b an important factor to
be considered for ground floor construction. Wood, rubber, linoleum 
and cork coverings are not suitable in damp places wherease clay, 
tiles, bricks, concrete and terrazzo are suitable for use on floors 
which are subjected to dampness.

(vi) Indentation : I t  is desirable that indentation should not 
oocur when loads are to be supported by a floor. In  the case of 
lighter loads also, e.g., chairs, tables, e t c . ,  care should be taken that 
the floor covering does not get any imprint. Certain floor coverings 
do not get any mark on account of loads but some of the floor cover­
ings get imprints which are not visible after the load is removed 
Examples of the first type are concrete and other hard floor coverings 
whereas asphalt and rubber surfaces belong to the latter type.

(vii) Noiselessness : While this is not an import a r t  factor for
ground floor construction, however, care should be exercised to ensure 
that the floor is somewhat noiseless when travelled over. Wood, 
linoleum and asphalt are good in this respect whereas cork and rubber 
coverings are much superior.

(uni) Maintenance : To keep the surface in good condition, it 
is necessary to clean, repair and apply any other treatment from time 
to time. Tile, marble, terrazzo and concrete surfaces need lesB main­
tenance whereas wood blocks, mastics and corks may need frequent 
maintenance. However, concrete surfaces cannot be repaired easily 
while tiles of marbles or slates can be replaced quickly.

Types o f  floors
The various types of floorings used in ground floor construction

are :
(i) Brick flooring
(ii) Stone flooring 

(tit) Concrete flooring 
(it’) Tiled flooring
(v) Wood-block flooring

(vi) Terrazzo flooring
(vii) Mosaic flooring

(viii) Asphalt flooring 
(ia-) Rubber flooring
(x) Linoleum flooring

(xi) Cork flooring 
(xii) Magnesite flooring

(x iii) Glass flooring

A brief description of these is given below :
(1) B rick  floor in g  : These are oommonly used in cheap cons­

truction and where good bricks are available. Well burnt bricks of 
good colour and imiform shape arc used. The filling over which this 
floor is to be laid, should be well compacted. The level of the floor­



ing top being known, the filling is excavated to the desired depth. 
This depth of excavation depends upon the type of beddings to be 
provided for the brick bearing surface. Generally two types of bedd­
ings are provided. In the first type, after excavation the surface is 
levelled and rammed carefully. On this bed, 7-5 cm. layer of sand is 
spread over which a course of brick laid fiat in mortar is built. This 
acts as a sublayer for the brick wearing course. As an alternative a lime 
concrete mix or lean cement concrete mix (one part of cement, six of 
sand and 18 of aggregates 3.75 cm. size) of 10 to 15 c-m in thickness 
is laid on the compacted bed. The bricks for the wearing course are 
laid on edge breaking bond with eaoh other. However, herring bone
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Fig. 732. Brick flooring.

pattern can also be used. The bricks are cemented by the use of 
cement or lime mortar and the joints are pointed to get good finish 
For pointing, the mortar is raked out from the joints to a depth of 2 cm 
and cement pointing carried out. The whole surface is cured with 
water for a suitable period. Whenever brick flooring is used just 
outside the building, the brick joints are simply grouted with drv 
•and, known as sand grouting.

(2) S tone F looring  : This type of work is also called paving 
°J 8labs of stone laid on concrete

bedding. For damp and blaok cotton soil, a layor of sand or rubble
is used as a cushion below the base. After excavating to tho required
depth the earthen base is levelled, rammed and watered Then a 
ooncrete layer JO to IB cm in thickness is laid and rammed thorough
y. The stone slabs used should be of a hard, durable and even nua 
lity and of as uniform thickness as possible. They should be finelv 
chisel dressed on surface and should have their edacs true ami 11 j 
from side to side. In laying the slabs work U ,
diagonally opposite corners and brought up from both sides At the
corners, two slabs are laid on mortar about 2.5 on , thick and secure^
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Fig. 733. Stone flooring.

are pointed flush with cement mortar (1 : 3). For the flooring of 
this type, a slope of 1 in 40 has to be given for proper drainage. 
Polished stone slabs are laid to a definite pattern, breaking joints 
with each other. I t  may be necessary to rub this flooring with car­
borundum stones and to apply a suitable wax polish for giving a 
final finish to the floor.

(3) C oncrete  F looring  : Concrete floors are most commonly 
used these days in residential, commercial and public buildings. 
The two components of a concrete flooring are ;

(а) a base and
(б) a wearing surface.

The flooring can be constructed either monolithieally, i.e., base 
layer is laid and then immediately a concrete topping is provided 
or non-monolithieally the topping is laid after the base has set. 
Monolithic construction has got certain disadvantages, which are :

(i) The topping is likely to get damaged due to subsequent 
building operations.

(«) I t  is likely to develop hair cracks on aocount of small settle­
ments which may occur in the base course immediately after it is 
laid.

(in) When tho surface of the topping gets damaged, it is very 
difficult to repair it.



(to) The progress is alow since the topping can be laid only 
after the base course has sufficiently set to allow the workman to lay 
the top layer.

However the advantage of monolithic construction is that 
a smaller thickness is needed as the bond between the base course 
and the topping is good.

The type of floor finish generally used for the topping is 
either an ordinary concrete finish or a granolithic finish which ia 
concrete made up of specially selected aggregates. The thickness 
of granolithic concrete should not be less than 1.25 cm. When the 
thickness is between 1.25 cm. to 4 cm., the finish should be laid 
monolithic with the base. When it is greater than 4 cm., this may 
be laid either monolithieally or after the base concrete has hardened. 
Expected wearing of the surface and the nature of the base surface 
will determine the thickness of topping. If the thickness of topping 
is not greater than 4 cm. for non-monolithic construction, the topping 
may be laid in one layer otherwise in two layers, the top layer being 
laid when the bottom layer is still in plastic condition. The grading 
of aggregates should be such that the floor should give a granolithic 
appearance. A typical grading suggested by the National Building 
Organisation (N.B.O.) is given as under.

I.S. Sieve

12 mm. 
9 mm. 

No, 480 
No. 240

Corresponding 
B.S. Sieves

i '
t ;

N oT T 7

%age by weight passing 
each Sieve 
100 

85-100 
0-20 
0-5

Generally hard fine grained granite, basalt, limestone and 
quartzite stones are suitable for coarse aggregate. Preferably 
orushed aggregates should be used to get a granolithic finish. 
Granolated metal is sometimes used as coarse aggregates. The fine 
aggregates used are the natural or crushed sands and a  suitable 
grading as suggested by N.B.O. is given below:

I S. Sieve Corresponding B.S. Sieve %age by weight 
passing I  S. Sieve

9 mm. V 100
No. 480 T T 90-100
No. 240 No. 7 75-100
No. 120 No. 14 55-90
No. 60 No. 25 35-59
No. 30 No. 52 10-30
No. 15 No. 100 0-10

For ordinary concrete finish, the proportions of the concrete 
mix should be 1 : 1 | : 3. However, under controlled mixing condi­
tions, 1 : 2 :  4 ratio with carefully selected aggregates m ay be used. 
For granolithic finish a mix of 1 : I : 2 is suitable but "a careful 
selection of aggregates is essential.



Before laying tlie topping, the base concrete which m ay be 
abou t 10 cm. in thickness is laid. The top s u r f a c e  of th is base is 
finished roughly so as to  get the desired bond between the  base 
course and th e  topping. This concrete is generally o f lean propor­
tions and lime concrete is mostly used. F or laying the topping, 
th e  surface o f the base is cleaned and the work is planned in such a 
way th a t pouring can be done w ith  ease. W henever monolithic 
construction is desired, the wearing coat is placed w ithin 45 m inutes 
to  4 hours after placing the  base.

F or non-monolithic construction, the  surface of the base con­
crete is brushed w ith a stiff broom and cleaned thoroughly. I t  is 
w etted  the  previous n igh t and su r­
plus w ater is brushed off. The floor . » « * * r
is la id  in reotangular panels made . 'a. ‘ a
w ith  the help of battens set on _____________ _____ _— ......
m ortar beds. The panels used are 1 i
not greater in  size than  2 x 2  m. ----- ---- ------------------------  ' “
Generally in exposed floorings l x l
m. panels are used. These battens i 4 cms.cONCRETE topping 
are la id  to  the  desired level and  10 cms. ume or lean
slope. The concrete is poured in to  “ NCRETE
these bays afte r  a grout of cement 3 5*N0 C“SHI0N
sand m is  is applied to  the base Fig. 734. Concrete flooring,
course. Concreting o f alternate
bays is done a t  one tim e and the  interm ediate bays are  no t laid  
earlier than  72 hours. This enables most of the  initia l shrinkage 
to  ta k e  place. As soon as the  layer of concrete is even, the 
surface is rap id ly  compacted by ram ming or boating and screeded 
to  a uniform  level and line. This is followed by trowelling. The 
trow elling is done to  give a level surface ju s t after the  laying of 
concrete. F u rther trowelling is done when the mix has stiffened 
to  a po in t where a  solid well compacted aurface can bs obtained 
w ithout bringing up the  slurry. D usting of the  surface w ith neat 
cement to  facilitate trow elling or the  application of a  oem ent slurry 
to the surface should not be perm itted.

T he floor thus la id  is protected from sunlight, wind and rain 
for a t  least 12 hours but preferably 24 hours. I t  is then kep t wet by 
spreading a layer of wet sand for a period o f a t  le a tt 7 days. As an 
a lternative , special membranes can be used for curing. In  the case 
of granolithic finish, the surface may be rubbed to  get a  better finish. 
T he grinding is delayed sufficiently to prevent displacem ent of the 
a ra re ea tes  Power operated machines, fitted with abrasive stones, 
can be used for rubbing the  floor surface. The surface is kep t wet 
while i t  is nibbed. Any holes or depressions appearing on the  surface 
are finished w ith an  application of a th in  cement grout which is allow- 
ed to  set for a period of 3 days and then rubbed again.

N on.slippery surfaces can be obtained by  incorporating su it­
able abrasives, e.g., silicon carbide, carborundum , alum inium  oside m 
granu lar form  a t  the  ra te  of S to  6 kg. per square m etre of the surface 
demanding on the  thiokness of the  topping.



For surface hardening, three coata of sodium silicate are given, 
each being applied after the previous has dried.

In ordinary type of concrete flooring, the topping is replaced 
by only a thin coat of cement mortar 1 ; 1 mix rendered on the base 
course which is generally of cement concrete. On lime concrete bases, 
thicker rendering is needed.

For getting a coloured finish, either coloured cements are used 
or to get the different colours, pigments as specified below may be 
used for every cubic metre of concrete in the topping.

Bed colour ^  cu.m. red oxide of iron powder.
Terra-cotta colour Burnt yellow ochre.
Black colour cu.m. of manganese dioxide.
Buff colour ^  eu. m. of yellow cochre.

Floor paints in various colours are available and these give a 
hard and wear resistant surface which is also water-proof.

T iled  flooring. Clay tiles of various shapes, sizes, thick­
nesses colour and surface finishes are manufactured for use as
Z i * ° Z Z r ^ ° '  iZ 'h Y  j g tiles are ™ » concrete base
P o r t lZ  >P- ?'l , mf  made up of emulsified asphalt and PortlandI cement is available for use 0?er wood, steel and concrete 
Dasea In e  concrete bedding is generally of 15 cm in thickness
Z i o d o T  r S l Wf  a SU*ht r0U*h r âce a t the top. After a penod of 2 to 3 days, a  m ortar layer of 1 : 1 mix ia spread on the

concrete bed and the tiles are set
- j—r— - - — - -------  truly and evenly with a thin paste
j l j  ||— llh— 1|— |S r  II" 11 Si. “ meI,t a PPlie(1 to their aides.[L-JI— l||l— II— If I— Jl— Ij They are slightly tapped till the
3 ________________ cement oozes out through tho joints

to the top surface. This extra 
cement is wiped off and the joints 

■ 5 c m s, c o n c b e t e  t o p p i n g  are cleaned with saw dust. After 2
2 h o l l o w  t i l e s  *°. ^ daya, these joints are rubbed
I s»NO c u s h i o n  with carborundum atone to chip off

“ the projecting edges or surfaces. 
Pig. 73u Hollow tiled flooring Tbe whole surface ia then polished 

with concrete topping, with a very soft carborundum stone
the surface is washed with soan t  ! .  7 “ ?Umice 8tone- Fina%
rundun, stone ia not s n f e r

the s a m l T e T v e r ^ d t i t h  ^ " l ^ e r  f * .  f  a
ensures freedom from damp A c u s h i o n 'T f j  "T"8 itype ”f  floor 
below the tile layers. sanii should bo given

(5) W ooden  f lo o r in g  This tvrm ,.r <i
extensively used but ia nonular f o r i  ° r construction is not
toriums, hospitals, oto. T h e  v a r i o u s ^  pUrrPoso, floor. «•», in audi-
a re  i a0 ™™us types o f wooden floorings used



Fig. 730-738. Wooden flooring details.



(i) Strip flooring. This consists of narrow and thin strips of 
wood joined to eaoh other by tongue and groove joint.

(ii) Planked flooring, In this type, wider planks are used and 
these are also tongued and grooved.

(iii) H,avy wood block flooring. These are made up of thicker 
pieces of wood cut in short lengths ranging from 5 to 10 cm. so as to 
form blocks which are set with the ends of the grains exposed.

(tv) Fabricated wood blocks. These consist of small square or 
rectangular blocks with tongue and groove joints on all sides.

Wooden flooring should have a concrete base or should rest on 
joints spanning across dwarf walls which are constructed a t suitable 
intervals. For fixing the wooden floors on conorete slabs, longitu­
dinal nailing strips are provided. These have a bevelled section 
and are embedded in concrete a t suitable intervals. To increase the 
hold of these strips with the concrete, nails or other fixtures can be 
driven into their sides. As an alternative to nailing strips, special 
concrete called nailing concrete may be used. The surface in con­
tact with the concrete layer is treated with an application of bitumen 
or asphalt mastic which may be applied hot or cold. Special flooring 
nails are used for nailing down the floor coverings. Plank flooring 
should be laid with metal spacers 1 m.m. in thickness temporarily for 
providing expansion joints.

Strip flooring is used in thicknesses of 2 to 2.5 cm. and width of 
6 to 10 cm. Thicker floors of this type are used in warehouses, fac­
tories and gymnasiums. Planks for flooring are about 20 cm. wide. 
Wood block flooring may have joints filled with bitumen for expan­
sion.

For places where flooring is supported on dwarf walls, the 
intermediate space is left hollow. This provides an effective means 
of damp prevention and also can be used for dancing halls where a 
springing action is desired. In the construction of these floors, the 
joists rest on wall plate fixed on the dwarf walls and the boarding is 
nailed on to the former. In  order to prevent damp a 15 cm. thick 
layer of lean concrete is spread on the earthen base. The hollow 
space between the ground and the floor is effectively ventilated.

(6) Terrazzo Flooring : Terrazzo is concrete containing 
marble chipping as an aggregate. The surface is rubbed to a fine 
finish. The base course is, as usual, of concrete. On this, a  thin layer 
of sand is spread evenly and is covered by tarred paper. Over this 
a layer of rich mortar is spread. The mortar base should be a t least
3 cm. thick and should consist of 1 : 3 cement sand mixture. I t  
should have only enough water to produce a mortar of as stiff consis­
tency as possible so that it can be struck off with a straight edge. 
The mortar base can be placed directly on the concrete slab and can 
be bonded to it by cleaning the surface thorough^. But in this 
case, slight irregularities, which develop in the base course on 
account of minor settlement would be transmitted to the top 
layer of terrazzo mixture. This mortar bedding is struck off about
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I to 1 | cm below the finished floor level. Metal dividing strips of 2" 
gauge 111 thickness are inserted into the mortar base to form the

A BRiCK WITH HOLLOW SPACES
- o s  AiR C i r c u l a t i o n  
2 1 Cms- DEEP  ALONG 
THE WALL

Figs. 739-740. Supported wooden flooring.

desired pattern. These strips should be of a height slightly greater 
than the thickness of the mortar base and the terrazzo covering so 
that after rubbing of the surface, they come in level with the remain­
ing surface.

The terrazzo mixture is made up of cement and marble chips 
in different proportions. Marble chips of sizes 3 mm. to 6 mm. can 
bo used. Coloured cements can also be used to get the desired tint.

A uniform surface is absolutely essential and hence thorough 
mixing of the ingredients is desirable. The chippings should be 
thoroughly mixed dry followed by the addition of cement and 
remixing tho ingredients. The materials should not be heaped so as 
to cause segregation but should be spread evenly on a made up 
platform. The amount of water added should be such so as to pro. 
duce a plastic mixture which will stay without segregating if heaped.



After the mortar base has hardened, the terrazzo mixture is 
placed to the top level of the dividing strips. I t is screeded 
by running a straight edge over it and the surface is rammed to 
consolidate the terrazzo and to obtain a level surface which is finally 
trowelled slightly. Additional aggregates may be spread on the 
finished surface while compacting or rolling so that the final surface 
is covered with chips to an extent of about 70 to 80 per cent of the 
exposed area.

After the terrazzo mixture has hardened, the surface is ground 
by hand or bv a machine. The first grinding is done with a coarse 
carborundum stone, the surface being kept profusely wet while 
grinding. AH pores or holes, which become visible, are filled with a 
fine identically coloured mix. This is kept slightly above the rest 
of the lioor. The surface is again kept wet for a t least 5 days and 
finally ground with a fine grained carborandum disc. After grinding, 
the surface is washed with hot water and cleaned with soft soap 
solution. The washed floor is wax polished to prevent the chi pp. 
ings from absorbing dust. The new terrazzo floor is washed and wax 
polished every week for several months.

This type of flooring is more expensive and is used where an 
attractive, clean and durable surface is desired. I t  is commonly 
used in hospitals, public buildings, living rooms and bath rooms of 
residential buildings.

(7) M osaic Flooring  : A concrete base is prepared and over 
it lime surkhi mortar is spread to a depth of 5 to 8 cm. and levelled. 
The area over which this is spread is restricted to a suitable working 
period so that the mortar may not get dried before the floor is finished. 
A layer of cementing material about 3 mm. thick consisting of two 
parts of slaked lime, one part of powdered marble and one part of 
puzzolona material is spread. After 4 hours, the laying of marble 
pieces or tiles is started.

The tiles or marble pieces should be cut to the desired shapes 
ami sizes and arranged into definite outline to get the desired pattern. 
They are broken into cubes or wedges and hammered into the mortar 
at the outer line of the pattern. The inner area is filled with 
coloured pieces of marble in the desired fashion. A stone roller about 
30 cm. in diameter,. 45 to 60 cm. long is passed over the surface 
gently, water being sprinkled every now and then to work up the 
cement between the marble pieces.

The surface, thus prepared is allowed to set for 24 1 ours and is 
rubbed with a pumice stone 2 .0x25x7  cm. fitted to a long wooden 
handle. The object is to polish the surface and to make it smooth and 
level. The floor is dried for about two weeks before use.

(8) A sphalt F looring  : Asphalt floors are of two types :
(u) Asphalt tiles : These are made from asphalt, asbestos

fibres and inert materials under pressure. They are square and vary 
in sizes i'rom 20 to 45 cm. and in thickness from 3 to 6 mm. They are 
used as a covering for wooden or concrete floors. On wooden floors, an



asphalt snturale<l felt is first fixed to the wooden surface and the tiles 
are cemented to it. As an alternative, a ma3tic layer can be used for 
fixing. On concrete floors, the tiles are directly cemented to the floor. 
These til< ?s are resilient, non-absorbent, moisture-proof and relatively 
cheaper. They are used in schools, offices and hospitals.

(ft) Asphalt mastic : Asphalt mastic is a mixture of fine
aggregates (sand) and natural or artificial asphalt. I t  can be mixed 
hot and laid in continuous sheets or pressed into blocks which can 
be used as a flooring. As an alternative it is mixed with a mineral 
oil and asbestos and applied cold.

For hot mix construction, the asphalt is broken into pieces of 
not more than 250 gm. in weight and put into an iron pot which 
can be heated from underneath. While heating, the asphalt is 
stirred thoroughly so that the layer a t the bottom may not get 
burnt. When the whole quantity is fused, sand or grit equal to 
twice the volume of asphalt is added gently and mixed thoroughly. 
This mixture is then ready for laying.

An ordinary concrete or wood base may be used for laying 
this mixture. If  the wooden base is used, a tarred paper layer is 
introduced. Gauges are erected at the sides of the portion which 
is proposed to be laid with mixture. The mix is poured and spread 
by means of trowels into uniform thickness. Straight edges are used 
for giving a levelled surface. A thin layer of sand is spread over 
this and rubbed with a trowel. At the end of the day's work, the 
joints in the mastic are lapped as shown.

Generally 2-5 cm. thickness is sufficient for ordinary floor 
construction.

In the cold process, the ingre- o v e b . l a p

dients are mixed without heating and j------------- ---------- :— r----- n
a fluxing mineral oil is added to *----------- -—3D-------p --------1
obtain a soft consistency suitable for y e s t e r d a y s  t o d a y s

laying. Pigments may be added for
im proving colour. Fig. 741. Jo int in maatic flooring.

(9) Rubber Flooring : Rubber flooring is made of pure
rubber mixed with fillers such as cotton fibre, granulated cork or 
asbestos fibre and desired coloured pigments. Suitable patterns can 
be incorporated. I t  is used in thicknesses from 3 to 9 mm. Many 
colours and patterns are available. I t  is cemented to concrete or 
wood in tho same manner as linoleum. It is attractive in appearance 
and elastic. However, rubber floors are not resistant to oil, grease 
and gasoline. They are not used commonly for ground floors. 
Rubber flooring can be made in sheets or tiles of suitable si/.e and 
thickness.

(in) Linoleum  Flooring. This is used as a covering for 
wood and concrete floors. Plain and printed varieties of linoleum 
are available in thicknesses from 2 to 6 mm. and in rolls which are 
about 2 m. to 4 m. wide. Linoleum tdes are also available for 
specific uses. The patterns made ou the linoleum surface are durable



but. when they get tarnished sufficiently, the covering should be 
varnished. Linoleum coverings are laid on concrete and wood with
a layer of saturated felt in-between to act. as a cementing material.
If  cemented directly to the flooring, there is a liability of its getting 
torn on account of tho movement in the floor boards due to ex­
pansion or contraction of the planks. Moreover, depressions which 
appear on the surface of the linoleum boards shrink and give 
an unattractive appearance. Plywood boards, if used, as a sub-base 
for the linoleum flooring, the depressions caused otherwise are not 
visible. Linoleum coverings are attractive, resilient, durable, cheap 
and can bo cleaned very easily. Varnishing and waxing the surface 
would give a longer life and help in the cleaning of the surface. 
Linoleum, however, is not used for basements.

(11) Cork Flooring : These are suitable for use in churches,
theatres, public libraries and other places where noiseless floor 
covering is desired. This should not be used in basement or floors 
where dampness prevails. They are available as cork carpet and 
cork tiles. Base may consist of a concrete floor or wooden flooring. 
The cork flooring is fixed in a manner similar to the linoleum floor 
covering. I t  may also be fixed directly to wooden floors. Cork 
tiled flooring is available in various shades and is made up of cork 
shavings compressed in moulds to a thickness of about 12 mm. and 
baked subsequently for effective cementation of the individual 
components.

(12) M agnesite Com position Flooring. These are patent 
type of floor materials available for use on special occasions. Mag­
nesite composition flooring consists of a dry mixture of magnesium 
oxide, asbestos or other inert material and a pigment. Liquid 
magnesium chloride is added on the job to form a plastic material 
which is trowelled to a smooth finish. This mixture sets to a hard 
surface in a few hours. Flooring of this type is generally 12 mm. 
thick. Thicker floors are laid in two layers. The -lower'layer is of 
fibrous nature whereas the upper layer is harder. Base of wood, 
concrete or steel plates can be used for supporting this composi­
tion. For wooden bases, a foundation of metal lath is nccess;irv to 
increase the hold of the composition on the smooth wooden surface.. 
This type of flooring is not very attractive and is less durablt 
than day tiles, terrazzo and marble. However it is less no is v t han 
these floors. I t  is used in schools and in office buildings.

(13) Glass Flooring. Glass floors are used wherever it is 
desired to admit light into the basement through the top flooring. 
The glass blocks are fitted within frames of various types. They arc 
of special shapes, if it is desired to transmit light at an angle to the 
farther areas m a room. Structural glass is available in tho form 
of tiles or slabs and in thicknesses from 12 to 30 mm. The frame­
work is spaced close apart so that the glass can stand loads .■ominft 
over it. Glass floorings are not commonly used.

UPPER FLOORS
Selection of a suitable type of construction for upper floor*



of a building depends upon a number of factors, some of which are 
detailed below :

(1) Floor Loads : Light loads can be taken by any type of floor 
construction whereas heavy loads need special types of floors., e.g., 
steel joist with thin slabs of stone over them are suitable for light 
loads whereas for heavy loads thick reinforced concrete slab and 
beam construction is necessary. The use of flat slab construction 
will not be advantageous if only light loads are to be catered.

(2) General type of Construction : If  beams, girders and
columns are of wood, the floor construction will also be of wood 
whereas for steel framed building, the floors may be of concrete or 
steel and concrete type. Concrete framed structures should have 
R.C.C. floors. I f  brick walls are used to take the loads, flat slab 
construction is not possible.

(3) Plan of a Building : If  a building is divided into rectan­
gular panels which are nearly square in size, flat slab construction 
is possible. For short spans, simple slabs are economical whereas 
for long spans ribbed slabs will be satisfactory.

(4) Initial Cost : The initial cost of construction is directly 
dependent on the type of floor construction. As far as the direct 
cost is concerned, the various types of floors may be arranged in 
the following order :

(i) Wooden single floors or R.C.C. battened floors.
(ii) Light steel joist with timber planks.

(Hi) Double and framed wooden floors.
(iv) Steel joist with R.C.C. slab or jack arches :
(y) R.C.C. slab and beams.

(vi) R.C.C. ribbed slabs or flat 3lab construction.
(vii) R.C.C. ribbed slabs with clay tiles.

(viii) Hollow clay tile arches and steel beams.

However, wooden floors may be costlier a t places due to the 
non availability of timber and similarly concrete floors may cost 
more where wood or stone slabs are in abundance, e.g., in hilly areas.

The indirect cost which accounts for the cost of the base 
course special ceilings, increased cost of sub structure to support 
a given flooring and the increased height of a building on account 
of the use of thicker floorings affects the type of floor to be selected. 
Examples are the use of special nailing strips for laying a wooden 
floor on a concrete surface. Wearing surfaces, e.g., linoleum, cork, 
eto., need a smooth and strong base course of concrete or wood 
flooring Tiles, marble and terrazo will need concrete bedding. 
Plastered ceilings are needed for floors which have large projections 
underneath. Flat slabs on other hand do not need any additional 
ceiling. Whenever metal lath and thicker plaster layers are used 
for the construction of ceilings, *he ^ost gets increased. Heavier 
t y p e  of floors will need stronger supporting structure. The use oi 
flat slabs as flooring provides maximum room height. Concrete



slabs supported on bpams reduce the clear avai ft > nnt„n* 0f
Increased height means increased cost due to e cu _ _ , .
walls getting increased, the height of stairs being i ■ 
heavier foundations being needed to support the increase*

(5) Function of the Building : The use to which a build ing*.
to be put determ ines the g e n e r a l  type o f  c o n s t r u c t i o n  nee e .

factor, as already described under item (2), has an impor n .
o n  the selection of a suitable flooring. Moreover the type of go ring  
loads, need for fire-proof construction, use of ceilings am ' 
architectural features will limit the typ* of flooring w uc i c*' 
used under the given circumstances. M o n u m e n t a l  or p«i a 13 s  ̂ '
tures will need a very decorative type of a flooring and 18 may
the deciding factor for selection.
Types o f Floors

The various types of floorings used for the construction of 
upper floors are :

(1) Wooden floors.
(a) Single joist.
(b) Double joist.
(c) Framed or triple joist.

(2) Steel joist and stone or precast concrete slabs.
(3) Jack arch floor of brick or concrete.
(4) R.C.C. slabs floor and steel girders and R.O.C. slab.
(5) R.C.C. beams and slabs.
(6) Flat slab construction.
(7) Beams and patent reinforcing slabs.
(8) Hollow tile ribbed floors.
(9) Hollow tile jack arch floors.
The details of each of them are given below :
(1) (a) W ooden  Floors ; Single J o is t  : These are used for 

residential buildings where spans are short and the loads are com­
paratively lighter. They consist essentially of a set of wooden beams 
called joists and wooden boarding laid over them. These joists are 
spaced at about 30 cm. centre to centre, spanning the room in 
the shorter dimension. They are generally of sufficient width for 
rigidity. A minimum width of 5 cm. is taken as a guiding factor. 
The spans for this type of flooring are not generally greater t han
4 metres. However in exceptional cases, spans up to 0 metres have 
been used.

The joists are supported on wall plates of 10x7  cm. to 
12x7 cm. in size. The object of providing these wail plates is 
to distribute the loads from the joist to the wall below. Further 
they provide an easy means of bringing the upper edges of the 
joist, to a horizontal plane for receiving the floor boarding. Wall 
plates are generally laid flush with the inner face of the wall and 
leneths as loner as noRsibla should be used. However if joints are



a  necessity, the same are provided by giving half lapped or scarfed 
joints. The joists rest on the wall plates with their ends nailed, 
cogged or notched. Single cogged or double cogged joint may be 
used. Corbels might be needed whenever the supporting width of 
the wall is not sufficient due to an adjacent flooring resting on it. 
Whenever joists of adjacent room run in the same direction, they 
may be overlapped and nailed to each other.



Joists for floors should not only be strong enough to support 
the load, for which they are designed but should also not deflecttoo  
much so as to cause the crack.ng of any plaster ceding attached to 
them. A deflection greater than ^ t h  of the span is not permitted. 
The size of the joist is roughly calculated by the rulo

depth in tm .=  (Span in m etresx^) + 5  cm.
When the length of the joist exceeds 3-5 metres, strutting of the 

jo,st X  each other becomes’ necessary to avoid side buck ing which 
,  prominent in the case of deep joists. Herring .bone strutting »  

the b.-n tvpe Of bracing. Th.s consists of a pair of inclined pieces of 
timber which ire tightly fitted between the joists. These vary in 
size from 5 3 cm. to 5 x 5 om. The ends of these strata sre na'led
to th» ioist. At the end, joist wedges are incorporated between the 
joists and the wall The second type of strutting is the solid strut- 
ting which i= the simplest t y p e  a n d  is used for cheap work This 
consists of short lengths of wooden boards nailed to the joist in a 
continuous row. To strengthen this type of strutting, a circular rod 
about 12 mm. in diameter is passed through the joist near the strut- 
ting and is held at the ends by nuts.

The planking consists of wooden boards about 4 cm. thick and
10 to 15 cm. wide. Narrow boards are used as the shrinkage 
will not appreciably open the joints and there is less tendency for the 
planks to distort. Care has to be taken in fitting the joints of the 
boardatogether. Various type of joints are used. The simplest type 
of joint is a plain butt joint in which two pieces of boards just abutt 
each other. * Rebated joints are used for a better class of work and 
are specially suitable for end or heading joints. For good quality of 
work, tongued and grooved or feathered and grooved joints are used. 
Rebated tongued and grooved type is a superior type of joint. The 
board ing should be sufficiently long from one wall to the other in 
order to avoid heading joints. Heading joints when necessary are 
formed of square or butt type and should rest entirely on the joists 
below. Each plank is cut so as to have the joint centrally on the 
joist. Generally rebated and tongued joints are used. The indivi­
dual planks are jammed together as they are laid by flooring cramps. 
Each board is secured in position by 6 cm. screws screwed to each 
joist below. Nailing, if resorted to, should be done in a manner that 
the head of the nail is not visible. In the case of tongued and groov­
ed joints nails can be driven from each tongue into the joist below. 
This is called secret nailing as the bead of the nail is not visible. 
The length of the nail3 are driven below the surface by using a ham­
mer and a punch. For secret nailing, oval wire nails should be used 
as they are less liable to split the tongues. Wherever gas pipes, 
cables, etc., are taken below the floors, screws are used.

For surfaces which are subjected to considerable wear, double 
planking is used. The first layer consists of a 2 cm. thick roughly 
sawn square edged planks laid diagonally across the joists to avoid 
the joints of this layer coming right below the joints of the top layer. 
The upper layer consists of 2 to 2.5 cm. thick hard wood planking and 
is laid a t right angles to the direction of the joists.



On completion, the wooden floor planking is plained to a smooth 
and level surface. Hard wood floors are scraped and rubbed smooth 
with sand paper. They are finally waxed and polished.

False ceilings are fixed to the bottom of the joist so that the 
surface appears to be plain. I f  wooden ceiling is used, this can be 
directly nailed to the joists. However, in this method, the ceiling is 
liable to get opened a t the joints due to vibration effect Some joists 
can be made deeper than the other and the ceiling can be fixed to it 
but this method is also not very satisfactory as it increases the depth 
considerably. A better method is to incorporate separate ceiling joists 
which run a t right angles to the main joist and the ceiling is fixed 
to it.

When metal lath is used, the spacing of the joist has to be 
chosen to suit the type of lath available because they are marketed 
in standard widths. These widths should form multiple of the joist 
spaces so that the joints in the lathing may come exactly below the 
joist.
Advantages :

(i) Single floors are easy to construct.
(ii) They are cheap.

(Hi) Aa the joists rest on the wall at close intervals, the distribu- 
tion of loads on the wall is better.

Disadvantages :
(i) For greater spans, deep joists are necessary which increase 

the weight and the cost of floor.
(it) The joists are liable to sag and crack the ceiling.

(Hi) For making openings in the floor, lot of cutting ia to be 
done.

(»!>) They are not sound-proof.
The" loads are tranimitted on the openings, e.g., window or 

door lintel because the joists have to rest unifornmlly on the entire 
length of the wall.

(vi) They need wall plates for supporting the joists.
(1) (6) W ooden

exceeding t> metres are not suitable lor si g J bridginf, joists,
mediate supports are nee e<c ° sections than otherwise needed 
These bridging joists can Ite. o “  e bridging joists are called bin- 
Tho joists which are used to support ttie oriag g , fc
ders. The spacing of bmders.»  t o * 2 to 3 metre ^
a t their ends on stones or woode = K)rb' ,l8 can be fixed in
less than 3/4 to 1} metres m le"P‘ . jn0rea8e the overall depth of a

T h e  w t -
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Figa. 744*748 Plan aiid section of double wooden flooring.
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ting and notching of the bearing members should be restricted. Bin­
ders should not be embedded in the masonry of the wall. Free cir­
culation around the ends of the binders is essential. I t is not abso­
lutely essential to provide strutting of the binders. Ceilings can be 
fixed to the bottom of the binders by fixing ceiling joist to the binders 
with tho aid of small fillets which are nailed to them. The ceiling 
joists are notched to these fillets and nailed. Lathing is attached to 
the ceiling joist. As an alternative, the ceiling may be directly fixed 
to tho bridging joists. Whenever the section of the binders becomes 
very heavy it may be economical to replace the wooden binders by 
rolled steel joists.

Advantages :
(i) The loads are transmitted a t specific points and hence 

window and door openings can be avoided.
(«) This type of flooring is more rigid and hence the plastered 

ceilings are not liable to crack.
Hit) An additional binder can be provided near the walls there­

by avoiding the use of wall plates which are liable to decay on 
account of their contact with masonry under damp conditions.

(iv) I t  is more sound-proof.

Disadvantages :
(») The depth of the floors is increased which reduces the avail- 

able head room.
(ii) Extra labour is needed to join the various members to- 

gether.

a: ttuaaA*.» “x
toa /g itd .™  onTbo ' :" ,‘l

spacing j , 4 9*pp1 crirders or wooden girders can be used.
F ^ rs  e“ ert over the top flange of the

i ..If*™  sunnorted by two mild steel angle cleats secured to the 
J  ibc * ird T b y  rivet. In  case wooden girders are used, the 

binders are c o n n e c t e d  to them by forming special type of joints,, e.j[., 
tusk tenon joints. The binders should not come agarnst each other 
as this will weaken the girder considerably. They should be stag- 
gered.

Ceilings can be attached directly to the binders or ceiling joists 
mav be used. If tho girders project below the binders also, the 
ceiling may be fixed to the binders and the girders suitably eiiewed 
by covering with wood blocks (bearers, which may finally be finished 
with wooden lining or plastering).
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Figu. 750.75J.. Plan and section of framed wooden flooring.

(2) Steel jo is t  an d  s to n e  or P r eca st co n cr e te  s lab s  :
Flagstone is available in abundance in certain parts of the coun 

rv and is used for flooring. For small spans, steel joists are spanned 
m the shorter dimension of the room and are spaced at suitable



intervals, depending on the availability of the maximum length of 
stones. Generally flagstone slabs are available in thicknesses of about

GIRDER
Figs. 752-753. Jo int details of framed floore using wooden girders.

4 cm and widths of about 30 cm. These flagstones are inserted 
in the interspace between the joists. They rest on the 
of the joist. Tite portion above the flagstone is filled with light 
weight, concrete made up of crushed brick or slag aggregate . 1- 
, , .j fVio afflpl ioists should be encased in cement
Ume Z ^ t i  the lime which wonld

E S s i s a aii . tnn of these joists should be kept aoout i cm.
C &  than the concrete surface. A layer of suitable wear,ng coat
may be laid as topping.

Instead of stone, precast cement concrete slabs.of about 45 cm.
length and 5 cm. thickness can be used in a similar manner.

For cheap t vpe of construction, it may not be necessary to obtain
flat surface at! the bottom and hence the precast slabs flagstone
slabs can be laid on the top of these joists m such a way that all the slabs ,an > am o I -  oyer the Jolst8. Wider joists are
nee.'l.T  The underside of these slabs is pointed with cement. The
t 'p  may be Suitably finished by laying a wearing coat of concrete or 
other suitable materials.



For larger spans, it is necessary to provide a few girders on 
which these steel joists can rest.

(3) Jack Arch floor o f  b rick  or co n crete  :

they
or arch action developed to bear the loaus easily orders,
consists of a series of arches ta .l t  fro™i small ™ is
These arches have spans varying from 1.25 to -  metre end
! tn 1 th of the span. Since they exert thru 

suitable affangements for tying the individual spans toggSg&T should 
K ’made. TbiS ,s accomplished by
cm. in diameter and are spaced at -  t  P }
e n d s  of these rods are anchored into e*ch wall w ith a stout * Mb ^
The end arch is supported on the wall by encasing ri • 
into the wall or bv fixing an angle instead of rolled steel joist, r
spandrils arc filled with concrete. If  a wooden flooring, .9 “  “3ei ;
two nailing strips of wood are filed over each arch. The flooring 
nailed in turn to them.

f  ' '  CLIPS
CENTRE BOARD 

Figs.' 754-755. Brick Jack arch details.

Brick jack arches are constructed by bringing up the arches 
against a concrete backing laid on the l o w e r  flanges of the joists. 
The centring for the arch consists of a segmental piece ol wood 4 
cm. thick with a chord length equal to the span of an arch and 
conforming to the soffit. The ends of the segment are cut . ff slightly. 
The bottom ends of the centre board rest on the lower flanges of the 
joist and the curved surface forms the top. Sometimes a bent iron 
strap is attached to its ends to form a hook by which tile o»ntrin? 
board is suspended from the rolled steel joist as shown m the figures 
754-755. The brick arch is built over the centre board. In constru. 
cting the arch the mason will 4it on a plank laid across two joists



and s ta r t laying one ring of bricks. In  the first ring, the bricks 
have to be laid of 20 cm. and 10 cm. lengths alternately. This 
enables a series of gaps and projections being formed wherein the 
next layer of bricks can fit in. All the bricks are laid on end.

TIE  ROD USED AS IN THE CASE 
OF M \SONRY JA CK  ARCHES



jo Tf limo mortar is used for the 
Laying is started f™“ th4  “ ricks adjacent to the joists shouldI be 
construction ot the arch, t  ■ getting corroded due
la,d in cement mortar to pn>tect the ^
to contact with lime. I  he e ^  The bnckg are lal(] in
for their proper contact with J  , proper laving of brick-
Sortarancl all P™ .ntions ^ c e s s a ^ * J b < ^  a l l  arch work, the
work are followed. F i n a l l y . o the aroh The key should 
kev briek is introduced. Th ^  pos3ible. For laying the
be laid in stiff m ortar and * , b the mason. This opera,
next ring, the c e n t r i n g  is piwhed ahea ;y w ith  one hand
tion is carried out by “ tohmg i d d o f  1tto  D ^  tQ the ^  boar(, 
and giving light strokes which is a t  a  distance of abou t 20
till it gets into the next posi ^ ^  8Uooeeding riIlg3 0 f  bricks
cm. from the previous one. and built as described above,
are laid  with all bricks 2 : s frlterlock w ith each other. The
Care is taken to see th a t all th e  n i g ^  u
last ring is again of a lternate  full » d ^ " on> ■ apandri,8 and

Ism ail height above the crown «. filled " i^ « “ ê d°r 
r S t t i ^ r  a n  -  ebnd waUs has sufficien. 

tly hardened.
Concrete jack arches are built on a centring which U.made of

tMok steel plates bent to the r equired shape of the soffit oi imm. thick ste p ^  ^  ^  of , he plate a t distances of

t e t w S  the rods and the  curved plate. These rods have su itab le
eye- at one of their ends and eaoh rod is passed through the eyes of 
the other so that by sliding the eyes towards or away from each other, 
the total length of the two rods can either be moreased or decreased. 
The nlate g?te supported on the rods at 75 cm. interval longitu­
dinally and also cannot spread laterally. Concreting is done on 
the top of the arch in the usual manner. After the concrete has 
cured, say for a period o ften  days, the centring can be removed by 
knocking off the blocks and opening out the rods. The underside of 
the arches is plastered to improve the surface. If lime o n c re te  is 
uSed the joists should be preveMed from deterioration by encasing 
them, in cement concrete. For very dry climate, this precaution 
may not be necessary.

(4) R.CLC. slab floor •
Reinforced concrete slabs are becoming very common in I he 

construction of modern buildings. A simple slab is suitable for small 
spans which do not carry heavy loads. When the ratio of the length 
of a room to its width is greater than 10, slabs are designed to span 
along the shorter width. The reinforcement ii. such a ease is run 
parallel to the shorter walls The thickness of the slab depends on 
the type of concrete used, the span, floor loads etc. Those sh b s  rest 
on the walls and are considered a« simply supported if the walls are



made of bricks. To allow the slab a freedom of movement, the top 
of the wall is covered with a layer of plaster rendered smooth and a 
thick coat of bitumen is applied to this plaster. The slab rests at 
its end on the wall. I f  the building is of reinforced concrete framed' 
construction, it is necessary to build the slab monolithically with the 
supporting beams. Mixing, laying, finishing and curing of the 
concrete is described in chapter XVI.

When rooms are nearly square i.e., the ratio of the adjacent 
sides of the room is less than 1*5, the slabs are designed spanning in 
both directions and are called two-way slabs. The main reinforce­
ment of the slabs runs parallel to both the sides of the room. At 
corners suitable mesh reinforcement is provided at top and bottom 
to allow for stresses which are created on account of the partial 
tixity of the corners.

Reinforced concrete slabs are easy to cast and provide a very 
smooth surface a t the bottom which provides a good appearance and 
does not create difficulties in lighting arrangements. However, they 
are restricted to spans not greater than about 4 metres for ordinary 
loads of residential buildings.

Steel girder and R.C.C. Slab Floor : When the spans are larger 
R.C.C. slabs become uneconomical unless additional supports are 
introduced below the slabs. As a simple type of construction, steel 
girders can be introduced below the slabs to reduce the spans. These 
slabs may be built as individual units on the steel girder or can be 
laid a3 continuous slabs on the girders. The reinforcement is pro­
vided in the first type, on the underside of the slab whereas in the 
second case, the reinforcement has to be provided at the top of the 
slab over the beams, some reinforcement being taken continuously a t 
the bottom. The amount of steel provided at the top of the slab is 
usually equal to that used a t the bottom in the mid span of the slab. 
In  some buildings it may be necessary to protect the steel beam 
from fire by encasing them in concrete or they may be encased in a 
covering of metal lath and cement plaster.

(5) R.C.C. beam  and  s lab  floor :
For larger spans and for heavier loads, R.C.C. beam and slab 

construction is becoming very important type of floor construction 
whioh is commonly used for most of the buildings. The slab is 
designed as a continuous slab monolithic over the beams, the 
reinforcement being provided ;i3 in the case of R.C.C. continuous 

'slabs laid on steel girders. The slab acts as a flange of the beam 
and as such is cast monolithically with the beams. Hence the size 
of the beam is reduced. The main reinforcement of the slab runs 
parallel to the short span but small amount of reinforcement is also 
provided parallel to the longer span for proper distribution of loads, 
etc. Two-way slabs can also be used for openings which are nearly 
square. Tho slab and beam type of construction is very economical. 
Sometimes the bottom projecting beams are covered by laying a false 
ceiling underneath it.



(*) f la t  »lab floor
Whenever the use of£ » » »  obje,:t.ou»bl^ flat »a“ ppo d

S “n9P" t  anjT intermediate bean,,. The advantage, of flat

Blab construction are : .Jaitioim l
(a) No projection of beam is visible and hence no additional

ceiling is needed ;
(b) More clear head room is available ;
(c) B etter lighting facilities are  available ;

For heavier loads, thinner section of the slab i .  needed ; and

(8) The construction is easy.

The disadvantages are :
la) The paDels have to  be nearly square ;
(ii) A t least three continuous panels are needed for economica 

construction ; and
(c) I t  is not economical for lighter loads.

There are various types of flat slab construction. The two 
types generally used are :
'  li) Two-way reinforced flat dab  : In  th is type t

i . parallel to  th e ' panel's length and breadth The stee l ts a t  the 
bottom in the middle portion ot the panels while it is a t  the  top  n 
the column edges and top of the column.

(ii) Fanr-way reinforced flat slab : In  th is system , the  rein- 
forcemeat bands run from column to column diagonally in addition  
to the reinforcement provided parallel to the panel s Bides.

Flat slabs are used in factories, ware-houses, commercial 
buildings etc. Sometimes the slab is thickened at th e  column head 
(which is always flared). This type of treatment is needed when 
very heavy loads are  to  be catered for. Such construction is called 
flat slabs with drops.

(7) Beams and patent reinforcem ent slab floor :
Generally round or square mild steel bars are used in the 

construction of E.C.O. slabs. But for small slabs and light loads, it 
may be of great advantage to use patent reinforcements, lho usual 
type of reinforcements are wire meshes, expanded metal lath or

T *
11—mowI BAR

Fig«.
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759-760. Light inet&l girders to support Patent reinforced slab.



ribbed metal la th . W ire mesh is uaed for o rd inary  construction
whereas the ribbed metal lath iB uaed on light slabs poured without 
any formwork. The ribs spaa the distance Between th e  support* 
aud are rigid enough to take the loads. The mesh is so fine th a t the 
concrete will not run down but will form a substantial grip with the 
lath. The supporting girders may be of rolled steel joists of solid 
section or steel open web joist built up of two steel channels or T- 
section and inclined bars acting as a web. The rough lower side of 
the slab may be concealed and protected by plastered oeiling. These 
joists are spaced at about (jO cm. centre to centre. The slab is 
generally 5 to 7-5 cm. thick.

(K) H ollow  tiled  ribbed floor :
Ribbed blab floors consist of a number of .small beams spaced 

closely and cast monolithically with the slab In the ordinary slab, 
the area of concrete below the neutral axis of the section does not 
contribute to the increase in strength of the seotion. Its object is 
only to hold the reinforcement in position. Hence if concrete below 
the neutral axis could be eliminated and only left in position a t places 
where the steel reinforcing bars are placed, an economical construction 
would be feasible. This would make a slab with small ribs a t the 
bottom The steel is carried within the ribs and is about the same as 
needed for a solid slab except for small reduction due to the decreased 
weight of the slab which is to be carried now Larger diameter bars 
are used as the space within the ribs is limited for accommodating the 
steel. Generally ribs are not less than 10 cm. width. The slab between 
the ribs is 5 to 10 cm. in thickness and is reinforoed with wire meih 
or with bars of small diameter running perpendicular to the ribs. 
The reinforcement is not beut over tho ribs. For nearly square spans, 
the slab may be ribbed in both directions.

The cost of such type of ribbed slabs is very high due to intri­
cate formwork needed for their construction. Hence the sides of the 
joists and the bottom of the slab are cast by placing hollow clay tiles, 
hollow gypsum tiles or sheet steel cores. Wooden formwork is built for

Fig. 761. Hollow tiled ribbed floor.

the bottom of the ribs and is slightly wider than the width of the rib* 
so that the tiles oan rest on it. The portion between the tiles is oon- 
oreted and a slab is laid on it. The clay or gypsum tiles provide a 
smooth surface a t the bottom which can be easily plastered.

The sheet steel cores can be itiade of thicker m etal so th a t 
they can be removed later on. Non-removable types ar* m ade of

►tov» OW TiL. F i



, , ,  , , * . t i,„e  are left, in place. In this case, thevery thin sheet steel r t d  t  ^  ^  ^  are ^  and j8
metal lath for-the  plaster . ^  ^  a,terna(.ive> it raay be fixed m
thT rteel cores. Formwork for such type of construction is similar 
to the one needed for clay tiles.

Fige. 762-763. Ribbed floor with Steel forms.
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Fig. 764. Section through a R . C. C. ribbed floor.
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Fig. 765. Section through a two-way ribbed floor.

(9) Hollow tile  jack  a rc h  floor :
Instead of using bricks as tho individual units for building up 

a jack arch, hollow tiles of structural clay can be substituted for the 
construction of floors. These floors afford a light type of construction 
and have also good appearance. Further they reduce the passage of 
damp, if used in a roof.



1. What ore tlie various types of flooringB used for ground floor con­
struction T What factors will you take into account in selecting a type of floor 
finish for ground floors ?

2. Describe briefly the construction of brick flooring and stone flooring.
3. What is mount by conglomerate cement flooring 1 What are the 

advantages and disadvantages of monolithic type of floor construction ?
4. Describe briefly how a non-monolithio concrete flo o r is laid o v e r  a  

cement concrete base.
5. What nre the type? of wooden floorings uBed for g ro u n d  flo o r c o n . 

struction ?
Describe briefly the construction of a planked flooring supported on 

dwarf walls for a ground floor of a building.
6. What is meant by a terrazzo floor ? Describe in detail the laying of 

such a floor.
7. W rite short notes oh :

(i) Mosaic floor ;
(it) Asphalt flooring ;

(iii)  Glass flooring ; and
(iv) Magnesite composition.

8. Name the various types of floor construction suitable for the upper
floors of a building.

What are the various factors based on which a particular type o f  con- 
struction can be adopted T

9 What are the advantages and disadvantages of a single wooden 
flooring T Explain with the aid of sketches the construction of a siogle type 
of wooden floor over a room 3 m. X  6 m. in size.

10 A room 5-5m. X  7.6m. is to be covered by a wooden flooring. 
Describe with eectionnl details and plan the constructum of a double wooden 
floor. What are the various methods of fixing ceilings to wooden floors T

11 What is meant by a jaok arch floor T Describe briefly the construc­
tion of a jack arch floor using bricks. What precautions are necessary for thw 
typo of construction T

12. W rite short notes on :
(i) Flat-slab floor construction ;

( ii) Ribbed slab floor construction.
Briefly describe the advantages of each of the above types of construe-

tion.
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STAIRS

Stairs are provided in a building to afford a means of com- 
munication between the various floors. These are steps arranged 
in series and placed in an e n c l o s u r e  called staircase. Since they 
have to perform a very important function, they should be designed
properly to provide m a x im u m  comfort, ease and safety I bey are
generally placed in the centre or to one side of a building. Ibe  
location will depend upon the position of rooms and the type ot 
approaoh needed to them. They are made into different to
facilitate construction and to economise space. Stairs should be 
properly ventilated and lighted. A building may have a number of 
staircases between the various floors depending on the number of 
people using the building. In public buildings, the stairoases should 
be near the main entrance whereas in private buildings some privacy 
is essential.

M aterials
The seleotion of materials for the construction of stairs depends 

upon the availability of materials, funds available, desired life of the 
building, aesthetical importance and fire resisting quality expected. 
Stairs may be made either of timber, bricks, stones, mild steel, 
wrought iron or plain and reinforced concrete. Combination of two 
or more of these materials may be used in the same stair. Some­
times, a finishing of marble, mosaic or checkered, plaster on metal 
lath is also provided.
Definitions

(i) Tread : Flat or horizontal upper portion of a step on
which the foot is placed for ascending and 
descending.

(♦») Riter Vertical member between treads.
(m) Rise Vertical distance between the upper faces of

any two consecutive steps.



(iv) Going 

(t>) Flight 

(vt) Landing

(uii) Nosing
(rttt) Line of 

Nosing
(ix) Hand 

Rail

(x) Newels

(xi) Baluster
(xii) Winders

(xiii) Strings or
stringers

(®tv) Walking 
line

Horizontal distance between the faces of any 
two consecutive risers.
A series of steps without an intermediate plat­
form.
Flat platform at the head of a series of steps. 
Whenever this platform extends right across a 
staircase, it is called half spaced landing. In 
case this extends only for half of the staircase 
width, it is called quarter-spaced landing.
The outer projecting edge of a tread.
An imaginary line connecting the nosing points 
parallel to the slope of the stair.
Rail of wood or metal on the side of stair fixed 
a t about waist height at an incline or a t level 
on a landing.

: Posts set a t the tup and bottom of a stair
supporting the handrail.
Vertical members supporting the handrail.

; Radiating or angular steps which give a change 
of direct ion to the stairs.
Sloping members which support the steps in a 
stair.
This is an approximate line on which people 
walk on a stair and is about 45 cm. from the 
centre of the hand-rail in plan.

Fig. 766. Terms used for stairs.
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Fige. 167-778. Types of stairs.



Types o f  Stairs
The types of stairs are :
(*) Straight flight stair : The stairs continue throughout their 

entire length in one direction only. This may consist of a single 
flight or a flight with one or two landings in-between.

(ii) Quarter turn stair ; When the direction of the flight is 
changed a t right angles either to the left or to the right, quarter 
turn stairs are used. These are of two types. In the first type the 
change in direction is effected by introducing a quarter space land­
ing. In the other type winders are used.

(in) Half-turn stair ; In this, the direction of flight is reversed, 
i.e., turned by 180° by the introduction of landings and or winders.
A half space landing may be used.

A quarter space landing and winders may be used as shown in 
figure 770.

(tv) Three-quarter turn stair : This has its direction changed 
three times with its upper flat crossing the bottom one.

(v) Bifurcating stair : In  this, the wide bottom flight is divided 
into narrow flights a t the landings.

(vi) Geometrical or continuous stairs : The strings and hand­
rails are continuous and are set out in accordance with geometrical 
principles.

They may be of the following types :
(a) Winding stairs : See figure 777.
(b) Half turn stair with landings or newels.
(c) Spiral stair : In  this the steps project from a central post.

E ssential Requirem ents
(a) Step Proportions : I t  is very essential that the design of 

the steps should be carefully worked out so as not to make the 
steps either too wide or too short. Further the rise should not be 
excessive which otherwise would cause inconvenience to the user. 
The following rules may be followed :

(i) Rise-f tread not < 40  and no t>45.
(it) 2 x  R ise+ tread not < 5 8  and not >63.
(tii) Rise x  tread not <400 and not >500.

All dimensions are considered in centimetres.
For important buildings, a rise of not greater than 18 cm. and 

tread not less than 27 cm. should be satisfactory. For ordinary 
buildings, slightly greater rise and a slightly lesser tread may be 
permitted. However rise greater than 20 cm. should not be allowed. 
On similar considerations, a tread of less than 22 cm. should not 
be used.

(6) Width of stair should be adequate for the number of people 
who are expected to use them. About 1 metro wide stair for residential 
buildings and 1£ metres for public buildings is considered essential.

(c) The slope of the stair should never be greater than 40° and 
not less than 20° to prevent undue exertion or wastage of space.



IS) All the risers aad  treads shoul i be of uniform dim ension,.
It) The s ta ir should be well lighted especially a t  tu rns 

( / )  G e n e r a l l y  the number of steps in a  flight should no be

‘ " l ^ I L d r o o m  should be p r o v e d .  This should be 
a t  J ?  2 m. However a  headroom of 2 1 0  m. is recommended.

(*) Winders should be avoided. I f  they are to be used, they 
should be of sufficient width.

(if Construction of stair should be such th a t it  « « » • £ "  n“  
of sound m aterials and preferably possessing fire-proof qualities. 

W ooden  S ta i r s  
The wooden stairs are of the following types :
(1) S t r a ig h t  F lig h t Stair : This is used in place, where

JCJSTS j

Section and plan of a straight-flight wooden stair.



(a) Steps : The thickness of the treads should not be less
than 4 cm. and th a t of risers 2.J cm. The treads and the risers are 
connected by tongue and groove joint and screwed or nailed. 
The nosing should not project more than the thickness of the tread.
I t  may be suitably finished at the ends by giving a acotia or cavetto 
moulding. A half round moulding may also be used.

(6) Stringers : The treads and risers are supported by two 
35 x 5  cm. stringers which are fixed to the walls. A 5 to 7.5 cm. 
wide margin is provided and the upper edge of the stringer is 
suitably finished. For wider stairs, an intermediate support in the 
form of 10 x  7.5 cm wooden joist (bearer) is used. This is secured 
a t the foot and the top of the stair. Small, shaped wooden pieces 
are fixed to the bearer If more than one bearer are used, the stringers 
may be of leaser width. The ends of the 3teps are housed into the wall 
stringers to a depth of about 1.25 cm. The grooves are tapered and 
should permit hard wood wedges being put into them. These wedges 
enable the steps to be fitted tightly. Small triangular blocks may also 
be used. These are glued to the underside of the treads and risers.

(c) Hand Rails : This is fixed to the wall with the aid of plugs.
Special moulding may be used for giving a better appearance to the 
handrail. This is laid parallel to the slope of the stair.

(2) H a lf- tu rn  S ta irs  : A brief description of one of the types
called Dog-legged stair is given below. This is so called because of its 
appearance in sectional elevation. I t  is conveniently used when the 
length of the stair-case is restricted and only two flights can be acco­
modated.

la) Steps : They ran bo similar in construction to that of the 
straight fiight-stair. However inclined risers may be used (see Figs. 
780-81).

(b) Stringers : The outer ends o f  the steps are h o u s e d  into the 
stringers which are slightly thicker than  those filed *  ’thew aU  
i f . ,  about 5 era. The outer stringer may be ot either one pie.ce or 
of two pieces which are tongued and grooved together The outer 
s t r i n g e r s  arTstrengthened by newels a t the foot and the head of each 
f l ig h t .

lc\ Newels The newel a t the bottom is carried through the 
flooring and nailed suitably to a joist below. The^central n j h .

£  h
a t tho landing. The ftr in g m  ^ ^ 1 «on»_ ™  pin8

^ 0“ ^  —  of the treads are slightly set back from the 
of the newels.
td\ Landings ■ This is made of small joist resting on the trimmer 

joist which“ Carried by the walls The joists are covered by tongue 
and groove planking.



PLAN

Figs. 780.781 Section and plan of a dog-logged wooden stair.



(e) Handrail : The handrail for the upper flight is housed, 
tenoned and dowelled to the two newels. The upper end of the 
lower handrail gets intersected by the upper outer stringer. As an 
additional measure, a handrail may be fixed to the wall for the 
portion of lower flight and is fixed similarly as described in straight 
flight stair. The handrail provided at the top landing is fixed to



the newel at one end and to a half newel at the other and which in 
turn is plugged to the wall.

I f )  B a l u s t e r s  : If  square balusters are used, they should not 
be less' than 5 cm. wide and are spaced 7-J to 10 cm ap»r t - They 
are either housed or tenoned i n t o  th e  handrails and the stringer^ 
A continuous groove is sometimes formed on t h e  underside of the 
handrail and the balusters nmv be fitted into this, the grooves being 
finally filled in. For cheap work, the balusters may be nailed to the 
stringers and raib Bronze or other type of metal balusters may be 
used for this type of stairs.

(3) Open W ell S ta irs . This has an opening or well between 
the outi r stringers. This gives a better appearance to the stair but 
needs greater width. The construction is similar to a dog legge 
stair except that the stringers are connected to iho newels and rest 
on the joist a t the end The various components and 1 he method 
of joining them is shown in Figs. 782-783.

Some Im p o rta n t C om ponents o f  W ooden S ta irs
Some important components of wooden stairs are described in 

detail below : —
(1) Stringers : These are of the following types :—
(a) Mowed Stringers \ They have the slopes parallel to the slope 

of the alair Grooves are cut in them to house the tread and the 
riser. The grooves are wide enough to enable the steps to be fitted 
in and also the wedges to be fixed. This type of stringer has been 
described on page 283 and shown in Figs. 784-785.

Figs. 784.785.

(6). Cut Stringers : Tbey have one side-slope parallel to the stair 
slope whereas the other side has cut notches so that the steps can be 
fixed to them.

2 7 m m . thigh  
TREAD

WEDGE

Cms- STRINGER 

T y p ic a l  d e t a i l s  fo r  f ix in g  o f  w o o d e n  s te p s .



(c) Wreathed Stringers ; They are needed in geometrical stairs. 
They are. in plan similar to the shape of the stair.

(tf) Rough Stringers : When the stringers need intermediate 
supports, rough stringers are used. They are also called bearers or



carriers, (see Figs. 786-787). They also support the boarding or 
plaster which may have to be laid on the underside of the stair.

Winders I t  ia desirable to have the treads of winders at 
the walking line equal and must be a t least. 22 cm. *or narrow 
sU i™ th e  trends of winders are supported on the risers which are 
oantilevered from the walls, tho outer end being housed into

S 1 . S  - r  : z  =
the wall a t one end and housed into the newel a t the other end.

(3) Landings : A trim m er i s  p l a c e d  a c r o s s  the walls of the stair­
case and bearers rest on it. Small joists are fixed a t one end to the 
trimmer and supported on the wall at. the other end. The planking 
is fixed to these joists. This forms a  half spaced landing and has been

□

Figs. 788-789. Landings.

described on page 281. In  the case of a quarter spaced landing, 
these small joists rest a t one end on the walls and a t the other end 
on abeam  (pitching piece) which is built into wall and the newel. 
This pitching piece may also be cantilevered from the wall. Tho 
planking is supported on the joists.

S to n e  S ta i r s

Stone stairs are heavy and need substantial supports. They are 
are not in much use these days. With use, they become slippery and 
dangerous.

Stone Steps : These are used for threshold, approaches to base­
ments, heating chambers, etc. Stone provides a very good material 
for use as steps because it is hard, durable and weather resistant. 
The following type of steps are used :

(1) Rectangular steps : They are cut of solid stone and the 
lower edge of one step ia supported on the top back edge of the other.



Rebated or checked joints, if used, strengthen tho stepping. The top 
front edge may havo moulded noses. The steps may bo built solidly 
into a wall and rest on the other side on to a dwarf wall. This type 
ot construction can be used for entrances to a building.

It-K Y A T  ION

The landings may be built of stone slabs as shown in the figure 
which are joggled to each other.

(2) Built-up step : The tread and riser of each step are made 
of thin sawn slabs The thickness of tho treads, if supported on ends



only, should be at least 5 cm. They may be used as a facing for 
concrete or brick steps. In this case, the treads and the risers are 
bedded and jointed with cement mortar.

Fig. 794. Stone «tep entrance.

A T EX T  BOOK OF B U I L D ™  CONSTRUCTION

SLAB
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DETAIL OF STEPS

Fig. 796. Stone facing for oonorete step*.

(3) Spandril steps : These step9 are approximately triangular 
in shape except a t the ends where they are built in the walla. 
They add to the beauty of the stair. A splayed rebated joint is 
given between each step and the splay should not be less than 5 cm.

Stone Stairs : They were formally used in the case of com­
mercial or public buildings. The steps generally used are of spandril 
type. They are either :

(a) Cantilevered from the wall : In this case, the steps are pro- 
perly supported in the wall and are fixed with mortar. As already 
stated the section a t the support is rectangular. The projection of 
the step should be limited to 15 m. The minimum bearing of tho 
step should be 20 cm.



SPANORR. STEPS WITH 
PLA1H SO F FIT

Figs. 797 709. Spandril steps.

(6) Built into tho wall a t both ends.
tc) Built into the wall a t one end and the outer end beam 

supported on a steel I Section. Special angle iron cleats are uBed at 
the connection of tho stone steps with the 1-Section, 
or (d) Built into the steel joist a t both ends.

C oncrete  S ta irs

Concrete stairs are becoming very popular these days because 
of their advantages such as strength , durab ility  and fire resistance. 
Moreover, they can be constructed in Diany forma.



Plain concrete stairs are used in place of Btone stairs these days. 
They are mainly suited for entrance to the buildings. The steps 
are mostly of spandril type and are supported as in the case of stone 
stairs. They may be cast in situ or precast steps may be used. Rein­
forced concrete stairs are mostly used a t present. The advantages 
of the reinforced concrete stair construction are :

(t) I t  can be easily moulded into any desired geometrical shape.



tii) I t ia more fire resistant
{«!) I t needs lea bulky section so that more of headroom 

available.

($  |  ha^raore attracting appearance if suitable finishes are used.
(vi) I t  oan be kept clean.

For small buildings, composite type of s tair, envisagmg the ™e 
of plain concrete and reinforced concrete are used. In such a type 
the stringers can be of R.C.C. beams, the top slope being cut in a

ofie8m X  precast concrete

Sf j m  w°ii!h e A p reS srt
Tbe handrails are made of wood and the balusters are of steel pipes.

P ig . 802. Precast step details.

R.C.C. stairs can be of three types :
(») In which R.C.C. steps are cantilevered from the wall. The 

reinforcement is placed a t the top of the tread and a few bars are 
placed a t the bottom of the riser, suitable cover being given.

(ii) A stair in which the steps are designed to act as Blabs 
between the two stringers or a wall and a stringer. The stringers act 
as inclined R.C.C. beams and are supported a t the top and the 
bottom of the landing.

(in') Slab type ; In  which each flight ia designed as an inclined 
slab and reinforcement ia laid parallel to the slope of the flight. The 
flights may be supporter! on the beams at the ends or the landings 
may be included in the apan of the flight slab.

Unfinished R.C.C. surface would give a highly unattractive 
stair. Hence the steps are provided with tiles, terrazzo, marble or 
other suitable finish The inclined stringers may also be given suita. 
ble covering in accordance with the desired architectural treatment.

I t  is essential that the steps are covered with a material which 
will not render the tread slippery, hence checkered grooves may be 
made on the surface or other suitable roughening devices may be used





''SLAB

—  BEA-»S-------------

ALTERNATIVE ARRANGEMENl

i. 806-807. Slab type stair.

The nose of the steps should he so treated that it doeB not get 
cracked off easily. Hence it is desirable that the concrete covering, 
if used, should be laid immediately after the steps are cast or else 
this covering should be keyed with the steps by roughening the 
surfaces. Wherever excessive wear of the nose iB anticipated, steel or 
cast iron noses may be fitted to the concrete steps.



F ig s. 809-810.

PLAN
R.C.C. continuous slab stair.

Metal Stairs
Steel and cast iron stairs arc used in exceptional cases where 

fire proof construction is desired, . in factories, g o -d o ™  etc. 
They are o f four genera! types :

ii\ The simplest type consists of steel channels acting  as 
stringers. The treads are of steel checkered p la te or of concrete slabs.



These are supported on 
the stringers by small 
angles bolted to them. 
Concrete filled in steel 
troughs or steel gratings 
may be used for treads 
as an alternative. The 
risers are open.

(ti) Th is consists 
of steel stringers made 
of channels of plates 
and the treads are made 

„. O1„ olr „  — , . - of steel plates. They areFig., 812-815. Metal stair details. finjahed ;n a suit ab |0
manner, i.e., they may be covered with stone, marble, etc. They are 
used in important buildings.

(iii) In this, the stringers are of steel and risers of concrete. 
The concrete is suitably finished.

(tv) Spiral Stairs : They are used where the space available 
is too small and the traffic is leas. They are made of C. I . pipe 
newel fixed in the centre and around this C.L steps are fixed. The 
steps have suitable checkered treads for safety.





B alu stra d e  . ,
This consists of a handrail and balusters- Tho handran is

generally of wood and has
walls or newels depending upon 
the type of stairs. Some typical 
handrails are shown in figures 
820 825.

— These days handrails of 
salustc* chromium plated steel fixed on 

the top of polished wood are used. 
The handrail should be fixed a t a 
height of 45 to 50 cm. above the 
line of nosing. Handrail on land­
ings should be a t least, 90 om. high.

Balusters : They are gene­
rally not spaced greater than 15 
cm. centre to centre. For

L-------- ,----- - wooden stairs, they are made of
wood whereas for other types of 

F'8' 819- F?rl"!n°L‘ “  stairs, balusters made of metal

;s. 820-825. Various types of handrails and balusters.



are used. They may have special shapes and mouldings carved on 
them or else they may be made of plain rectangular or pipe sections.
Some of the types commonly used are shown in figures 820-826.

R am ps
A ramp is an inclined plane joining two floors. It is mainly 

used for carrying machinery, equipment, trolleys, cars, etc., to upper 
floors in multi-storeyed and public buildings. It can, however, also 
be used by pedestrians. In addition to the great utility of carrying 
goods and pedestrians, ramps have an aesthetic value. I t consists 
of a continuous rising surface with transitions a t the floor level.

Ramps may either be located externally, i.e., extending from 
the general building line or internally, i «., inside the building, the 
location depends upon the use to which ramp is put. For carrying 
heavy loads, external position is preferred, whereas for pedestrians, it 
can be situated inside the building.

The dimensions of the ramp also depend upon its use. For 
c e d e s trL  traffic, a minimum slope of 1 in 10 and a maximum of 
?  in r can be adopted. Its width is limited to about -  m., and can 
be of dog legged type r. plan. Landings at every change in direction 
are provided with widths equal to that of the ramp.

F„r carrying ears and other machinery, much greatert o r  carrying cai ^  ^ minimum of 4 m. and
sions are reqm'ed ope 0f l  in 10 is given. A straight flight
ry” rved type of ramp is'preferred and no landing is necessary
^  For external locations, ™mPs aie^eonstructed^ J t l ^ ^ t w o

retaining walls with rising tops f If the ran,p is provided 
being suitably filled with r«> « an incline(1 R . C. C. slab or
inside a building, it may be des g A non-slippery wearing
as slab supported on c o l u m cement  or granolithic 
surface is a must “  avold 8llPP'rogrma»ee in this respect. Surface 
surfaces give s a tis fa c lo r)p  formed for improving slip
T M E S I S  - 0th, are not adopted for ramp.,

L ,f t8 For m u l t , -storeyed building3- the, ins
to avoid f-1 ■ igue in up ofUft3 in the structure
lation ben....... d f « 7 * ““ r4 0J Pver certain provisions are required
k a hi<rhlv specialised job. t structures for accommodating
to be made in the building ^ ^ " S ^ e s .  A vertical shaft 
lifts and other accessories Ukcop ®ide,|. The shaft is located
With openings at ‘he flooi le P f he stair or within the open
a, a suitable place such as by t e £ ^  -n  mM0I>rJ. or concrete or 
well of a stair. I t max have s. >haft fxtends below the
metallic cage with suitable'doors. . mav be, to accommodate
ground floor or the basement floor . • h draulio buffers for h«>

I': j s bu» . » " room is ,ocoted 81



shaft for housing equipment and accessories. However, it can 
also be a t the bottom, by the side or a t the back of the shaft. Jhe 
size of the room is normally 4 x 3 x 2.5 to 3.0 m. Its floor should be 
suitably designed lo support the heavy loads coming over it. I t  has 
to support the weight of the lift car, equipment, passengers, the 
balancing weight and the weight of motor with the winch arrange­
ment.

The shaft for the lift should be able to accommodate the lift 
car, balancing weight, and vertical guides for them. Previously, 
collapsible doors were provided both for the lift car or cage and the 
opening in the shaft a t the floor level. Now, flush doors of sliding 
type are provided. The doors a t the floor level arc fitted with 
electro-mechanical safety locking devices with special emergency 
look release.

QUESTIONS
1. What are the variouB types of stairs used in buildings T Illustrate 

your answer with sketches.
2. Two floors of a building are to be connected by wooden straight flight 

stair with a difference in height of 2.75 m. between the floors. The stair should 
be 45 era. wide. Draw a dimensioned sketch showing the constructional details 
and briefly describe the varioun components.

3. Draw a sectional elevation and plan of a dog-legged stair connecting 
two floors of a building. Describe in detail the various constructional features 
of this type of a stair.

4. Write short notes on :
{*) Stringers ; (it) Winders ; (Hi) Landings ; (iv) Open well stairs.

fi. What are the types of stone stairs and steps ? Illustrate with aketoh 
how stone stair can be constructed for an external door of a building,

6. What are the various types of concrete stairs T Describe with 
•ketches the construction of a precast concrete stair.

7. Write short notes on :
{*) R.C.C. slab stairs ; (it) Metal stairs ; (Hi) Spiral Btairs ; (iv) Balus­

trade ; (v) Handrail ; (vi) Ramps ; and (vii) Lifts

References
1. Huntington W. C, Building Construction,
2. British Standard 585 Wooden Stairs.
3" Vos* W . C, : Fire Proof Construction.
4. Telling M. T. Carpentry and Joinery.
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6. Townsend Stair Building.



13
ROOFS

The function of a roof is to give a protective covering to the 
building so that rain, snow or wind may not damage the building.
I t  is erected a t the highest part of the building and is made up of a 
framework over which a covering is laid Roofs are constructed 
keeping in view the climate of the place and the materials available. 
Sometimes architectural considerations may also have an important 
bearing on the selection of roof type. The general types of roofs 
are listed below •

(a) Sloping roofs.
(b) Flat roofs.
(c) Shelled roofs.
(id) Domes.

Sloping Roofs
The various shapes which can be given to roofs of this tyP® 

depend on the area covered, materials available, type of lighting and 
ventilation needed inside, available appliances etc., etc.

Some important types of sloping roofs are given as under :
(i) Shed roof : This is the simplest type and slopes only in one

direction. I t  is used for smaller spans.
(it) Gable roof : This roof slopes in two directions and is used 

commonly.
(tit) Hip roof: Thistlopes in four directions.
(iv) Gambrel roof: This roof also slopes in two directions but

there is a break in slope.
(„) Mansard roof : This slopes in four directions but there is

break in slopes. .
Ivi) Saw-tooth or North-light roof : This is used in factories etc. 

whe/e lightTs admitted from the glazing fixed on the steep sloping
sides of the roof.



A T E X T  BOOK OF B U IL D IN G  CONSTRUCTION 

Wooden Sloping Roofs

T e r m s  U s e d  :

( # « e  : A» «  “ “  “J o horizontally a t the
(ii) Ridge piece : A member wh.eh

highest level of the roof , h ilh the roof
(iii) / / i p  : External angle of a sloping 

slopes are turned down

1 RIDGE
2 RAFTERS
3 VALLEY RAFTER
4 JACK RAFTERS
5 HIP RAFTERS
6 WALL PLATE
7 EAVE.S BOARD

Fig. 826. Terras used in sloping roof construction.

(i„) Common Rafter ; Members supporting the battens or 
boardings under the roof covering.

Iv) Hiv Rafters • These are wooden members which form the 
h ip  of the roof and to which the common rafters are attached.

(tii) Eaves : These are the lower edge» of the sloping surface of 
a roof.

(vii) Have-board : Wooden board fixed along the eaves connect­
ing the common rafters.

(t-iii) Qable : Wall which follows the slope of the roof from eare 
to ridge and covers the end of a roof



(ix) Barge Board : Wooden planks used to fix the ends of 
common rafters projecting beyond the sloping top of a gabled wall.

Fig. 827. Sloping roof junctions.

(s) Valley : A depression formed at the intersection of two 
sloping roofs a t  their junction.

(x») Jack Rafter : Short lengths of rafters fited to the hip 
rafters and eave’s board.

(xii) Valley Rafter : Member a t the intersection of two inverted 
slopes to which rafters are fixed.

, ... ~  member of wood which oarnes the
f00 7  the
form ed by the intersection of two wall plates a t the corner

bU,' S '  Purlins : T h e s e  are members laid
the common rafters. They transmit the loads to

" " V ,  Purlin Cleat . Short piece of timber bolted to the rafters of 
a  roof truss for fixing the purlins.

(xvi) Truss : A framework of tnangleB.

T yp e , o f  W ooden Sloping Roofs
(i) Lean to Roof : This is a roof ^ ^ ohw °(jV®7 the building.

of a  building and projects from h o w e v e r ,  slightly greater
This is suitable for spans upto < >  on0 side> the common 
spans are used, purlins may e a ^  ^  turn re8fc on a
rafters are supported on a wa p 
20 (54-49 /1976)



p l a t e

Fig. 828. Lean-to-roof.

F ig .  828. C o u p le  ro o f .

in case the v e ra n d a h ,  e ,po^

tori' to "the*rafters I t  is essentia! that the leakage a t the junetion 
of the roof with the wall be prevented.

Hi) C o u p le  r o o f : Couple roofs are used for spans upto

PIECE



ROOFS son

the common rafters is carried to the bottom of the planking which 
is fixed to the rafters. This leaves no gap between the roofing and 
the wall which otherwise would provide an inlet for birds etc.

(Hi) Couple Close Roof : This consists of two rafters
arranged as above and connected by a wooden member which acts 
as a tie. This horizontal tie prevents the outward spreading of 
the walls and also can act as a support for any ceiling which might be 
fixed beneath it. These roofs can be used for spans upto metres.

Fig. 830. C o u p le  c lo se  roo f.



M g h f " f eh S f  o n e - S d  T'f"vhe r t i o » l ° h ^ '  b l t ’L n
^ w a l l  and Rtho n^ge- ^  b a t ^ t o p l a ^ i t  as low as ^ s i b l e  

for giving “ ” °a°nd it is essential that, the

^ * » S «  «d o v e t a i l w i t h  t h e  yrafte r.P Bolts may be used as an additional

Collar and  Tie R oof : When the roof span exceeds the 
nrevious given values, a combination of collar tie and ' “UP1.6 0,0S® 
foot is used. In this, the rafters are supported by purlins which rest 
at the ends on walls. A collar and struts are used to support the
purlins and the rafters. A d v a n t a g e  i s  taken of any partition walls,
etc., to support the ceiling joist. This roof is used where purlins can 
be supported a t the ends economically.

fort K in g  P o st T ru ss  : When the spans are large or inter-
mediate supports for purlins and ties are not available trusses are
used The total weight of the roof is carried on to the walls vertically. 
The framework of a truss is built in such a  way that it does not alter 
its shape when loaded. Triangular shape of tho frame offers greater 
rigidity. Members of trusses are subjected to direct stresses of com­
pression or tension, t h e  magnitude of bending stresses is negligible.
To ensure this, the centrat linos of the connecting members should 
meet a t one point and the loads should be applied a t the apex points 
of the triangles

A King-Post TrusB is used for spans of 6 metres to 9 metres. 
The components of a King-Post Truss are :

(а) A central upright member called King-Post.
(б) Inclined rafters called Principal Rafters.
(c) A horizontal connecting member called Tie-Beam.
(d) Two struts which give support to the rafters.
(e) Purlins running over the principal rafters from truss to truss. 
(/) Ridge piece and common rafters for supporting the roof

coverings.

The weight of the ridge is carried down the principal rafters to 
the tie beam which prevents the feet of the rafters from spreading 
out. The weight carried by the purlin is placed in the centre of the 
principal rafter and is carried through the struts to the foot of the 
king-post. The load that is taken to the foot of the king-post is 
transmitted to the.tie beam which in turn transmits to the supports. 
In  this manner, the principal rafters and the struts act as compres­
sion members whereas the tie beam and the king-post act as tension 
members. Hence the connecting joints have to be designed accord, 
ingly.



Joints and Fastenings of King-Post Truss :
The joint between the principal rafter and the tie is a bn<fle 

joint A central tenon ia formed in the tie and the foot of the 
rafter is shaped accordingly. The width of the tenon should not 
be greater than one-third of the beam width. The cuts of the 
notches on the tie beam are quite long and extend to the central line 
of the rafter. The bearing face of the notch is made a t right angles 
to the central line of the rafter. The joint is further strengthened

!



by p w m g  » boh t e w w i  to  ^ ^ e,h«M Fig.B83B)™ it should
nitire-ly » strap may t

Fig. 834. Jo int between prinoipal rafter and tie beam, 
be ensured that the principal rafter's central line and the central 
line of the tie beam meet a t a point which lies on the vertical line 
passing through the centre of the supporting wall.

THE KINO POST 

Fig. 836.



The joint between the principal rafter and the king-post is 
made by cutting a tenon in the principal rafter and the correspond­
ing mortice into the head of the king-post. The top edge of the tenon 
and the corresponding edge in the mortice are made horizontal where­
as the lower edge is parallel to the slope of the rafter. The tenon is 
not greater than 3 cm. in depth. The rafters and the king-post are 
connected by iron straps bolted together.

The joint between the king-post and the tie beam may be an

se c t io n
Figs. 838-839.



S S  s j s
" •  . .  - » - s  
also mortice sod tenon type. The J o in t  a t the head o ‘ t ^ t
tSte Fit; 8t 0i  h a s  a n  o b l i q u e  t e n o n  which 18 housed o
C j S n t  at the foot of the strut is of a single abutment ten ™ ity p j 
The king-post is shaped to form a good support for the strata and 
the lower edge of the tenon is cut horizontally. Double abutm ent 
tenon joint is also used.

Fig. 840
(vii) Q jaeen-Post T ru ss ; Queen-post trusses are used upto 

spans of 13J metres. I t  consists of two queen-posts, two principal 
rafters, struts, tie beam, straining beam, straining sill, purlins, etc., 
(See Fig. 841). The struts, as usual, will cause thrust on the foot 
of the queen-post and to resist this force a straining sill is fitted 
in-between the two posts. A straining beam is fixed in-between 
the heads of the queen pQBts to resist the thrust which the rafters 
give to the posts. The principal rafters, straining beams and struts 
are in compression whereas the queen-post and the tie beam are in 
tension.

The joints afc the head and the foot of the queen-post are of 
the mortice and tenon type and the edges of the tenons cut in a 
manner as described under King-Post Truss.

The usual sizes of the timber for various members of the King 
and Queen Post Trusses are given in different handbooks. How­
ever the following rules may be used in determining the approximate 
sizes.

(i) Thickness of King-Post truss in centimetres



(ii) Thickness of Queen-post trass in oentimetres

(tii) Area of cross-section of principal
rafter in sq. centimetres =15 xSpan in metres

(%v) The section of King-post, Queen post and struts should be 
square.

(v) The depth of the tie beam in centimetres should be from 5 
to 6$ times the thickness of the truss.

(vi) Depth of straining beam should be about Jth of the depth 
of tie  beam.

a
I<y

£



_ rpuo advantage of this type of
(„;«) M a n s a r d  R o o f  P ™!le inside the roof. This is a two- 

truss is that a room can b e j m d e ^  ^  viBualised by placing

-pô  r P:-« ]° “ 'T & t
r  "  f  ̂ o » : j o i n t s  is si.ni.ar to the king

a n d  q u e e n - p o s t  t r u s s e s .  ^joden sections are
(KB) L a m in a t e d  R o o f  T r u s s e s  ver they transm it lesser

very economical and easily are built up of thin wooden
£ £ £ ■ ? *  *Tr  design”  anad si,e of member, depends upon the span,

DETAIL AT B 

Fig. 842. Details of Queen-Post Truss.

distance apart of the trusses, quality of timber and the weight of the 
covering material. The connection between the various members is



ery simple. Either bolts or nails are used ; the former being 
employed for higher spans and the latter for small spans. Special

i0x5 cms. 
sprockets

Fig. 843. Mansard Roof Truss, 

u mnrfl strength is desirable. This type of
suitablo for light weight coverings.

latticed roof truss. I t  is mac e ^  ^  rQof COTenng9 are to
be used about one-eighth of the span.
be used



C o m p o s i t e  S lo p in g  R o o f s

Roof trusses built of timber and uteei are termed as composite 
r o o f  trusses. The tension members if made of wood are very bulky 
because I heir section is reduced at the joints. Hencc if steel bars

Fig. 845. Composite King-Post Truss.

Figs. 846*48. Composite collar and tie tru B B  w it h  d e t a i ls .



are used for tension members, an economical construction is feasible. 
However special fittings have to be used where the wooden members 
join the steel members. The joint should be so designed as to 
enable the use of cast or forged fittings. The types of trusses of 
composite nature are shown in Tigs. 845-848.

Steel Sloping Roofs 
The various types of steel sloping roofs can be as given below :
(i ) Open trusses.

(ii) N orth light trusses.
(iii) Bow-string trusses.
(it?) Arched rib  trusses and solid arched ribB.
The various shapes of these are shown in line diagram* in 

figures 849-857.

y ig > . M .m .  W r o o f t . r u - .b . I -
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; , v  f  r £  * a r a

« » ■ £  «*m  *  t j *  shr tofavoid buckling The tie rods should bo of one piece or .f  made of 
different lengths, these should be suitably joined

The most, suitable section for principal rafters is a 'f ;sec‘'° “ - 
For struts either angle iron or a channel seot.on should be used 
The tension members should preferably be of a  round or 
section. The various mombere may also bo built ot two or more 
sections e g , a principal rafter may be made of two angles 
side by side In an ideal design all members of the structure should 
fail simultaneously. However due to practical considerations small 
sections, e.g., angles less than 50 mm. X00 mm x 6  mm. are not used. 
Allowance should be made in the seleotion of sections for stresses 
imposed on account of the load not being applied along the central 
line of the member.

Joints : The various members are connected to each other 
by bolts, rivets and thin plates called gussets. The minimum

pitch of the rivets should not be less than three times the diameter 
of the rivets. The maximum pitch is 15 cm. for compression



members and 20 cm. for tension members Further a minimum 
distance from the centre of the rivet to the edge of the member 
shall not be less than 25 mra. for 15 mm. diameter rivets. Generally 
15 mm. diameter rivets are used for smaller spans and 20 mm. 
rivota for bigger spans. At least two rivets should be used for all 
connections Gusset plates should be designed according to the 
forces coming on the members but should not be less than 6 mm. 
in thickness.

Some of tho roof trusses are detailed below.

(1) T ru ss e s  fo r  sm a ll sp an s  (upto 7m.)

The ends of these small trusses rest on bed plates which may 
be of stone or concrete. The ends are further bolted down with 
rag bolts which hold the truss down.

For small spans, all members may consist of angles connected 
with cusfet plates. The diagonal tension members are connected 
on one side of the gusset plate whereas the mam tension member is
connected on the other side. A t the foot of the truss a short angle 
is fitted on both sides of the gusset which rests on a• p late
The holes in the bearing plate are made in such a fashion that they 
correspond to the holes in the angle cleats and the holes in the bed 
da te s  so th a t the rag bolts can pass through. TTiei cleat holes are 
made slightly bigger than the diameter of the rag bolt to allow for 
the small variation in dimensions.

plates^n^fT r^^o^lted^^rivette^tf to^the^nai^rafte^

the purlins, longer cleats are used.

For this span, 15 mm. diameter rivets are used.

(2) T ru ss e s  fo r la rg e  spans  :
The arrangement of members 

Figs. 858-859. The membe y a„*a connected by a gusset 
They m‘ J  The section of the member can

described above except that gg . the truss is
completely in the f a b l i n g  gusset plates a t the
connecting1 ends are rivetted to them. The two halves are erected 
and finally rivetted a t site.

aA fnr these trusses and the oteats 
Bigger bearing p l a t e . ^ ^ e r  sunk rivets. Slotted holes are

!&  in r t a r i S  plates I  fitting the rag bolts.



Flat Roofs

Generally roofs of this type are used in areas which have 
lew rainfall or have no snow-fall during the year. Sloping roofs 
have a very good advantage that they can be drained easily but the 
drainage of flat roofs, is a big problem. Whenever materials which



are not impervious or members frequently joined are used in the 
construction of roofs, drainage is difficult. Hence wooden roofs, as 
a  rule, are made a little sloping and reinforced concrete roofs are flat. 
Moreover wooden roofs are constructed of small members which if 
arranged in a trussed form could be used for a bigger span. Wooden 
flat roofs are used only for small spans.

(i) Wooden fla t roofs : These roofs are generally having a 
slope of less than 10°. They are in fact similar to wooden floors 
but have a steep slope on the top to drain off the water- They 
consist of joists which are covered with cross girders or planking. 
The method of fixing the joiBts, the cross-girders and the boarding 
or planking is described under the chapter on - wooden floors. How­
ever some important points concerning wooden flat roofs are noted 
below.

(a) The slope to be given to the roof should not be less than 1 
in 50. However steeper slopes than this are desirable.

(b) The direction of the slopes is dependent on the position of 
outlet for water.

(c) The boarding should be laid parallel to the slope of the roof.
Id) The slope on tho boarding is formed by fixing small taper-

ing sections of wood (furrings) either parallel to or at right ang les to  
the joists. The latter method is to be preferred.

(e) The roof should be given a suitable covering for water 
proofing and for prolonging its life.

A section of simple type of roof is shown in Figs. 860-861.
(ii) B a t t e n e d  F l a t  R o o f . This type is made up of «°oden or

R  C C joist (battens) (See figs. 862-863) spaced close together an d  
are supported on walls or in addition on an‘ £ “ ‘
»nd are covered w i t h  brick tiles in one or two layers, lhese tiles
a r c  cement pointed and f u r t h e r  are plastered a t top. For water proof-

f , this tvne of a root', two coats of bitumen are applied on the plas-mg this type o ta  ■ ■ 30 x 15 x 3 om. if laid in two layers or
tered top. , 0QQ |ayer and are laid in such a way that
3 0 x 1 5 x 5  cm. - battens. I t  is to be ensured
the joints come f t®  10 ^  ^  s e c o n d  layer of tiles is laid
t h a t  t h e  joints are straig ;s snread ou the first layer of
on a 1-25 cm. bed mor with respect to the bottom layer
tiles The j o i n t s ? n wa„s should have a bearing of a t least 
are broken. I i  es res g the brickwork 0, the parapet

P » . F la t  R o o f. Small brick or concrete arches
(tit) Jack  Arc 8Unported on the walls of the room. The

are built..W ^ t o t v p e  is deswibed in Chapter XI on flooring In 
construction o t h i s  W  of w  oro thiok earth filling plastered a t  
the case of roofs,a e g ^  ^  jn addition 3peoiai water proofing 
top is given. »» »‘ 
compounds may be used.

2, (« .« /1 0 7 6 1



_  . ,  « r n n r r e i e  or R e in f o r c e d  Brick F la t R oofs.
described under floorings. However

drainage and beat insulation have to be acoounte

Figa. 860-861. Wooden Flab Roofs.

Shell R oofs

Such type of roofs are used frequently these days for covering 
big structures. The shelJ type of construction has an advantage 
th a t a  lot of material is saved as the section needed is very thin. 
Moreover, enough space inside the roof is available for use as there 
are no projections within it. For big buildings, reinforced concrete 
shells are used whereas for small buildings shells of catenary type



made either of bricks or plain concrete are used. However a shell 
yp root construction is being developed at Central Building

section  ac boss short spa n

Figs. 862-863. Battened Flat Roofs.

Research Institute. Roorkee (India), for use in small buildings. This 
envisages the use of about 5 cm. thick lime conorete shell sloping 
in two directions and supported on small battens which can be 
precast. These can be fitted on the rooms in individual units and 
supported on vralls or joists as the case may be.

Shell type construction can be used for factories. Wherein 
north lighting is desired, saw-toothed shells are used. Details of this 
type of construction are given in chapter on reinforced concrete 
construction.



D om es
A domo is a roof of semi-spherical or semi-elliptical shape. 

They are constructed of stone or brick or ™ncrete and are supported 
on circular or regular polygon shaped walls Th* 
dome, is such th a t within certain height and diameter ratios vary 
small thickness is needed. They are used where architectural t  - 
ment is needed, e in monumental structures or where roofs have to 
te  built on biddings circular in plan. They need special type of 
construction procedure which is described later on.

QUESTIONS
1 .  W h a t  a r e  th e  v a r io u s  t y p o s  o f  s l o p i n g  r o o fs  T D e a o r ib e  b r i e f l y  t h e  

c o n s t r u c t io n  o f  a  lo a n - t o - r o o f  u s i n g  w o o d  a s  t h e  m a in  m a t e r i a l .

2. Write short notes on :
(i) Couple roof (ii) Couple-close roof (Hi) Collar tie roof (»t>) Collar 

and tie roof.
Illustrate your answer with sketches showing constructional details.
3. What is  meant by the term ••King-Post-Truss”  T A  room 7-6 m. x 

IB m . in  plan is to  be covered by a wooden sloping roof. Show in detail the 
ty p e  o f  roof suitable with typical elevation, sections and joint connections.

A p p r o x i m a t e l y  g iv e  t h e  s iz e s  o f  t h e  v a r i o u s  m e m b e r s .

4 Whon d069 it become necessary to uso a “ Queen-Post Truss”  for the 
construction of a sloping roof ? Give detailed elevation, sections etc. of a 
Q u e e n  Post Truss for 12 m. span.

5. Write short notes on :
(i) Mansard roof truss (ii) Laminated roof truss ( ii i )  Composite 

king post roof truss (it>) Bel-fast roof truss.
6. W h a t  a r e  the advantages of steel roof construction ? Draw neat line 

d ia g r a m s  to  illustrate the use of various roof trusses for different spans.
7 . A  room 10-6 m. x 21 m. in plan is to be covered by a steel roof. 

D ra w  d e ta i le d  elevation and sections of a typical roof truss suitable for this 
s p a n .  Complete details of joints and supports should be given.

8. W rite short notes on :
(i) Wooden flat roofs (ii) Shell roofs.
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Roof covering is a material which gives a protective surface to 

the roofing structure. The function of the covering is only to 
prevent ingress or egress of heat and moisture into the building. It 
does not withstand structural loads which are directly taken by 
the roofing elements. I t  is only to take loads to the extent over 
which it is supported on the roof members. There are various types 
of coverings depending on the character of the building, the type of 
roofing structure, local conditions, cost, etc. Mainly in India, thatch, 
wood, shingles, tiles, slates, asphalt, asbestos cement sheets and 
corrugated iron sheets are used as covering materials. In  other 
countries bituminous felt, glass and copper or other sheet metal roof 
coverings are also used. A brief description of each covering is 
given in the following paragraphs :—
Thatch

This is one of the most ancient types of roof coverings and is 
used mainly in village areas. I t  is suitable for rural buildings, mainly 
because the cost is very low and thatch is abundantly available 
in those regions. Thatch either from straw or reed is used.

The supporting structure in the case of thatch may consist of 
ordinary truss work which is overlain with a network of battens so 
as to form a grid over which the thatch can be tied. Ordinarily 
the thatoh is available in a sort of bundles which can be laid on this 
network and tied to it with the aid of wire or hemp rope. Each 
bundle is lapped sideways and also course after course so that the 
penetration of rain into tho structure is resisted as much as possible. 
Thatoh unit can be made on ground itself by tying it to network 
of 25 mm. diameter bamboo spaced a t 15 to 22 cm. centres and 
making the unit in size of 1-5 to 2 m. by 1-2 to 15  m. These units 
can thus b-s taken as a whole and laid over the wooden trusses or 
other types of supporting structures.

For adequate resistance against rain penetration the thatoh 
covering should be a t least 15 cm. thick. I t  should have a good



. . .  'niiriiim Thatch is liable to catch fire
slope of 40” to 45 as a minim ^ ^ proof so as to resist
and as such it is desirable that it be made P s0]u tkm or the
fire hazards. Thatch can be dipped “  f, loid. Various
latter can be sprayed on to the.roofafter of

. types of tiro proofing materials are >vuta.bte n , rie8 bo8 bccn

s r i "  i i S S - W s t .
Kg.

Sulphate of Ammonia 
Carbonate of Ammonia (Lump) o
Borax (Lump)
Boric Acid 
Alum (Lump)
Water u o

I t  is also desirable to make thatch worm-proof so th a t it is 
not easily attacked by insects and birds do not gather insidel it. 
For this reason i t  is treated with solutions of sodium bicarbonate 
and copper sulphate or other chemicals which are poisonous to the 
breeding of insects.

Slating
Slate is a sedimentary rock which owing to intense pressure, 

volcanic upheavals and other internal structural changes has lost its 
original bedding and has acquired its essential characteristic tendency 
to "split into thin sheets. Chemically, slate is built of silica and 
alumina compounds which are inert and incorrodible and contribute 
largely to its permanent stability. The various colours of elates are 
due to the staining by absorbed products of metallic origin. The 
natural and most common colour is some shade of grey and the 
other colours are bluish-grey, purple, red, blue and black.

A good slate should be free from white patches which are 
generally of small dimensions and nearly round in shape. These 
patches are caused by the presence of iron pyrites and they decompose 
when exposed to weather. Slate should be even in colour and texture 
throughout. I t  must be hard and brittle but not tough, i.e., should 
not break easily when thrown on ground. When struck it should 
give a ringing sound. I t  must be impervious to moisture.

The common sizes of slates vary from 60x35  to 25x12^ cm. 
sizes 6f random widths and of constant lengths or of random sizes are 
also available. Various names are given to slate sizes by tradesmen. 
The larger sizes are suitable for bigger roofs as they make fewer joints, 
require lesser nails, fewer battens and need lesser number of small 
pieces a t hips and valleys. Regular sized slates vary in thickness 
from 1.5 mm. to 4.5 mm. for smaller sizes and from 9 mm. to 12 mm. 
or more for bigger sizes.

There are various methods of fixing slates. When the roof 
consists of timber rafters the only cheapest method of preparing i t  is 
to fix battens across the rafters. Tho battens are generally of 
50x18  mm. size. A roof of this type will be water-tight but is not



very efficient. The second method is to fix wooden boards directly 
to the rafters and nailing the slates to the boards. To make the 
roof further waterproof and preserve equal temperature in the interior 
of buildings, an asphalted felt layer may be introduced between 
the boarding and the tiles. Felt i b  liable to decay a t times for want 
of ventilation and to prevent this, battens are fixed thereby giving a 
free circulation of air. Should any water find its way between the 
slates, the water will lodge upon the horizontal battens thereby

FigB. 8(K-887. Different typos of supporting structures for slate roof covering.

t id to rot The best method which is usually adopted for good 
riMS work is to have close boarding and layer of felt. As described 
n W o  over this felt, vertical battens or counter battens of 50x37 to 
1« mm in size are nailed through the felt and the boarding over the 

n treo f these rafters. Ordinary battens are fixed across a t required 
n»8 This type of construction gives a considerable amount 

nf (mace between the slate and the batten which further preventB 
ranfd c h a n g e s  of temperature. Any rain water which tries to come 
I n  the felt and below the slate batten to the eaves get* removed



«o as to leave t l ie  roof sound and dry but the cost, of this nork  is 
excessive. For fixing the slates to steel roof trusses, small wooden 
purlins may be fixed to support the boarding and battens.

The pitch of the roof mainly determines the size of the slates 
which can be employed. Smaller 
slates are suitable for steep 
pitches and large for flat 
pitches. The cover of one Blate 
over the other which is below it  
is called lap and varies from 

cm. for vertical slating to 
11cm. for flatter slopes. The 
area of the slate exposed, a fter 
the slates have been laid, is call­
ed the margin and the ‘gauge’ 
is the depth of the margin or 
the distance from nail hole to  
another nail hole. The layer 
of slates in one line is termed 

Fig. 868. Terms used in elating. the course and has a proper 
bonding arrangement with the other course. The bond is an im- 
portant factor in making the roof waterproof especially when the 
pitch ia very flat.

Sometimes the gaugte is irregular and is not related to the 
lap. Slates of random length are usually laid so th a t their length 
diminishes from the eaves to the ridge. The gauge may be regulated 
to produce the breaks on margin of the successive courses, but 
care must be taken to check that the lap is not reduced below a  
specified limit.

There are two methods of fixing slates depending upon the 
position of the nail holes. When the holes are placed near the centre 
it is termed centre nailing. The holes in this case are punched or 
drilled sufficiently above the centre of the slates to allow the nail to 
clear the top of the slates in the course below. This system gives a 
better hold to the slate and employs fewer slates in a given area. 
The nails are protected by only one thickness of slates so that if  this 
breaks a t any time the water will find its way in. Centre nailing is 
the method which is usually adopted.

When the holes are made below the top of the slate, the 
method ia termed head nailing. The nail hole gets covered by two 
thicknesses of slates so that if one gets broken, i t  is still protected 
from weather by the other slate. The actual lap is 25 mm. greater 
than the nominal one. More siateB are needed in a given area of the 
roof and the lifting tendency on account of wind is more in this case.

Each slate should be secured with two nails drawn through the 
holes perforated for them into the batten or boarding below.

Copper, zinc or malleable iron nails are used. Composite 
nailB made of an alloy of copper, zinc and tin are stiff and being



cheaper are sometimes preferred. CaBt yellow metal nailfl are very 
durable. They should be used where the atmospheric conditions are

Fig. 869. Centre nailing method 
for fixing slates.

HEAD NAILING

Fig. 870. Head nailing method 
for fixing slatea.

harmful to the other types of nails. The durability of copper naila 
is considered to be adequate for normal exposure and for slating ; 
general nails leas durable than copper nails are also in use. Zinc 
nails should be vised only iD areas where the atmospheric pollution 
is very low and at a  place away from the sea coast. The length of 
the nails should vary according to the size and thickness of the slate. 
Where slates are centre-nailed longer nails are usually needed. If  
the nails are too long they will damage the battens. Slates may 
be holed either by hand or by maohine and sometimes drilling by 
machine is preferred. The holes should be made from the front 
towards the back of the slates, a small counter sunk is thus left in 
one face of the slate which serves to teke the head of the nail when 
the slate is thick. Care shonld be taken while making a bole by hand 
to ensure that there is no undue spalling. The distance from the 
slate edge to the centre of tho hole should not be less than 3 cm. 
Usually for head nailing, tho centres of tho holes are 25 mm. from 
the head of the slate. For centre nailing the holes are so placed th a t 

„,j]l iust clear the head of the slate underneath. In  slates 
Ih ich  are not of uniform thickness, the holes should be m  located 
th a t the ttiioker end of the slate supports it. Thicker slates should 
be used in the lower course and the thinner ones on the ndges.j



The first row of slates is called the doubling eaves course. This 
row is fixed all along the eaves before the main part of the roof is

-enclosed. But bottom edge of the slate projects about 7-5 cm, 
over the facia board so that the rain water is thrown clear into the 
eaves gutter. This course is head-nailed and a 5 cm. batten is fixed 
a t such a distance from the outside of the facia board that the head 
of the slate rests on the centre of the battens. The second row is 
so laid that slates can be laid flush with eaves course a t the bottom 
each slate being nailed through the centre.

Sometimes the double batten or the tilting fillet is placed 
behind the facia board. This method is better as otherwise the slates 
sometimes break, if the holes are too near the top of the slates

At the gable end of the wall or a t the verge, the side of the 
slate is allowed to overhang a distance of about 5 cm The gap 
between the slate and the briok-work is pointed with m ortar or 
suitable wooden moulding fixed.
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The ridge course may also be of double slates so as to 
preserve the proper lap. The tilting fillet or thicker batten* must be



placed along the ridge piece. The last course is finished about 4 cm. 
from the ridge. The gauge and the lap should be carefully worked 
out from the top of the ridge. The joint a t the top should be perfect 
so that the water may not drip in. Sometimes tiles are used lor 
protecting the ridge. Slate ridges with wings on each side are also 
used. The wings are fixed with brass or copper screws.

A similar treatment can bo given for fini shing the hips a t  the 
lower end. Usually a hip hook made of wrought iron is fixed so as 
to makea stop to prevent the lowest tile from slipping down. The 
hip may be formed by slates olosely cut and m itred down tho line of



A roll may also be used as a method of covering the ridge and 
sloping timbers are set up above the top of the battens to receive 
the wooden roll. The roof is then covered with stripB of lead 50 to 
54 cm. wide. The strips should be lapped 7^ cm. a t the joint and 
should be bent along the side. The lead should be secured to the 
wooden fillets by nails. A valley may be formed without slates and 
soakers bent across the angle where the intersection of roofs occurs. 
Open valleys are formed by placing tilting fillets along the roof. A 
valley board should be used on each side of the valley to form the 
surface for lead covering of the gutter.

Glass slates may be used in the roof to give proper light to the 
rooms below.

T iling
Tiles have been used from olden times as a means of covering 

the roof. Various shapes of different specifications have been improved 
from time to time for use. Clay tiles are mostly used after they have 
been burnt thoroughly in a fashion similar to bricks. Sometimes 
cement concrete tiles have also been used but their use is limited on 
account of excessive cost and the difficulties in their manufacture.

The preparation of roof for tiling is precisely the same as that 
for slating. The battehs are usually of 4 x 2 to 2 J o m . in size and 
are set out to the required gauge depending upon the tile size. The 
tiles are hung to the battens with same projections which are made 
in the tile itself. Some courses of the tilee are also nailed to give 
added strength. Tiles are mainly kept in position by a sort of inter­
locking action on account of their self-weight. Tiles are a  better non­
conductor of heat and cold and as such the use of battens only is not 
very objectionable. If boarding is used, the tiles have to be fixed 
on battens nailed to the boards or otherwise counter battens may 
also be used and should be less than 4 x l J  cm. in section.

In normal cases, the pitch of the common rafters or the surfaces 
on which the tiles are laid should not be leas than 40° for plain tiles 
and 35° for single lap tiles. Where abnormal conditions may be 
expected, for example, near coasts or in areas where heavy snowfall 
occurs these pitches may not ensure full protection from the weather. 
In  suoh oases the pitch may be increased or the roof may be felted. 
Alternatively counter battens may be used with or without boarded 
background The pitch of the outer surface of the tile gets further 
decreased due to the fact that each tile is tilted up a t its lower edge 
by the tiles below and thus this B lo p e  becomes lesser than the p i t o h  

of the common rafters.

Plain Tiles , .
Plain tiles measuring about 25x15 cm. to 28x18 om. m size 

,  used in thicknesses from 9 mm. to 15 mm. They have continuous
i _ ___ f-nm amall nrnifti't.ilio n i Kn TIiasaare used in tmcKnessea uum ^

projection, on one end or may have two small projecting mbs. T he*
S  for hand-made tiles alio,.Id not be less than 9 mm. wide and 

have a depth of not lens than 9 mm. Camber should not be 
te s  than 5 mm. and not more than 10 mm. These values can be



slightly decreased in machine made tiles. Two nails are provided, 
the centre of each nail hole being not less than 25 mm. from the side 
of the tile and 15 mm. from the under side of the nib.

Fig. 879. A  bonnet 
hip tile.

Figs. 877-878. Details of the fixing of plain tiles.

iap 8,",dt ga?ge in tilinS are quite important. The maxi­mum gauge should be about 10 cm. giving about 6 cm. lap for a 
26 cm. tile. For a lesser gauge, i.e., about 
8J cm. the number of tiles needed per unit 
surface of the roof area gets increased, 
bpecial tiles are made for the nnder course a t 
eaves and top course a t the ridges to avoid 
cutting. Special tiles are also made for the 
hips and valleys. Hip tiles may be in a bonnet 
shape or may have the shape of a ha lf round 

* . —
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The half round tile is suitable for 
ridges but is somewhat difficult to be 
used on the hips of small roofs. Half 
round tiles are bedded along their 
lower edges only and their unders are 
pointed. The angular hip tile ia mainly 
used with handmade tiles to allow for 
any distortion or warping of the tile 
during burning.

Valley tiles made in angular or 
rounded form must be preferred to *' 8S0’ Pl“n of WP co™»r 

f  “  umug bonnet tiles.



. 881. Finishing of a valley with 
special plain tiles.

open or secret gutters as they preserve tne homogeneous appear­
ances of the roof, which is better from aesthetic considerations. 
Alternatively the valley 
may be laid, with mixed 
tiles and the joints made 
waterproof by the use of 
soakers in a manner similar 
to slating. Whenever open 
or secret gutters are used, 
the lead sheet iB suitably 
bent over the fillets and 
carried up over each side 
slope about 20 cm. higher 
than the meeting place.
Secret gutters are not suit­
able as they get filled with 
dirt.

Where verges occur, the tiles are bedded and pointed in cement.
A tilt along the edge is given so as to throw water inwards. One or 
two courses of tiles are bedded in cement along the wall. A projec­
tion of about 5 cm. is given on the outside.

Whenever the gable has a parapet wall, the roof is kept satis­
factorily finished with lead soakers and stepped flashing of a cement 
fillet.

Singh Lap Tiling
This differs from the plain tiling in a manner that it overlaps 

only the tile immediately in the course below and not in the course 
which is next to one below it. They are not suitable to resist the 
weather owing to their being only one thickness of tiles in most parts 
of the roof except a t laps. The breaking of one tile or some crack 
may causo leakage. To prevent leakage, some tiles are bedded with 
mortar and pointed. A better method would be to use boarding, felt 
and battens or counter battens.

Pan Tiles
This is one of the oldest type of olay tiles.- The roof i .  covered 

, , r hont tiles. There is saving in the quantity of materials
by the use o w0j(rht of tho oovering. This is on account
of the" fact that the lap of these tiles is only with the tile just below

/  P r e c a u t i o n  against leakage from the vertical joints is  provided
, "edce of the tile which turns over and completely covers the

Tap if  the next tile in the same course. As the tile is practically edge of the n water i5 diverted to the central channel
im T ed to ly  it falls and hence there is little chance of it leaking from 
the joints.

The tiles are about 30 to 35 cm. long and are about 20 to 25 
The head or longitudinal lap varies from 7-5 to 10 cm. 

according to the pitch of the roof and the degree of expo.ure. The two



opposite corners a t a joint may

of plain tile is bedded along the 
is achieved. Verges in pantile 
roofs can be given easily. Two 
courses of plain tiles are bedd­
ed on brickwork to form an 
under clock and on this is 
placed a roll to cover the up­
turn of the pan tile. At expos­
ed positions, the pan tiles can 
be made resistant to storms by 
fixing clips a t each splayed 
joint so as to get additional 
strength. The valleys in this 
type of tiling work are finish­
ed with a lead gutter, the lead 
sheeting may be bent over the 
fillet.

be cut to the depth of the lap so that 
reasonable cover is maintained bet- 
ween the tiles ; otherwise four thick­
nesses of tiles would occur a t the 
corners resulting in open joints due 
to tilting, etc. The joint of the 
bottom left hand corner o f a tile with 
the top right hand corner of the tile 
below and to the left is oalled 
shouldering.

Pan tiles are nailed in a 
manner similar to that of plain tiling. 
They are fixed to tiling battens of 
about 4 x 1  cm. size. A t eaves, the 
pan tiles are bedded with m ortar 
on plain tiles. Occasionally three 
or four courses of plain tiles are 
provided a t 10 cm. gauge a t the 
eaves. The idea of this treatm ent 
is to distribute the flow of water 
from the channels of the pan tiles 
above and to prevent if from over­
shooting the gutter. Fillings a t the 
ridge course are cut out of waste 
tiles. The ridge tiles are then bedded 
in a level line along the top of the 
pan tiles. Where an extra course 
top of the rolls, an improved effect

Curved Tiles—Spanish Type
This tile is about the same length as the ordinary pan tile but 

has a lesser width. I t  is segmental in section which has a simple 
curve similar to an open channel pipe and tapers in width by about 
20 mm. from bottom to top. The tiles are laid in alternate positions 
in a course, the first one having the round side upwards and the
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second with hollow side on the top. This procedure is followed all 
along the course, so that the curve of the first and the third and 
each alternate tile is downward and laps over the upstanding edges 
of the other tiles, thus interlocking together in a series of alter- 
nate ridges and hollows which 
extend in a line from eaves to 
ridges. The convex tiles are 
laid with narrow sides up a t the 
top so that when the next course 
is laid, thq tiles being wider a t 
the bottom fit over the heads of 
the previous course with a lap 
of about 7.5 cm. The concave 
tiles are placed with the wide 
end at the top so th a t the narrow 
ends of the next course can lap 
over in a similar manner. This 
makes an effective roof. The 
same kind of tile can be used 
for hips and ridges, the ends 
lapping over each other as 
before. A specially wide tile 
is used for the valleys, the course 
o f each side resting on the edge 
of the valley tile. No pointing 
is needed with this type of 
covering as joints fit in comple- 
tely together. Bedding with «. 00>T .
m ortar is only needed on the ' 1?-87 - F^ungof Spanish tiles 
hips and ridges a t the sides of 
valleys. The minimum pitch with f  a type of roofing is about 35°.

Italian or Allahabad Tiles

These tiles with flat broad bo; jm have a beautiful shape. 
The under tile is a  fiat one and has a level depression with upturned 
flanges along the two edges. I t  measures about 23 cm. at the interior 
end and about 26 cm. a t the wide end, the length being about. 
37 cm. The over tile is half round in section and has tapering from 
12 to 16 cm. This allows the tile in the next course to fit in. 
Vertical battens are placed between the sides of the under tiles 
and to this the over tiles are secured with one nail. The hori­
zontal battene of about 5x 2 ^  cm. size are fixed with rafters to 
support the vertical battens. Alternatively boarding nailed to rafters 
may be> used for support. Half round ridges and hips are used in 
these tiles. They are bedded along their sides only and may be 
jointed in cement mortar. The pitch of the roof is about 35°. The 
over tiles ma3r have interlocking devices for added strength.

Clay tiles make a good roof for residential houses. They are 
non-cojiductors of heat and help to prevent extreme changes of tem­
perature within the building. VV:c n they are made of good materials 
and are burnt well, they form quite a durable covering. These have



a good appearance and suit th“ha“r” “ ^ ‘g„ot°in 'd ifferent colours 
shades of purple or even black.

VSSTICM. UNDEfl TILES C ° VEa ™-E . r NA"~

^ = r = = ^ ~  W ~

V-8 cms.

" f  }*— -37jCm£,.

Figs. *88-891. Details of Italian tilea or Allahabad tiles.

The disadvantage of a tiled roof is that the tiles are heavy 
and being smaller in sizes need more laps which increase the total 
weight of the roof covering to an appreciable extent. The weight is 
further increased because of the necessity of placing the rafters closer 
in order to reduce the span of timbers and to throw off rain water 
effectively. The average weight of a tile roof is about 75 kg. per 
square metre and thereby heavy timbers are needed to support 
them. Most tiles are porous and therefore absorb moisture to  a 
great extent depending on their quality. The tiles are not so 
porous as to allow the water to drip freely to the other side but 
care should be taken while casting tiles that imperviouancss is en­
sured as much as possible.

W ood Shingles
Shingles are not used as a roofing material abundantly these 

days, but are only adopted in places where timber is cheaply avail­
able. Such type of construction is possible in the hilly areas. This 
type of covering is very light and consists of small units which give 
an artistic appearance when assembled on the Toof slope. They do
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“I f  frffeotod in Strensth by rough use and can he replaced 
to c^'nh r ?!■ the-v ‘‘r 1’ Pot disadvantage in being liable 
heat lr° lley are *1® liable to get split under the influence of

Shingles should be cut of good seasoned timber which is not 
m»v h„ g6 WSrp° ? r shrunk- Shingles are cleft out of the log or 
may be sawn. Sawn shingles are generally used but they are alight- 
ly inferior as the timber fibres got cut and thereby the strength of 
tho shingle gets reduced.

Shingles vary in length from about 33 to 40 om. and in width 
Ironi about 6 cm, to as much as 25 cm. They are about 9 mm. 
tmok at the tail and may taper at the head to lesser thickness, 
omngles cut of quartered logs should be rift sawn for better work.

a or plain s*wn shingles got by cheaper methods of conversion 
should not be used except for cheap work.

The method of laying shingles on a roof is'similar to that used
lor slates and tiles except that tho lap is increased slightly and

Fig. 892. Fixing of wooden shingles at oaves.

the gauge gets decreased. Tho gauge varies with pitch. The 
shingles may be laid in random widths. Those wider than 20 cm. 
should not be used as they get split when dried. A gap of about 
3 mm. or so is generally left between the adjacent shingles to allow 
for any swelling which may occur. These are fixed with copper nails 
or alternatively with galvanised iron nails. In olden days wooden 
pegs were used to fix the shingles but tliat method is not satisfactory 
and is not used now. Two nails are required to fix each shingle and 
this must be driven carefully so aa not to split the wood. Generally 
centre hailing of the shingle is preferred to the head nailing.



Whenever Shore are abrupt ohanges ra  ̂ j® the
that shingles may get split n - TOurae below and thereby
centre will load to a vertical oi:ut m th e * , irse
w„nld give a free passageor tl e s ^  tUe jof9l across 
r ^ ^ M ^ r ^ - . i n g l e  in the next

course.
Shinnies may be fixed to battens whioh are supported on rafters 

dirpctlv Since shingles are unable to provide a substantial protei -
tion against h e a t  o r  cold, they can be fixed to wooden boards and 
battens or directly to the boarding. Fixing along w.th the boarding 
will provide r. sort of air gap in between the shingle and the boar 
thereby reducing the ingress of heat or cold. When felt is not used 
along with the wooden boarding these boards can be fixed with a 
small gap in between the two so as to pormit free access of air to
the u n d e r s i d e  of the shingles so that drying of the roofing can take
place easily after it is wet with rain.

Generally two thicknesses of the shingles are used. At the 
eaves and at.' other places on acoount of the lap, three thicknesses 
occur Suitable eave course may be provided for better work. The 
ridges may be fixed with the aid of wider shingles each butt jointed.
A split board covered with wood roll may be used alternatively. Tho 
ends of this board may be dovetailed. Lead covered ridges are also 
used. At the hips, the shingles are cut mitred and lead soaker can 
be used. For valleys, shingles with load soakers are used. Alterna­
tively a lead gutter with boards provided a t each side to receive the 
le a d  sheets is used. Ornamental shingles are used for roofs so as 
to get a pleasing effect.

Asbestos Cement Roofing

Asbestos cement is a material consisting of cement and 
asbestos. I t  is quite durable and is being adopted commonly as a 
roofing material. This type of roof covering is not heavy and 
hence a great reduction in the size of roof timbers is possible which 
gives a lot of economy. The roof covering is quite impervious and 
no moisture can pass through the sheets. Asbestos cement is per­
fectly fire and vermin proof. I t  does not rust and needs no protec­
tive coating of any other material. The oost of fixing is considerably 
lesser than the other types.

One of the disadvantages of this type of roof covering is that 
in colder climate, condensation ia introduced 011 the underside of 
th e  roof where the buildings are occupied by human beings or by 
animals. Since most of the types of this covering material have 
g o t the single lap instead of having an additional lap over the unit 
w hich is one course below, there is always a possibility of some 
leakage to occur. But this is prevented by fitting tightly 
one sheet over the other. This material has also got a very low 
therm al conductivity and heats the room when it is used in 
summer or keep3 the room very cool in winter. Another short-
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coming of thia material is that;, it does not give a good attractive 
flmsh to the exterior of the roof. The roof covering of this material 
w not considered to bo of a great aesthetic value.

Asbestos cement products for covering roofs are available in 
the form of slates, tiles and sheets.

A. 0. Tiles

The tile may be of a diamond cr of a rectangular size. These 
tiles can be laid on boards on the roof or directly on the battens

which are nailed to the rafters. Usually the latter method is 
followed. The tiles which are laid in the diamond pattern have 
got B izos of about 38 cm. square before tho corners are cut off. They 
are supplied a t the site with holes ready for nailing so that no cutt­
ing, etc. is to be done later on. These tiles have got a lap of 7 cm. 
to Si cm. At the eaves similar pieces of specially cut units are used. 
ThiJo are nailed to the tiling battens with two nails, the bottom 
„,l™ nmlnctinir ahout 5 cm. into the gutter or so. Tho larger pieces

F i g . '893 . F ix iD g  d e ta i l s  o f  A. C . ti le s .



are lapped over t.hc ordinary tiles which arc carried to tho top of 
the ridge line. A pitch of 30“ is usually adopted for such t>pe of 
roof.
A. C. Slates

An alternative to the diamond pattern is the use of slates with 
square corners. Each slate is centrally nailed u lth  two nails and

II________ H _
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Fig. 894. Fixing of A. C. slato roof covering.
ia addition to this, one rivet is placed a t the centre of the tail, the 
heed of the rivet being pushed under the edge of the slates below 
when the last course is fixed. These rectangular slates vary in 
sizes from 60x30 cm. to about 37x17 cm. They are fixed in the 
eave courses and other odd places.
Corrttgaied Sheets

Straight and corrugated sheets of various sizes are available 
for being fixed on industrial roofing or on large spaces. At greater

intervals, the corru­
gation may be small 
with a pitch of 7 cm. 
and the thickness of 
the sheet being 3 mm. 
The width of such a 
sheet ia about 0.76 m. 
and the length varies 
from 1.25 to 3 m. in 
increments of 15 cm. 
Wider corrugated 
sheets with deeper 

corrugations as a pitch of about 12.5 cm. are also used. The cor­
rugated sheets may also have flat portions in between the corruga 
tions (Trafford Sheets). The thickness of this type of sheet may
be as much as 6 mm These sheets have got an end lap of 15 cm
and a side lap varying from 5 cm. to about 12 cm. The nurlin
r T - K ) ™ 9 1 40 16  “ ■ (normall-v lh0 “ Minium spacing

Figa, 895-896. Types of commonly used 
corrugated A. C. sheets.
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Tmhlm g lr in ,  AeimiU off comnwnly AVtdimUt! Corrugated SW to

Standard lengths in metres

Overall width in metres 
Laid width in metres 
Cover efficiency (allowing foi Bide and 

end laps of 3.05 in eheet)
Purlin spaoing in metros 
Spacing of mils for Side cladding 

in metros 
Horizontal lap in metres 
Aotual cover of 3-05 m. sheet aa laid 

in Sq. in.
0,29 Sq.rn. laid area requires of sheeting 

(allowing for loss by side and end 
laps with 1.83 m sheet) in Sq. m, 

9.29 Sq. m. laid area requires of sheeting 
(allowing for loss by side and end 
lap with 3-05 m. sheets), in Sq. m. 

Weight of 9.29 Sq,m. as laid in Kg.

Big S ix  Oorru~ 
gated Shtelt

Trafford Sh*et*

1.52, 1.83, 2.13 
2.44. 2.74, 3.05 

1.05 
1.01 

91%(approx.)

1.52, 1.83, 2.13, 
2.44, 2,74, 3.0£ 

1.09 
1.02 

89%  (approx.)
1.68 (Max.) 1.68 (Max.)

1.98 (Max.) 
O.lfi

1.88 (Max.) 
0.15

2.92 2.94

10’59 (approx.) 10.96 (approx.)

10.22
161.93

10.59
150.95

V GI.NUT —
G-l. WASHER

VEREST BITUMEN 
WASHER

------------ r . i

These eheets are fixed with the smoother surface uppermost to 
steel purlins. Wooden purlins of normal sections can also be used. 
The sheets are always fixed from top of 
the corrugation through the holes (2 mm. 
greater in diameter than the screw) 
drilled to receive 7 mm. diameter 
screws which are about 11 cm. long.
They are driven into the wooden purlins 
and water tightness is assured by the use 
of asbestos cup washer and a lead coated 
washer above it. Tho sheet is secared 
a t  six positions, two a t the head, two a t 
the bottom and two a t the intermediate 
purlin. With steel purlins, hook bolts 
are used along with the washers to keep 
the sheets in position. At the eaves 
suitable eave fillers which fit in the res­
pective corrugation of the asbestos 
cement sheots are used. These are used 
to prevont undue draft into the roof 
and infiltration of birds, etc. The 
asbestos cement ridge tile is provided 
for covering the joint a t the apex 
o f tho roof. These ridge pieces are 
made of two parts each overlapping the 
other.

While fixing the sheets, the purlin 
spacing and the length of the sheets are 
first checked to see that the arrange­
ment will provide the specified over­

WARMER 
mm* (CUP) 
ASBESTOS 
WASHER

G-1 C OACH 
SCREW

Fis. 897-900. Typical fix­
ing of bolta and screws used 
with corrugated A.C. cheat.



bans a t the oaves and proper laps arc obtained An eaves oourse 
is laid first and the work started a t tho left hand end of the 
building so (hat the side laps have a better protection from 
the rain driven by wind. The first sheet >s laid uncut but tho 
remaining sheets in the bottom row should have the top left 
hand corners cut or 'mitred’. The sheets ... the second or other 
intermediate tows should have both tho left hand corner and the 
bottom right hand corner cut, with the exception of the first 
sheet in each row which should only have the left hand corner 
cut. The last or top row should have the bottom right hand corner 
cut, with the exception of last sheet which is laid uncut. W hen­
ever sheets are laid from right to left, tho whole process of cutting  
described above is reversed. 15 cm. end laps are suitable for roof 
slopes greater than 2U  degrees. For lesser slopes the laps should bo

3 piieuN poV’Ov 
re  SUIT on**
HAW6 10 60' T(«

Details of fixing of A. C. corrugated aheotB.

increased accordingly. Sheeting should be laid a t the end opposite 
to the direction of prevailing wind and rain. The overhang a t the 
eaves must not be greater than 37 cm. Mitring of sheets is essential 
to get a proper fit wherever four corners meet. The top edges to 
eaves must extend 7 5 cm. beyond the centre line of timber purlins 
or 4 cm. beyond the back of steel purlin.
Galvanized Corrugated Iron R oofing

Corrugated iron roofing is widely used, although it does not 
have a very good appearance. The main reason for its use is that 
it is very durable, light and fire proof. I t  is also easy to^ a lter 
such a type of roof covering. Galvanised iron is usually manufac­
tured in sheets which are corrugated or bent in a series of parallel
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depressions from end to end. The purpose of corrugation ia mainly 
to give to thin iron sheets additional strength as they are only 
supported on purlins a t fixed intervala. Moreover this corrugation 
helps in proper discharging of water away from the sheet. The idea 
of galvanising the iron sheet with zinc ia to protect it from rusting 
in wet weather. This coating of zinc may get damaged only in 
atmospheres which are contaminated with fumes of factories con- 
taining acidic materials. One of the difficulties with this type of 
material is th a t it transmits heat and cold easily. I t  is liable to 
create condensation problems on the inner side in colder climates.

The laying of corrugated iron sheets is very simple. The 
sheets are fixed to purlins which are supported on 2 to m centres. 
The sheets are nailed to these timbers with galvanised nails or 
screws. The washers have to be used to prevent water from passing 
through this hole. Each sheet is fixed with one screw in the central 
corrugation and one a t eaeh end. The screws are always placed on 
the top of the ridge to prevent infiltration of water. These screws 
are not driven until the adjacent sheet has been lapped over the 
first. About 7-5 to 15 cm. lap should be allowed at the ends of the 
sheet. This would give a sort of air gap between the sheet and the 
plank and prevent condensation.

For preventing lot of heat getting transmitted from the 
galvanised iron sheet, tiles can be laid over this type of covering. 
Battens of 4 x 4  cm. size are laid over the ridges of the corrugations 
a t  about 45 to 50 cm. centres and are securely screwed from the 
sheets into the purlins below. Between these battens, the corrugated 
sheet is also fastened to the purlins by 7-5 cm. long screws. The 
horizontal battens of about 5x1-5 cm. size are fixed to the sloping 
battens to which tiles are laid in the usual manner. The ridge and 
hips are finished in a similar manner to that of the tiles.

Sh eet M etal R o o f Coverings

Copper Roofing:

permanently protects ‘^ ^ " a U y  pre” n areaTw hera 
action of gases, eta... jg a duotiie 0nd elastic material,
factories aro P W » ^ m • P£ etai withstand considerable physical 

it to he hent to suitable shapes.

The copper roofing is light 
tion in roof sizes. TheJ°PP“  held down to the roof by means
sheets jointed along the « d g » « n< proteotion, the joints are raised 
of clips inserted in the fille s. ^  w ltt 'r to flow free over
and across the fall they■are s e , e c t e d  i s  governed by the
the sheets. The width oi - copper and the durability
mechanical and physical property ot coppe



required for t he roof. The rigidity of the sheet, varies with the thick, 
i l k  Copper sheeting of 26 gauge usually in width not greater than
6 cm and that of 21 gauge of n width not greater than 6-6 cm. 
are used. Generally sheets of 22 to 24 gauges are used. Similarly 
the length of the sheet, varies from 3'5 m. for a 22 gauge sheet, to
3 0 m for a 24. gauge sheet. As the sheets are finished by welting 
at the edges, the distance between the finished seams will bo less than 
the width of the shoets.

The joints for the protection along the slope are made by 
turning up the edges of the s h e e t ,  and are formed by bending over

DEVELOPMENT O f *  CCN'CAC PO LL

Figs. 902-904.

the wooden rolls or by welting into the standing seam. The wooden 
roll is used where the traffic is expected on a roof and the standing

d e v e lo p m e n t  o f  d o u b le  l o c k  c r o s s  w e l t  

Figs. 905-908.

seam is adopted where it is not liable to get damaged. Tho joints 
across the fall are made by welted seams. Where tho pitch is
greater than 80 degrees a single welted seam is used and whenever
the piteh is less than 60 degrees a double welted seam is essential 
For slopes between 60 degrees and 10 degrees, no drips are essential 
Where the slope of the copper covering is less than 10 degrees drip 
should be used to accelerate the flow of water. P

h» le i?  V “T * tb6 3-l0pe ,°f th? 00PPer 8heet- when laid should notbe less than 5 cm. in a length of 3 rrii-
surface should be laid to even slope and provided with OOTOn®g
finish. Care should be taken to prevent ! h e  J S f  ,! 8m,°°th
getting into direct contact with concrete by i n t e r p o j l  a fcu i
Dovetailed wooden battens of f,x 21 , .  3 ^  felt layer.
the surface and run across for standing seam joints Wh Wltj
rolls are adopted the spacing can b e l n ^ s f d .
shouid 1)0 provided to concrete roofs to reducc condensation 1  1
timber roofs to reduce noiae. This felt is laid with w *  ■ * .
felt may be fixed by copper nailing or other means to e i« r 'l ,
wind, etc , during work. Concrete roofs should be coated w?tl two
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layers of bitumen W ore the felt »  laid. The l,ead8 of the nails 
securing the boarding should be flushed below the surface end 
boarding plained to a smooth finish. Copper nail„ are u sed fa 
fixing as iron nails would result in the decomposing of sheets due to 
electrolytic action,

Fig. 909. Copper ro o fin g  p la n  using B taggered  rolls.
Although the expansion and contraction of copper due to 

changes in temperature are small, yet provision is to be made of

CCVfR FLASHING 
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these movements. Joints should be formed as stated earlier with 
the aid of the wooden rolls of standing seams. Wood rolls may 
consist of rectangular or square wooden sections. Copper clips of 
about 5 cm. width are placed under the rolls a t about 90 cm. 
centres. The rolls are secured by copper or brass screws and are 
spaced at a distance equalto  about 7 i cm. less than the width of 
copper sheet, The development of the roll is to be done carefully 
and different, methods are adopted, some of which are shown in 
Fica. 902-904. Welted standing seams are used whenever the roofs 
are not subjected to traffic. The sheets are first welted end to end 
and then the stirrups are placed on the rool and the standing seams 
formed by means of pliers. The height of the finished joint, is 
about 20 mm. Welts are used for end to end joints. In the first 
stage the edges are turned up by about 25 mm. and are turned 
down subsequently. The edge of the adjacent sheet is turned in 
a similar manner and engaged in the bend of the other sheet so as 
to form a welt after being turned over. Single lock turns are some­
times used for sheets fixed on steep slopes. Where the copper 
sheet passes over the apex or ridges, a ridge roll 4 cm. higher than

Pigs. 911-912. Drips used in sheet metal roofing, 
the wooden roll is provided along the ridges. Flashings are used 
whenever the roll is to be jointed to an adjacent structure.

Fig. 913. Wooden ridge roll used with sheet metal roofing.
Zinc Roofing

Zinc is suitable for exposed work in all type of buildings and 
provides one of the economic roof coverings. I t  does not hist, long 
as is the ease with lead or copper covering but is cheaper. Its life
is primarily dependent on the thickness used. In industrial places
the of fi t ^  a,d !n contact WIth copper or iron on aocourit of 
the risk of electrolytic action. Care has also to bo exercised that
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water does not discharge from iron or copper rain water pipe on to 
a zinc roof.

The standard sizes of the roof Bheets are about 00 cm in 
width and are about 2-4 metres in length. The thicknem of

f-CWMtj

Fig. 914. Wood roll details.

the sheets variea from
14 to 16 gauge. The 
minimum fall for zinc 
roofs is abou t 4 cm. 
in a length of 2-4 m.
The boarding on which 
the zinc roof is laid 
should not be less 
than 20 mm, in thick­
ness and laid diago­
nally in the direction 
of fall. Boarding may 
be tongued and groo­
ved. Building paper felt is used to cover the boarding. Wood 
rolls are used for jointing and the detail is shown in Fig. 914. Drips 
may be used for transverse joints and the distance is 15 cm. less 
than the length of the sheet metal. Either welted or headed drips 
may be used. Drips are not used when the pitch of the roof exceeds 
1 in 8. The transverse joints are then made in the form of single 
lock welt as in the case of copper.

B itu m in o u s Felts
T ar and bituminous felts are used as covering materials.

Bituminous felts are m o r e  durable and are free from salts and also 
do not molt or soften unduly under heat. These felts 
porous and impervious to moisture penetration. They are flexible 
and can be adapted to any type of ^ s tru c tu re  wh.cl may be 
curved or have a dome shape, etc. They can be laid quickly and 
they are light in weight. They are also not liable to crack. owrng t  
the settlem ent of tho building or otherwise B .a t or 
disintegrate them . Tho felts cannot, ow ,' d -t  d t
tear of the traffic. Its appearance is unattractive ana n
provide a  self-supporting structure with the result that 
substructure which should be very dura e.

The surface to which tho roof is to direction. For
to  ensure a rapid How of storm wa e ^  ]ess than j
Hat roofs, the finished surfaces shou , , j  | pe sn(\ provision
in 00 and the The
for th a t Bhould be met. while i g , * d; g whicb are duly
substructure may consist of wuo' b t ,.ootnre should be treated
supported on joists. The coucr Qn &nd cracki„g. A primer
and prepared so as to avoid loss of adhesion,
coat may be given to reduce porosity and r  ^

On tim ber substructure the first a]ong iap3 and about
secured by nails spaced a t about i . additional security is
20 mm. from the exposed edges.



needed, extra nails are added midway between the Japs. The subse­
quent layers of felts are bonded as described below.

(U P TURNED EDGE 
TO ACT A S B A FFLE 

TO IN G R E S S  OF W A T E ft)

Fig. 915. A typical detail of bitumen roofing felt covering.

All ooncrcto or similar substructure should get a bituminous 
coit primor after the surfaces have been brushed thorough! / and 
dried up, The first layer of roofing felt is bonded hot and each 
substructure layer is bonded similarly. The bonding compound is 
heated to a temperature not in excess of that required to ensure 
an effective bond. The first length of the first layer of the felt, in 
laid in position and firmly rolled back half way. The bonding 
compound is spread on to the roof as the felt is rolled out, pressure 

t0 t,le feit 80 as to engage the compound while it is 
m i  hot. Any surplus compound is squeezed out and tile edge of 
the felt is, smoothened aa work proceeds. The other half o f the 
W , "  f 1 W}M  UP and the process repeated. Subsequent
im n W d  fer fil " I  * f  m“n i» f and the same method is employed for the .subsequent layers. The bonding compound may 
bo spread in the form or roll or applied by means of brushes.

Layers should be made to follow each other in such a way that 
minimum of mcomplete work is exposed to weather W henevera 
finish of cement concrete or tiles, etc., is applied to tho surface, the 
Z l T o f b l l t  given a dressing of hot compound applied with

Bides and ^  ™  lEiti !5.ith I* f  K 'S1® a t lea8t 5 cm- witle a t the 
feUis laid on th ^ in n  r  ^ h™ a 8inS'0 of bituminoush-*10 alopinS Umber substructure the joints should be 
" ! ? t  k T - iJ ? lt““ uwu8 lap cement (a bitumen out bad; applied cold) 

ido applied along the joints to
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cover the exposed nails. At junction with walls of parallels .hr 
felt should be taken up the angle Mist upto a height of at la i t
15 cm. above the finished surface of the roof.

A sphalt M astics

Two kinds of asphalt are used in building operations, i.e., the 
natural and the artificial. The artificial product consists of bitumi­
nous m aterial which is mixed with a filling of sand, chalk and other 
ingredients. I t  is not a true asphalt mastic which is made by the 
process of nature.

Asphalt mastics are quite impervious. They can be easily 
repaired and are not highly inflammable. They can withstand stress 
that arises from unequal settlement or other defects. Since this 
material when laid in a heated state is very plastic, it can be laid 
over an irregular shaped surface.

As a general rule, mastic asphalt is primarily used on flat 
roofs b u t can also be employed on sloping or vertical surfaces if 
desired. The materials that have to be reduced to plastic state by 
the application of heat are liable to soften or sag when they are 
subjected to the hot rays of the sun.

Before the asphalt mastic is laid, all dust and rubbish must 
be carefully removed from the surface of the roof so as to increase 
the adhesion. Asphalt is generally laid on concrete but this material 
can be applied to a boarded covering if necessary. The boards must 
be fixed close together so that no open joint is left through which 
the asphalt can sink. The roof may be covered with sheets of felt 
to minimize the danger of the asphalt falling through the joints into 
the space below.

I t  is perferable to finish the whole surface in one operation but2Z7. to rss sr-rSSS&S
over-heated. After converting it into a p as fae worktoenover-heated. After converting it into p ’b fche workmen
buckets to tho site. I t  18 aPrea<l  ,, . worked into corners and
with the aid of wooden float carefu y dense as possible
angles. I t  is pressed slightly so as o ra® p  d j8 spread
and also to get as level surface., as g g W *  „ To prevent tho
over the  surface before finishing it W 1 , must be taken tol i e  ot.tpr. ftpeutii Ltvi .asphalt from sticking tne laner. g ^  skirting may
finish the joints between the two ac ]ac ^ joint and also
be run alongthe side walls and ParapeJ j .,  flashes of rain. While 
to prevent thewall from getting we \ j muBt be taken to
laying on sloping surfaces, special precaution 
prevent the dragging of the mastic co\ -

Gl»i,s C o v erin g  „ riraarilv on «>°f» of
Glass, as a roof covering m a te r ia 18 ]ig|,t can be admitted

industrial buildings, factories, etc.,



the roof to
u s e d  in some cases for roofing P P. ,  to a room. This type of 
natural illumination that 18 f ; , broken, the people
covering is very “  j "  J  j*jurieB. I t  is difficult to

- j r « ^ t w s ® r s 2 a ? s 2
plain glass. The fixing of glass was 

txiouDEo previously done by the aid of the
, f c t t iM  plastic putty and wooden or other
e r t e s s s S  typ03 of heads- Tbis arrang®m™tis not satisfactory. P utty  gets dis- 

„ .. , turbed after sometime and results
.w lrcA , in a leaky roof. Moreover, use of

coao putty needs constant maintenance.
Fig. 910. A typical glazing t o  Various type of fixtures with glass 
of improved typ« used for glass [ftte9 ]iavfl been devised. One of 
roofa’ them using glazing bars is shown

in Fig 916. In tbis type, glass sheets are bedded on soft asbestos 
cords throughout the length of the bar and held in position by 
extruded lead capping which is secured to the stem with small 
brass bolts. A special stop a t the foot of the bar is used to prevent 
the glass from slipping down the roof. Each pattern  has a con­
densation channel underneath so that the moisture on account ot 
the condensation on the inside of the glass can run off to the bar 
and escape bv the channel to the gutter. A p a rt of the bar projects 
above the surface of the roof thereby permitting planks to be laid 
across the sheet when maintenance is needed.

Selection o f a su itab le  ro o f covering
The various factors which have to be kept in view while 

selecting a particular type of roof covering for a given building are 
briefly described below :—

1. Initial Cost
The initial cost of roofing material varies from time to time 

and also with a given place. Slate roofing is cheaper in hilly areas 
and similar is the case with wood shingles. Clay tiles are cheaper 
and can be manufactured only a t places where the bricks are 
made. While considering the initial cost of a covering material, the 
additional cost on account of the weight of the supporting members 
must be considered. Materials which are heavier need stronger 
superstructure which adds to the cost.

2. Maintenance

: The cost of maintenance forms one of the main items while 
deciding the type of particular roofing material. Wood shingles and
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tiles need Icbs frequent repairB than tha t of thatch roofing. Asbestos 
roofing sheets, slates, etc need occasional repairs and very little 
maintenance, while still leaser care is needed for built-up copper or 
zinc sheet metal roofing.

3. Slope of the Roof
Thatoh, slates and tiles need steeper slopes to prevent water 

penetration, whereas corrugated sheet and sheet metal roofing need 
small slopes.

4. Durability
The life of the roofing m aterial is im portant to determ ine its 

economical value. I t  depends on many factors and varies from place 
to  place, b u t under normal conditions clay tiles, slate, copper, zinc, 
etc. have got a longer life. Asbestos cement roofs and wood shingles 
are  classified as having medium life whereas tha tch  has got the least 
life.

5. Resistance to Fire
Fire resistance is equally important in 

Thatch roof covering has got the least resistance and clay tile, slate 
or sheet metal roof offers greater resistance to hre.

6. Weight of the Roof Covering

2 — ' "  3  b . , . - ■ « “
whereas sheet metal coverings are much less in weight.

7. T y p e  o f C onstruction

“ X e t o  17c £ "  not need much attention.

8. A p p e .ir a  facto r from the  architectural poin t
Appearance is the import ^  ̂ appearance in certain

of view. Clay tiles industrial buildings. Asbestos

****  treat6d*
a H eat In su la tio n
y- ,infinn of heat is very im portant, as

rory low r^ is ta n c e jo  c ,ay U e or th a tch giv,

S ^ u a t  protection against thermal effects.

the



QUESTIONS
1. Describe in detail tho various points to be considered in the e e le o .  

tien of n suitable type of roof covering.
2. What are the essential qualities of a good slato to be used «s roof 

K fp m g  I Civs the a im  of slates used. Desoribe the various methods om. 
ployed for the fixing of slates.

3. What are tho various types of tiles which can be used for roof cover­
ing T Discuss the merits and demerits of each one of them.

4 . What is asbestos cement T What are the dinadvantagee of asbestos 
cement covering ? Write short notes on :

( i) A. C. Tiles.
{ii} A. C. Slates.

5. Write short notes on 
(*) Thatched roof.

( ii)  Corrugated sheets.
{sit) Sheet metal roof coverings.
(to) Bituminous felts.
(t’J Asphalt mastic.
(vi) Glass covering.

References
1. M iller, J .  : Slating and Tiling.
2. Banmgarten, R . H. : Manufacture of Concrete Roof Tiles.
3. Blauie, E. G. : Roof Coverings.
4. British Standards Institution : Standard Code of Practice for

Bitumen-Felt Roof Stating and 
Tiling.

5. Bovne. A. E, : Architects’ Working Details.
6. British Standards Insulation : Asbestos Cement Sheet Roof Cover­

ing.
7. Mackey W. B. : Building Construction.
8. British Standards Institution : Asbestos Cement Sheet Roof Covering

Copper Coverings for Roofs. 
lJ. British Standards Institution : Standard Code of Practice for  

Bitumen-Felt Roof Covering.
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Steel is used to a large extent in modern multi-storeyed buil­
dings, Construction in steel work is more economical for buildings 
which are more than ten storeys in height. Generally a framework 
of heavy steel sections is erected to take all loads and partitions or 
walls are built of other constructional materials. Structural steel 
and concrete combination may be used in building work. A typical 
example would be to have columns of structural steel and flooring 
systems of reinforced concrete. Due to ease in erection and heavy 
loads which structural steel work can take, it is commonly adopted 
for factory buildings.

Various types of sections and shapes are used for building work. 
Most of them are made by rolling. The white hot ingot of steel ia 
reduced under the action of a steam hammer or in a cogging mill 
from where these are taken t-o the finishing rolls. Plate sections are 
formed by passing and repassing the metal through the rolls till 
the desired thickness ia obtained. Other sections are made with the 
aid of cylindrical rolls having circumferential grooves which give 
the required shape to the metal.

The common types of sections used in structural steel work are 
shown in Figs. 917-938 and are described below.

Plates ■ Plates may be of any size or thic kness but generally 
thev are not rolled to thicknesses less than 5 mm. and greater than 
28 mm The maximum area of a rolled plate ia limited to 30 sq. m. 
Lariior plates have a tendency to be thicker at the centre than 
around the edges. Plates lesser than 4 mm. in thickness are denoted 
as B h ee ts  Sometimes plates are marked with different patterns 
which mav be pressed into them, e.g., checkered plates Common 
uses of plates in building construction are as webs and flanges of 
deep beams, column flanges, column bases, etc.

Flats ■ These are rolled as in the case of plate but are mueh 
longer in lengths and have shorter widths. The widths vary from
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tion of a suitable type of roof covering.
2. What ere the essential qualities of a good slato to be used as roof 
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(ii) Corrugated sheets,
(m ) Sheet metal roof coverings.
(tv) Bituminous felts.
(v) Asphalt mastic.

(vi) Glass covering.

References
1. M iller, J. Staling and Tiling.
2. Banxngartcn, R. H. : Manufacture of Concrete Roof Tiles
3. Blauie, E. G. : Roof Coverings.
4. British Standards Institution : Standard Code of Practice for

Bitumen-Felt Roof Slating and 
r n Tiling.
o. Bovne. A. E. : Architect** Working Details.
9. B r i l i .h  S ta n d a r d .  I n s t i tu tio n  : A .b v lu , 0 m m t S h M  RooJ C<mr.

mg.
7 “ •« * •! 'W. B. ; C a u tn e tim‘ «“ “ « “ »« . ^ “os ^ MShKtRoo!Cmtri
■ o , . . „  Copper Coverings for Roofs
' .........« - * « * »  : j ! - * *  * *  P faelice Jor

Bitum tn-Felt Roof Covering.



15

Steel is used to a large extent in modern multi-storeyed buil­
dings. Construction in steel work is more economical for buildings 
which are more than ten storeys in height. Generally a framework 
oi heavy steel sections is erected to take all loads and partitions or 
walls are built of other constructional materials. Structural steel 
and concrete combination may be used in building work. A typical 
example would be to have columns of structural steel and flooring 
systems of reinforced concrete. Due to ease in erection and heavy 
loads which structural steel work can take, it is commonly adopted 
for factory buildings.

Various types of sections and shapes are used for building work. 
Most of them are made by rolling. The white hot ingot of steel is 
reduced under the action of a steam hammer or in a cogging mill 
from where these are taken to the finishing rolls. Plate sections are 
formed by passing and repassing the metal through the rolls till 
the desired thickness is obtained. Other sections are made with the 
aid of cylindrical rolls having circumferential grooves which give 
the required shape to the metal.

.The common types of sections used in structural steel work are 
shown in Figs. 917-038 and are described below.

Plates : Plates may be of any size or thickness but generally 
they are not rolled to thicknesses less than 5 mm. and greater than 
28 mm. Tho maximum area of a rolled plate is limited to 30 sq. m. 
Larger plates have a tendency to be thicker a t the centre than 
around the edges. Plates lesser than 4 mm. in thickness are denoted 
as sheets. Sometimes plates are marked with different patterns 
which may be pressed into them, e.g., checkered plates. Common 
uses of plates in building construction are as webs and flanges of 
deep beams, column flanges, column bases, etc.

Flats : These are rolled as in the case of plate but are much 
longer in K-ngths and have shorter widths. The widths vary from



18 mm. to 50 cm. the minimum and maximum thicknesses vary 
from 3mm. to 8 cm. Flats are costlier than plates but are put to a

CIRCULAR , SQUARE 
4  HEXAGONAL BAR 

SECTIONS

Figs. 917-038. Sections in Steel work.

~  8B0ti— —  
« d  this is called bulb ban. These are u J d Z ^  s ^ Z Z c e ?

components^ o f ^ e e T t ^  ™ different
cations lay down the sizes of angle sections M* t  Standard Speoifi- 
angles with equal legs and with unequ! l” „s The Wmm°a  <Wes « 0 
from 2 cms. x  2 cms. to 20 cms x  2 0 em. f  • tJual anS,es ™ry
in thickness. The te m  i  T - .  ™ ' m ,Slze and 3 to 5 mm
20 mm. overall. Unequal angles vary ?n s f  tb,6 WMth8 of le«s are 
cms. and thickness from 4 mm to “o mm T  ? °“ S', l° 2 2x10  
square toe. round backed, acute, square ront “ gica with a
available. Those are used to a ?  bulb ^ P 63 are »l»o
tional features. mitcd extent in special construc-

built “ 7 n s .  Sarree T i n 0;  2 ?  *1™°° and t *  « r ta in
width of the table and by the t h S « .  ,the "W th of the stem,

4 cms. x 4 cms. to 15 cms X15 om» aJ;andard sizes vary
~  S  mm. Special T-Sections with bulbs £ % £

wer^hF^isn,,ê 1V^^f̂ n^ 8i^ a*'®der̂ y 0 the6deldthCfl*UmnS “nd otherweight per unit length. The si/e t  dePtl> flange width and
X 10 cms. x 30 kg. W henever s l o „ g : r c L 0a“ eisX0f7i 0“ e8r ^ h ^



8peCially cast with 8re«“ er thicknesses than given

Joists : Rolled Steel JoistB or I-Seetions are most commonly 
used for boam» and columns. They are denoted by the flange width 
overall depth and weight per m etre run. The British Standard Joists’ 
Section vary m size from 7 x 4  cms. to 60x17  cms. In U S A  
1-oections having very wide flanges are used.

Miscellaneous Sections : Z-Sections, rail-sections, troughs,
bars etc. are used to a limited extent in steel work for a building

The British Standard Specification No. 15 lays down the basic 
properties of structural steel. Two qualities of steel are specified.

No. 1 quality ■ Steel made by the Open-Hearth Process or 
Aoid-Bessemer process. Sulphur and PhoBpho- 
rus— contents not exceeding 0.06 per cent.

No. 2 quality : This is similar to No. 1 with the addition of 
copper from 0-2 to 0 5 per cent.

The tolerances in the dimension are as under :
Lengths : (a) When out lengths are specified : ± 2 5  mm.

(6) When minimum lengths are specified+5 cms.

(c) When exact lengths are specified : ± 3  mm.
Rolling margins, over and under the specified weight of 24 to

5 per cent are permissible.
Specifications for high tenBile steel having a  tensile-strength 

of 6000 kg./cm.8 are also given.

C onnections

Steel members are fastened together by means of rivets, bolts 
or by welding. Modern tendency is to go in for welding. Rivets are 
fitted a t site or in the fabrication shop, the la tter being called as 
shop rivets and the former as field rivets.

R ivettin g  : Common practice is to connect the members by 
rivets which are permanent fastenings and cannot be removed unless 
the rivet is destroyed. Rivets used in building construction are made 
of soft steel with a tensile strength (breaking) of 3500 to 4000 
kg-/0™-2 with an elongation of not less than 26 per cent on a gauge 
of 8 diameters. Wrought iron rivets are sometimes favoured for site 
work as wrought iron has the property of retaining malleability 
even longer than th a t of steel, after being forged. Rivets generally 
have a hemispherical button-shaped head and a cylindrical shank. 
In  driving a rivet, it is heated red hot and placed in a  hole through 
the members whioh have to assist it in connecting. The projecting 
end is then upset to form a  head with the aid of a pneumatic or 
hydraulic riveter. A corresponding projection left in the riveter 
gives the desired shape to the rivet head. While driving, the other 
side of the rivet is held in place by a dolly. As the rivet cools, 
i t  contracts thereby tightening the grip. H and rivetting is used 
only in small structural jobs or in the field when only a few rivets are 
to be driven. Red-hot rivets are hammered down to the final shape.



Holes for rivetting may be punched, drilled or bored. For 
small works, rivet holes are generally punched. Drilled holes are 
always preferred as the holes are truly circular and cause less 
damage to the surrounding metal. The diameter of the hole i.s kept 

mm. larger than the rivet shank so that it could be inserted 
easily.

Rivet heads of various shapes, semi-circular button heads 
are commonly used. Whenever more clearances are desired, a 
flattened head is made. Counter-sunk heads are used when least 
projections are desired. They may have a flush face which is got 
by chipping. The conventional method of denoting various types 
of field and shop rivets is shown in Figure 939.

Fig. 939. Types of rivets.
Cutting of rivets may become necessary a t times Thin is 

accomplished by chipping off the head with a pneumatic chipper 
and then the rivet la driven out with a pin-maul. Sometimes the 
heads are burnt with an acetylene torch but care is to be taken 
to prevent damage to the surrounding metal.
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A suitable edge distance, i.e., the margin between the edge of 
the hole and the edge of the p late has to be provided for the prevention 
of failures. A minimum edge distance of 14 times tho diameter of 
a rivet hole is specified. However where the edge has been formed 
by shearing instead of rolling, this distance is increased to I f  
times the diameter of a rivet hole.

Two most commonly employed joint connections are (1) 
Lap joint in which the connected plates are lapped one over the 
other and rivetted and (2) B utt joint in which the plates are con­
nected with the aid of additional plates. Rivets in one or more 
rows may be used to connect the members.

Welded C o n n ec tio n s  : This is the most common method of 
connecting structural members. Two methods of welding used are 
electrical welding and gas welding. The electrical welding is further 
divided into resistance arc, shielded arc and atomic hydrogen weld­
ing. Gas welding is commonly called as oxy-acetylene welding. 
In  both the methods, the pieces to be welded are placed in contact 
and edges are melted so that the metal flows from both the pieces 
together and when cooled, they get jointed by the aid of a weld. For 
satisfactory jointing, additional metal is supplied with the aid of a 
metallic rod which can be used as an electrode.

B o lt c o n n ec tio n s  : For temporary connections, bolt joints
are used. The diameter of the holes is kept 1 mm. larger than the 
external diameter of the bolt threads. Bolt connections are also 
used wherever ri vetting is difficult, may be due to lesser number of 
rivets needed or difficulty in connecting.

S t r u c tu ra l  M em b e rs

S tee l B eam s : Beams include girders, lintels, etc. A simplest 
beam would consist of a  single rolled steel joist section or an angle 
section for carrying little loads. Whenever a beam has to take 
greater loads, compound sections are used. Compound beams consist 
of two or more single steel joists connected together through bolts 
and separators which hold them in position. Separators are placed 
a t 1£ to 2 m. apart.

For still heavier beams or girders, two channels may be used 
back to back or spaced apart and their flange area increased by tho 
addition of one or more plates a t *cp and bottom.

o o
o Q

l_AP JOINTS BUTTJOINTS
Fige . 940-945. J o in t  connections.



Plate girders are uaed when very large loads have to be carried. 
A plate girder is a built up beam consisting of top and bottom

F ig s . 946-948. S te e l B eam s, 
flanges made up of angles and plates. The web consists of one or 
more steel plates. All the individual pieces are rivetted or welded 
together. Since plate girders are deep beams, it is necessary to 
stiffen them laterally to prevent buckling under high compressive 
forces in the top flange. Angles or T-aeetions are used as stiffners. 
They are rivetted to the plate girder a t suitable intervals and may 
be bent so as to form joggle type or packings may be used to  keep 
them straight. ^

ANCLES STIFFNERS

ANGLES PLATE CURTAILED HERE

A PART ELEVATION OF PLATE GIRDER
( w ithout  EDGE ANGLES AT TOP)

ANGLES

’9rT“W ® « "  °™ ER TVPES 0F st'ffners
O pen W I t  MM52' g’rder Md ita

the shearing forces are™ot'ex«e8siveConny " 18hKht l0a<is and  wLoro
consist of small T-sections acting L  H “ 3 are U8ed- Thes°
bent iron bar to keep then) a t t K e f e X n ^ 8^ "  by *

STIFFNERS 
USED ON 
BOTH 
SIDES OF 

WEB

ANGLES

WEB PLATE



The following points should be noted about steel beams •
(,') I t  is always economical to use as deep beams as possible 

since they  can take higher loads.

F ig . 953. Open Web Beam.

(ii) The cost of the beam may increase while economising in 
weight, e.g., if  lattice girder is used for a solid section plate girder, 
the cost of fabrication, etc., may be more in the case of the lattice 
type.

(iii) The deflection of steel beams under the usual loads should 
not exceed 3^3th  of the span or in exceptional cases ^ t h  of the 
span.

(iv) Stiffness of the web is essential wherever excessive forces 
on account of compression in flanges are created due to the lesser 
widths of the flanges.

(v) To distribute the concentrated loads of the beams on the 
bearing walls, suitable bed plates of stones or concrete should be 
used.

B eam  to  B eam  C onnection : I t  is necessary to transfer the 
loads from one beam to the other in a framed building or from 
beams to girders in the usual cases. The various types of connec­
tions, generally adopted, are :

Undergirder flange : In  this case the beam is accommodated 
below the top flange of the girder. Small iron angle cleats are 
rivetted to the beams as well as to the girder so as to form a strong 
connection.

Fige. 954-968, Ream to Beam Connections,



Top-flush : In  this type of connection, tho top flange of the 
beam and a portion of the web is cut off so as to accommodate the 
top flange of the girder. Angle cleats are ri vetted to tho beam and 
girder for making the joint.

Blocked connections ; This is used when a beam a t a lower 
level iB to be connected to a girder a t a higher level. The lower flange 
of the beam is cut off to accommodate the lower flange of the girder, 
the webs of the two being connected with angle cleats.

Blocked and elevated : This type of connection is suitable for 
beams meeting at higher levels with the girders. A suitable recess 
to fit in the top flange of the girder is out from the beam and the 
beam is rested on an angle cleat which in turn is bolted to the girder.

Hanger connections : These are used to connect beams and 
girders a t different levels. The connection is made with the aid of 
a plate and angle oleats or bolts and rods may be used.

C olum ns : Individual small columns may consist of rolled 
steel joist or a rolled steel joist with two flange plates. Bigger columns 
can be made by rivetting together two or three rolled steel joists 
so as to form a compound column. Other forms of compound columns 
commonly used are a combination of rolled steel joists and channels 
two angles, channels with flange plates or lattice bracing, four angles 
and a web plate and four angles joined together with lattice braces, 
wnenever angles or channels or joists more than one in number are 
mad without flange plates, it is necessary to inter, connect them with

at a “ d baW<ln P'at9S Whi°h mftke the COlU“ n t0 aCt
The types of lacings used are :
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of the reduced load which a column has to take in the upper portions 
of a building. This means th a t columns of two sections have to be 
joined together. Columns of different sections are connected 
with the aid of spliced plates and additional plates are used 
for proper connections. Sometimes bearing plates of steel are inter­
posed to ensure a  proper bedding for the upper column. These



splices are commonly made about 0-75 m. above the floor level so 
that they do not interfere with the beam and other connections a t 
the floor levels.

C olu m n  and B eam  C on n ection s : Generally two types of 
connections are used, the framed connection type and the seated 
type. In the framed connection type, two angles are rivetted to the 
beam and the column. These angles are connected to the web of the 
girder or beam and the flange of the column. A small angle may 
be added at the bottom of the beam to seat the same on the column 
while erecting it. In the seated type of connection, two more angle 
sections are need to connect the beams with the columns. They are 
rivetted to the top and bottom flange of the girders. (See Figs. 973- 
974). For bigger column sections, stiffners in the form of two small 
angles rivetted to the column flange are fitted beneath the beams 
(See Figs. 975-970).

J-TWO ANGLES 
SID E BY SIDE

Op. o o

o o  
o o

2-3

t s a
i  H a
I I ®

-— t 
o o

0 ■ 
o  - 
o '

i f f l
l l n

l i i s g

_
Figa. 973.976. Colum n an d  B eam  Connections.
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to the concrete footing which otherwise would get cruBhed. Column 
bases are of the following types.

(1) Built up bases : Made from structural steel sections.
(2) Cast Iron or Cast Steel bases : These are specially cast for 

different types of columns.
(3) Steel grillage : This consists of rolled steel joists connected 

together and laid in tiers.
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Framed Steel Buildings

S S ^ jK S S E S a s
earthquakes.
Fabrication o f Steel Work

This means preparing steel work for ereotion and includes all 
work necessary to layout, cut, drill, rivet or weld the steel sections. 
Most of the work is oarried out in the fabrication shop and the 
work a t field is to be reduced as much as possible.

The first stage is to prepare the template according to the 
shape of the final job. Templates may be made of wooden strips 
showing location of all holes and cuts. For gusset plates, card board 
templates may be used.

As steel is procured from the mill, it is stored in a stock-yard. 
All materials should be straight and if necessary they are straightened 
by pressure unless they have to be of curvilinear forms.

Cutting is affected, by shearing, cropping or sawing. Gas 
outting by mechanically controlled arcs is also used for mild steel. 
For high tensile steel, gas cutting is permitted under special care 
so as to remove all hardened material later on by machining. I  lates 
and angles are cut cold in one stroke by shearing. Beams and 
channels are usually /cut to the desired lengths in factories but if 
shearing is to be resorted to, a t least ‘2-5 cm. of the material is 
wasted° A better method is to cut the beams with saws or in ex­
ceptional cases, gas cutting may be resorted to.

The next step is to lay out all the material which includes 
marking the steel either with the aid of templates or directly. Tin* 
centres of the holes to be drilled are marked with a punch. Holes 
are drilled, punched or bored. All holes should generally be drilled 
for better work as they are true circles, are accurately centred and 
cause less damage to the surrounding metal. Holes are always 
drilled whenever thick sections are encountered Drilled holes are 
generally not more than 2 mm. larger than the nominal diameter 
ftf the rivet or the bolt when punching is resorted to, the holes



should bo punched 6 mm. less in diameter than the final desired 
value and pneumatic reamers are used for making the holes to proper 
size.

When the components of a member are ready, they are 
assembled and held in position temporarily by shop bolts. These 
are longer than  necessary and have packing washers to save time in 
tightening. At least two bolts should be put in one part of a 
member. All parts  assembled should be in close contact and all 
bearing stiffners should bear tightly a t top and bottom. No drifting 
ahould be perm itted except to draw the parts together and no drift 
should be larger than  the normal diameter of the rivet. Drifting 
should not d isto rt the metal or enlarge the holes.

The assembled parts are then rivetted- All rivetting should be 
done by hydraulic or pneumatic pressure. Bigger rivets are heated. 
Heaters commonly used in the fabrication shops burn oil and give a 
steady flame. Electric heaters are also sometimes used. Rivets of 
diameter less than  10 mm may be driven cold. Eaoh rivet should 
completely fill the hole and form a head of standard size. All loose, 
burnt or badly formed rivets should be cut out and replaced.

Column splices, butt-joints of struts and compression members 
depending upon contact and stress transmission should be accurately 
machined and close bu tted  over the whole section. Whenever sufficient 
gussets and rivets are provided to transmit the entire load, the 
oolumn ends need not be machined.

The whole steel work with the exception of rivets, bolts, nuts 
and machine faces after being thoroughly cleaned should be given 
one coat of red lead paint. All machined faces should be^coated_with 
a mixture of white lead and tallow. Surfaces which are to be held m 
contact by rivetting or bolting should be painted befo™ fMe“ ^ aanodf 
the parts brought together while they are still wet. f  1 Portions o 
steelwork which are inaccessible after rivetting should be given two 
coats of red lead paint.

The steel work should be temporarily shop erected so th a t 
accuracy of fitness may be checked before despatch. All parts are 
inspected for defects, if  any.

Erection o f  S tee l w ork
S t e e l  work is erected with the aid o f  d e r r i c k ^  s i m p  g u y . ,  

cranes etc. All parts of the steel work should be e r e c t e d S  
to drawings keeping in view the plumbness o to - securely 
of other p a rts .1 D u n n , erection the steel work sbouldl 
bolttM and when necessary temporarily bract l inolndintr tb i t
loads to be carried by the structure during erection
ol the erecting equipment etc. All parts shou i e ^ ment
only after they are prop. r!y placcd m position and final alignment 
ia checked. The steel work is finally painted as desired.



QUESTIONS
1. W h a t  a r e  t h e  u s e s  t o  w h ic h  s te e l  is  p u t  in  B u i ld in g  C on stru ctio n  ? 

W h a t  a r e  t h e  v a r io u s  s e c t io n s  u s e d  ?
2. W h a t  a r e  t h e  v a r io u s  m e th o d s  o f  c o n n e c t io n s  T G ive d e t a i l s  o f 

r i v e t t e d  a n d  w e ld e d  c o n n e c t io n s .

3. W r i te  s h o r t  n o te s  o n  :
( i) S te e l  b e a m .

( i i )  B e a m  to  b e a m  c o n n e c t io n .
(Hi) C o lu m n s .
(♦«) C o lu m n  a n d  b e a m  c o n n e c tio n .
(t>) C o lu m n  b a se s .

4 . W r i te  a  s h o r t  n o te  o n  th e  f a b r ic a t io n  a n d  e r e c t io n  o f  s t e e l  w o rk .
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Plain, reinforced and prestressed concrete are being abundantly 
used in the construction of buddings these days. This construction, 
which has withstood the test of time, is very durable and economical 
for most of the  buildings. The construction involving either precast 
units or cast-in-situ building units made of concrete may be adopted. 
The quickness and ease of construction in the case of concrete work 
is a great advantage. The improved appearance and the types of 
various finishes which can be given to concrete surfaces are added 
advantages in adopting these type of construction in buildings.

Conorete is an artificial material consisting of ingredients which 
are coarse and fine aggregates forming inert materials and cement 
which acts as the binding material. It is usually made in a plastio 
state and gets hardened thereby achieving strength. The properties 
of aggregates, cement and mixing water should be suitably checked 
and must be of approved specifications.

Good concrete, for economical results, can be made with 
matorials a bulk of which are generally obtainable near the site. 
Clean sand, strong coarse aggregates and good Portland cement are 
necessary for making good concrete. These materials are to be mixed 
in the proportions which all produce concrete having the necessary 
strength and other properties combined with the greatest economy. 
The Concrete is normally graded as M100, M150, Maoo, MS50> M ^ , 
and M400. In the designation of concrete mix le tter M refers to the 
mix and the number to the specified 28 days works cub* compressive 
strength of th a t  mix in kg/cma. The principles of making ooncrete 
are well known and somo of the salient points which have to be kept in 
view are given below :

Selection  o f  aggregates

Aggregates are produced by the disintegration of rock and oy 
crushing rock or gravel. The3e are usually graded or in exceptional 
cases may be used as single sizes. Coarse aggregates are usually



those narticles which are retained on an I.S. 480 sieve and the fine 
aggregates are taken as those particles which pass 
t S 480 sieve. For coarse aggregates, shingle os obtained from
sea beaches is used after shells being removed. R ‘'< f gravels are 
also good for being adopted as coarse aggregates, but these may need 
washing Stone which is hard and durable such as granite, basalt, flint 
or quartaite provides good aggregates. Limestone is also good prov 1 - 
ed it is hard and free from impunt.es Bnok-bate are not uwally 
adopted for reinforced concrete work m view of the fact th a t they 
contain high proportions of lime and may have a very high P°™Bity. 
They are generally used in lime concrete or cheap concrete w o rt 
Blast furnace slag is used to some extent for making concrete of light 
weight characteristics.

For fine aggregates, sand as obtained from sea-beachos or from 
rivers or lakes is used. In certain oases orushed stone dust is also 
used.

In the selection of the aggregates for good concrete work it 
should be ensured that the aggregates are absolutely dean. They 
should 'be free from organic matter and other impurities. The 
aggregates used must be sound and must resist the action of weather, 
particularly of frost. Some aggregates contain silicious materials 
which may combine with the alkalies present in cement so as 
to produce disruption which causes disintegration of aggregates. 
Certain aggregates contain readily ozidizable materials which ex­
pand on oxidation and cause disruption. These type of aggregates 
are unsuitable for concrete work.

The grading of aggregates i3 very important for getting good 
quality concrete. If  the grading of aggregates is such as will 
create a large proportion of voids when the concrete is compacted, a 
concrete of poor quality is obtained. The material as obtained 
from the quarry is to be suitably adjusted for concrete work, i.e., 
grading has to be done according to definite specifications for 
different types of work. The aggregates should not be very fine 
as large amount of water is needed for their mixing and the 
ooncrete gets weakened. For best results the proportion of very 
fine material should not exceed 10%. The ratio of the quantity 
of fine aggregates to the: coarse aggregates is very important and has 
got a great bearing on the strength of concrete in the final stage.

The maximum size of the particles which is going to be used 
in ,a  particular portion of a building will depend upon the nature of 
work and the reinforcement used. The maximum size generally 
used is 5 mm. less than the minimum distance between reinforce­
ment or is taken as the minimum cover between the face of work 
and the reinforcement. For thin walls, slabs, etc., tho maximum 
size of the particles should not exceed | t h  of the thickness of walls. 
For mass concrete work, the maximum size of particles may be 
increased to such a limit that they can be used easily. The use 
of large aggregates will reduce the quantity of cement needed for 
a given strength as the surface area of the aggregate particles gets 
decreased, but bigger sizes are unsuitable for being worked easily.



Largo sizes known aa plumbs or displacers are used in mass aggregate 
™ s“™ materials but they have to be suitably packed in 

concrete These plumbs should bo sound and clean and should 
not bo placed very near to one another or to the exposed face.

i i?'1' 6 of the a8gre«ate particles will affect the workability 
and hence the strength. Aggregates composed of roughly spherical 
particles produce the most workable conorete. The longer particles 
produce a harsh workable mix and hence it is a common practice 
to add some water or sand. This has tho effect of increasing the 
ratio of water to a given quantity of cement and hence deereaso the 
strength of ooncrete.

Cement

t™„*-Thre° °!aB5es of C8“ ents are generally used in building cons- 
traction work namely, ordinary Portland cement, rapid hardening 
cement and high alumina cement. Rapid hardening cement attains 
its strength a t an earlier age than ordinary Portland cement and 
hence is economical in some cases but is more costly. High alumina 
cement is more resistant to deteriorating effects of weathering 
agencies. Coloured cements or white Portland cement may be used 
depending on the type of finish desired. For good work, the 
specifications of Portland cement must be checked regularly.
W ater

w , water to be used in making concrete must be clean
Where ordinary drinking water is not available, the water must not 
be contaminated. I t  should not be used in exoessive proportions but 
m ust-be sufficient to wet the aggregates and the cement paste. I t  

ould be free from oils, acids and alkalies, sulphates or other organic 
matter, bea water is not generally suitable for building work.

Percentage of solids when tested in accordance with good 
practice should not exceed the following :

Solids Permissible Limit
Orgamo 200 mgII

Organic Solids =
(total solids— 
ignited residue)

Inorganic 3000 n
(ignited residue)

Sulphates (SO^) 500 parts per 100,000
Chlorides (as Cl) 2000 mg/l for plain oement

concrete work and 1,000 m gII

D esign o f  m ixes
for reinforced cement concrote work

As far as possible, controlled concrete should be used in all 
concrete jobs Controlled Concrete for use in plain and reinforoed
concrete structures is specified ai! M 100, M 160, M 200 M 250
the L  3 aS per I S X  Specifications which'lay downthe following strength requirements.



STREN G TH  R E Q U IR E M E N T S  O F C O N C R ETE 
(A ll vahi®s in kg/cm 8)

8mde of CencrtSe
Compressive Strength of 15 cm. Cubes at 
28 days after mixing, conducted in 
accordance with good practice 

Preliminary Test Works Test
M in M tn

M 100 
M 150 
M 200 
M 250 
M 300 
M 350 
M 400

135
200
260
320
380
440
500

100
150
200
250
300
350
400

To obtain concrete of a required strength and workability a t 
the lowest coat a suitable choice of materials has to be made and 
their proportions selected carefully, every concrete mix has 
to be designed properly.

Concrete must behave satisfactorily in two states, namely, the 
plastic state and the hardened state. The choice of proportions

is governed by both these 
conditions. I f  the plastic 
concrete is not satisfac­
tory, i t  cannot be properly 
compacted and its struc­
tural value is greatly re­
duced. Satisfactory com­
paction can be obtained 
only if concrete is suffi­
ciently workable for the 
particular type of compac­
tion needed. The property 
of workability ia of great 
importance from the struc­
tural point of view. In 
addition to the cost of 
placing, the basic property 
of concrete strength is re­
lated to the water content 

The water/cement ratio with a  particular 
to be controlled properly. As
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Fig . 982.

of a particular mix.
crushing strength is constant and __ -.........................
the ■frater content increases, the strength of concrete gets decreased. 
This means that a minimum quantity of water would be desirable 
but the workability would be affected by lessening the water beyond 

certain limit. The general rule of water/cement ratio is :
_  A 

c S+O-SlT
8  —ultimate compressive strength (kg/sq. cm.) 
w =w eight of mixing water (kg.) 
c =  weight of cement (kg.)

where



A  =  coefficient dependent on the age o f  concrete, 
quantity and grading of aggregates, the efficiency 
of mixing, etc.

The value of A may range from 140 to 350 and it is therefore 
obvious that any average value has no practical significance. The 
only reliable method of assessing the quantity of A its to make trial 
mixes with aggregates and cement as proposed but with water/cement 
ratio of 0'5, 0-6 and 0 7. These mixes should be tested after 28 days' 
curing (see Fig. 983) in the case of ordinary Portland cement and 
after 7 days’ curing for rapid hardening cement. For given materials 
and careful operation, the value of A should be very nearly equal. 
Curves are usually given in all the standard text books which give 
the value of crushing strength of concrete for a particular value of 
water/cement ratio a t various ages.

While selecting this water/cement ratio for a particular strength, 
it has to include the free water present in the aggregates obtained 
from the quarry.
The amount of water 
which is to be added 
to the mixture is 
found by subtracting 
the free water from 
the total quantity of 
water needed in a 
particular mix.

In choosing the 
strength required for 
any particular pur­
pose, a definite mini­
mum strength is 
usually specified to 
allow for the varia­
tion in the evalua­
tion of strength from k  XI 1 Tv-v -J ,28 d a y s

the test cubes. The y ^  __^ 7  days
amount of variation 7 0 ----- --------------------------------- 3 0AY
depends on many fac- a DAY
tors. However, with 
good control and 
weigh batching and 
constant supervision 
75% of the average
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F ig . 983. R e la tio n  o f  w a te r/c e m e n t r a t io  a n d  
c ru sh in g  s t r e n g th  o f  co n c re te  a t  d iffe ren t agee.

crushing value can be attained as the minimum strength. In  the 
case of poor control and mixing of aggregates by volume and having 
very little supervision only 40% of the strength is possible.

The amount of water needed, as stated earlier, has to be 
sufficient to wet the aggregates in such a manner so th a t the mix  
can be laid easily a t  the required place.

For measuring the workability, usually a slump test or com­
pacting factor test is carried out. Normally for slabs a slum p o f  
5 to 10 om. or a compacting factor of -92 is adopted. This takes



into account compaction by manually operated appliances and the 
presence of heavy reinforcement. These values can bo decreased 
whenever mechanically operated compacting equipment is available.

Fig. 984. R ecom m ended g rad ings o f  th e  R oad R esea rch  L ab . o f  th e  
U .K . for 19 2 ram . m ax . B ize'aggregat*.

After deciding the water/cement ratio and the degree of work­
ability, the ratio of cement quantity to the total aggregates is deter­
mined for different types of aggregates and the available grading. 
Tables have been worked out, after carrying out a series of experi­
ments, which give the aggregates/cement ratio required for different 
grading sizes of the aggregates, shapes of the aggregates and different 
workabilities.
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The method of design as briefly reported above would include 
the procedure as under :
i (1) The specified minimum strength for a particular strnotural 

element havmg b e e n  known, the average strength ia estimated accord- 
ing to the degree of control which can be exercised in the field.
. (?) . ^ e water/cement ratio needed to give the estimated average

strength is found out from a series of standard curves depicting 
strength vs. water/cement ratio a t different ages.

(3) With the aid of table, the workability required is chosen 
aocording to the conditions of the particular job.

(4) Th® cement/aggregate ratio th a t will give required work­
ability tor the corresponding aggregate grading is taken from the 
tables. These tables are provided for round, irregular, and crushed
aggregates of different sizes.
,, graphically or other methods, the proportions in which
the available aggregates can be mixed so as to give a grading approxi­
mately close to the design are calculated.

(6) The graded material as obtained in step 5 is mixed with 
the required quantity of cement and water as defined by the cement/ 
aggregate ratio and water/cement ratio.

Trial mixes of these proportions are made which are further 
tested in laboratory in the form of test cubes for check purposes.

The other methods of design of mixes are briefly given as under:
1. Arbitrary Method

For choosing the mixes arbitrarily, the ratio of coarse to fine 
aggregates is varied from 1£ to 2$. The fine aggregates will fill up 
the voids between the coarse particles. The ratio of cement to aggre- 
gates depends on the strength desired. Mix of grade M ^ , M1BOl 
M250 etc. are prepared by using the ratio of cement, fine aggregate and 
coarse aggregate as I : 3 : 6, 1 : 2 : 4 ,  1 : 1£ i 3, 1 : 1 : 2 .  Mixes of 
1 : 1 : 2  and 1 : 2 : 4  proportions are suitable for high strength. 
A mix of 1 : 2 : 4  ia used for general R.C.C. construction and 
1 : 4 : 8  is used for mass concrete work. Adequate quantity of 
water is mixed in each ease to give a desired workability. The work­
ability corresponds to a definite value of slump for a particular job.
2. M inimum Voids Method

This method aims a t evolving a  mix which has the minimum 
percentage of voids so as to obtain a dense concrete. This means 
that the fine aggregates should be in sufficient quantity  to fill the 
voids in the coarse aggregates. The voids of each aggregate having 
been determined earlier, the cement is added in sufficient quantity to 
fill the voids in the fine aggregates. Sufficient water is added to make 
the mix workable,

3. F i n e n e s s  M o d u l u s  M e t h o d

I t  has been found th a t the aggregates can be suitably defined 
in terms of grading by a term called “Fineness Modulus” which is



a numerical index of finencw. I t  give, an idea of the mean size of 
intrude* in the entire bodv of oggrrgfttM. I t  is obtained by adding 
the percentages by weight of materials retained on each of the 10 
Indian Standard sieves ranging from 76 2 mm. to l.S. No. 1.) sieve 
and d i v i d i n g  the m  by 100. As a result of considerable experience 
certain values of fineness modulus for fine and coarse aggregates and 
mixed aggregates have been found to give good workability with a 
minimum quantit y of cement- This value varies with the size of the 
pariiclc in t he body of the aggregates. I f  the fineness modulus 0t a 
given sample does not correspond to these values, the mixture will 
need more cement for a given water/cement ratio and workability. 
Any increase in the values of fineness modulus of mixed aggregat es 
from this value will result in a harsh mix while a decrease in the 
value will give an uneconomical mix for fixed water/cement ratios.

A f te r  h a v in g  m ix e d  the fine and coarse aggregates so as to 
o b ta in  t h e  d e s i re d  fineness modulus of combined aggregates, the 
p r o p o r t io n in g  o f  t h e  concrete can be done by actual field trials.

The actual quantity of cement required per unit volume of 
coarse aggregates and for a desired slump must be checked with the 
same trial mixes.
Specific s u r fa c e  o f  a g g re g a te s

It can be shown that there is a close relation between grading 
of aggregates and specific surface of the aggregates. I t  has been 
proved that if harshness is avoided, the strength and consistency of 
aggregates can be adjusted if the specific surface is consistent, which 
is independent of the particle size distribution.

S PE C IF IC  S U R FA C E  O F  V A R IO U S S IZ E  G R O U PS O F  A N  
IR R E G U L A R  A G G REG A TE

Sq. em. per gm.

No. 15 S ieve N o. 8 Sieve 260

N o. 30 Sievo N o. 15 Sievo 128

No. 60 Sieve No. 30 S ieve 65

N o. 120 S ieve N o. 60 S ieve 35

N o. 240 Sieve N o. 120 S ieve 16

480 Sieve N o. 240 S ieve ; 8

9 6 m m . Sieve 480 Sievo 4

19 2 m m  Sieve j 9.6 m m . S ieve 1 2

The specific surface of the different aggregates can be determin­
ed by the water permeability method or an assumption made on the 
basis of shape factor. In carrying out this test, the aggregates are



• •p ira te d  effectively so as to  avoid v aria tion  in results. A fter 
m aking a  se t o f fine and coarse aggregates in to  various sizes the  
specific surface can bo calculated by the UBe o f tab le  reproduced 
here. The choice of aggregates/cement ratio is mainly influenced by 
th e  strength and consistency requirements. Both streng th  and  con­
sistency are effected by the specific surfaces of aggregates. S treng th  
can be considered for practical purposes as re la ted  to w ater/cem ent 
ratio, Similarly consistence is also considered consistent for small 
variat ion in specific surfaces. A relation has been derived between 
the compacting factor which is an index of consistency and the 
water/cement ratio. Aggregate/cement ratio is also an important

WU.ATIONSHIP BETWEEN SPECIFIC SURFACE OF 
AGGREGATES & AGGREGATE / CEMEN T RATIO 
FOR CONTINUOUS (NO GAP) AND GAP GRADED 

AGGREGATES, 19 2 mm. MAX. SIZE (RIVER OR 
fIT  BUNj



faotor in the design of a  mix. Curves have been drawn for denot- 
mg the aggregates/cement ratio by weight and different specific but- 
faces. For particular specific surface adopted, a corresponding 
aggregate/cement ratio can be evaluated. In  a range of mixes 
normally used, the zone ‘One’ in the figure shown, indicates specific 
surface values for aggregates with one or no gap. The lower limit 
is suitable for mixes with lower sand content and the higher limit 
for mix requiring more sand and increased dust content. For a 
straight graded sand between No. 15 and 480 sieve size, it can vary 
by in this zone. This range is adequate for most purposes for 
any given mix.

For aggregates with two or three gaps, zone 2 indicates a 
range of acceptable values in size. This allows the variation of 6£% 
with a sand varying from No. 15 to 60 sieve. A corresponding 
water/cement ratio for a given specific surface and the zone type can 
be selected.

R E L A T IO N S H IP  6 E T W C E N  W A T E R / C E M E N T  RATIO ft AGG 

CEM ENT BATlO FOR M IX E S WITH O f ^ F E R E N  T 

C O N S IS T E N C IE S  A S  G IV E N  BY C O M P A C T IN G  
FA CTO R  ( C .F  V A L U E )



The procedure in brief, while adopting this method, is to select 
a water/cement ratio for a  given strength. Depending on the con­
sistency required an aggregates/oement ratio is selected from 
Fig. 986. A specific surface corresponding to this aggregate/cement 
ratio is seleoted from Fig. 985 allowing for high or low sand content. 
The fine and coarse aggregates are then mixed to give the required 
specifio surface. A trial mix is made to confirm the results. The 
difficulty in this method is the correct assumption of specifio surface 
of the aggregates. This can be done by the aid of various methods 
which, although cumbersome a t  present, are being simplified in the 
course of time.

M ixing o f  concrete

The simplest method used for concrete mixing is by manual 
means. I t  is done only where the quantity of concrete of insufficient 
to warrant the installation of machinery, tho working area is less or 
when the distance from the mixing position to the placing area is 
excessive. This method has also to be adopted in places where 
machinery cannot be used due to excessive noise produced by it, for 
example, near hospitals, etc. Whenever small quantity of concrete 
is to be mixed, good concrete can be obtained by hand mixing. This 
is not possible if  concrete has to be mixed in greater quantities by 
hand mixing. The usual procedure for mixing concrete manually 
is to carry out this operation on a  level, clean and less absorbant 
platform. The top of this platform must completely be covered 
with sheet metal or similar covering which will not flake under the 
action of shovels. The aggregates and cement are stored adjacent 
to this platform in a proper manner. Coarse aggregate is laid evenly 
in a layer over the platform and the fine aggregate is spread over it, 
The cement layer is then spread over it uniformly a t the top. In  
mixing the materials, care should be taken th a t each shovel contains 
some quantity  of each o f these materials. A suitable method of 
mixing is th a t the whole mass is mixed thoroughly 2 to 3 times while 
in dry state and again 2 to 3 times when water ia added.

Mechanioal mixing is adopted these days to a great extent. 
The following types of mixers are usually adopted :—

1. N on-Tilting Types r These are made in sizes from about 
£ cu. m. to 5 cu. m. In  most cases the drum rotates in one direction 
and the concrete is discharged by a hopper. The direction of rotation 
of the drum may be reversed to discharge the concrete.

2. Tilting Drum M ixers : These are generally made only in 
smaller sizes but a few larger machines up to 3 cu. m. capacity 
have been made which are capable of producing about 60 cu. m. of 
concrete per hour.

3. P an Mixers : These mixers are efficient but have small 
capacity.

4. Continuous Mixers : These mixers measure the ingredients 
by volume and once they have been set, their measuring is done 
more or less automotically. The power consumption of these mixers



is small and they cm-capable of producing 10 to 20 cu, m. of ooncrete 
per hour.

5. Truck Mixers : These are used when the mixed concrete 
i( to bt carried to a long distance. They are used in conjunction 
with a central batohing plant. Water is oarried in a separate tank 
eo that it can bo mixed in the truck when it. i» near the depositing 
area.

The ingredients in dry state are filled into hoppers or skips 
attached to the mixer. The coarse aggregates are placed first a t 
the bottom followed by fine aggregates and cement. These materials 
get admitted into the drums in the reverse order. No material 
should be put in the skip unless they have been mixed and used 
immediately. The materials are loaded into the skip after being 
correctly measured for large works and for a good quality of con­
crete. I t  is essential to have weighing machines with measuring 
devices for weighing the concrete ingredients correctly. Many types 
of weigh batching plants are available. These are swinging hopper 
types, horizontal hopper types and simple weigh batchers. They can 
be completely mobile or partially mobile and the hopper may be 
elevated or may have bottom discharging arrangements. The capa­
city of the plants is sufficient to give about 7 cu. m. of concrete 
per hour. For bigger works, fixed batching plants are used. They 
can be fed with bulk cement instead of cement available in sacks. 
They are economical only in large-scale construction as they need a 
lot of time for erection.

After all the materials have been put in the drum, mixing 
should continue until the mixture is uniform. The strength of con­
crete is effected by the duration of the mixing process. About one 
minute is necessary to give good strength and mixing up to 1£ 
minutes also improves the quality of concrete. There is no advant­
age in mixing beyond two minutes. The time between charging 
of the materials into the drums and discharging of the concrete is 
not lees than minutes. Some machines have a device for dis­
charging the mixed materials automatically after they have been 
mixed for a sufficient time. Sometimes it is specified th a t the 
materials should be mixed in a dry state before adding water. This 
may not be practicable with large batching and mixing plants. 
When the mixing plant is to be closed for more than one hour it 
should be cleaned.

T ran sp o rtin g  concrete

After mixing the concrete, it has to be delivered to the final 
position which it has to take in a building unit. Tho need of 
transporting concrete a t  the earliest possible time is essential because 
concrete should bo placed and compacted before the initial set of 
cement takes place. While transporting, it should be ensured that 
the containers are water-tight and that the loss of water and cement 
m avoided to a great extent. Segregation of the particles must be 
avoided at all costs as this would result in bad concrete. If it is 
puTced flur,r,g transit, concrete should be remixed before being



Good concrete may get spoiled by mishandling during trans­
portation from the mixer to the point of incorporation. This is more 
true for areas where greater load of concrete is essential. The 
methods of transportation usually adopted are :

1. Use of Iron Pans Which art Carried by Men
These pans have got a small capacity and are usually of such 

a size th a t one man can lift and walk easily over the required 
distance. For raising concrete over some height so as to place it 
on the top floors of a building, ladders are erected and men stand 
a t various levels. The same pan is being transferred from one 
person to the other quickly. This method of transporting concrete 
is only adopted for small and medium size buildings in India as it 
works out to be the oheapeat method with such type of construction.

2. Wheel Barrows
Ordinary wheel barrows hold about 2 cu. m. of concrete. The 

wheels may be fitted with pneumatic tyres to prevent the segrega­
tion of conorete on account of series of jerks which the wheel barrow 
is likely to exeprience while travelling over uneven surface.

3. Concrete Carta
These vary in capacity from 7 to  14 cu. m. and they are 

designed for easy pushing, tipping and discharging. Suitable wooden 
platforms are laid for their easy travel.

4. Hoists Used with Barrows
For tall structures hoists may be used either to lift the barrow 

to  the required height or to discharge the concrete into the hopper 
from which i t  is carried further. Some sites do not permit tho use 
of external hoist, e.g., in the case of steel buildings. In  confined 
areas the hoist must bo erected within the building and built up in 
sections. The topmost will rise a few feet above the working level. 
The guide rails are held up against each floor level by studs. A 
vertical hoist can frequently be arranged in multi-storeyed buildings 
within the space allowed for'stairs or lift wells. Otherwise temporary 
openings have to be left in the floor panels to allow for the hoists. 
Cranes may be used with hoist mainly to lift skips of concrete from 
the site of the mixer to the building where the concrete is to be 
placed.

5. Lorries
Lorries are used whenever the distance is great. Such a case 

occurs when concrete is to be deposited a t a place where it cannot 
be mixed due to tho non-availability of space. General mixing plant 
placed a t some distance from the site of work is erected. Special 
lorries suitably designed are used for transporting concrete. The 
concrete is covered to protect i t  from the sun, wind or rain during 
transport. The tim e to transport should not exceed more than 20 
minutes when mixed ooncrete is to  be carried.



6. Chutes

When concreto is to be placed below general ground level, the 
mixer can be placed on an upper level and concrete discharged to 
the lower level through a small chute of corrugated iron or timber, 
leading to barrows, carts or other transport facility or directly to the 
final position where it has to be deposited.
7. Pumping of Concrete

Pumping of concrete ig economical and successful where the 
size of the aggregates does not exceed 50 mm. and the concrete ia of 
medium workability. The control of aggregate gradings and the 
batching of mix have to be done effectively. The advantages of this 
type of work are that no traffic for transporting concrete within the 
working radius of about 600 metres from the pump is created. About 
8 to 25 cu. m. of concrete per hour can be delivered. The system 
is very flexible as the pipe lines can be easily changed. Handling 
of concrete between the mixer and the point of incorporation w 
avoided which makes a better quality of concrete. The plant con- 
siste of a pipe line and a pump. The type of the pump will vary 
slightly with the consistency of the concrete and length of the pipe 
line For a continuous discharge, it is essential for the mixing 
plant to be of an adequate capacity. These pumps are operated bv 
elect™ power or other means. The pipes are of a b iu t 15 cm 
internal diameter for large capacity pumps and about 10 cm. diame­
ter for smaller machines. Concrete can be delivered up to a  height 
of about 40 m. vertically or 2000 m. horizontally. The power required

a P<Ump ^  fu,! range caPacity is about 35 h. p. This type of transportation is rarely resorted to for building work
P la c in g  o f  c o n c re te
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voids in concrete while over-compaction may lead to segregation. 
Compaction is carried out by hand or mechanical means. Manual 
compaction is carried out by rodding, tamping or ramming. Rodding 
is used for the vertical section, tamping for slabs and ramming for 
heavy reinforced concrete. Rodding consists of a rod of wood or 
metal being pushed into the concrete and moving it up and down 
until the concrete is thoroughly worked into empty places and 
completely filling the corners and other awkward positions. Slabs 
should be tamped with tamping rod which serves the double purpose 
of compacting and finishing the concrete to the required level. 
Heavy masses of reinforced concrete work are rammed with wooden or 
steel rammer, the face of which is usually not less than 15 cm. square. 
Ramming is continued till the slurry of cement and water starts to 
appear on the upper face of the concrete. Honey-combing must be 
avoided in good concrete work. This is due to inefficient tamping 
or due to leakage of cement grout from the shuttering. The ramm­
ing should not be heavy as otherwise there is a tendency for concrete 
to rise against the side of the shutters and also to exert excessive 
pressure on the shuttering face.

Compaction, by the use of mechanical vibration is becoming 
more useful these days. The advantage with mechanical vibration 
is th a t lesser water/cement ratio can be used which can give good 
concrete and also economise cement. The principle of compaction 
by vibration is th a t when a concrete mass is vibrated, the surface 
structure between the particles gets considerably reduced and there­
by gives a sort of fluid nature to the concrete. As soon as the vibra­
tion is stopped such fluid properties disappear. The heavier particles 
sink rapidly to the bottom. Hence concrete which is very workable 
should not be compacted by vibration. The higher the frequency of 
vibration, the lesser the time needed for compaction. For higher 
frequency, the power consumption increases rapidly and also the wear 
and tear of the equipment increases disproportionately. The mini­
mum frequency for compaction appears to be 3600 r.p.m. Drier 
mixes or thick slabs can be compacted with larger amplitude or with 
larger frequenoy. A larger amplitude leads to more difficulties in 
finishing the surface. The usual types of vibrators used are internal, 
external, table and surface types. The internal vibrators consist of a 
long rod like vibrating head which has a  motor and vibrations are 
given to this rod. Basically they are of two types, the rigid type 
in whioh the motor is rigidly attached to the head of casing or vibra­
ting unit and the flexible type in whioh the vibrating head is mounted 
on the flexible shaft driven by an external motor or the vibrating head 
is mounted on a flexible hose feeding compressed a ir to the motor locat­
ed in the vibratory heads. Vibrating heads are available in various 
sizes, small sizes being used in mass concrete work and heavier sizes for 
reinforced work. External vibrators are designed for being attached 
to the formwork whioh contains concrete. They are operated by an 
electric motor or an  air motor. Table vibrators employed for vibrat- 
ing precast units are available in lengths up to 4 m. These are not 
used in building construction work otherwise.

Where the sections of conorete members are thin and they are



reinforced, vibration is to be done carefully. A higher water/cement 
ratio would be necessary in such work. Vibration saves times and 
labour in placing concrete. Good surface finishes aro also produced 
and side shutters can be easily removed. The slump should never 
exceed 5 cm. but lesser slump can be used when compaction can be 
thoroughly done. In the construction of walls, it must be ensured 
that the formwork is strong so that it does not get loosened on 
account of vibrations.

Vibration should be stopped when the water comes to the top 
of the concrete. Longer periods of vibration are required to compact 
the concrete made with angular aggregates than that of the rounded 
aggregates. Vibrators have to be firmly attached with the shut­
tering so that energy may not be lost in vibrating the formwork 
only. For general work the internal vibrator is well known and 
is usually adopted. The advantages of this type are that the 
vibrator actually gets into the concrete and vibrations are therefore 
directly transmitted. I t  is easily moved from point to point. The 
operator can also observe the behaviour of concrete under vibration. 
These vibrators should be used vertically and should penetrate to 
the full depth. They should be inserted and withdrawn slowly and 
removed from concrete as soon as cement paste starts to appear on 
the surface.

Curing concrete

The setting of cement in concrete takes place on account of 
hydration. Hydration continues for a great length of time but its 
rate decreases. Hence concrete must be kept moist till it gains suffi­
cient strength. The mixing water is usually sufficient for initial 
hydration but most of the quantity of water is lost by evaporation 
a t the surface. This is to be prevented by curing.

The period of curing depends on the type of work, the type of 
cement, and the climatic conditions. Normally for ordniary Portland 
cement, the concrete must be cured a t  least for a  period of 7 to iO 
days. This period may be reduced in the case of rapid hardening 
cement.

The generally adopted method is to apply periodically water 
from a hose to exposed parts of concrete or by covering the face of 
walls with sacks, hessing, or cooonut matting, eto. Horizontal 
surfaces which can bear the presence of exterior agencies to some 
extent can be moistened by a covering of wet sand, earth, saw-dust 
or by covering with water to a depth of 3 cm. or so. Thia’water in 
small ponds is kept within small clay bunds. These days large flat 
surfaces are sprayed with patented compounds or bituminous emul­
sions, and sometime the surface is covered with water proof papers. 
These papers consist of two sheets of white, tough, durable kraft 
paper joined together by a bituminous material.

A layer of Calcium Chloride spreaded on the concrete absorbs 
the moisture from the atmosphere and ia helpful in curing the 
concrete but the process is expensive.



The purpose of these coatings is to prevent water evaporation. 
They are applied as soon as the concrete is finished. Bituminous 
layers are only advisable where the exterior finish is not of much 
importance.

. A process of steam curing is widely used these days to cure 
precast pipes and other precast units. I t  accelerates the rate of 
gain of strength, reduces the time required for curing and enables 
early removal of formwork, thereby increases the rate of production 
of the units with a  resultant saving in cost.

Reinforced concrete colum n s

Reinforced concrete columns are of various types. They may 
be of square, rectangular, hexagonal, octagonal or circular sections. 
The main constituents of the R. C. C. columns are the longitudinal 
bars which take the main load. These are tied by lateral steel bars 
which act as ties. These ties prevent the buckling of these longi­
tudinal barB and keep them in position with respect to each other. 
Sometimes these ties are made in the form of spiral and this is called 
spirally reinforced columns. This spiral has got the additional advan­
tage of providing extra strength to the column. Other types of 
columns usually are composite columns which consist of simple 
sections of steel pipes or joist sections which are encased in reinforced 
concrete work- Columns at the corners of buildings may be *L’ 
shaped. For bigger oolumns the arrangement of ties is to be sui­
tably varied to account for the size of the column. The load of the 
column is distributed between the concrete and longitudinal bar. 
The to tal area of the longitudinal bar is not less than 0-8% and not 
greater than 8%. The minimum d im eter of such reinforcement is 
not less than 12 mm. and not greater than 5 cm. A 4 cm. cover of 
concrete is a t least provided on all sides of tho main steel. The 
minimum diameter of lateral ties is 5 nm . and the maximum size 
usually adopted is 12 mm. as bending would become difficult for bigger 
sizes. The pitch of the lateral steel is not greater than 48 times the 
diameter of transverse bars or the ltast dimensions of the column or 
16 times the diameter of the longitudinal steel. The volume of the 
lateral reinforcement is not to be less than 4% of the total volume of 
column. The longitudinal steel is suitably lapped whenever necessary. 
The spiral reinforcement of the column is held in place by a t least 6 
vertical bars.

After the column shuttering has been fixed, the reinforcement 
is checked and separated from the shuttering with the aid of small 
fillets so as to provide suitable oover to the steel. The first lift of 
concrete is then deposited and the shattering is raised by another 
stage. The operation of placing concrete in each lift is continued 
but the rate of vertical progress is not to exceed about one metre in 
half an hour. The depth of concrete placed in a single layer is 
frequently specified and is not to exceed one metre. The risk of 
aggregates dropping towards the bottom of the shuttering or the 
presence of cavities being left, ia minimised, whenever the bottom
25 (54 49/1976)



layer is allowed to set before the next layer is laid. Settlement is 
accelerated by ramming and tamping or by the use of vibrators. In 
the case of deep single deposits of concrete, hammering outside
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TIES

CIRCULAR
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WITH
CIRCULAR
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Tigs. 987.968, T yp ica l d e ta ils  o f  R .C.C. colum ns.

W  ?ombined wlkh the



a t the top of the column. The concrete is deposited centrally in the 
column. In the case of tall columns it is not permissible to  drop 
the concrete vertically from the top of the box. I t  should be fed 
in a t a convenient height through a chute extending to the centre 
ot the column. The concrete should not be dicharged directly from 
long chutes into the column box or else honey-combing may result. 
The concrete in the column is usually stopped a few centimetres 
below the letel of the beams running into the columns. The portion 
of the column thus left is concreted with the beams. The consistency 
of ooncrete in column is sometimes varied. Drier concrete is 
uaed in the upper portions, as it is advantageous while placing 
continues.

Concreting of columns of different storeys ia to be carried out 
very accurately. The central lines of column must be accurately 
one above the other for columns which are placed in different floors. 
I his must be checked a t every stage of construction. Since the loads 
in the top storey are lesser, the section of column also gets reduced 
correspondingly. The steel from the column in the lower storey is 
bent so as to get accommodated in th« column of the top floor.

The steel or cast iron core of a composite column must be 
thoroughly encased in a reinforced concrete cover so th a t the load is 
carried by the concrete, the longitudinal bar and the core. The cross 
sectional area of the core should not be greater than 20% of the gross 
area of the column.

R.C.C. beam s and girders

Reinforced concrete beams are being commonly adopted in 
building construction these days. The strength of a R.C.C. beam 
depends on the composite action of concrete and steel, the former 
taking all compressive forces whereas the latter takes all the tensile
stresses.

This beam in its simplest form is rectangular. Steel is 
provided a t the bottom in the form of bars to take tensile forces. 
Concrete in the lower portion does not take any force but 
merely keeps the bars in position. Rectangular beams are adopted 
wherever the slabs resting on the beams are of a different mate* 
rial or are not cast monolithically with the former. Since con- 
crete in the lower portion is not useful it can be omitted and only 
that much quantity  can be left which is sufficient to keep the steel 
in position. The slab is cast monolithically with the beams and if it 
extends on both sides of the beams, a T-beam is developed. 
This beam is more economical. Whenever the slab extends on the 
side of the beam only and is monolithio, it is termed as an L-beam 
and is used a t the end walls of rooms. Due to the lim itations of tho 
size of the beams it may become necessary to place steel bars a t  the 
top also to take additional compressive forces. This type of beam is 
termed as doubly reinforced beam and is not economical due to 
excessive cost of steel.



The R.C C. beams as described above may therefore consist 
of steel rods running along the length of the ^ a m  and placed a t 
bottom or both a t top and bottom. Add.tional steel has t b e  
provided in the vertical direction or m the fono °fT1?0 barB in
t a k e  o a r e  o f  t h e  shearing stresses created in a beam. The barei m
the vertical direction (stirrups) take a U-shape and are oonneoted to 
the longitudinal main bars a t one side and to additional longitudinal 
h o l d i n g 'bar a t t h e  other end. For bigger beams, these U-shaped 
bars are suitably altered in shape so as to keep them in contact 
with aa many longitudinal main bars as possible and thereby 
keeping them in correct position and also giving the desired area 
per unit length of the beam to resist the shearing forces. The 
spacing of vertical stirrups or inclined bars is suitably varied 
according to the shearing forces se^ up a t a given section, usually 
the spacing is least at the supports of the beam as the shearing forces 
are greatest there. The bars which carry the forces must have an 
adequate grip with concrete. For this reason, the ends are hooked

CIRCULAR BAR

SQUARE BAR

TWISTED BAR

Figg, 997-1000. D ifferen t ty p e*  o f  b a rs  u sed  in  R .C .C . w ork.

or extra lengths are provided to account for the gripping action. 
Alternately, deformed bars shown in Figs. 997-1000 may be used as 
they have a greater holding power with concrete.

For economical reasons the beams may be continuous over 
several supports. They may also be made monolithic with columns 
over whioh they rest and with the connecting girders. (See Figs. 
1001-1005). The main reinforcement of such beams has to be 
provided oarefully as tensile stresses occur on the top face a t  the 
supports of these beams and in the bottom face a t  the mid-Bpans. 
The steel has to be provided on these faces a t  these points. The 
bars have to be suitably extended into the adjacent panel to give 
proper laps. They are also anohored into the columns. (See Figs. 
1006-1009J.
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R einforced  concrete  slab s

To span small openings and distances between beams, R.C.C. 
slabs are used. These slabs have steel bars placed a t  the bottom surface 
to take care of the tensile forces created in them. F o r sm all spans, 
no steel is provided a t  the top but for greater spans an d  w henever 
th is  slab rests on masonry walls a  part of the bottom steel w hich is
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provided in the top surface of the slab over this area. The bottom 
steel is taken continuous over all the spans and its quantity over the 
supports may be reduced since very small tensile stresses are oreated 
in the bottom of the slab a t this point.

For small spans the slabs are simply supported over small 
rolled steel joists which carry the loads in turn. For bigger spans, 
monolithic construction is desirable as this is going to economise 
the quantity  of R.C.C. work. Where the R.C.C. beams intersect the 
slab it should be ensured tha t no congestion of reinforcement is 
created as otherwise concreting would be difficult.

The usual typo of reinforcement adopted for slab work consists 
of round square or cold twiBted or deformed bars but for small spans 
wire mesh or XPM Jali may be used. Where the length of the room 
is not greater than or equal to twice the width of the room, it is 
economical to put the steel bars in both the directions. This type 
of construction is called a two-way slab which is shown in Figs. 
1010-1014. I f  such a slab is built within masonry walls, additional 
bars have to be provided over the corners to account for the excessive 
stress oreated therein due to the restraining effect of the masonry 
a t  the top. The reinforcement of a two-way slab runs from corner to 
corner and additional steel should be provided to take care of tem ­
perature stresses. Whenever beams are not desirable for supporting 
the slabs, the slab in turn may be carried over columns whioh have 
got top ends flared out. The slab in such cases gives a smooth sur­
face, is economical for heavier loads, gives better lighting and is clean. 
This type of slab is called a  flat slab. Such construction can also 
be done by thickening the area of the slab over the columns which 
are called drops. F lat slab construction is usually adopted in fac­
tories, big parking areas, restaurants, etc. In  this type of work the 
distance between the columns has to be suitably arranged so as to 
get an economical construction.

For spanning greater lengths where no support is desirable 
usually ribbed slab construction is followed. This slab work consists 
of a series of Bmall joists spaoed very closely and cast monolithieally 
with the top slab. These joists carry little reinforcement and 
conorete in them is sufficient to keep the bars in position with respect 
to slab. The slab is reinforced as usual. These ribs are made 
wide only to resist the shearing forces and the steel in them is never 
more than th a t of an ordinary slab. Occasionally it may be advan- 
tageous to support the slab on four sides and provide the ribs in 
both directions The construction of ribbed slabs has been described 
under the chapter on “Flooring”

Before concreting the beams and slabs, the shuttering should 
be cleaned out. The reinforcement should be checked and the 
shuttering saturated with water. The ribs of the T-beann should 
be concreted a t the same time as the slab. For larger concrete 
beams i t  is better to allow an interval of not less than one hour 
so that the conorete in the rib may be allowed to get initial settle­
ment before the conorete in the slab is placed. When the concrete 
in the rib is placed separately, the rib is not conoreted completely



but a zap of about 5 to 8 cm. below the soffit of tlie slab is left to to I S  directly with the slab. Conoretmg the n b  and slab
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Figs. 1010*1014. Tw o-w ay slab  deta ils.

simultaneously ensures monolithic construction but the slab rein­
forcement is liable to be displaced. Whenever the slab and the
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beam rib  a re  concreted separately  the  top  surfaoe of the  rib  should 
be oleaned an d  w etted  eo aa to  ensure a  good joint between the 
m embers.

S lab  should be ooncreted in one operation to the  entire depth.
The oorreot top level and thickness of the slab are obtained by a 
grading board being worked to the correct height of the adjacent 
slabs or other markings. To obtain level face and to guard against 
depressions in the middle of the panels, a small camber of 5 to 10 mm. 
is given to the beam. The joint in the day’s work should be finished 
carefully and generally they should occur in the middle of the span 
of a beam. Due to the large area of concrete being exposed, the 
curing of slabs should be done effectively. Best method is to create 
small wooden bunds along the top surface and pond the water within 
them. Alternatively saw dust in wet state may be spread over the 
slab, frequent watering being essential. Top surface of the slab 
must be left rough so as to have a proper bond with any finish which 
is applied later on.

F ram ed b u ild in gs
Modern multi-storeyed buildings consist of reinforced concrete 

frames. These frames are units of columns and beams interconnected 
with each other so as to form a grid of the beams and girders. The 
slabs are built monolithically to carry the various floor loads. The 
foundations of these columns may be of individual type, a combined 
type or a  raft foundation depending on the circumstances. Ine 
columns are the main load carrying members and have to be designed 
adequately to withstand the forces of dead loads, live loads, wind 
loads and earthquake forces.

The beams rest on girders and these form the mam load trans­
forming members to the columns. Whenever larger spans are 
involved, secondary beams spanning across the mam ^
introduced to take care of the load distribution, the slab bemg 
spanned across these secondary beams.

I t  is difficult to conorete such a building in one “P6™*1™ 
hence construction joints are to be given a t intervals. T h e s e ,„mt8 
are so located and constructed so as not to reduce the 
the building as a whole. The joints m slate bean*.and ;gtfders
should bo vertical and a t proper places where the aĥ " 8
are least. The columns are concreted in suitable heightsi so^as 
give a proper lap with the sides of beams and columns w hich »r< 
going to dome in the upper storeys The section 
storeyed buildings showing the slabs girders and 
in Fiizs 1016.1010. In  multi-storeyed buildings, to  have rooms 
smaller sizes within th e  floor area,, it is necessary <to crea te  ' 
w hich are of light weight materials and are o f  smaH th idm ew M . 
Provisions are to be kept for lifts so as to transport people from  one 
floor to the other.

The concreting of these buildings is done in a sim ilar m anner as 
desoribed for individual units.
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The use of R.C.C. arohes and rigid frame structures in building 
construction is becoming very popular. A simple type of construe.
tion consists of sloping roof with side columns built in a bent shape.

 ̂ spamief 1 across the main frame which in turn takes
the f r,n8‘Bt8 0f ,hick R-C-C- spanned acrossthe mam frame. The frame itself is a continuous beam running 
from one footing to the other. To reduce the stress, the footing



ends may be hinged with the aid of suitable constructional devices. 
Openings are le ft within side walls for doors and windows. A suit­
able flooring can be given. This type of frame work is suitable in

small buildings which have to act as sheds and warehouses. This 
portal frame, bent in shape, can be replaced by any arch section 
which would be continuous and can take loads in a similar manner.

S h e ll s tr u c tu r e s
Due to large floor spans being covered uninterrupted by columns 

and for economical reasons, shell roof is becoming very popu ar for 
industrial buildings, research labs, hangers and other large buildings^
A shell structure oonsists o f relatively thin slab which is curved in 
one or both directions and may be stiffened along its edges to rna.iv 
tain its curvature. Appreciable reduction of dead weight results 
by the use o f shell structure.

A major portion of a shell is subjected to 
account o f the peculiar shape which has been ’• ^ ^
being a very goo?  material to take
structure is ev idently  economical, in e  and the
further lessened la , a number o f t t o m h a v t o £  
oentermg can be repeated every now aim •»
cost o f  the shell structures is least The e - beoause
advantage. The floor ^ P - e  can bc
larger spans can be created J ‘^ ess"  which i8 „ eated in a shell
is available in  the greater space vuium H,irface8 are
structure. A better appearance and goo Qut idl if
possible. The construction ot a snen 
proper care is taken to exeoute the job.

%r ■ *.■ f  „n efrnoture have been built and various
Shapes a «  aTway,‘ being developed Shells of double curvature have



Zn built in many form*
p o ly g o n a l »hapea, «>n«)ida P raajority of shell roofs are

longor 8hort “ ' In

Figa. 1018-1020. Type* o f shell s tru c tu re * .

the latter case, the shell has a long radius whioh ia variable because 
the shell ia supported on long span with arch riba which are oloaely 
placed. The span of the shell between arch ribs ia small compared 
with the span of the supporting ribs. In  long barrels the cylinder 
itself becomes the supporting member between columna. The length 
of the cylinder is usually greater than its radius of curvature. The 
cylinder may be used single or in a  aeries.

Shells are used for covering the floor spaces in factories and aa 
such they have north light arrangements. These shells have got 
edge beams at the ends and proviaion is kept for the lighting in the 
sloping walls of the roof. North light ahell construction ia very 
economical. Similarly cantilevered roof type shells are used for



( o t o r y  a r e a s .  In  this type of construction, the shell roof is  canti- 
1 v e r e d  o u t  from a s e r ie B  of columns. For rigidity, ribs are introduced 

c ro s s  the length of the shells for spanning this type of structure.

TOP GLAIlNG

Cam tilEve* 
OOOf

S p e c i a l  s n » p »  — ~ - f  t h e  8 p h e r i c a l  t r i a n g l e s ,
curved shells, sheila m ohefo ^  economica, rea900B.

Similarly corrugated shellsi ^  wh;ch ig o f corrugated
Figa. 1 0 &3 - 1 0 2 5  show  the twin otei p B u j ,d i Research Institute,
type and has been built a t determines largely the rigidity
Roorkee. The depth of °?rru8 ^ L  increaaed as the span increase*, 
of the arch ring. This depth must be increase



F ig ,. 1023.1026. D e ta ils  o f cteigphon shell roof (c o rru g a te d  type)

u r2 fits r;rzr, „irr:,Prs s *
provided with suitable ventilators and windows y are

The construction of shell roofs is not difficult hut i 
W u l  designing and handling of formwork. After S ^ r u X r e



j8 d e s ig n e d  the most important factor that governs its cost is the 
t«pe of formwork which is used. The formwork structure must be 
b o  d e s ig n e d  th a t repeated use of the same form becomes possible. 
In case larger units of formwork are adopted they lead to practical 
difficulties in handling them carefully. Mobile forms are genera ily 
used and these become specially convenient when the Bhell structure 
consists of one or more unbroken barrels with the smooth unobstruc­
ted units. Pa ten t formwork which may consist of tubular steel 
fittings is increasingly used in the shell construction in other coun­
tries. Similar type of formwork has been used for corrugated shells 
a t Roorkee. To reproduce the exact shape of the shell, a skeleton 
of a few arch ribs, which are prefabricated in the workshop and of 
straight tubes, is used. The ribs determine the type of longitudinal 
corrugation of the structure and the distance a t which these are 
erected forms the  basis of the depth of corrugation in the final

structure. These ribs are joined a t the site 
v e rtica lly  The ribs are, securec 1 by means of ^  P P

l Z PlZ ^ eZ Z  ^ lo n g ^ h e  bottom of the n b ^ o n ^ d e  and a t 
the other it is taken down to the valley beam. <nVen
over this bessian after a coat of cement wash has been giv .

Wooden formwork can also be used f o r a n d  
type of f " ™ ™ ^ .f° r  a “° r th  light sheM w s featM68 o{

t L ^ o l  formwork i n s i s t  ^ - d e n  t r u . e ^  w h .h  have been 
built to the required shape and are spaced a t suitable interv .

Suitable b a t t e n  or sheeting pU tcs^o tlT^e
S e l . 8UT t° et o p ^ r t e ° ; r wdh i i fathe ln c r e te  is placed should be



c o v e r e d  w i t h  .  t h m c o a t o f  spedal the
o o n c re te  w h e n  > »"* ™  ^  T h o  v e r t io » l  pouts or bailies supporting 
fo rm s  18 t h e r e b y  fa c l1 ' ^  . ,  on w00(jen wedges whioh are suppor- 
S 3  o°„f“ 3 e n " s  o l  otherwise so as to prevent the settlement to 
a  g r e a t  e x t e n t .

F ig .  1027. W o o den  fo rm w o rk  fo r b a rre l she ll roof.

Concreting of shellsdnay be done in one thickness or in two or 
more lavera in case the cover to the steel cannot be given properly. 
Richer miles of concrete are usually adopted. The concrete is 
started from the edge beams or the end frames Whenever concret­
ing is restarted, thick, slurry of cement is applied a t the joints alter 
cleaning them thoroughly. Suitable m a r k in g s  should be erected a t 
intervals so that the exact thickness of the shell is obtained, lhe 
reinforcement should be placed carefully and its exact position may 
be marked with chalk on the formwork.
Prestressed concrete construction

Preatressed concrete ia more economical for building construc­
tion wherever large conatruction is involved or whenever the handling 
costs are less and also where it ia difficult to erect shuttering. 
Prestressed concrete has been used in tho construction of building 
components like columns, beams, slab9, etc. Large areaa can be 
coveped without the use of interior columns by prestressing. Similarly

i are also being used for economical construction. Basically



two methods of preatreased concrete are used, one is the pre-tension 
method and the other is the post-tension method. In the pre-tension 
method the high tensile steel is placed in the formwork so that it 
gets stretched. When the concrete is hardened it is released and 
transfers all the forces to the concrete. This type of a member when 
used to bear the forces of bending can stand muoh greater loads 
as the  stresses which are introduced in the concrete under load are 
opposite to that of the stresses oreated by the prestressing, thereby 
large savings in sections are possible. Since the dead weight of the 
structural members gets decreased considerably it is possible to use 
lighter sections and thereby more economy is possible. In  the 
ordinary reinforced concrete work we cannot economically make 
use of higher strength of the concrete as the steel needed for such 
type of work would be excessive whereas in the case of prestressed 
concrete we can use a higher strength of concrete and thereby 
economise in the section.

The other method of prestressing is by applying the pull to the 
cable when the concrete is set and transferring the forces of the pull 
on to the conorete member through suitable anchorages which are 
embedded a t the ends of the concrete member. This method is gain­
ing wider application for types of works which involve large sections 
to be used, but it is not so economical in the case of buildings where­
in smaller sections have to be built but of a greater number. For 
building units the pre-tension method described earlier is used.

In  all prestressed work the units are made earlier and are 
placed in the building without the aid of any formwork, etc.

Prestreseed concrete is used for slab work in various forms. 
These slabs are not very economical but have been adopted in 
building construction. These slabs have been prestressed as conti­
nuous units. Alternatively they have been prestressed in both the 
directions so th a t they can be used for higher spans. Similarly 
projecting ribs can be added to these slabs to further economise their 
construction (Figs. 1028-1029). The only possible construction in 
the case of slabs is to have precast pre tension slabs thereby saving 
the forms. The economic spans of slabs which are precast are 
generally more than 6 m. to 7 m. For smaller spans, slabs can 
be economically built of reinforced concrete. When spans are greater 
than 10 m. slabs even though precast would become too heavy for 
economic lifting and as such ribs as described above or beams have 
to be provided. The lift slab type of construction which has 
resulted from an effort to reduce the cost of concrete construction 
by eliminating the expenses of bottom shuttering can be of prestressed 
type. These slabs are cast and prestressed a t the ground level and 
then lifted into position by hydraulic jaoks mounted on the top of the 
columns. The prestressing of these slabs reduces the thickness, 
controls deflection and makes lifting more economical.

Prestreased floor or roof construction oonsists of small prestre­
ssed beams which are spaced a t 1 m. to 1 |  m. centres and are covered 
with precast reinforced slabs. For spans up to  7 m. or so the beams 
are precast and pre-tensioned in a factory. They are generally o f  a
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T-»otion with a flange of about 12 cm. in width,
IS to 30 cm. depending upon the span. Tho .labs y g ^

S 2 T  “e°«»8 o f  smalle™ sections than specified
above having a sort of I-shape are used for floor slab construction.

^  L '
•-WALL R ,a &

PRE-STRESSING CABLE

Figs. 1028-1029. P rea treased  s lab  w ith  rib s  c o n ta in in g  p re a tre sse d  cab les  
in  b o th  d irec tions-

These beams are spaced a t about 30 to 45 cm. centre to centre and 
hollow clay tiles are supported on the bottom flange of the beams. 
The top portion i§ then covered with a conorete topping (see Fig. 1031).

eater than 8 m. post tension primary beams are placed



7 to  8 m. a p a rt and  preoast secondary beam s are  laid on th e  top  
o f th e  bottom  flange of these prim ary  beams. These secondary 
beams are kep t close w ith respeot to  each o ther and are covered 
w ith  reinforced o r unreinforced precast slabs as described above.

F ig . 10SQ. P rea tressed  beam s w ith  R .C.C. slabs.

For bigger spans, the beams may be of greater dimensions. These 
beams are usually of post-tension type and cast in situ. These beams

F ig . 1031. P re s tre w e d  b eam s w ith  a  hollow o ley  t i le  floor 

have a sort of slope given to their top so that they have more depth 
a t  the centre of their span. I-beams *\re economical but for greater

MAIN BEAM BEAM
J -  i l O l O N

F ig . 1032 P re s tre s se d  floor c o n s tru c tio n  u s in g  seo o n d a ry  b ea m s 
a n d  m ain  b eam s.

economy tho upper flange of the I-beams m ay be of g rea te r w idth . 
Beams can also be of continuous type and the prestressing can ex tend  
throughout the length.

A lthough i t  is tisually  n o t necessary to  p res tress  build ing  
c o lu m n s  s o m e t im e s  i t  m ay be econom ical t o  do so due to  th e  excea. 
s iv e  bending forces whioh th e  colum n has to  resist. Preatresaed 
ooncrete piles have also been bu ilt o f la rge  length  as they  a re  m ore 
economical. T he p restressing  techn ique has been extended to  th e  
U B 9 o f  shells, s ta irs, etc.



Prccw t concrete construction
Precast concrete members can be used for building construc­

tion to facilitate construction and economise in cost. As described 
earlier, Waite of hollow block masonry are advantageous as they are 
easv to construct, are cheaper and have got a great thermal insulation 
effeot They considerably save mortar as compared to brickwork 
as the joints are lesser. Internal plastering is reduced as a good 
surface can be obtained with one coat of material only instead of two.

These blocks are built with concrete, the forms of which can 
be reused a number of times. Special types of forms arc adopted 
keeping in view the types of hollows, eto., which are to be left in 
the blocks.

Precast concrete door and window frames can also be built. 
Steel bars of about i  mm. to i  cm. in diameter run through them. 
Suitable hard wood blocks are used for filing hinges, etc., to  them. 
The concrete is vibrated on a table vibrator as it is poured into the 
moulds, thereby forming a durable mix.

Fig. 1033. Praonat R.C.C. north light shell roof construction.

Precast concrete can be used for roofing elements also as re­
inforced concrete battens can be used for flat roofs instead of wooden 
sections. They are also cast in special types of forms.

Plain concrete or lightly reinforced concrete can be used in 
the form of precast shells for roofing. Plain concrete, doubly curved 
shells have been developed a t the Central Building Research Institute 
Roorkee. While making them, a suitable framo is built over which



Hessian cloth is spread. This cloth has to  be given a  so rt o f  sag and 
ttas; in ternal tension is controlled by the depth indicating  fram e. 
Over this, a  th in  f ra m e o f  abou t 2 6 cm. height is placed to  re ta in  
the  w et concrete and regulate its thickness. A piece of chicken 
mesh is n ex t placed on the m ould to  ac t as  a reinforcem ent. Cement 
conorete is poured over the  hessian and  m anually com pacted. The 
iram e is rested to  perm it the  hessian to  sag w ith  the  w et concrete. 
Moulds are se t up for the  edge beams and  su itab le steel rods are  
placed w ithm  these moulds. These beams a re ' then  concreted. The 
beam sides are  dem oulded after an hour o f casting. T he u n it is 
cured for ab o u t two days and is inverted for use. The final Bh&pe

PfiC-CAST 
R.CC. 8£ AM

F ig . 1034. D oub ly  cu rv ed  p re c a s t  co n c re te  un it.
o f th e  u n it as placed on sm all T-beam s is shown in  Fig. 1034. The 
top  surface o f th e  roof th u s  form ed is wavy and  as such the depressions 
a re  filled w ith  concrete or ea rth  so th a t  a  top  level surface m ay be 
ob ta ined . These u n its  can be of 1 m. x l  m. to -abou t 3 m . x 3  m. 
in  size.
C o n c re te  f in is h e s

Surface finishes m ay be obta ined  either from form w ork o r by  
surface tre a tm en ts  or by applied finishes.

T he form w ork finishes are  th e  p a tte rn s  which are  crea ted  on 
the  surfaoe o f  concrete m erely by th e  type  of form w ork used an d  no 
add itiona l tre a tm e n t is given. I f  proper care is n o t ta k en  in th e  
selection o f a  good form w ork, the  g ra ins and m any defects in th e  
wooden board ing  are  reproduced. Tw isted o r w arped wooden boards 
c rea te  uneven surfaoe. Sim ilarly  honey-com bing can be caused by  
the  leakage o f cem ent paste  th rough th e  jo in ts o f th e  boardings. The 
effeot o f rough tim b er can  be created deliberately  by having#boardings 
o f  unequal thicknesses.

T he boards m ay be cham fered a t  th e  edges so as to  o raate 
small e levated  lines on the  surfaoe o f concrete. F illets  can  be nailed  
over the  concrete form w ork to  give a n  appearance o f  grooves along 
th e  surfaoe o f th e  concrete. A sm ooth surface can be ob ta ined  by 
lining th e  form w ork w ith  th in  steel sheets o r plywood. To p reven t 
the  rep roduction  o f grains, plywood shou ld  be p ain ted . P leasing  
effects oan be ob ta ined  by  using  linings o f  hessian inside th e  form s. 
F or all types o f linings, care should be taken  th a t  th e  jo in ts  o f  the  
lin ings a re  tig h t.

Surface tre a tm en ts  are  som etim es adop ted  for giving a  b e t te r  
appearance  to  th e  conorete. T he sim plest form  of surfaoe tre a tm en t 
is to  rem ove th e  o u te r film o f cem ent from  the  conorete an d  the reby  
expose th e  coarse aggregate. W ith  all exposed aggrega te  finishes, i t



should be ensured that the concrete is well mixed and the external 
a m  ia removed within 48 hoars of concreting. The surface can be 
scrubbed with stiff brushes and water Care should be taken to 
check up that oonorete i»  s u f f i c i e n t l y  hard so M  t o  prevent the dis­
lodging of the bigger particles. Retarding agents which delay the 
setting of the cement can be applied to ‘^ i n t e r n a l  faoe of the 
formwork and the outer surface can be demoulded easily later on. 
Similarly by washing the outer surface with a dilute solution of hydro­
chloric acid, the thin film can be easily removed. A bush hammer 
can be worked against the face of hardened ooncrete so as to create 
rough surface. Similarly the surfaoe can be punched with ohisels.

Applied finishes may consist of paints or application of thin 
ooata of mortar. Over these coats of mortar a number of surface 
treatments can be given. These include the placing of pebbles or 
creating ornamental finishes.
Joints

Construction joints may be as strong as concrete in the other 
portions of structural members or may be a source of weakness due 
to faulty construction. A badly formed joint may allow water to 
enter and subsequently lead to defects. The first step in preparing 
the construction joints is to remove any laitanoe, scum or other 
loose conorete. The exposed surfaoe of the old ooncrete should be 
thoroughly wet and given a grout of neat cement and an application 
of 1 : 2 cement sand mortar immediately before placing the new 
ooncrete. The grout and mortar application should be kept as thin 
as practicable as otherwise the line of the joint will be emphasised 
on the finished surface. A solution of hydroohloric acid and water 
is sometimes used in place of hammering to remove the cement on 
the exposed face a t the construction joint but care baa to be taken 
to remove all these acids completely before the grout is applied. As

Figs. ]036-1038. Jo int* in elabc ftnd walla,

far as the profile of the constructional joint is concerned the keyed 
joint is better indicated in Figs. 1035-1038. Suitable boards should 

lbs and bars should be allowed to pass through.



Construction joints should be reduced to a minimum and their 
position should be predetermined afi^r careful consideration. The 
amount of work to bo done each day should be decided and this 
should decide the position for the joints. Primarily the joints should 
be a t the section where the shearing is minimum and the face of 
the joint should be perpendicular to the compressive forces in the 
member. Thus for the beams, the joint should be a t  the centre of 
the span or a t the most within the middle third. The face of the 
joint should be vertical. If the joint in the slab is made normal 
to the main reinforcement, it should bo placed a t the centre of the 
span but if it is placed parallel to the main steel it may be placed 
anywhere so long as it ia not nearer than 8 times the thickness of the 
slab from the edge of the parallel beam designed as a T-beam. When 
conoreting columns, the constructional joint should be horizontal and 
placed a few cm. below the beam intersection. In  framed buildings 
the constructional joint should be a t the joint of counter-flexture or 
alternatively a t a  place of maximum shear.

The necessity of introducing permanent joints in reinforced 
struoture is to allow for shrinkage, temperature changes, settlements 
etc. Joints in retaining walls and floors laid on solid ground must 
be defined correctly. Jo in t should be placed where'concrete in one 
operation can be completed and thu3 the joining becomes obligatory. 
Joints are also placed where the marked reduction in the width of 
the slab occurs. The simplest type of joint such as that which 
occurs between panels of slabs laid directly on the ground may be a 
dry joint. The stopping board a t the end of one period of concreting 
is removed, the strip  of water proof-paper may be placed a t  the end 
before placing the concrete in the adjacent panels. In  plaoe of 
water-proof paper, felt or bitumen sheeting may be used. Some­
times a gap of 5 mm. to 10 mm. is left between adjacent panels 
and these gap3 are left open or filled with asphalt or a mixture of 
sand and asphalt. The joint in the roofs should be water-tight and 
copper strips or water bars are sometimes placed. For simpler 
work, rubbed or coated joints may be given. The joints in the 
external walls of buildings must be protected from the effects of 
weather and as suoh a simple joint behind an external column is 
used. A more effective joint is by incorporating a copper atrip, 
ends of which are greased and are free to move whenever move­
ment starts to take place.

QUESTIONS
1. W h a t  is th e  a d v a n ta g e  o f re in fo rced  co n c re te  co n s tru c tio n  t  D es­

c r ib e  briefly  one o f  th o  m eth o d s for d esig n in g  a  co n c re te  m ix.
2. D escribe briefly  th e  s te p s  in  th e  p re p a ra tio n  o f  co n c re te  w ith  th e  

a id  o f  m o d e m  m ech an ica l a p p lian c es .
3. W h a t  a re  th e  v a rio u s  m e th o d s  fo r t ra n s p o r tin g  co n c re te  ?
W h a t is th e  a d v a n ta g e  o f  th e  co m p a c tio n  o f  co n c re te  ? B riefly  d esc rib e  

th e  v a r io u s  m e th o d s  o f  co m p a c tin g  co n c re te .
4. D raw  n e a t  sk e tc h e s  o f  R .C .C . co lu m n  w ith  th e  detailB  o f re in fo rce ­

m e n t in  fo o tin g s  a n d  ju n c tio n s  w ith  beam s. H ow  is th e  c o n c re tin g  o f  co lum ns 
a n d  b e a m s  c a rr ie d  o u t  ?

5. W rite  a  b r i e f  d e sc rip tio n  o f  tfie  v a r io u s  ty p e s  o f  R .C .C . shell*  used  
in  \j<v\lding w ork . I l lu s t r a te  y o u r an sw er w ith  sk e tch e s .



6. W rit# short not#* on :
(*) Jo in ts  in ooaorett? work.

(ii) Concrete Bakfoe*.
(•**) Precast aonoreto eonsfcraofeion,
Hv) U ti l ity  o f  p re e tra sn d  oonslruotion in bu ild ing  work.
(v) Caring o f oonerofee.
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Concrete construction in the modern building work has assumed 

a lot of importance and is being used to a great extent. Concrete, 
being a plastic material in the green state, has to be kept within an 
enclosure till it gains strength. This temporary structure which has 
to be built for [any concrete member is called formwork. Timber 
is the most common material used for formwork construction. I t  is 
easy to  work with and is also cheap.

The timber to be used should be free from knots and should 
have coarse grains. Hard woods are not used as they are difficult 
to be worked and nailed. Partially seasoned timber is best for form- 
work. Too dry timber will tend to swell with moisture while green 
tim ber will tend to dry and shrink in hot weather causing ridges on 
the conorete surface. Timber of a particular size should be finished 
to  a  uniform thiokness so th a t all the pieces match together.

The use of steel forms has been on the increase in recent years. 
They can be obtained for all types of structures and in finished forms. 
The initial cost of suoh forms is very high but they can be repeatedly 
used for a  number of times. Henoe they are suitable for larger works 
only and not for small structures involving the use of a  particular 
form only once or twice. Steel forms can be easily erected and do 
not need many adjustments as they are available in standard sizes. 
Their ereotion is very mechanical. Another advantage of steel forms 
is th a t they give smooth surfaces whioh require very little of finishing 
work la ter on.

R e q u ire m e n ts  o f  fo rm w o rk

(1) Formwork must be strong : This is very essential as it has 
to bear the weight of concrete which weighs about 2400 kg./m* and 
exerts a lot of pressure on the members surrounding i t  while i t  is in 
the wet state. Resistance to this outward push is achieved with 
the aid of adequate braoings and by the use of wires which get 
embedded in the conorete and are fastened to the outer side of the 
formwork.



(2) Formwork must be smooth : I t  is always desirable to  have
> ' , ___  „ii afpnot.iirfiH 'This is especially

ooncrete.

W O T K  O I  lO T V U ll’8  * u u  i u u u »  » »  — ------- ~  .
true  surface, i t  is aiso essential th a t no cracks are present w ithin 
the  formwork as concrete is likely to  flow through them  the reby  
causing a rough surface on the  outside.

(4) Formwork m ust be easily removable : Form w ork should be
constructed in such a m anner th a t i t  can be rem oved e a s i l y  w ithout 
dam aging it. I t  should be constructed in suoh a  way th a t th e  nails 
or screws driven th rough i t  do not in terfere w ith its rem oval.

Footing Forms
There are various types of forms used for footings depending 

upon the type  o f construction. Some o f  them  are  described  below  :
(I) Wall footing form s : These are  the sim plest to  be built and 

consist merely o f a  heavy plank p u t in position to  th e  required line. 
One side is set to  the  line in itia lly  and held w ith etakes spaced a t 
abou t 2 m. a p a rt and th e  o ther side is se t from th is w ith  the aid of 
spreaders a t  a  oorrect distance equal to the width of the footing. 
These spreaders a re  knocked ou t as conoreting reaches them. For 
footings up to  one m etre in depth  the  sides are made of 2-5 era. 
th ick  tim ber pieces built into panels abou t 2.5 m. long with battens 
in the  centre to  hold the boards together. These panels can be held 
to  line by 5 cm. x  10 cm. wallings which can be braced to stakes or 
sides of the panels. (See Fig. 1039).

(2) Column footing fo rm s  : T hey are  o f  the following types.
(a) Square or rectangular : T he ends a re  bu ilt to  th e  exact 

dim ensions of the. footing w ith a  cleat a t  eaoh end  of th e  footing 
from  th e  outside. The o ther tw o sides a re  bu ilt abou t 30 om. longer 
than  th e  dimensions o f th e  footing. T he side and  end panels a re  
m ade on th e  oarpenter's benoh w ith holes bored for the  wires if  they

F ig . 1036. A  ty p ic a l  fo rm  fo r a  w all foo ting .



are to be used. Four panels are assembled by butting the end 
panels against the end cleats o f the sides and are nailed. The corner 
should be braced back to  stakes or to the sides of the excavation. 
The interm ediate bracing should be done in similar manner or the 
oleat wired as shown in Fig. 1040.

F ig . 1040. A ty p ica l co lum n fo o tin g  form .

Fig. 1041. A «ta p p e d  c o lu m n  foo ting  fo rm .



(b) Stepped footing forms : These are of similar construction 
aa described above, the largest and the lowest forms are placed first 
and the concrete is allowed to set a little before placing the next 
form. The upper form can then be held by placing a 5 x 1 0  cm. 
wooden piece nailed on to the top ends of the lower form.

(c) Sloping side footing fortns : The two ends are out to the 
exact dimensions of the footing, first laying out boards of approxi­
mately equal lengths, putting on the cleats, marking the sloping 
lines and then sawing off through the sloping line. The two sides 
should not be cut to the slopes but the board can be left of different 
lengths. The sloping box is always set on a very shallow vertical 
box of the same bottom dimensions. The vertical box is set on the

ground and braced. The reinforcing steel is then placed and the 
sloping box set on the top of the first one. I t  is essential to prevent 
the lifting of the sloping sides due to ooacrete pressure. To prevent 
this uplift, wire can be embedded in the centre of the lower portion 
and fastened to the reinforoing steel or to any other heavily anchored 
member below. The other end of the wire is twisted around a piece 
of timber fittei to the top of the form. A few bags of sand, cement 
or heavy stones can be laid on the outside of the form over its slop­
ing sides to prevent uplift.
Colum n form s

A column form consists of two ends and two sides each built 
as a unit or panel, the height of the panel being the storey height



less the slab thickness and the floor sheeting. The two ends are 
built in width equal to the dimension of the column plus twice the

THE PAS*
F ig s. 1044-1045. A ty p io a l co lum n fo rm  d eta il*  
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thiokness of the sheeting, the ends of the yokes and sheeting being 
in flush. The two side panels are similarly made ba t the width of 
the sheeting will be the same as the dimensions of the column and 
the yokes will project 20 to 25 om. beyond the sheeting a t each end. 
The sp&oing of yokes will be similar on both ends and sides. Bolt 
holes are bored in the side yokes about 3 mm. larger than the size 
of the bolt. Their spaoing is calculated from the size of the column 
and timber used allowing about 4 cm. for wedging.

In the ease of L-shaped column, a similar arrangement is 
followed except that a rectangular block of wooden sheeting is made 
inside the square column. This corner piece is made by nailing 
timber sheeting on the yokes. This arrangement is suitable for only 
small columns. For bigger columns, the formwork itself is made 
into L shape and bolts are fixed a t the corner aa whown in Fig. 1046.

Wooden forms for round columns are used to a very less extent. 
The sheeting is cut into small widths so that it can be joined easily 
into a circular shape. The yokes have two different arrangements 
one of which is shown in Fig. 1047.
W all fo rm s

The wall form consists of timber sheeting supported by vertical

Fig . 1048. T ypical wood ©a wall form .



atuds and horizontal wailers. The studs are first set to line and 
temporarily braced. The sheeting ia wailed lightly breaking joints 
preferably a t  the studs. I f  the wall is narrow and heavy reinforce* 
ment is to be placed ; one side of the wall form is completed first 
and the other side placed in position after the reinforcement has 
been laid. Spacers are used a t about one metre distance vertically 
and knooked out when the concreting reaches to that level. If the 
wall is wide enough for a man to work inside, both sides may be 
brought up together.

To keep the two sides of the form a t oorreot distances apart, it 
is necessary to employ some method of tying them up. For acourate 
and im portant work, bolts should be used while for ordinary work 
wires are generally employed. On large works where wall forms can 
be used several times, it is better to build them in panels. This 
has also the advantage th a t the panels can be made in advance and 
erection time saved. The size of these panels will depend upon their 
weight and generally 2$ m. x 2J m. and weighing about 250 kg. are 
used. In  this case the wailings are put on during erection and should 
be long enough to overlap tbe end studs of the adjoining panel.

B eam  and slab  form s

In  monolithic concrete construction, beams or girders and slabs 
are cast as a single unit. This means th a t the beam formwork will 

be continuous with that of the slab 
formwork. To facilitate construc­
tion, the slabs can have their plank 
formwork made into panels. The 
size of these panels depends upon 
the facility available in lifting 
them. Two arrangements of sup­
porting the slab formwork are
usually adopted. In one case, this 
planking is supported by means 
of a  wooden centring on the floor 
below. In  the second type, these 
panels rest on the top of th e  beam 
and girder sides. The boarding of 
these panels is nailed together with 
the aid of battens.

The beams and girders are 
cast within reotangular boxes
shaped to the exact dimensions of 
the rib. The depth of the side 

olanks will be kep t as the distance from the underside of the slab
sheeting to the  bottom of tho girder. The sides should n e w  bear
on the bottom plank of the girder but must overlap it as otherwise it 
is difficult to open the side formwork earlier. These planks a re  also 
nailed together with battens spaced a t 30 to  45 cm. centres, using 
oloser spacing anti thioker battens for deeper beams.



To support the beams, vertical posts are used. To the top of 
these posts is nailed a cap of the same size as the post and about 
40 cm. to 46 cm. longer than the width of the beam. The ends



t f m b n r  rB ^*a ® °na^ y  b r a c e d  b a o k  t o  t h e  p o s t  b y  s h o r t  p ie c e s  o f
h f la r in  r t e8e P ° 8 ta  s h o u ld  b e  c u t  o f f  s q u a r e  s o  a s  t o  e n s u r e  p r o p e r
o f  h a  f  °  a& ,a n ?s ' P o a t8  g e n e r a l ly  r e s t  o n  w e d g e s  w h ic h  a r e
o t  h a r d  w o o d  a n d  th e s e  w e d g e s  a r e  f u r t h e r  p la c e d  o n  a  s i l l .  T h e  s iz e

e  s i l l  is  so  c a l c u l a t e d  t h a t  t h e  p r e s s u r e  o n  t h e  s o il  d o e s  n o t
T ee a 0 0 6  kg ./cm ® . I f  t h e  l e n g th  o f  t h e s e  p o s t s  e x c e e d s  2 i  m .
e a c h  o t h e r  b r a c e d  h o r i z o n ta l l y  a n d / o r  d ia g o n a l ly  w i th

I n  t h e  e r e c t i o n  o f  t h i s  fo r m w o r k ,  t h e  o u t s id e  w a ll  c o lu m n s  a r e
f i r s t  s e t  i n  p lu m b  a n d  o n  th e s e  a r e  p la c e d  t h e  b e a m  b o t t o m s  a l l
r o u n d  t h e  b u i l d in g .  T h e s e  b o t to m s  a r e  p r o p e r ly  s u p p o r t e d  w i th  
t h e  a i d  o f  p o s t s ,  w e d g e s  a n d  s i lls . T h e  g i r d e r  s id e s  a r e  t h e n  l i f t e d  
i n t o  p l a c e  a n d  l i g h t l y  n a i l e d  to  t h e  b o t t o m  t o  h o ld  t h e m  t e m p o r a r i l y  
a n d  b r a c e d  a c r o s s  t h e  t o p  to  p r e v e n t  s p r e a d in g .  T h e  b e a m  b o t to m s  
b e tw e e n  g i r d e r s  a r e  n e x t  p l a c e d  a n d  s h o r e d  u p ,  fo l lo w e d  b y  t h e  b e a m  
s id e s .  T o  p r e v e n t  t h e  s id e s  o f  t h e  b e a m s  a n d  g i r d e r s  f r o m  s p r e a d in g ,  
t h e s e  s id e s  a r e  h e ld  b y  a  s p ik e  w i th  t h e  p o s t  c a p . F o r  d e e p e r  b e a m s  
i t  is  n e c e s s a r y  t o  u s e  b o l t s  o r  p a t e n t e d  c la m p s .  T h e  s la b  fo r m w o r k  
is  n e x t  e r e c t e d  fo l lo w e d  b y  th e  s t r u t t i n g  o f  t h e  p o s ts .

T h e  l e n g t h  o f  t i m e  f o r  w h ic h  t h e  f o r m  m u s t  b e  l e f t  in  p la c e  
b e f o r e  s t r i p p i n g  d e p e n d s  u p o n  m a n y  c o n d i t i o n s ,  e.g., t h e  l o a d s  t o  b e  
t a k e n  b y  t h e  m e m b e r s ,  p o s i t i o n  o f  t h e  f o r m ,  t e m p e r a t u r e  o f  t h e  
a tm o s p h e r e ,  s u b s e q u e n t  l o a d s  o n  t h e  m e m b e r ,  e tc .

A ll f o r m w o r k  s h o u ld  b e  im m e d ia t e ly  c le a n e d  a f t e r  i t  i s  r e m o v e d .  

Other types of formwork
Stair forms s S t a i r s  a r e  d e s ig n e d  to  b e  s e l f - s u p p o r t in g  l o n g i ­

tu d i n a l l y  f r o m  f lo o r  t o  l a n d i n g  o r  a c r o s s  w a l l  t o  w a ll .  T h e  s lo p in g  
s l a b s  a r e  s u p p o r t e d  b y  p l a n k in g  w h ic h  i s  f u r t h e r  s u p p o r t e d  o n  
b a t t e n s  a n d  p o s t s .  T o  g iv e  s h a p e  t o  t h e  s t r i n g e r s . i n c l i n e d  p l a n k s  
a r e  f ix e d  a n d  t o  t h e s e  a r e  f i t t e d  s m a l l  b a t t e n s  a g a i n s t  w h ic h  v e r t i c a l  
p l a n k s  c a n  b e  f i t t e d  t o  m a k e  t h e  s t e p s .  T h e  a r r a n g e m e n t  o f  a  
t y p i c a l  s t a i r  f o r m w o r k  is  s h o w n  in  F ig .  1 0 5 1 .

Ribbed floor formwork : I t  w o u ld  b e  u n e c o n o m ic a l  t o  c u t  t h e  
f o r m w o r k  e x a c t l y  t o  s h a p e  o f  t h e  w e b s  o f  t h e  b e a m s .  H o n i e  o v e r  
a  p l a n k  s h e e t i n g ,  f i l l e r s  a r e  u s e d  t o  t a k e  t h e  s p a c e  w h io h  w o u ld  b e  
le f t  in  b e tw e e n  tw o  b e a m  r i b s .  T h e s e  f i l l e r s  m a y  b e  o f  m e t a l ,  w o o d ,  
c l a y  t i l e s ,  g y p s u m  b lo c k s ,  e t c .  T h e  f i l l e r s  m a y  b o  l e f t  i n  p l a c e  o r  
r e m o v e d .  R e m o v a b le  m e t a l  f i l le r s  a r e  e c o n o m ic a l  b e c a u s e  t h e y  c a n  
b e  u s e d  m a n y  t im e s .  T o  e n a b le  t h e s e  f i l l e r s  t o  b e  u s e d  f o r  d i f f e r e n t  
w o r k s ,  t h e y  a r e  m a d e  d e e p  e n o u g h  to  s u i t  s e v e r a l  d e p t h s  o f  j o i s t s  
a n d  a d j u s t a b l e  w o o d e n  b a t t e n s  a r e  f i t t e d  t o  a c t  a s  b o t t o m .

Steel formwork
T h e  u s e  o f  s t e e l  f o r m w o r k  is  i n c r e a s i n g  i n  m o d e r n  b u i l d in g  

c o n s t r u c t io n .  W h e r e v e r  t h e  w o r k  is  l a r g e ,  t h e s e  f o r m s  a r e  e c o n o m i­
c a l  a n d  a l s o  p o s s e s s  t h e  a d v a n t a g e s  s p e c if ie d  e a r l i e r .  S te e l  f o r m -  
w o r k s  a r e  v e r y  u s e f u l  f o r  r o u n d  c o lu m n s  a n d  ca p B  a s  a  v e r y  g o o d  
s h a p e  c a n  b e  o b t a i n e d  b y  t h e i r  u s e .  T h e y  a r e  a l s o  u s e d  f o r  f l a t  s l a b



c o n s t r u c t io n .  S la b  p a n e ls  a r e  m a d e  u p  o f  0  5  m . s q u a r e  p l a t e s  w i th  
r ib s .  T h e s e  n e e d  s h o r in g  f r o m  b o t to m  a s  a  s u p p o r t .  V a r io u s  
s y s te m s  o f  jo i s t s  h a v e  b e e n  d e v e lo p e d  w h ic h  w ill B pan  t h e  w a lls  w i t h ­
o u t  a n y  v e r t i c a l  s u p p o r t .  T h e  a d v a n t a g e  is  t h a t  n o  lo a d  is  t a k e n  b y  
t h e  f lo o r  b e lo w  a n d  w o r k m e n  c a n  c a r r y  o u t  t h e i r  w o r k  w i t h o u t  
h in d r a n c e .  T e le s c o p ic  f o r m a  o f  th e s e  j o i s t s  a r e  b e c o m in g  i n c r e a s ­
in g ly  p o p u la r .  L a t t i c e  g i r d e r  m a d e  o f  v e r y  t h i n  s e c t io n s  c a n  a ls o  b e  
u s e d  a s  s u p p o r t s .  L i g h t  w a ll p a n e ls  a b o u t  0 .5  m . in  s iz e  a r e  m a d e  
u p  o f  s h e e t  m e ta l  w i th  s t e e l  a n g le  s t i f f n e r s  f a s te n e d  t o g e t h e r  b y  
c la m p s , w e d g e s  e tc .  T h e y  a r e  m a d e  in  s t a n d a r d  s iz e s  so  t h a t  a n y

Fig. 1051. A typical wooden form for a stair.



o d T w t h T  WT w o !*nrbe.im ' ‘d e  a “ d  a b i u e ta b I e  P ie c o s  c a n  b e  u s e d  f o r  
c o n c r e t in g  1 -6  t o  9 ™ 1  t w t  ° ? u ,rsi!s a r e  u s e d  o n ® a b o v e  tb e  o t h e r ,  

* *  t o  1 5  m o n  8 u o ce < > to ?  
Form linings

f a c e s  ^ 8 p t 0S ? m a r k r n o s d o n  t h B ^ 6  pUr(p o s e  ° / P ™ « d i n g  s m o o th  s u r ­
a l  w a y s  l e a v e  d d Z  a n d ^ f i,?  °oaBretf  8' J r f a c e - O r d in a r y  p l a n k s  
t h e  w o r k  is  c a r r i e d  o u t  w i th  ^ p r o d u c e  t h e i r  g r a in s  e v e n  th o u g h

th e s e  d e f e e L  a n l  r" d u «  t h r c e? s t ° n f  fi0 a r ,e : I n  ord« ^ i m L  

f o r a  b Z d a a t  5 g t o  20  Z  t  l *  T 7  b e  P ° a9 ib le  t o  aPa M

Z S X S S Z A  Tr e c e n t ly  a n d  t h e y  h a v e  b e t t e r  a d a p t a b i l i t y  t h a n  e v e n  p ly w tw d  
Removal of* Forms

a b o v e  W C ? 7 n d  ™ m a ‘ a n c e 8  ( o r a l l y  w h e re  t e m p e r a t u r e s  a r e  

a f t e r  e x p i ^  o f ^ o lk m h f g ° p e H o d s  .G e m e n t 18 ^  - V  b e  s t r u c k

(a ) W a lls , c o lu m n s  a n d  2 4  to  2 8  h o u r s  a s  m a y  b e
v e r t i o a l  s i d e s  o f  b e a m s  d e c id e d  b y  t h e  e n g in e e r - in -

c h a r g e

(ib) S la b s  ( p r o p s  l e f t  u n d e r )  3  d a y s

(°) B e a m  so ff its  ( P r o p s  l e f t
“ “ d o r )  7 d a y s

(d) R e m o v a l  o f  p r o p s  t o  s l a b s  :

(1 ) S p a n n in g  u p t o  4 .5  m  7  d a y s

(2 )  S p a n n i n g  o v e r  4 .5  m  1 4  d a y s

(e) R e m o v a l  o f  p r o p s  to  b e a m s  
a n d  a r c h e s  :

(1 ) S p a n n in g  u p t o  6  m  14  d a y s

(2 ) S p a n n i n g  o v e r  6  m  21

F o r  r a p id  h a r d e n i n g  c e m e n t  3 /7  o f  t h e  a b o v e  p e r io d  w il l  b e  
s u f f ic ie n t  in  a l l  c a s e s  e x c e p t  v e r t i c a l  s id e s  o f  s la b s ,  b e a r a l n d c o l u  
m n s  w h ic h  s h o u ld  b e  r e t a i n e d  f o r  2 4  h o u r s .

A f t e r  r e m o v a l  o f  f o r m - w o r k ,  a l l  c o n c r e t e  is  c a r e f u l ly  in s  
a n d  a n y  d e f e c t iv e  w o r k  o r  a m a ll  d e f e c t s  a r e  e i t h e r  r e m o v e d  ‘ 
p a i r e d  b e f o r e  c o n c r e t e  h a s  t h o r o u g h l y  h a r d e n e d ,  r e m 0 ' ,M o r  r e -



Q U E S T I O N S

1. What are the essential requirements of a good formwork T
2. Give the details of the various types of formwork for footings. Explain 
answer with sketches.
3. Write what you know about :—

(а) Column formwork.
(б) Wall formwork.
(e) Stair formwork.
(d) Ribbed floor formwork.

4. Write short notes on :—
(а) Steel formwork.
(б) Form linings.
(«) Removal of forms

R e f e r e n c e s

1. W ynn, A. E. : Formwork fo r  Concrete Structures.
2. Mitchel, G. A. and Mitchell, A.M. : B u ild in g  Construction, Vol. 11.
3. Indian Concrete Journal : Various Issues.
4. Journal o f  the American Concrete Institute : Various Issues.
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m - 8fĉ r *n ® *8 ^ e  m e th o d  o f  c o v e r in g  v a r io u s  c o m p o n e n ts  o f  a  
b u i ld in g  w i th  a  p l a s t i c  m a te r ia l  t o  fo r m  a  d u r a b le  s u r f a c e .  T h is  
m a t e r i a l  m a y  h a v e  s u c h  a  s u r f a c e  a s  t o  fo r m  a  d e c o r a t iv e  f in ish  
o r  m a y  b e  t r e a t e d  f u r th e r .  T h e  o b je c t  o f  e x t e r n a l  p l a s t e r in g  is  to  
c o v e r  t h e  s u r f a c e  t o  e n a b le  i t  t o  r e s i s t  t h e  a tm o s p h e r ic  in f lu e n c e *  
p a r t i c u l a r l y  t h e  p e n e t r a t i o n  o f  r a in .  T h e  o b je c t  o f  i n t e r n a l  p l a s t e r ’ 
in g  is  to  p r o v id e  a  s m o o th  s u r f a c e  in  w h ic h  d u s t  a n d  d i r t  c a n n o t  
lo d g e . T h i s  s u r f a c e  is  a ls o  n o t  l i a b le  to  b e  a f f e c te d  b y  v e r m in  a n d  
fo r m s  a  g o o d  s u r f a c e  fo r  t a k i n g  c o lo u r  w a s h , d i s te m p e r  o r  a  p a i n t .

T h e  p r im e  c o n s id e r a t i o n  in  p l a s t e r in g  is  t h a t  i t  s h o u ld  a d h e r e  
t o  t h e  b a c k g r o u n d  a n d  s h o u ld  c o n t in u e  to  d o  so  w h i le  c h a n g e s  o f  
w e a th e r  f r e q u e n t l y  o c c u r .  I t  s h o u ld  a ls o  b e  p o s s ib le  t o  a p p l y  t h e  
p l a s t e r  d u r i n g  a l l  w e a th e r  c o n d i t io n s .  F o r  e c o n o m ic  r e a s o n s ,  t h e  
m a t e r i a l s  a d o p t e d  a n d  t h e  m e th o d s  o f  a p p l i c a t io n  s h o u ld  b e  c h e a p . 
T h e  t y p e  o f  p l a s t e r  t o  b e  u s e d  a t  a  p a r t i c u l a r  lo c a t io n  w ill  d e p e n d  
u p o n  t h e  r a in f a l l ,  t h e  w e a th e r  c o n d i t io n s ,  p r e s e n c e  o f  f r o s t ,  t h e  
a m o u n t  o f  f in is h  t h a t  i t  w il l  h a v e  t o  t a k e  a n d  t h e  a p p e a r a n c e .

P l a s t e r s  u s u a l ly  c o n s i s t  o f  a  b i n d in g  m a t e r i a l ,  f in e  a g g r e g a t e s  
a n d  w a te r .  I n  s p e c ia l  c a s e s  c e r t a i n  a d d i t i v e s  a r e  a d d e d  to  e f fe c t  
a n  im p r o v e m e n t  in  t h e  p l a s t e r s  a s  f a r  a s  i t s  a d h e s iv e n e s s ,  l i f e  e t c . ,
a r e  c o n c e r n e d .

Various Terms
S o m e  o f  t h e  t e r m s  u s e d  in  p l a s t e r in g  a r e  g iv e n  b e lo w  : 

Background

T h e  s u r f a c e  t o  w h ic h  t h e  f i r s t  c o a t  o f  p l a s t e r  is  a p p l i e d .  

Blistering

T h i s  is  t h e  d e v e lo p m e n t  o f  o n e  o r  m o r e  lo c a l  s w e ll in g s  o n  t h e  
f in is h e d  p l a s t e r e d  s u r f a c e s .



Cracking
T h is  is  t h e  d e v e lo p m e n t  o f  o n e  o r  m o re  f is s u re s  in  t h e  p l a s t e r  

u s u a l ly  b u t  n o t  a lw a y s  lo c a lis e d  in  r e la t io n  t o  a n d  a r i s in g  f r o m  th e  
m o v e m e n ts  i n  t h e  b a c k g ro u n d  o r  t h e  s u r r o u n d in g  s t r u c tu r e .

Crazing
T h is  is t h e  d e v e lo p m e n t  o f  a  s e r ie s  o f  h a i r  c r a c k s  o n  t h e  

fin ish e d  s u r f a c e  p l a s te r e d  u s u a l ly  in  a  h a p h a z a r d  m a n n e r .

Dado
T h e  lo w e r  p a r t  o f  t h e  p l a s t e r e d  w a ll  w h e re  t h e  p l a s t e r  t r e a t ­

m e n t  is  v a r ie d  f r o m  t h e  u p p e r  p o r t i o n  m o re  o f t e n  t o  g iv e  a  r e s i s t a n t  
f in ish .

Dot9

S m a ll  p a tc h e s  o f  p l a s t e r  la id  o n  t h e  b a c k g r o u n d  u s e d  in  f ix in g  
s c r e e d s ,  e tc .

Dubbing out

T h is  is  t h e  p ro c e s s  o f  f i l l in g  in  h o llo w  s p a c e s  in  a  s o l id  b a c k ­
g ro u n d  b e f o re  t h e  m a in  b o d y  o f  t h e  p l a s t e r  is  a p p l i e d .

Finishing coat

T h e  l a y e r  in  w h ic h  p l a s t e r  is  l a id  o v e r  t h e  w h o le  a r e a  is  c a l le d  
a  c o a t .  I n  t h r e e  c o a ts  w o r k , i t  i s  t h e  f in a l  l a y e r  o f  p l a s t e r  w h ic h  is  
l a id .  I t  is  a ls o  c a l le d  t h e  s e t t i n g  c o a t ,  f a c e  o r  s k im m in g  c o a t .

Flaking

T h e  s c a l in g  a w a y  o f  p a t c h e s  o f  p l a s t e r  d u e  t o  t h e  a b s e n c e  o r  
f a i l u r e  o f  t h e  a d h e s io n  w i th  t h e  p r e v io u s  c o a t .

Float

T h is  is  a  to o l  u s e d  in  p l a s t e r  w o r k  n o r m a l ly  c o n s i s t in g  o f  a  
f l a t  w o o d e n  b o a r d  w i t h  a  w o o d e n  h a n d le  g r ip .  C r o s s - g r a in e d  f lo a t  
i s  the f lo a t  h a v in g  g r a in s  o f  w o o d  r u n n in g  a c r o s s  t h e  fa c e  o f  i t s  b la d e .  
A  tw o  b a n d ie d  f lo a t  u s e d  f o r  le v e ll in g  s u r f a o e s  is  c a l le d  a  Darby 
■ lie  f lo a t  u s e d  f o r  s c r a t c h in g  t h e  s u r f a c e s  to  fo r m  a  k e y  w i th  t h e  
n e x t  c o a t  h a s  g o t  a  fe w  n a i l s  p r o t r u d i n g  f r o m  i t s  s u r f a c e .

Gauging

T h e  m ix in g  o f  v a r io u s  c o n s t i t u e n t s  o f  p l a s t e r  is  c a l le d  g a u g in g .  

Grinning

T h is  is  a p p e a r a n c e  o n  t h e  s u r f a c e  o f  t h e  p l a s t e r  o f  t h e  p a t t e r n  
o f  j o in t s  o r  s im i l a r  p a t t e r n s  in  t h e  b a c k g r o u n d .  p a t t e r n

Grounds

J k ' s  t e r m  is  a p p l ie d  t o  t h e  w o o d e n  s t r i p s  fix e d  t o  t h e  b a c k  
g ro u n d  a n d  t o  w h ic h  p r i m a r y  f in is h in g  m a y  b e  s e c u re d .



PLASTERING a n d  p o i n t i n g  

Hacking

fo r plaTat r i o g t t K ^ “ ngba°k«rOUnd8 10 pr°Vide aultabi° ^
'J8

«  T » c k « i l l n , ? ^ in g f  ° u  in,d e n t a t i 0 “  ™  th e  s u r f a c e  o f  u n d e r  
a  m a n n e r  t h a t  i t  w il l  f o r m 'a  1 * !as‘ e ™ g  m a t e r i a l  c a n  b e  p r e s s e d  in  
p r e p a r e d .  e o h a n ic a l  b o n d  w i th  t h e  s u r f a c e  so

c o a t

f o r m  a ' s t e ™  o ^ f h ^ X e ^ r t h a 1? 8  f  f t  w h i ‘ h
tr o w e l l i n g !  “* o o n c r e te  w h e "  s u b je c te d

Laitance

T h i s  is
----- 1 a s c r e e n  u u  m e  a i
t o  e x c e s s iv e  t r o w e l l i n g

Pattern staining

t h e  t w ^ d d e s T f ^ a T o 11™ ™ ^  ‘ y f  o f  s t a ™ " 8  w h ic h  o c c u r s  w h e n  
d i f f e r e n t  l e m K r a t u r T T h  " ' ‘r " 0  u " 6  COM ta n t l y  e x p o s e d  to  

p o s i t i o n  l o f  s u s p e n d e d  p a r t i c l T ™ "  “ f  t h o f  ^ t “  

c o o le r  6  W hl° h  “  a c « " h i g h e r  t h e r m a !  e o n d S ”  a r e

Peeling

D is lo d g m e n t  o f  p l a s t e r  w o r k  f r o m  th e  b a c k g r o u n d .

Under coats

f n r  i t,T h e S °  “i™  p !a3 te r„ c o a t8 >t h e  ™ a in  f u n c t i o n  o f  w h ic h  is  t o  p r o v id e  
t h  h  a P P ll0 a t 'o n  o f  s u c c e e d in g  c o a ts .  T h e  f i r s t  c o a t  is  a p p l i e d  t o  
t h e  b u i ld in g  s u r f a c e  a n d  is  a l s o  c a l le d  t h e  r e n d e r i n g  c o a f  o r  t h e  
p r i c k in g  u p  c o a t  w h e n  i t  is  a p p l i e d  o n  t o  l a t h  w o r k .  T h e  s e c o n d  
c o a t  is  a p p l i e d  t o  b r i n g  t h e  f i r s t  c o a t  t o  a  t r u e  a n d  f in is h  s u r f a o e .

T ools u sed  in  P lastering

Layxng Trowel ; T h i s  is  u s e d  f o r  s p r e a d i n g  o r  l a y in g  m a t e r i a l  
a n d  f o r  t r o w e l l i n g  s o  a s  t o  g e t  t h e  d e s i r e d  f in is h  T h e  bladeTs L a d e

w o r t " 1 I T  f6!  “ 1 i 13 ° f  a b o u t  3 0  x  1 0  c m  in  s iz e .  F o r  g o o d  
w o r k  tw o  t y p e s  o f  t r o w e ls  a r e  u s e d .  T h e  f i r s t  o n e  w i t h  a  s t i f f  n l a t e  
is  u s e d  f o r  a p p l y i n g  t h e  r e n d e r i n g  a n d  t h e  s e c o n d  h a s  g o t  a  t C

f o r  f in is h in g * 00^ .  *  8  7  8P r " ' « in *  a o t i ™  “ d  is  u s e d  e x c lu s iv e ly

Skimmhig Float : T h i s  is  s i m i l a r  t o  t h o  l a y in g  t r o w e l  b u t  is  
m a d e  o f  w o o d  I t  i s  u s e d  f o r  t h e  f in i s h in g  o r  t h e  s e t t i n g  M a t  T h e  
g r a in s  o f  t h e  b l a d e  r u n  l e n g th - w is e .  T h i s  v a r i e s  in  s iz e  L T »  *  1 n  
c m s . t o  a b o u t  3 3  x  11 c m . a n d  is  a b o u t  1 0  t o  1 2  1 “  t h ^ n l

Devil Float = T h i s  is  s i m i l a r  t o  t h e  a b o v e  t y p e  e x o e n t  t h a t  
i t  h a s  g o t  n a i l s  p r o j e c t in g  b y  a b o u t  3  m m . f r o m  t h eP  s u S  I t  “ a



u s e d  fo r  s c r a tc h in g  t h e  p l a s t e r e d  s u r f a c e s  so  a s  t o  fo r m  a  k e y  w ith  
th e  s u b s e q u e n t  c o a t .

FLOATING
OULC

Figs. 1052-1055. Some of the tools used in plastering.

Felt Float : A  s k im m in g  f lo a t  i s  c o v e r e d  w i th  a  l a y e r  o f  s o f t
f e l t  a n d  th i s  is  u s e d  fo r  s c o u r in g  p l a in  s u r f a c e s .

Gauging Trowel : T h is  is  u s e d  fo r  g a u g in g  s m a l l  q u a n t i t i e s  o f  
m a t e r ia l s  o n  o t h e r  to o ls  f o r  a p p ly in g  p l a s t e r s  to  m o u ld in g s  o r  t o  
a w k w a r d  p la c e s  l ik e  c o r n e r s  e to .  T h i s  is  a v a i la b l e  in  s iz e s  v a r y in g  
in  l e n g th  f r o m  15 to  4 5  c m . ; t h e  e n d s  o f  t h e  b la d e s  a r e  p o in t e d  o r  
b u ll -n o s e d .

T h e  o t h e r  ty p e s  o f  to o ls  w h ic h  a r e  c o m m o n ly  u s e d  a r e  j o i n t  
ru le s ,  s t r a i g h t  e d g e s ,  s c r a t c h e r s ,  b r u s h e s ,  s p i r i t  le v e ls  p lu m b  r u le s  
s e t  s q u a r e s  e t c .  r  ’

M a t e r i a l s  u s e d  for plastering
(a) Binders

■n. (t)  .IIy,ir.a‘ef  Lime ' W h e n  d r y  h y d r a t e d  f a t  l im e  is  m ix e d  
W i t h  w a te r ,  i t  fo r m s  a  s o lu t io n  o f  c a lo iu m  h y d r o x id e .  W h e n  a  
m ix  in  w h ic h  l im e  is  s u s p e n d e d  is  b r o u g h t  u p  t o  a  h ig h  s u c t io n  
b a c k g r o u n d ,  p a r t  o f  t h e  w a te r  is  d r a w n  a w a y  w h i le  remaining p a r t  

',  t h e , f r e e  e v a p o r a t e .  T h e  m ix  th e n  f a l l s  s h o r t  o f
w a te r  B nd  p a r t  o f  t h e  d i s s o lv e d  l im e  c r y s ta l l i s e s .  T h is  p r o c e s s  o f  
d r y i n g  a n d  c r y s ta l l i s a t i o n  g iv e s  t h e  l im e  m ix  i t s  i n i t i . I  . t  
s h o r t l y  a f t e r  p la s t e r in g .  C r y s t a l s  o f  c a lc iu m  h y d r o x i d e  a r e  f o r m e d  
S o m e  p a r t  o f  t h e  l im e  fo r m s  s i l i c a t e s  in  c o n ta c t  w i th  a il;  *.
c a r t  np la f e r  " h i l "  o t h e r ,P a r t8  o f  fo r m  c a r b o n a t e s  b y  a b o r t i n g  
c a r b o n  d io x id e  f r o m  t h e  a t m o s p h e r e  T h e  c a r b n n n t i L  i!  ,  ? .g

v e r y  s lo w  a n d  d e p e n d s  o n  t h e  p e r c e n t  o f  c a l i u m  h X x T d e  p r e s e t
p o r o s i t y  o f  t h e  m ix  is a n  i m p o r t a n t  f a c to r .  T h u s  in  t h e  c a s e  o f



l im e  m o r t a r  a t  e a r ly  s ta g e s ,  a  p o r o u s  t y p e  c a n  b e  c a r b o n a t e d  g r e a t e r  
t h a n  t h a t  o f  a  d e n s e r  m ix . T h e  e f fe c t  o f  t h e  r e l a t i v e l y  s lo w  c a rb o -  
n a t io n  is  m o re  e f fe c t iv e  n e a r  t h e  l a y e r s  f a r t h e s t  a w a y  f r o m  t h e  
s u r f a c e ,  i.e., in  o o n ta o t  w i th  b a c k in g .  A t  t h i s  l a y e r  t h e  c a r b o n a t e  r e ­
m a in s  in  a  v e r y  w e a k  c o n d i t io n  fo r  a  lo n g  p e r io d  a f t e r  t h e  p l a s t e r in g  
h a s  b e e n  a p p l i e d  a n d  t h i s  le a d s  to  w e a k e n in g  in  a d h e s io n  b e tw e e n  
th e  p l a s t e r  a n d  th e  b a c k in g  m a t e r ia l .  B u r n t  l im e  c a n  b e  B la k e d  in  
a  p i t  w i th  l o t  o f  w a te r  so  a s  t o  f o r m  a  l im e  p u t t y .  D r y  s l a k in g  
p r o c e s s  i n c o r p o r a t e s  t h e  u s e  o f  j u s t  s u f f ic ie n t  w a te r  w h ic h  p r o d u c e s  
d r y  p a r t i c le s  w h ic h  m u s t  b e  s p r e a d  o th e r w is e  t h e y  m i g h t  l e a d  to  
e x p a n s io n  a n d  b lo w s . W h e n e v e r  t h e  b i n d in g  w a te r  is  n o t  n e c e s s a r y ,  
l im e  p u t t y  c a n . b e  u s e d  b u t  in  c e r t a i n  o a s e s  l ik e  l im e  s u r k h i ,  s a n d  
a n d  l im e , d r y  s l a k e d  l im e  c a n  b e  a d v a n ta g e o u s ly  u s e d .

H y d r a t e d  l im e  in  o t h e r  c o u n t r i e s  iB th o r o u g h l y  s la k e d  u n d e r  
c o n t r o l l e d  c o n d i t i o n s  b y  t h e  m a n u f a c t u r e r s  a n d  is  m a d e  a v a i la b l e  in  
t h e  f in a l  f o r m  p a c k e d  i n  s t r o n g  p a p e r  p a c k e t s .

( i i )  Hydraulic Lime : I f  l im e  c o n t a in s  s i l i c a  a n d  a lu m in a
s o lu b le  in  h y d r o c h lo r i c  a c id  i t  h a s  c e r t a i n  h y d r a u l i c  p r o p e r t i e s  w h ic h  
e n a b le  i t  t o  s e t  u n d e r  w a te r .  M o r t a r s  m a d e  o f  s u o h  l im e  a r e  c o m ­
p a r a t i v e l y  m o r e  s u i t a b l e  f o r  u s e  in  e x t e r n a l  p l a s t e r in g .  W h e n  i t  
h a r d e n s ,  a  p a r t  o f  t h e  s t r e n g t h  is  d u e  to  c a r b o n a t i o n  a n d  a  p a r t  is  
d u e  t o  h y d r a t e d  s t r e n g t h  o n  a c c o u n t  o f  t h e  f o r m a t io n  o f  s i l i c a t e s  a n d  
a l u m i n a t e s .  F a t  l im e  c a n  b e  r e n d e r e d  t o  h a v e  h y d r a u l i c  p r o p e r t i e s  
w i t h  a d d i t i o n  o f  p u z z o la n a s  l ik e  s u r k h i  o r  c in d e r .  H y d r a u l i c  l im e  
is  n o t  w eb  s l a k e d  b u t  g e n e r a l l y  d r y  s l a k in g  is  r e s o r t e d  to -

(iii) Portland Cement : P o r t l a n d  c e m e n t  is  c o m m o n ly  u s e d  a s  
a  b i n d e r  f o r  p l a s t e r  w o r k . T h e  a d d i t i o n  o f  c e m e n t  m a k e s  i t  p o s s ib le  
f o r  s e t t i n g  u n d e r  w a te r .  P u r e  c e m e n t s  a r e  n o t  u s u a l ly  s u i t a b l e  f o r  
p l a s t e r in g  b e c a u s e  t h e y  a r e  d i f f i c u l t  t o  w o r k .  I n  o r d e r  t o  i n c r e a s e  
t h o  w o r k a b i l i t y  o f  t h e s e  m ix e s  s m a l l  a m o u n t s  o f  h y d r a u l i o  l im e s  
s h o u ld  b e  a d d e d .  U p  t o  10  p e r  c e n t  a d d i t i o n  o f  l im e  b y  w e ig h t  is  
c o n s id e r e d  h a r m le s s  t o  t h e  s t r e n g t h  o f  t h e  m ix .  I m p r o v e m e n t  i n  t h e  
w o r k a b i l i t y  o f  o e m e n t  p l a s t e r s  c a n  a l s o  b e  m a d e  b y  a d d i n g  a i r  
e n t r a i n i n g  a g e n t s .  T h e s e  m i g h t  r e d u c e  t h e  s t r e n g t h  o f  t h e  m ix  b u t  
t h e y  h e l p  t o  a  g r e a t  e x t e n t  in  t h e  eaB y  a p p l i c a t i o n  o f  p l a s t e r in g .  
W a t e r  r e p e l l e n t  a g e n t s  c a n  a l s o  b e  u s e d  to  p r e v e n t  t h e  p a s s a g e  o f  
m o i s t u r e  i n t o  t h e  p l a s t e r .

(b) Sand

T h e  o n ly  a g g r e g a t e  u s e d  in  p l a s t e r s  is  s a n d .  T h i s  f o r m s  t h e  
g r e a t e s t  p r o p o r t i o n  o f  t h e  p l a s t e r  m ix .  T h e  s a n d  p a r t i c l e s  s h o u ld  
b e  b o  g r a d e d  t h a t  t h e  b in d e r  c a n  a c t  a s  a n  a d h e s iv e  a n d  n o t  m e r e ly  
a s  a  f i l le r .  T h e  o b j e c t  o f  s a n d  is  a l s o  to  r e d u c e  t h e  s h r i n k a g e  o f  
t h e  b i n d e r s .  T h e  p o r o s i t y  a n d  s t r e n g t h  o f  t h e  p l a s t e r  d e p e n d  t o  a  
l a r g e  e x t e n t  o n  t h e  q u a l i t y  o f  t h e  s a n d .  T h e  g r a d in g  o f  t h e  s a n d  
a n d  t h e  w o r k a b i l i t y  o f  t h e  p l a s t e r  m ix  h a v e  a  g r e a t  e f f e c t  o n  t h e  
a d h e s io n  o f  t h e  p l a s t e r  w i th  t h e  b a c k in g .  T h e  s a n d  s h o u ld  b e  f r e e  
f r o m  a n y  o r g a n ic  m a t t e r s ,  o r  h a r m f u l  im p u r i t i e s .  T h e  m a x im u m  
s iz e  o f  t h e  p a r t i c l e s  s h o u ld  b e  l i m i t e d  t o  j  t o  o f  |  t h i c k n e s s  o f  t h e



p l a s t e r  c o a t .  T h e  g r a d in g  o f  s a n d  n o r m a l ly  r e c o m m e n d e d  f o r  d i f f e  
r e n t  p l a s t e r  c o a ts  is  g iv e n  b e lo w  :__

1 Min- 
) j  Max.

Plaafcering 
(Under coats) 
Plastering " iM in. 
(Finishing coats) fMax.
External 1 Min.
Rendering J Max.

% p assing  I . S .  Sieve. N o . w ith  their 
equivalent B . S . S ie v e  N o.

IS.
B .8 .

1 480 240 120 80 30
j 3/16 7 14 26 62

1 100 98 80 30
100 100 9rt 85 60
100 100 95 30
100 100 100 86 60
100 90 70 40
100 100 100 86 60

S d t  & 
C lay

Not
more
than
6%

(c) Surkhi

« -h i„h T h 'S 18 ft„ m a t e r ; a l  o b t a i n e d  b y  p o w d e r in g  b u r n t  c i a v  o r  b r i c k s  at U™ j  y  “ a , i e  f r o m  a  c % e y  s o i l - The me  o f  s u r k h i  is
c la v  j  t h e  f ln e  f r a c , io n 8  c o n s i s t i n g  o f  s e c o n d a r y

(d) Cinder ;

p B r t ie8C i n T ^ T T h o u ld 0L Cc r ^ ing^ Iiffie g i™  m o d e r a ‘ ® h y d r a u l i c  p r o .

n a l  a p p l i c a t io n  t h e  c o m b u s t ,b l e  l b y  W e ,g h t ' 1,1 i n t* r -
•a s  l a r g e  a s  2 0  p e r  c e n t .  c o n t e n t  c a n  b e  g r e a t e r  a n d  m a y  b e

so  a s  t : t n c r e t r t r w “ L b i m v CidLd  r f P !a « ™
q u a l i t y  o r  to  i n c r e a s e  t h e  s t r e n g t h ’ 8 , i  h “ ! !  W<*t e r  P e n e t r a t i n g

„ * .d“ r . „ st , " r s  i s r s l
D e o g n  C o n s i d e r a t i o n s  f o r  p l a s t e r i n g

a  s u i t a b l e  p l a s t e r  a f d ^ p p l y i n g ^ e  s a m e  ^  m  V’eW W h i!e  s e l e e t i n g  

«> Combinations of under.coats and finishing mat,, ele

with r r ' r u d have a g°°d »>■*»
s t r e n g t h ,  l i a b i l i t y  t o  e x p a n s io n  o r  u n r f w S ?  j  ** r e Es r d s  d e n s i t y ,  
- d a .  B o n d  f a i l u r e  b e tw e e n



f ilm s  o f  n la n te r  6 o r  u n d e r - c o a t s ,  p r e s e n c e  o f  u n s e t
i n t e r f a c e  eT n««.™ Pr0<| U?  y . P r e m a t u r e  d r y in g ,  s a l t  f o r m a t io n  a t  
t h e s e  ’ e  r e  vG m o i s tu r e  m o v e m e n t  o r  c o m b in a t io n  o f

n r o n e r t ? L 0 ^ ' ” i n g  f t .g ° ° d  m “  t h e  P la 8 te ™ g  m i l  m u s t  h a v e  d e f in i te  
p r o p e r t i e s  o f  il 'if f  ?  ' l  ™ t a b l e  f o r  p a r t i c u l a r  c o n d i t io n s .  T b e  
p r o p e r t i e s  o f  d i f f e r e n t  t y p e s  o f  m ix e s  a r e  b r ie f ly  r e p o r t e d  b e lo w  :

M i - r J a )  p h a s e d  on cement and lime or hydraulic lime for strength. 
. n f t h  t  !  c e m e n t ,  l im e  a n d  s a n d  h a v e  g o t  h ig h  w o r k a b i l i t y  
W  ™  8aSl ‘ °  a [ ,P 1y '  T h 0 y  b e  u s e d  r e a s o n a b ly  a f t e r
m o d e T n  h 'n -M e '  v e -V h a T e  a d e (l u a t e  e a r ly  s t r e n g t h  t o  w i th s ta n d  
m o d e r n  b u i ld in g  c o n d i t io n s .  F o r  s e t t i n g ,  t h e y  n e e d  m o i s tu r e  a n d
r a p id  d r y i n g  in  t h e  i n i t i a l  s t a g e s  m u s t  b e  a v o id e d .  T h e  d r y i n g  a n d
? .  I n  r  •rj t  COat m u 8 t  b e  “ “ “ P lo te d  b e f o r e  t b e  s e c o n d  c o a t

a ™ d  s h r i n k a g e  c r a c k s .  W h e n  th e  c e m e n t  q u a n t i t y  is 
in c r e a s e d  t h e  w o r k a b i l i t y  g e t s  d e c r e a s e d  c o r r e s p o n d in g ly  W e a k e r  
m i r e s  c o n t a in i n g  l i t t l e  o f  c e m e n t  o r  h y d r a u l i c  l im e  s h o u ld  n o t  b e  u s e d  
a s  a n  u n d e r - c o a t  f o r  a  s t r o n g e r  f in is h in g  c o a t .  T h e y  a r e  u s e f u l  fo r  
a p p l i c a t i o n  t o  n o n - r ig id  b a c k g r o u n d s .  M ix e s  o f  l im e  a n d  c e m e n t  a r e  
n o t  s u i t a b l e  f o r  t r o w e l l e d  f in is h e d  c o a ts  a s  t h e  s h r i n k a g e  o n  d r y i n g  
c r e a t e s  a  t e n d e n c y  t o  s u r f a c e  c r a z in g .

(6) Mixes based on lime gauged with a gypsum plaster. T h e s e  
a r e  w o r k a b le  a n d  t h e  w o r k in g  t im e  d e p e n d s  on t h e  t y p e  o f  g y p s u m  
p l a s t e r  u s e d .  G y p s u m  p l a s t e r  e x p a n d s  o n  s e t t i n g  a n d  t e n d s  t o  
l i m i t  t h e  d r y i n g  a n d  s h r in k a g e  o f  t h e  l im e . T h e y  a r e  u s e d  f o r  
□ m a il in g  c o a ts .

(c) Mixes based on gypsum and anhydrite plasters. B a s ic a l ly  
t h e y  a r e  d iv id e d  i n t o  tw o  m a in  g r o u p s ,  i.e., t h o s e  w h ic h  c o n ta in  
P l a s t e r  o f  P a r i s  a n d  r e t a r d e d  g y p s u m  p l a s t e r  a n d  th o s e  c o n ta in in g  
a n h y d r a t e d  c a lc iu m  s u l p h a t e  p l a s t e r s .  T h e  s e m i - b y d r a t e d  p l a s t e r s  
^ P la s t e r  o f  P a r i s )  s e t  q u i c k l y  w h e r e a s  t h e  o t h e r  t y p e  is  s lo w  s e t t i n g .  
T h e  s e t t i n g  o f  t h e s e  p l a s t e r s  i s  a c c o m p a n ie d  b y  e x p a n s io n  w h ic h  
i s  v a r ia b l e  in  a m o u n t  b u t  w h e n  th e  s e t t i n g  is  c o m p le t e ,  n o  f u r t h e r  
m o v e m e n t  t a k e s  p l a c e  d u r i n g  d r y in g .  H e n c e  i t  i s  n o t  n e c e s s a r y  
t o  w a i t  f o r  lo n g  p e r io d s  s o  a s  t o  a l lo w  t h e  u n d e r c o a t  t o  d r y  b e f o r e  
t h e  s u b s e q u e n t  c o a t s  a r e  a p p l i e d ,  b u t  t h e y  s h o u ld  b e  s u f f ic ie n t ly  
s t r o n g .  J

N o  g y p s u m  o r  a n h y d r o u s  p l a s t e r  s h o u ld  b e  p e r m i t t e d  t o  r e m a in  
u n d e r  p e r s i s t e n t l y  d a m p  c o n d i t i o n  a f t e r  i t  h a s  s e t  a s  t h i s  c a u s e s  
w e a k n e s s  a n d  d i s in t e g r a t i o n .  M o s t  o f  t h e s e  p l a s t e r s  c a n  b e  u s e d  
w i t h o u t  a d m i x t u r e  f o r  t h e  f in i s h in g  c o a t s ,  a n d  w h e n  u s e d  in  s u c h  
f o r m  e x p a n s io n  d u r i n g  s e t t i n g  b e c o m e s  a n  i m p o r t a n t  f a c t o r  T h e y  
set, t o  a  h a r d  s t r o n g  f in is h  w h ic h  m a y  e x e r t  c o n s id e r a b l e  f o r c e  o n  t h e  
u n d e r c o a t  o r  b a c k g r o u n d  w h ic h  s h o u ld  o n  t h a t  a c c o u n t  b e  s t r o n g  
T h e s e  t y p e s  o f  p l a s t o r  a r e  r e l a t i v e l y  f r o e  f r o m  s u r f a c e  c r s z in g ,

(**) Number of coats

F o r  b e s t  w o r k ,  p l a s t e r in g  s h o u ld  b e  a p p l i e d  in  t h r e e  c o a t s  
T h e  f i r s t  c o a t  i s  r e s p o n s ib l e  f o r  c r e a t i n g  t h e  b o n d  b e tw e e n  t h e



b a o k in g  a n d  p la s te r in g .  T h io k n e s s  s u g g e s t e d  f o r  t h i a  c o a t  is  a b o u t
3  m m . T h e  m o r t a r  f o r  th ia  o o a t  s h o u ld  b e  t h r o w n  o n  t h e  s u r f a o e  a n d  
s h o u ld  n o t  b e  w o r k e d  b u t  l e f t  to  r e s t .  A  c e m e n t  m ix  o f  1 : 2  p r o -  
p o r t io n s  is  s u i ta b l e .  T h e  s e c o n d  o o a t  is  i n t e n d e d  t o  fill u p  t h e  
i r r e g u la r i t i e s  o n  th e  b a c k  o f  t h e  w a ll ,  A  th i c k n e s s  o f  a b o u t  9  m m  
is  s u f f ic ie n t  f o r  t h i s  c o a t .  T h i s  s u r f a c e  s h o u ld  b «  le v e l) - . !  w i th  a  
t ro w e l.  T h e  t h i r d  c o a t  is  u s u a l ly  t h e  s k im m in g  c o a t  a n d  m a i n l y  s e r v e s  
to  g iv e  a  g o o d  a p p e a r a n c e .

W o o d  l a t h  a n d  m e ta l  l a t h i n g  r e q u i r e  t h r e e  c o a t s  f o r  a  s a t i s  
t a o t o r y  f in ish . B r ic k - w o r k  a n d  m o n o l i t h i c  c o n c r e t e  w o r k  i f  e x e c u te d  
c a r e f u l ly  w ill  n o r m a l ly  b e  s u f f ic ie n t ly  g o o d  t o  a l lo w  t h e  u s e  o f  a  s im ile  
u n d e r c o a t .  ®

(in) Type o f surface- fin ish

♦ T h e  Uf Û 1 P ra .cJ ic e  18 t0  p r o d u c e  t h e  s m o o th  f in is h  f o r  i n t e r n a )  
h i 3? ' r k £ u t w "‘h  s p e c ia l  t e c h n iq u e s  a  v a r ie t y  o f  t e x t u r e s  e a n  
b e  c r e a t e d .  T e x t u r e  f in i s h in g  c a n  b e  o b t a i n e d  in  t h e  p l a s t e r  i t s e l f  o r

f i L £ P  k t e i t u r c d  P a in t " S s »rf f in i s h in g  o r  o t h e r  t v p e  o f  
f in is h in g  c a n  b e  g iv e n  t o  t h e  e x t e r n a l  p l a s t e r .

( iu )  Resistance to Abrasion

f? r  “ f  t h e  h a r d n e a  is  c o n c e r n e d ,  c e m e n t  f in is h e s  h a v e  th e  
g r e a t e s t  h a r d n e s s .  T h e s e  a r e  f o l lo w e d  b v  a n h y d r i t e  p l a s t e r s  
a n h y d r o u s  g y p s u m  p l a s t e r s ,  r e t a r d e d  s e m i h y d r i t e  gypsum p l a s t e r s

X ^ t h e ' h a ^ a

{v) Suitability  fo r  further decoration

T h e  c h a r a c t e r i s t i c s  o f  t h e  p la s t-e r  a f f e r t  fhA  f in a l  c  - 1 , ,

(«>) Corrosive effect on metals

z ' ^ r d s ' o T r thB in iti? ' dr^ «
P i a s t e r  c o n ta in in g  un< . r b o n a ic d  l im e  f o r  c n L v l T Y J J 5 n d ™ s a t i o n - 
m ix e s  a n d  g y p s u m  p l a s t e r s  c o n ta in in g  a  s n b s T a n  t i a  T d  ^ ,C e m e n t 
l im e  h a v e  a  p r o t e c t iv e  eETect o n  i L  a d m 'x t u r e  o f
c o r r o d e  le a d  w h e n  t h e y  a r c  d a m n  fo r  Ion  8 to e l  a r e  1 'k e ly  t o  
p l a s t e r s  m a y  h a v e  a n ^ o W  r e a C« L  i f  t . W 8  G -vP a u “
a d d e d  t o  a c c e le r a t e  t h e i r  s e t t i n g .  ' S u i U b J r  m H * n  W h' ° h  
c o a t in g s  o r  o t h e r  ty p e s  o f  p r e c a u t i o n s  “ e l a H ic o r  p a i n t
c o r r o s io n .  p r e c a u t i o n s  m a y  b e  g iv e n  to  s t e e l  t o  p r e v e n t

(mi) Effect of Atmospheric Conditions

S u i t a b le  p r e ™ ngt i o t . ° l dould0 tb e  t a k r l m e V e X Br  l l \ %



m a y  m o T t h e  f  ™ n d ™ 8 a t io n  ® a y  be e x c e s s iv e  a n d  t h a t
Z u m  n  f  t h f  P ' aStCT w o r k - T h is  is  » p e o l* lly  t r u e  f o r

i r a t e  p l a s t e r s .  U n d e r  h o t - d r y  c o n d i t i o n s  t h e

l e t e v  f c ' i l l T T  d r y  b f,fo r e  t b e  8 B ttin 8  h “  * a k e n  p l a c e  c o m p -  
o r  c e m e n r , ! ! ’ b e  t r u e l 'V » i a n h y d r o u s  c a lc iu m  s u l p h a t e  p l a s t e r  
o r  c e m e n t  c o n ta in in g  r a p id  h a r d e n in g  m ix tu r e .

(viii) Effect of Vermin

, ™ a,  l i a b i ' %  o f  p l a s t e r  t o  v e r m in  a t t a c k  is  d e p e n d e n t  o n  t h e

a r n r t  f r o L  t h  t ' n g  F/ eedom f r o m  r a c k i n g  o r  s e r io u s  c r a z in g
p a r t  f r o m  t h a t  o r e a t e d  b y  t h e  s t r u c t u r a l  m o v e m e n t  c a n  b e  a v o id e d  

b y  t h e  u s e  o f  g o o d  w o r k m a n s h ip .

(ia;) JTire Resistance

A p p l i c a t io n  o f  i n t e r n a l  o r  e x t e r n a l  p l a s t e r s  c a n  in c r e a s e  t h e  B re  
r e s i s t a n c e  o f  a l l  s t r u c t u r a l  c o m p o n e n ts .  T h e  e f fe c t  o f  p l a s t e r in g  a  
2 0  c m . b r i c k  w a ll is  n o t  o f  m u c h  v a lu e  b e c a u s e  w i th o u t  p l a s t e r in g  
t h i s  w a l l  h a s  a  g o o d  r e s i s t a n c e .  P l a s t e r  f in is h e s  o n  t h i n n e r  w a ll s  o r  
p a r t i t i o n s  in c r e a s e  t h e i r  f i r e - r e s is t a n c e  q u a l i t i e s  c o n s id e r a b ly .

(z )  Accousticnl Properties

T h e  e f f e c t  o f  t h e  p l a s t e r  f in is h  o n  t h e  s o u n d  a b s o r p t i o n  is  n o t  
m u c h .  I n t e r n a l  p l a s t e r  f in is h  o f  s p e o ia ' ty p e s  m a y  b e  u s e d  t o  in c r e a s e  
t h e  s o u n d  a b s o r p t i o n .

Background for Plastering

T h e  d u r a b i l i t y  o f  p l a s t e r in g  d e p e n d s  n o t  o n ly  o n  t h e  p r o p e r t i e s
01 t h e  m i x tu r e  i t s e l f  b u t  a l s o  i t s  a d h e s io n  w i t h  t h e  b a c k g r o u n d .  
A  g o o d  b a c k g r o u n d  m u s t  b e  p l a in  e n o u g h  f o r  s u i t a b l e  a p p l i c a t io n  
o f  p l a s t e r  a n d  s h o u ld  h a v e  e n o u g h  s t r e n g t h .  T h e  u s u a l  t y p e s  o f  
b a c k g r o u n d s  t h a t  a r e  u s e d  f o r  p l a s t e r  w o r k  a r e  :

( a )  Solid Backgrounds : T h e s e  in o lu d e  b r i c k - w o r k ,  h e a v y  d a y  
b lo c k s ,  i n - s i t u  c o n c r e t e ,  c o n c r e t e  b lo c k s ,  e tc .

(b) Lathing : T h e s e  in c lu d e  w o o d  l a t h s ,  e x p a n d e d  m e t a l  l a t h i n g  
w i r e  m e s h e s ,  e t c

(c) Boards and slabs in non-mortar construction ■ U n d e r  t h i s  
s l a b s  o f  g y p s u m  p l a s t e r ,  f ib r e  b o a r d s ,  w o o d -w o o l s la b s ,  e to .  a r e  
i n c lu d e d .

T h e  m a in  c h a r a c t e r i s t i c  o f  t h e  s o l id  b a c k g r o u n d  i s  t h a t  t h e  
n a t u r e  o f  th o  s u r f a c e  p r e s e n t e d  f o r  p l a s t e r in g  is  t a k e n  p r i m a r i l y  b y  
c o n d i t i o n s  o t h e r  t h a n  th o s e  o f  p l a s t e r in g .  C a r e  is  n e e d e d  in  s u c h  a  
c a s e  f o r  p r o p e r  p r e p a r a t i o n .  T h e  n o r m a l  m e th o d  o f  c o n s t r u c i io n  o f  
s o l id  b a c k g r o u n d  i n t r o d u c e s  v a r y in g  a m o u n t s  o f  w a t e r  a n d  a s  a  
r e s u l t  n e e d s  a d e q u a t e  d r y i n g  b o fo r e  t h o  a p p l i c a t i o n  o f  p l a s t e r  is  g iv e n  
T h e  a m o u n t  o f  w a te r  c o n ta in e d  in  o o n c r e t e  p l a c e d  in  situ  i s  s i m i l a r  
t o  t h a t  o f  b r i c k - w o r k  a n d  s i m i l a r  p r e c a u t i o n s  m u s t  b e  t a k e n  in  t h a t
c a s e ,

L o c a l  p r o j e c t io n s  a r e  m o r e  s e r io u s  t h a n  d e p r e s s io n s  a n d  t h e s e  
s h o u ld  b e  b r o k e n  b e f o r e  p l a s t e r in g .  D e p r e s s io n s  c a n  b e  d u b b e d  o u t



i f  n e c e s s a r y .  F o r  t h r e e  c o a t  p l a s t e r in g  t h e  p r o j e c t io n s  s h o u ld  n o t  
e x c e e d  10  m m . a b o v e  th e  g e n e r a l  s u r f a c e  a n d  t h e  d e p r e s s i o n s  m a y  
n o t  b e  g r e a t e r  t h a n  2 0  m m . F o r  tw o  c o a t  p l a s t e r in g  t h e y  s h o u ld  
i? "Y I 'Y "  le s s e r  t h a n  th e s e  v a lu e s .  T h o  e f f lo re s c e n c e  o n  t h e  b r i c k s  

s h o u ld  b e  re m o v e d  b e f o re  p l a s t e r in g  b y  d r y  b r u e h in g .  I n  t h e  c a s e  
01 c o n c re te  e i t h e r  e x c e s s iv e ly  s m o o th  s u r f a c e  is  l e f t  b y  s h u t t e r i n z  o r  

! 3 C,  r  w ? 3 0 a  a 0 0 ° 'm t  o f  s h u t t e r i n g  o c c u r  o r  g r e a s in g  d e f e c t s  a r e
s h a t t e r  J ?  Hn e r r  mT ™ ' 6 f r f a e e s  a r e  t 0  b e  P o s t e r e d ,  r o u g h  s a w n  
s h u t t e i  b o a r d s  s h o u ld  b e  u s e d .  M e c h a n ic a l  k e y s  m a y  b o  a p p l i e d  t o
J *  t ‘nS‘f ef f a c e  o f  *5® s h u t t e r i n g  s o  a s  to  h e lp  in  t h e  b o n d in g  o f  t h e  

o n . A l t e r n a t iv e l y  m e ta l  m e s h  b e  l e f t  a d h e r i n g  t o  t h e  
c o n c re te .  T h e  a d d i t i o n  o f  h a i r  t o  t h e  f i r s t  u n d e r c o a t  o f  t h e  B la s t e r  
m a y  h e lp  in  o b t a i n i n g  a  g o o d  b o n d .  p i a s t e r

L a th in g  m a te r ia l s  p r o v id e  a  s t r o n g  m e c h a n ic a l  k e v  f o r  t h e  

Application of the plaster

f o r c e  G r o w i n g  i t  w i t h  g r e a t
is  s o m e t im e s  a p p l i e d  in  nracfciofl h i  v ? lv e ® g r e a t  e f f o r t ,  t h e  m o r t a r  
ca se  a d h e s io n  o f  t h T  R a s t e r s  k  l” 8  ‘,V uh e r e o n ' I n  ‘ h e  l a t t e r  
m o r e  p o ro u s .  T h e  a p p l i e d  p l a s t e r  must H ^  ^  ” aV  a ,a 0  b e
T h is  is  d o n e  b y  d r a w in g  a  s c r e e d  . . m .  t> '  a n d  s ™ o o th e n e d .
t io n  o f  t h e  m i l .  W h e n  i t  i s  I  h i t  16 8U rfao e  a f t e r  t h e  a P p li™ - 
s c r a t c h e d  w ith  a  s u i t a b l e  t r o w e l ' a f t S  t h  UDd<,r<,0at tb<> a u r f a o e  is  
c e r t a i n  e x t e n t  so  a s  t o  g e t  a  r o o d  h n n d i  ^ i ” ! *  f]as  h a r d e n « i  t o  a  
l « 'e r  o n .  T h e  p l a s t e r ® ^  “ a ‘ b e  a p p l i e d  
i t  h a d  s t a r t e d  s e t t i n g .  I f  j t  j 8 d o n *  T  A  w o o d e n  f lo a t s  b e f o r e
th e r e b y  r e s u l t i n g  in  f b e  T ,  ^  gUe r W “ -

t h e  p l a t e r .  8 e tt iD g  U a d e r  h i« h o r  h u m i d i t y  im p r o v e s  t h e  s t r e n g t h  o f  

b r ie f ly  r e p o r t e d T e t o w f  l[ ly m 8  t h e  P ,a 8 te r a  o f  d i f f e r e n t  m ix e s  a r e

e lu d e s ^  t h e  ^ k c t k m  o / t h e  S u i t a b l e  m" ^  Hme P la 8 te r f> >'»-
“ a f s ! . T h e  s l a k in g  o f  t h e  l im e  s h o u ld  b e  P P - '<? t ‘° n  ° f  v a r io u i<
filTed w i J * " * * * ™ *  C M  b e  d o n e  f a i r l y  w e ,l T h  ° U\ “  a  l a r 8 °  n i ie a  w i th  w a te r  t o  a  d e n t h  nf un w e i '-  J h i8  v e s s e l  i s  n a r t l v

X Z Z S L S Z  s f i P ' i r ? , - ” ■ £=



m o r e  w a t e r  s h o u ld  b e  a d d e d .  T h e  r e s u l t i n g  m i lk  o f  l im e  is  t h e n  
r u n  t h r o u g h  I .S .  s ie v e  N o . 2 5  in to  a  s u i ta b l e  c o n ta in e r .  I t  s h o u ld
b e  a l l o w e d  t o  m a t u r e  f o r  a  p e r io d  o f  a b o u t  2 w e e k s  a n d  w ill  f l a t t e n  
u p  to  l im e  p u t t y .  I t  s h o u ld  n o t  b e  a l lo w e d  to  d r y  o u t  d u r i n g  th i s  
t i m e .  T h i s  o p e r a t i o n  i s  n e e d e d  fo r  q u ic k  l im e  o n ly .  I n  t h e  
c a s e  o f  h y d r a t e d  l im e , i t  s h o u ld  b e  m ix e d  w i th  w a te r  a n d  s t i r r e d  t o  a  
t h i c k  c r e a m y  c o n s i s te n c y .  T h is  s h o u ld  r e m a in  u n d i s tu r b e d  f o r  a  
p e r io d  n o t  l e s s  t h a n  16  h o u r s  a n d  s h o u ld  b e  p r e v e n te d  f r o m  d r y i n g

T h e  m a t e r i a l s  s h o u ld  b e  in  t h e  p r o p o r t i o n s  o f  o n e  p a r t  o f  
c e m e n t ,  o n e  p a r t ,  o f  lim e , s ix  p a r t s  o f  s a n d  o r  o n e  p a r t  o f  c e m e n t ,  tw o  
l im e  a n d  9  p a r t s  o f  s a n d  d e p e n d in g  o n  t h e  d e g r e e  o f  w o r k a b i l i t y ,  
h y d r a u l i c  s t r e n g t h  a n d  r a p id n e s s  o f  h a r d e n in g  d e s i r e d .  F o r  g r e a t e r  
w o r k a b i l i t i e s  g r e a t e r  q u a n t i t i e s  o f  l im e  a r e  u s e d .  F o r  t h e  f i r s t  u n d e r ­
c o a t ,  t h e  c o a r s e  s t u f f  s h o u ld  b e  p r e p a r e d  b y  m ix in g  o n e  v o lu m e  o f  
l im e  p u t t y  w i t h  s ix  v o lu m e s  o f  s a n d .  W a t e r  s h o u ld  b e  a d d e d  to  
g iv e  s t i f f  c o n s i s te n c y  a n d  t h e  m ix  s h o u ld  b e  a l lo w e d  t o  s t a n d  f o r  
s o m e  t i m e  a n d  p r e v e n t e d  f r o m  d r y in g .  I m m e d i a t e ly  b e f o r e  i t  is  
u s e d  i t  s h o u ld  b e  th o r o u g h ly  m ix e d  w i th  c e m e n t  i n  t h e  g iv e n  p r o p o r ­
t i o n s .  A l l  t h e  m ix e d  m a t e r ia l  s h o u ld  b e  u s e d  w i th in  tw o  h o u r s  o f  t h e  
a d d i t i o n  o f  c e m e n t .  F o r  a p p l i c a t io n  o n  l a t h  w o r k  h a i r  m a y  b e  a d d e d  
in  t h e  p r o p o r t i o n  o f  4  k g . to  o n e  c u b ic  m e t r e  o f  t h e  c o a r s e  m ix . I n  
t h e  c a s e  o f  h y d r a t e d  l im e - c e m e n t  m ix , i n i t i a l  m ix in g  d r y  w i th  s a n d  
in  t h e  c h o s e n  p r o p o r t i o n s ,  e i t h e r  m a n u a l ly  o r  in  a  m e c h a n ic a l  m ix e r  
m a y  b e  d o n e .  S u f f ic ie n t  w a te r  s h o u ld  b e  a d d e d  t o  m a k e  t h e  m ix  
w o r k a b le .

T h e  c o a r s e  s t u f f  s h o u ld  b e  s t i f f  e n o u g h  t o  c l in g  a n d  h o ld  w h e n  
l a i d  a n d  s h o u ld  b e  m o r e  s t i f f  f o r  c e i l in g s  t h a n  f o r  w a lls .  O n  w a lls  
t h i s  m a t e r i a l  s h o u ld  b e  l a id  in  lo n g  s p r e a d s  u p w a r d  a n d  a c r o s s  o v e r ­
la p p in g .  S u f f ic ie n t  p r e s s u r e  s h o u ld  b e  a p p l i e d  t o  f o r c e  i t  in to  
i n t i m a t e  c o n t a c t  w i t h  t h e  b a c k g r o u n d .  T h e  m a t e r i a l  s h o u ld  b e  l a id  
a s  u n i f o r m l y  a s  p o s s ib le .  I t  s h o u ld  b e  s c r a t c h e d  a f t e r  i t  i s  f i rm . 
B e f o r e  a p p l y i n g  t h e  s e c o n d  u n d e r c o a t  t h e  f i r s t  u n d e r c o a t  s h o u ld  b e  
c l e a n e d  a n d  m a y  b e  w a s h e d  b y  p a s s in g  a  d a m p  b r u s h  o v e r  t h e  
s u r f a c e .  T h e  n e c e s s a r y  s c r e e d s  s h o u ld  t h e n  b o  f o r m e d  a n d  t h e  i n t e r ­
v e n in g  s p a c e s  f lo a te d  in  b y  c o a r s e  s t u f f  t i l l  i t  is  f lu s h e d  w i t h  t h e  
s c r e e d s .  I t  is  t h e n  r u l e d  t h o r o u g h l y  w i t h  a  f l o a t in g  r u l e .  W h e n  
t h e  s u r f a c e  is  t r u e  i t  i s  s c r a t c h e d  s o  a s  t o  f o r m  a  b o n d  w i t h  t h e  t h i r d  
c o a t .  A d e q u a te  t i m e  is  l e f t  b e f o r e  t h e  t h i r d  c o a t  is  g iv e n .

T h e  f in i s h in g  c o a t  m a y  b e  m a d e  f r o m  n o n - h y d r a u l i c  o r  s o m e  
h y d r a u l i c  l im e  p r e p a r e d  a s  d e s c r ib e d  e a r l i e r .  T h e  m ix  s h o u ld  b e  o f  
o n e  p a r t  o f  l im e  p u t t y ,  o n e  p a r t  o f  s a n d ,  w i th  J  p a r t  o f  s u i t a b l e  
a n h y d r o u s  g y p s u m  p l a s t e r .  I t  s h o u ld  b e  u s e d  w i t h i n  t h i r t y  m i n u te s  
o f  t h e  a d d i t i o n  o f  t h e  g y p s u m  p l a s t e r .  F o r  s m a l l e r  a r e a s  p l a s t e r  o f  
P a r i s  m a y  b e  s u b s t i t u t e d ,  b u t  in  t h a t  c a s e  t h e  p l a s t e r  s h o u l d  b e  
a p p l i e d  q u i c k l y .  A l t e r n a t i v e l y  tw o  p a r t s  o f  l im e  p u t t y  m a y  b e  
m ix e d  w i th  t h r e e  p a r t s  o f  s a n d  a n d  t h u s  u s e d  a lo n g  w i t h  o r  w i t h o u t  
g y p s u m  p l a s t e r  a d d i t i o n .  N o r m a l l y  t w o  a p p l i c a t i o n s  o f  f in i s h in g  
c o a t s  a r e  a p p l i e d ,  t h e  f i r s t  a p p l i c a t i o n  is  l a i d  l e a v in g  a  c o a r s e  s u r f a c e  
t o  r e c e iv e  t h e  s e c o n d  a n d  f in a l  a p p l i c a t i o n .



Cement Plastering. P l a s t e r i n g  m ix  c o n ta in in g  c e m e n t  a n d  
s a n d  m a y  b e  uB ed w i th  t h e  a d d i t i o n  o f  l im e . W h e n e v e r  d a m p  c o n ­
d i t io n s  a r e  p r e v a l e n t  m a x im u m  r e s i s t a n c e  t o  a b r a s i o n  is  r e q u i r e d ,  
a  c e m e n t  s a n d  m ix  s h o u ld  b e  e m p lo y e d . W a t e r  r e p e l l e n t  a g e n t s  
m a y  b e  a d d e d  i f  e x c e s s iv e  d a m p n e s s  is  o c c u r r in g .  M ix e s  c o n t a in i n g  
s a n d  a n d  c e m e n t  o n ly  h a v e  a  d r y  e a r ly  s t r e n g t h  a n d  t h e  d r y i n g  a n d  
s h r in k a g e  s e t s  u p  a  c o n s id e r a b le  s t r e s s  b o th  in  t h e  a p p l i e d  c o a t  a n d  
in  t h e  b a c k g r o u n d .  F o r  t h i s  r e a s o n  t h e  b a c k g r o u n d  is  t o  b e  s p e c ia l ly  
r ig id  a n d  m u 3 t b e  o f  e n o u g h  r o u g h n e s s .  T h e s e  t y p e s  o f  p l a s t e r s  a r e  
s u i ta b l e  fo r  a p p l i c a t io n  o n  s o l id  b a c k g r o u n d  a u c h  a s  b r i c k w o r k  
a n d  t o  s u i t a b l y  f in is h e d  c o n o r e te  s u r f a c e s .  T h e y  a r e  n o t  s u i t a b l e  
o n  s e m i- r ig id  b a c k g r o u n d .

I t  m a y  b e  p r e f e r a b l e  t o  u s e  a  c e m e n t  l im e  m ix  o f  s u i t a b l e  
p r o p o r t i o n  to  im p r o v e  t h e  w o r k in g  q u a l i t i e s  o f  t h e  p l a s t e r .

C o lo u r e d  f in is h  is  o b t a i n e d  b y  t h e  a d d i t i o n  o f  w h i t e  o r  c o lo u r e d  
c e m e n t  c o m b in e d  w i th  c o lo u re d  a n d  g r a d e d  s a n d .  B e f o r e  t h e  
a p p l i c a t io n  o f  c e m e n t  p l a s t e r  c o a ts  o n  t h e  s u r f a c e  o f  t h e  b a c k g r o u n d  
i t  s h o u ld  b e  c le a n e d  w i th  w a te r  i n  s u c h  a  m a n n e r  t h a t  a  s l i g h t  a m o u n t  
o f  m o i s tu r e  r e m a in s  o n  t h e  s u r f a c e .  T h e  f i r s t  u n d e r c o a t  u s u a l ly  o f  
t h e  p r o p o r t i o n  o f  1 ; 3  c e m e n t  a n d  s a n d  s h o u ld  b e  s t i f f  e n o u g h  to  
h o ld  t o  t h e  w a ll  o r  t h e  c e i l in g s .  O n  s o f f i ts  t h e  m i x tu r e  s h o u ld  b e  
la id  in  lo n g  e v e n  s p r e a d  o u t w a r d s  f r o m  t h e  o p e r a t o r  o v e r la p p i n g  
e a o h  t r o w e lf u l  a n d  u s in g  s u f f ic ie n t  p r e s s u r e  t o  f o r c e  i t  i n t o  k e v  on 
t h e  b a c k g r o u n d .  O n  w a lls  t h e  m ix  s h o u ld  b e  l a id  i n  l o n g  e v e n  
s p r e a d s  u p w a r d  a n d  a c r o s s .  T h e  m a t e r i a l  s h o u ld  b e  la id  i n  u n i f o r m

on*  ^  ™ aS p033. lb , f ’ fci? ;  a v e r a g e  t h i c k n e s s  n o t  b e in g  g r e a t e r  
t h a n  2 0  m m . T h i s  o o a t  s h o u ld  b e  a l lo w e d  t o  s t a n d  t i l l  s c r a t c h i n g  
fo r  k e y in g  w i th  t h e  n e i t  c o a t  is  d o n e . g

F oY g e t t i n g  a  p r o p e r  t h i c k n e s s  o f  t h e  p l a s t e r  a n d  a  l e v e l  
s u r f a c e  i t  is  d e s i r a b l e  t o  t a k e  s u i t a b l e  p r e c a u t i o n s .  A t  p la c e s  a b o u t  
1 5  cm . b e lo w  t h e  c e i l in g  a n d  a b o u t  15  c m  f r o m  i

i t  r  r - r  -I

T h e  th i c k n e s s  o f  t h i s  p a t ,  w h ic h  is  levollo^ l
10  to  2 0  m m . s o  t h a t  i t  c l e a r s  a l l  t h e  1  ? “ 1,y a b o u t
w a lls . W i th  t h e  a i d  o f  p lu m b  b o b  a  d o t L  s m a i n e l "  I * ? r f f oeB, o f  t h e  
c a n  b e  rniMje c o r r e c t ly  a t  t h e  lo w e r  e n d .  W h e n  these d ^ u  h  t .™ * ’ 
co rreo fc ly  f in is h e d  w i t h  r e s p e c t  t o  e a c h  a n o t h e r  ™  i f  ■ ,T<S 6 n  
is  m a d e  o n  t h e  o t h e r  e n d  o f  t h o  w a ll  ’ Tn h  f  p  r  ? f  s ,m i l a r  d o t s  
o f  d o t s  c a n  b e  l a id  w i th  t h e  a i d  o f  s t r i n g s  o r  o t h e r w i s e T b e 7  J " 1*  
b e tw e e n  t h e  i n t e r m e d i a t e  d o t s  s h o u ld  b e  l e a ,  th »  P e ,d l 8 t a n c e  
t h e  c h e c k in g  s t r a i g h t  e d g e  s o  t h a t  t h e  ,u Z e  0 “ h e  „ u T g t h  ° f  
c h e c k e d  c o m p le te ly  l a t e r  o n .  p l a s t e r  g e t s

1 A Th»® D,?X t . P ro o M a i s  f o r m in g  o f  s c r e e d s  * ■ , -
l a id  v e r t i c a l l y  b e tw e e n  th e  d o t s  in  s t r i n g  w h in h  ?  m a t e r i a I  18
10 cm . in  w id t h  a n d  c a r e f u l ly  le v e lle d  o f f  w i th  t h e  ,  7 o m ' t o

t h e  d o t s .  T h e  w a li  I  n o w  d i v l d ^



v e r t i o a l  b a y s .  W h e n  t h e  s c r e e d s  a r e  h a r d  e n o u g h  t o  w i th s ta n d

S T n U h e d  to ™  f h e  T Ce,8 ° n  t h e  W a" s s r e  re f iI le d  w i th  P ,i ls te r  a n d  n n i s h e d  t o  a  u n i f o r m  le v e l  a n d  t r u e  s u r f a c e .  S im i la r ly  c a re f u l
a r r a n g e m e n t s  h a v e  t o  b e  m a d e  f o r  g e t t i n g  a  p r o p e r  t h ic k n e s s  o f  t h e
s u r f a c e  w h e n e v e r  t h e r e  a r e  e x c e s s iv e  p ro je c t io n s .

Bf f ° r e  aj >P | y 'n 8 , t h e  8 e c o n <i u n d e r c o a t ,  t h e  f i r s t  c o a t  is  s w e p t

a i f d  m a t e r i a l  T  ' ° 08e S c re e d 8  a * aiD  b ea n d  m a t e r i a l  l a i d  m  a  s i m i l a r  m a n n e r .  T h e  a v e r a g e  t h i c k n e s s  o f
t h e  s e c o n d  u n d e r c o a t  s h o u ld  n o t  e x c e e d  10  m m . A s  th e  s u r f a c e  is  

w a v y  l in e s .  “  b y  *h °  ° f  ° ° m b  t0  g e t  a  r e g u la r  P a t t e r n  o f

, n  l „  T h ?  P r o P o r t l o n  o f  t h e  f in is h in g  c o a t  m a y  b e  s im i l a r  t o  t h a t  o f  
u n d e r c o a t s .  C o lo u r e d  o r  w h i t e  c e m e n t  m a y  h o w e v e r  b e  u s e d  o n ly  in  
t h e  f in i s h in g  c o a t s .  T h e  g r a d in g  o f  t h e  a g g r e g a t e  s h o u ld  b e  a p p r o -  
p r i a t e  f o r  t h e  t y p e  o f  f in ish  d e s i r e d .  N o  l im e  is a d d e d  t o  m ix  c o n ­
t a i n i n g  c o lo u r e d  o e m e n t.  T h e  p r o p o r t i o n  o f  w a te r  m u s t  b e  c o n s t a n t  
tor e a c h  b a t c h  a n d  n o  a d d i t i o n a l  w a te r  is  a d d e d  a f t e r  i n i t i a l  m ix in g . 
T h e  m i x  is  a p p l i e d  w i t h  a  w o o d  s k im m in g  f lo a t  a n d  a f t e r w a r d s  
f in i s h e d  to  a  t r u e  a n d  e v e n  s u r f a c e .  T h e  s u r f a c e  is  t h e n  f in is h e d  
w i th  a n  u n d e r  f l o a t  a n d  d e p r e s s io n s  a r e  f i l le d  in .  O v e r w o r k in g  
w ill t e n d  to  b r i n g  to o  m u c h  f in e  m a t e r ia l  to  t h e  s u r f a c e  a n d  s h o u ld  
b e  a v o i d e d  t o  r e d u c e  t h e  t e n d e n c y  o f  s u r f a c e  c r a z in g .

Plaster applied to metal lathing. M e ta l  l a t h i n g  is  a  t e r m  u s e d  
t o  c o v e r  a  w id e  v a r i e t y  o f  m a t e r i a l s  a v a i la b l e  in  s h e e t .  T h e y  a r e  
c la s s i f ie d  a s  ( a )  P l a i n  e x p a n d e d ,  (h) R ib b e d  e x p a n d e d  w i th  r ib s  
fo r m in g  a n  i n t e g r a l  p a r t  o f  t h e  s h e e ts  o r  a t t a c h e d  subsequently 
(c) P e r f o r a t e d ,  (d) D o v e - t a i l e d .

L a t h i n g  w h ic h  is  c o m m o n ly  i v e d  in  t h e  d o m e s t i c  b u i ld in g  is  
‘• p la in  e x p a n d e d  t y p e ” . T h i s  t y p e  is  u s e d  m a in ly  f o r  c e i l in g  c o n s t r u c ­
t i o n  o r  p a r t i t i o n  w o r k ,  b y  f ix in g  i t  t o  t i m b e r  s u p p o r t s  o r  s o m e t im e s  
t o  s t e e l w o r k .  T h e  fo l lo w in g  p o i n t s  -’r e  t o  b e  n o t e d  f o r  f ix in g  t h e  
m e t a l  l a t h i n g  w h i le  b e in g  u s e d  a s  a  b a s e  fo r  p l a s t e r s  :—

(а )  T h e  l a t h i n g  s h o u ld  b e  fix e d  a n d  s t r e t c h e d  t i g h t l y  a s  m u c h  
a s  p o s s ib le .

(б) T h e  c o r r e c t  g a u g e  s h o u ld  b e  u s e d  in  r e la t io n  t o  t h e  d i s ta n c e s  
a t  w h ic h  s u p p o r t s  a r e  s p a c e d .  F o r  p l a in  e x p a n d e d  m e t a l  l a t l l i n g  t h e  
w e ig h t  s h o u ld  n o t  b e  le s s  t h a n  15  k g . p e r  s q .  m . o v e r  n o r m a l  s u p p o r t s  
s p a c e d  a t  3 5  c m . T h e  m e s h  o f  t h e  l a t h i n g  s h o u ld  b e  6  m m . t o
1 0  m m . ( m e a s u r e d  in  t h e  s h o r t e r  d i r e c t io n ) .

(c ) T h e  lo n g  d im e n s io n s  o f  t h e  s h e e ts  s h o u ld  s p a n  a c r o s s  t h e  
b e a r e r s .

(d) I n  f ix in g  d i r e c t l y  t o  t i m b e r  s u p p o r t s  s u i t a b l e  s t r i p s  o f  h a r d  
w o o d  s h o u ld  b e  f ix e d  b e tw e e n  t h e  l a t h i n g  a n d  t h e  s u p p o r t s  t o  e n s u r e  
c o n t i n u i t y  o f  t h e  p l a s t e r  k e y  b e h in d  t h e  l a t h i n g .

(e) A l l  s h e e ts  m u s t  b e  o v e r l a p p e d  n o t  le s s  t h a n  2 5  m m .  a t  t h e  
s id e s  a n d  t h e  e n d s .  O v e r - l a p s  s h o u ld  a lw a y s  o c o u r  o n  s o l id  s u p p o r t s .

( / )  T h e  s id e s  o f  t h e  s h e e ts  m u s t  b e  w ire d  t o g e t h e r  t o  c o m e  
b e t w e e n  s u p p o r t s ,  w i t h  g a lv a n is e d  ifrire .



jr \V:3#45 m « t« l  l a t h i n g  is  a p p l i e d  t o  t i m b e r  s u p p o r t s  i t  s h o u ld  
S x e d  b y  g a lv a n is e d  n a i l s  o r  s c r e w s  d r i v e n  a c r o s s  t h e  g r a in  o f  t h e  

t i ia b e r  a s  a b o u t  10  c m . e a a t f e s .
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Figs. 1068.1 Various types of metal lathes.

t h a t  f8Wt h Z in havP2 ° fu E l!1 9 t6 ti,I' g  m “ y  b "  U M d  o n  m o t* '  ) a t h i “ g  
c o n ta in in g  c a lc iu m  a n Y n W  i® ? o n t a i “ in 8  c e m e n t  l im e  a n d  th o a e
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fo r  m e ta l  la th in ir  is  1 • 9 • q  ^
r a a y  b e  a d d e d  fco h e ln  in ’t h *  i ce rQ tm t> , im e  a n d  m i* .  H a i r  
o a b ic  m e t r e .  F o r  i i n a t  • a P P  l c a *i,o n  to  t h e  e x t e n t  o f  4  k g .  p e r
u s e  a  s t r o n g e r  m ix  t h a n  T™! T  7 ° ^  lafchjn g  ib is  nofc a c c e s s a r y  t o  b t h a n  1 ■ 1 = 6 o f  c e m e n t ,  l im e  a n d  s a n d .

a p p l i c a t io n ™  m e t a H a t h i n l ^ f l  h t TO 00 ,1B idorabie a d v a n t a g e  fo r  
m o v e m e n ts  th a n  n la o f  h ie f ly  b e c a u s e  t h e y  h a v e  s m a l l e r  d r y i n g

:?j t  r riori iott “ ” - p T ° h e “p l a s t e r in g  o n  t h e  l a t h  is  s im i l a r  to  t h a t  o f  t h e  w a ll p la s t e r in g .  

D e f e c t s  i n  P l a s t e r i n g

p l a 9 J t u r f e c e 8W:n g  ^  d 6 f t ° te  W hi° h  “ By ° SUB6 f‘ ilu reB  iD tb°

itV  T h ° b a o k i" 8  m a y  ' “ O '"  a f t e r  t h e  p l a s t e r in g  is  a p p l i e d  d u e
c ^ n 8? m i t ! n 0nH ° r  f  $  sl?r i n k a S °  a s  w a te r  i n t r o d u c e d  d u r in g  
c o n s t r u c t io n  d r i e s  o u t .  S im i la r  m o v e m e n t  c a n  o c c u r  o n  a c c o u n t  o f

T o a ™ irl18 a o h  d i f f ic u lt ie s  t h e  b a c k g r o u n d  s h o u ld  
b e  a l lo w e d  to  d r y  c o m p le te ly  b e f o re  a p p ly in g  t h e  p l a s t e r .

J 2! Movem™ t m " a la °  ®®cur in  t h e  p l a s t e r  i t s e l f  o n  a c c o u n t  o f

a e e  ? n t h e  T "  01130 ° I  g T PSUm p la S t6 r  ° r  b y  d r y i n S  a n r t  s t l r i a k -
k f t  o f  ,  I™13 83 “ ,d  P a s t e r s ' L im e  8a" d  p l a s t e r s  c o n ta in in g

° ff  fine. r a a t f r l a l  a r e  l t a b l» to  h ig h  s h r in k a g e .  S im i l a r  is  t h e  
e a s e  i f  s a n d  c o n ta in s  c la y  p a r t i c l e s .  T h e  p l a s t e r  m o v e m e n t  c a n  b e  
a v o id e d  b y  t h e  u s o  o f  s u i t a b l e  t y p e  o f  s a n d  w h ic h  is  w e ll  g r a d e d .

(3 ) T h e  a d h e s io n  o f  t h e  p l a s t e r  m a y  n o t  b e  c o m p le te  o n
a c c o u n t  o f  t h o  s u r f a c e  o f  b r i c k - w o r k  o r  c o n c r e t e  n o t  h a v in g  a  
m e c h a n ic a l ly  g o o d  b o n d .  ®

(4 ) F a i l u r e s  c a n  o c c u r  i f  s u c t io n  o f  t h e  b a c k g r o u n d  is  n o t  
u n i f o r m  A b s o r b in g  b a c k g r o u n d  w ill s u c k  l o t  o f  w a te r  f r o m  th e  
p i a s t e r  i t s e l f  t h e r e b y  a f f e c t in g  t h e  s t r e n g t h  o f  t h e  p l a s t e r .

(5 ) K e y in g  b e tw e e n  v a r io u s  p l a s t e r  c o a t s  is  a l s o  i m p o r t a n t .  
T h e  m e th o d  o f  t h e  a p p l i c a t i o n  o f  t h e  m ix  in f lu e n c e s  t h e  a d h e s io n  i f  
t h o  m ix  is  t h r o w n  w i th  s o m e  f o r c e  t i l l  i t  s t io k s .

(6 ) E r r o r s  in  t h o  c o n s t r u c t io n  o f  t h e  b u i ld in g  m a y  c a u s e  
f a i l u r e .  W a t e r  m a y  p e n e t r a t e  b e h i n d  t h e  p l a s t e r .  T h e r m a l  e x ­
p a n s io n  m a y  o c c u r  i f  h o t  w a te r  p ip e s  a r o  p r e s e n t  b u t  a r e  n o t  
i n s u la t e d  T h e  c o lu m n  o r  b e a m s  m a y  d e f le c t  e x c e s s iv e ly  T h e  
d e t a i l s  o f  c o n s t r u c t io n  o f  d o o r s ,  w in d o w s  e to . ,  m a y  b e  d e f e c t iv e  
le a d in g  t o  t h e  p e n e t r a t i o n  o f  m o i s t u r e .

(7 ) T h e  s u r f a c e s  t o  w h ic h  t h e  p l a s t e r in g  i s  a p p l i e d  m a y  h a v e  
b e e n  i n a d e q u a t e l y  c l e a n e d  d u r i n g  p l a s t e r in g ,

(8 ) T h e  b a c k in g  m a y  c o n ta in  s o lu b le  s a l t s  a n d  t h e  a d h e s io n  
m a y  h a v e  b e e n  l o s t  b y  t h e i r  c r y s t a l l i s a t i o n  a n d  e x p a n s io n .

T h e  T k i 1 g  ? e t ,h 0 d f  m a y  l e a d  t0  *>m e  d i f f ic u l t i e s .
T h e  a d d i t i o n  o f  w a te r  t o  h y d r a u l i c  l im e  a f t e r  i n i t i a l  s e t  h a s  t a k e n



, \  - v o y  tu r n  mm c o n s t r u c t i o n

i[»■ >v w K \ ; v « i v y  t r o w e l l in g  m a y  o a u s e  t h e
> v u w  j ' I' fre'  i n t e r v a l  b e tw e e n  s u c c e s s iv e  

m p  &* sihfti. ’I V  c o a ts  m a y  h a v e  b e e n  to o  th i c k .
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S s & r a & I Swtdhtw fo r  Ehe * * l b  o f  t h e  b u i ld in g s  m a y  b e  g iv e n  
■\n- ':3« - d ^ v -c a s so r , o n ly  o r  m a y  c o m b in e  w i th  t h i s  t h e

/  sawlusi«.M o f  t h e  r a in  f r o m  t h e  w a ils .  A  r e n d e r e d  f in is h  
m  tm  w d g tfM l wadi w  c h e a p e r  a n d  c a n  b e  u s e d  o v e r  v a r i e t y  o f  
iUrtttfGurtti a a a s e m ls  w b v h  m a y  n o t  th e m s e lv e s  b e  s u i t a b l e  f o r  e x - 
308Rtre. I i i  m a k in g  She d e c is io n  fo r  t h e  s e le c t io n  o f  a  s u i ta b l e  

us 5p«c ^ a :  a n d  c o lo u r , t h e  fo llo w in g  f a c to r s  h a v e  t o  b e
k e p t  in  v iew  :

(1) T h e  a p p e a r a n c e  re q u ir e d .

(2 ) T h e  m a in te n a n c e  n e c e s s a r y  f o r  g iv in g  t h e  s a t i s f a c t o r y  
a p p e a ra n c e s .

(3) T h e  d e g r e e  o f  p r o t e c t io n  a g a in s t  r a in  p e n e t r a t i o n  t o  b e  
p r o v id e d  b y  t h e  f in ish .

(4 ) T h e  s e v e r i t y  o f  e x p o s u r e  t o  a tm o s p h e r ic  a n d  c l im a t i c  
ag e n c ie s  a f fe c t in g  d u r a b i l i t y .

(6 ) T h e  t im e  o f  y e a r  d u r in g  w h ic h  t h e  f in is h  is a p p l ie d .

(6) T h e  e n v i r o n m e n t  a n d  u se  o f  t h e  b u i ld in g ,

(7 ) T h e  b a c k g r o u n d  m a te r ia l s  o n  w h ic h  t h e  f in is h  is  t o  b e  
a p p l ie d .

(8 ) T h e  c o s t .

T y p e s  o f  F i n i s h e s .  T h e  ty p e s  o f  f in is h in g  t r e a t m e n t s  u s u a l ly  
a d o p te d  fo r  e x t e r n a l  s u r f a c e s  a r e  t h e  fo llo w in g  ;

(a )  PebbMaah or dry-dash : T h is  is  t h e  f in is h  in  w h ic h  s m a l l  
p e b b le s  o r  c r u s h e d  s to n e s  o f  s u i ta b l e  s iz e s  a r e  t h r o w n  o n  to  a  f r e s h lv  
a p p l ie d  fin a l  c o a t  o f  m o r t a r  a n d  l e f t  e x p o s e d .  T h e  p e b b le s  a r e  
s o m e tim e s  l i g h t ly  p re s s e d  o r  t a p p e d  i n t o  t h e  m o r t a r  a f t e r  t h r o w in g

“  n o i  s u i ta b l e  f o r  w e a k e r  t y p e s  o f  b r i c k s  o r  l i g h t  w e ig h t  
C° n a r e Ul' r .‘  o a n  b e  s u i ta b l e  fo r  r u r a l  a r e a  a s  f a r  a s  a e s th e t i c  

d e t e r io r a t i o n  C0Be6 14 c a n  re 3 ' 9 t  8 o o d  a m o u n t  o f  a e s th e t io

. . . - J t y . * 0? ? *  ĉ f ‘ : 'rrh i 'Y S a  fil' i8h in  wl>ich th e  f in a l  c o a t  c o n . 
mi x a n d t s C f t  in  °* f a ,r lJ .  “ a r s ® a g g r e g a t e  is  t h r o w n  a s  a  w e t  

f  W<̂  c o n d l t ,o n  T h e  c o a r s e n e s s  o f  t h e  t e x t u r e  
d e p e n d s  m a in ly  u p o n  th e  t y p e  a n d  s iz e  o f  t h e  c o a r s e  a g g r e g a t e .

m o r t a l  f f t e T b e f n " ^  n  ? “ “ • ‘ H *  f in ia i> t h <= A n a l c o a t  o f  
a  t  ^  8  i  ? Dd a l lo w o d  t o  s t i f f e n . is  s c r a p e d  w i th

s t r a i g h t  e d g e , o r  a  b o a r d  s t u d d e d  w i th  n a i l s  o r  a n y  o t h e r  fo r m  
o f  to o l  c o n v e n .e n t  f o r  t h i s  p u r p o s e ,  so  a s  t o  g iy e  a  r o u g h  s u r f a e e .

s t u o j  « finiShe’ i W i th  t h e  a id  o f  8 u a a b l °  t o o ls  r i b b a d  tu o c o  o r  I a n  t e x t u r e s  c a n  b e  c r e a t e d  in  t h e  f in a l  c o a t .



(e ) Smooth finish  : T h is  t y p o  o f  fin ish  h a s  g o t  a  le v e l  a n d  a  
s m o o th  s u r f a c e .  T h e  w o o d e n  f lo a t  is  n o r m a l ly  u s e d  a s  a  s te e l  f lo a t  
g iv e s  s u r f a c e  m u c h  m o re  l i a b le  to  c ra z e .

. J / )  Machine applied finishes : A  v a r ie t y  o f  fin ish e s  in  w h ic h
t h e  h n a l  c o a t  is  a p p l ie d  b y  m a c h in e  w h io h  th r o w s  o r  s p a t t e r s  
t h e  m a t e r ia l  o n  th e  w a ll  c a n  b e  a d o p te d .  T h e  m a c h in e s  m a y  b e  
m a n u a l ly  o p e r a t e d  o r  m e c h a n ic a l ly  o p e r a t e d  a n d  a  s o r t  o f  g u n  ia 
u s e d  to  t h r o w  o u t  t h e  m a te r ia l .

A s  f a r  a a  t h e  a e s th e t ic  v a lu e s  a r e  c o n c e rn e d  th e  c h o ic e  o f  t h e  
t y p e  o r  c o lo u r  w ill d e p e n d  o n  th e  c i r c u m s ta n c e s  w i th in  w h io h  t h e  
b u i ld in g  ia t o  f i t  in .  S m o o th  f in is h e s  h a v e  a  d e f e c t  t h a t  t h e  s u r f a c e  
b e c o m e s  c r a z y  a n d  h a s  p a t c h y  a p p e a r a n c e  o n  a c c o u n t  o f  v a r ia t io n  
in  t h e  s u r f a c e  s t r u c t u r e  d u e  to  f lo a t in g . L im e  d is s o lv e d  b y  t h e  
m ix in g  w a te r  e i t h e r  f r o m  c e m e n t  o r  l im e  in  t h e  m ix  g e t s  d e p o s i te d  
t o  s o m e  e x t e n t  o n  th e  o u t e r  s u r f a c e  a s  t h e  w a te r  d r i e s  o u t ,  a n d  
f o r m s  c a lc iu m  c a r b o n a t e  w h ic h  te n d s  t o  c o v e r  t h e  t r u e  c o lo u r  o f  t h e  
f in is h . T h i s  d e p o s i t  m a y  b e  m o re  f o r  so m e  a r e a s  t h a n  o th e r s  a n d  
t h u s  g iv e  a  p a t c h y  a p p e a r a n c e .  S u c h  e f fe c t  is  m a r k e d  u n d e r  alow  
d r y i n g  c o n d i t i o n s  t h a n  f in is h e s  a p p l ie d  in  w a rm  d r y  w e a th e r .  P e b b le  
d a s h  a n d  r o u g h  c a s t  a r e  l e a s t  l i a b le  to  c h a n g e  in  a p p e a r a n c e  o v e r  
l o n g  p e r io d s .  D e p o s i t s  o f  d i r t  f r o m  a tm o s p h e r ic  p o l lu t io n  a r e  m o re  
v i s ib le  o n  w h i te  a n d  p a le  c o lo u r  t h a n  o n  n a t u r a l  g r e y  c o lo u r . D i r t  
a ls o  a p p e a r s  b a d ly  o n  h e a v i ly  t e x t u r e d  f in is h e s  t h a n  o n  w h i te  
t e x t u r e d  a n d  s c r a p e d  f in ish .

A n  e x t e r n a l  r e n d e r in g ,  u n le s s  i t  i s  p a in t e d ,  s h o u ld  n o t  r e q u i r e  
a n y  m a in t e n a n c e  o v e r  a  lo n g  p e r io d  o f  t im e .  I f  a  l ig h t- c o lo u r e d  o r  
w h i te - c o lo u r e d  f in is h  is  r e q u i r e d  i t  m a y  b e  n e c e s s a r y  t o  p r o v id e  fo r  
p a i n t i n g  p e r io d ic a l ly .  A  r e n d e r e d  f in is h  is  o f t e n  r e q u i r e d  t o  g iv e  
p r o t e c t io n  a g a i n s t  r a in  p e n e t r a t i o n  t h r o u g h  a  w a ll. F o r  t h i a  r e a s o n  
c r a c k s  in  t h e  r e n d e r in g  m u s t  b e  a v o id e d  a s  m u c h  a s  p o s s ib le .  P e b b le  
d a a h  o r  r o u g h  c a s t  fin ish e s  a r e  m o s t  s u i ta b l e  f o r  s u c h  c o n d i t io n s .  
P r o v i d e d  t h e  u n d e r c o a t  is  r e s i s t a n t  o t h e r  t y p e s  o f  f in is h  m a y  b e  
u a e d . E a v e s  p r o t e c t io n  g r e a t l y  r e d u c e s  t h e  a m o u n t  o f  r a in  f a l l i n g  o n  
t h e  w a ll .  S im i l a r l y  s i l l s  m a d e  w i th  e f fe c t iv e  d r i p s  m a y  t h r o w  a w a y  
w a te r  c l e a r ly  f r o m  t h e  w a ll  a n d  t h e r e b y  w e a k e r  t y p e s  o f  r e n d e r in g  
c a n  b e  a d o p t e d .

T h e  t y p e  o f  b a c k g r o u n d  o n  w h ic h  t h e  r e n d e r i n g  is  t o  b e  a p p l i e d  
d e p e n d 8  o n  th e  c h o ic e  o f  t h e  m a t e r ia l  t o  b e  u s e d .  F o r  d e n s e  a n d  
s m o o th  b a c k g r o u n d  m e c h a n ic a l  k e y in g  is  e s s e n t i a l .  F o r  t h e s e  s u r f a c e s  
s p a t t e r  d a s h  t r e a t m e n t  c a n  b e  g iv e n  o r  a  l i g h t  m e s h  b e  s e c u r e d  
t o  t h o  w a lls  f o r  a d d i t i o n a l  a d h e s io n .  I n  m o d e r a t e l y  s t r o n g  m a t e r i a l s  
l jk e  b r i c k s ,  t h e  j o in t  s h o u ld  b e  i r r e g u l a r  u n l e s s  a  s p a t t e r - d a a h  
t r e a t m e n t  is  t o  b e  u s e d .  C e m e n t  l im e  a n d  s a n d  m ix  a r e  m o s t  s u i t a b l e  
in  r e n d e r in g  c o a t s  o n  th e s e  m a t e r i a l s .  S t r o n g  a n d  d e n s e  t y p e  o f  
m i x tu r e s  s u c h  a s  1 : 3  c e m e n t  s a n d  m ix  m a y  n o t  e x c lu d e  r a in  w a te r  
f r o m  t h e  w a ll  a l t h o u g h  i t  m a y  b e  v e r y  im p e r m e a b le  a s  i t  ia  l i a b le  
t o  c r a c k .  A  c r a c k  in  a  d e n s e  r e n d e r i n g  o n c e  f o r m e d  m a y  a l lo w  
m o r e  w a te r  t h a n  t h e  o n e  in  a  p o r o u s  r e n d e r i n g  s in c e  r a in  w a te r  r u n s  
d o w n  im p e r v io u s  s u r f a c e  in to  t h e  c r a c k .  H ig h  a l u m i n a  c e m e n t  m ix  
m a y  s o m e t im e s  b e  u s e f u l  f o r  g r e a t e r  r e s i s t a n c e  t o  t h e  a c t i o n  o f  t h e  
a u lp h a te a .



M a t e r i a l s  f o r  e x t e r n a l  f i n i s h e s .  T h e  g r a d in g  o f  t h e  a g g r e ­
g a te s  m a y  b e  s a m e  a s  f o r  t h e  o r d in a r y  p l a s t e r s  e x c e p t  t h a t  w h e n e v e r  
ro u g h  c a s t  p l a s t e r  is  to  b e  u s e d  fin e  g r a d e s  m a y  b e  a d d e d .  F o r  
p e b b le  d a s h  fin ish e s  p e a  s h in g le ,  c r u s h e d  h a r d  l im e s to n e  o r  m a r b l e  
c h ip p in g s  o r  o th e r  c r u s h e d  s to n e  o f  s u i ta b l e  a p p e a r a n c e  in  a  5  m m . 
to  10  m m . g r a d in g  m a y  b e  u s e d . T e x t u r e  f in is h e s  r e q u i r e  f i n e r  s a n d  
t h a n  th e  ro u g h  f in is h e s . F in e r  s a n d  is  a ls o  a d v a n t a g e o u s  f o r  p e b b l e  
d a s h  a s  i t  h o ld s  t h e  d r y  p e b b le  b e t t e r  w h e n  th r o w n .  B in d e r s  m a y  
b e  l im e  o r  c e m e n t  c o n ta in in g  s u i ta b l e  p ig m e n t s  in  s u i t a b l e  p r o p o r ­
t io n s . T h e  t o t a l  q u a n t i t y  o f  t h e  b in d in g  a g e n t  in  t h e  r e n d e r e d  f in i s h e s  
is  g o v e r n e d  p a r t l y  b y  t h e  r e q u ir e m e n t  t h a t  t h e  a m o u n t  o f  s u c h  
m a te r ia l  s h a l l  b e  j u s t  s u f f ic ie n t  t o  fill in  t h e  v o id s  b e tw e e n  t h e  c o a r s e  
s a n d  p a r t ic le s .  F o r  n o r m a l  s a n d  t h e  a m o u n t  o f  f in e  m a t e r i a l  r e q u i r e d  
t o  g iv e  t h e  m a x im u m  d e n s i ty  is  a b o u t  3 0 -4 0  p e r  o e n t .  A  n o r m a l  
m ix  c o n ta in s  o n e  p a r t  o f  c e m e n t  b in d e r  to  2 $  t o  3  p a r t s  o f  s a n d  o r  
o th e r  a g g r e g a te s .  I f  i t  is m a d e  r i c h e r  t h a n  t h i s  t h e r e  i s  a  r i s k  o f  
c ra c k in g . T h e  m o re  le a n e r  t h e  m ix  t h e  m o r e  d i f f i c u l t  i t  ia  t o  a p p l y .  
T h e  f u n c tio n  o f  t h e  c e m e n t  is  t o  p r o v id e  s t r e n g t h  a n d  d u r a b i l i t y .  
A  m ix  o f  1 : 3 c e m e n t  s a n d  is  m o r e  t h a n  n e c e s s a r y .  T h e  u s e  o f  t h i s  
m ix  p a r t i c u la r ly  o n  r ig id  b a c k in g  o f  lo w e r  s t r e n g t h  is  l i k e l y  t o  g iv e  
r is e  to  c r a c k in g . T h e  u s e  o f  t h i s  m ix  s h o u ld  t h e r e f o r e  b e  r e s t r i c t e d  
to  c o n d i t io n s  w h e re  t h e  b a c k g r o u n d  is  s t r o n g  a n d  g o o d  a d h e s io n  c a n  
b e  o b ta in e d  a n d  a ls o  w h e re  a  v e r y  d e n s e  a n d  im p e r m e a b le  m i x  is  
e s s e n tia l .  I n  p e b b le  d a s h  a ls o  w h e r e  p l a s t i c i t y  f o r  h o ld in g  t h e  p e b b le s  
f i r s t  th r o w n  a n d  r e ta in in g  th e m  is  v e r y  e s s e n t i a l ,  a  1 : 3  m ix  ia  s u i t a b l e .  
Jft>r a l l  o t h e r  w o r k  m ix e s  c o n ta in in g  lo w e r  c e m e n t  c o n t e n t  a r e  s a t i s ­
fa c to r y  a n d  a d d i t i o n  o f  l im e  m a y  i m p r o v e  t h e  w o r k a b i l i t y .  M ix e s  
c o n ta in in g  p o r t l a n d  c e m e n t ,  l im e  a n d  s a n d  in  t h e  p r o p o r t i o n s  1 - 1 - 6  
to  6  b y  v o lu m e  a r e  s u i ta b le .

bH f  * P P ,! iC a t ! “ n  ° f  E * t ' r n a l  P l a s t « s - S c a f f o ld in g  m a y  b e  n e e d -  
t h 6 fe f , t e r n a l  b e c a u s e  o f  t h e  g r e a t e r  h e i g h t

? 6 T Tu T i0mtB in  a "  C ases i8 e8“ n t i a l  u n ' e ™ »

m a y ^ ia v e  to  b e  giv*en f o r  v a r i o u s ^ ^ a c e s ^ O l d ^ b r i e ^ - v F o r k ^ r ^ u r e d

a T - d e l \n“  ^ “r ghly Wir6brUahed and ™ hed W ° re

a  t J l T Z  d a 8 h  t r e a t m e n t s  a r e  a p p l i e d  b y  t h r o w in g ,  e i t h e r  f r o m  
a e e d  f lh n lw  K *  “° ° !!P ‘ T ™ 6 m a t« r i a l s  ° n  t h e  s u r f a c e .  T h e  m i x w  
Z . . 1H K b e ,made ,of BUi t a b l .  c o n s i s te n c y  a n d  t h e  w o r k a b i l i t y  

m a t e r i a l 0 T h e  8 h °  ^h.e .d e « re o  o f  th o  s u c t io n  o f  t h e  b a o k in g
a t t e m p t  i s  t o  b e Z ' l Z  ^  ”

in g  t h e  m ix  o r ^ l a y l n g ^ o T O  t h e  t r o ^ r * 3™ 0 t v i t ‘e d  b y  , l l ro w _  
c o u r s e s  v a r ie s  o n  a c c o u n t  o f  I h e  im  r  !"6  t h i c k n e s s  o f  t h e s e
s h o u ld  n o t  b e  g r e X  t t e n  i g T r T T 0 ^ h 6 " ttn  P « f « a b l y  
u n d e r c o a t  h a s  s t a r t e d  t o  h a r d e n  i t  s h o u l d f ’ t h a “  d  W h e n  t h e
a  d e p t h  o f  3  m m . to  5  ru m  e x n o n t  g  , ° o m b e d  or s c r a t c h e d  t o  
w i th  m a c h in e s .  T h e  u n d o r ™ * ?  h i!i f o w j i n g  t r e a t m e n t  ia d o n e  
p o s s ib le  b e f o r e  any i l l0 W e d  * °  d r y  »  ><“ «  a *



„ , h h l “ " g t  r o a ‘ ra8nJt8  ^  d e p e n d in g  o n  t h e  t e x t u r e  « a 
^  B oraP ^ ?  ®n d  t « * ‘ u r e d  f in is h e s .  T h o  fin a l c o a t  m aV  be’ 

r n l t  h i  iT O n £  I. m a o h m a  f in is h e s ,  a n t o m a t i c  p l a s t e r in g  g u n s  
T o m m  S  ' ^ h e  th io k n e a s e i  o f  th e s e  c o a ts  v a r y  b e tw e e n  5  m m . t o
1 0  m m . S o m e  m a c h in e  f in is h e s  c a n  b e  a s  t h i n  a s  3  m m . T h e  fin ish im r 
S n i t i h l  -0  b e  c a r r i e d  o u t  c o n t in u o u s ly  w i t h o u t  a n y  b r e a k

“ d o ^ c r ^ n g  ° U t 1“  r a p id  h a r d e n in g  o f

Pointing

P o in t i n g  s h o u ld  b e  a v o id e d  a s  m u c h  a s  p o s s ib le  a s  t h i s  o p e r a t io n  
in v o lv e s  r a k in g  o u t  o f  t h e  j o i n t s  g o o d  m o r t a r .  A  w e a k e r  m o r t a r  
r e p la c e s  i t  a s  t h e  l a t t e r  c a n n o t  b e  w o r k e d  i n t o  t h e  j o i n t s  p r o p e r ly .  
T h e  m a in  p u r p o s e  o f  p o in t in g  ia  t o  g iv e  a  g o o d  a p p e a r a n c e  
t o  t h e  b r i c k - w o r k  o r  s t o n e  m a s o n r y .  I t  a ls o  s e r v e s  t h e  a d d i t i o n a l  
p u rp o B e  o f  p r e v e n t i n g  t h e  i n g r e s s  o f  m o i s tu r e  i n t o  t h e  w a ll  i f  t h e  
p o i n t in g  is  d o n e  c a r e f u l ly .  F o r  t h e s e  r e a s o n s  a l l  t y p e s  o f  fa c e w o rk s  
a r e  p o i n t e d .

P o in t i n g  s h o u ld  p r e f e r a b l y  b e  d o n e  w h e n  t h e  m o r t a r  i n  t h e  
j o in t s  is  c o m p a r a t i v e l y  “ g r e e n "  a n d  f r e s h .  B e fo r e  p o in t in g  a n y
b r i c k w o r k ,  a l l  t h e  j o i n t s  s h o u ld  b o  r a k e d  o u t  t o  a  d e p t h  o f  a b o u t  10
m m . F o r  g o o d  w o r k  t h e  j o in t s  s h o u ld  b e  s t r u c k  a f t e r  e a c h  d a y ’s 
w o r k .  T h e  d u s t  o f  m o r t a r  a n d  o t h e r  d i r t y  m a t t e r  is  c le a n e d ,  t h e  
s u r f a c e  i s  w e l l - w e t t e d  a n d  w a s h e d  w i th  w a te r .  T h i s  w a s h in g  s h o u ld  
p r o g r e s s  w i t h  t h e  p o in t in g .

T h e  jo i n t s  o f  t h e  p o in te d  w o r k  m u s t  b e  c l e a r ly  d e f in e d  b y  the 
p o i n t in g ,  t h e  l i n e s  b e in g  r e g u la r  a n d  u n i f o r m  in  b r e a d t h .  It is not 
d e s i r a b l e  t o  c o v e r  t h e  b r i c k  e d g e s  w i t h  m o r t a r  so  a s  to h id e  defects 
in  b r i c k - w o r k .

T h e  s u r f a c e  o f  t h e  p o i n t e d  w o r k  m a y  b e  k e p t  f lu s h  w i t h  the 
b r i c k - w o r k .  T h e  m o r t a r  w ill  b e  f i l le d  a n d  p r e s s e d  i n t o  t h e  joints 
w i t h  a  p o i n t in g  t r o w e l  a n d  f in is h e d  o f f  le v e l  w i t h  t h e  e d g e s  o f  the 
b r i c k s  t o  g iv e  a  s m o o th  s u r f a o e .

F o r  d e e p  p o in t in g  a ls o  c a l le d  s t r u c k  p o i n t in g ,  t h e  m o r t a r  s h a l l  
b e  f i l le d  in  t h e  j o i n t s  f lu s h  w i t h  t h e  m a s o n r y  o r  b r i c k - w o r k  w i t h  a 
p o in t in g  t r o w e l  a n d  t h e n  p r e s s e d  in  w i t h  p r o p e r  p o i n t in g  too lB . T h e  
p o i n t in g  t o o l  f o r  h o r i z o n ta l  j o i n t s  m a y  h a v e  a s u i t a b l e  s h a p e  s o  as to  
g iv e  w e a t h e r e d  o r  s t r u c k  j o i n t s  a s  t h e  o a s e  m a y  b e .  F o r  v e r t i c a l  
j o i n t s  t h e  p o i n t in g  to o l  m a y  b e  t r i a n g u l a r  in  s h a p e  s o  as t o  f o r m  
“ V e e "  j o in t s .  W h i le  u s in g  t h e  t o o ls ,  c a r e  s h o u ld  b e  t a k e n  t o  p r e s s  
t h e  m o r t a r  a n d  n o t  t o  o u t  i t  a w a y .

F o r  r u l e d  p o in t in g ,  t h e  m o r t a r  is  f i l le d  a n d  p r e s s e d  i n t o  t h e  
j o i n t s  w i t h  a  p o i n t in g  t r o w e l  a n d  f in i s h e d  o f f  le v e l  w i t h  t h e  e d g e  o f  
t h e  b r io k s .  I t  i s  t h e n  r u l e d  a lo n g  t h e  c e n t r e  o f  a l l  j o i n t s  w i t h  a h a l f  
r o u n d  to o l ,  1 0  m m . w id e .

T h e  o t h e r  v a r i e t y  o f  p o i n t in g  is  t h e  “ t u c k ”  t y p e .  I n  t h i s  c a s e  
t h e  j o i n t  b e tw e e n  t h e  b r i c k s  is  f i l le d  w i t h  m o r t a r ,  m a y  b e  o f  a  
d i f f e r e n t  c o lo u r .  A  n a r r o w  r i d g e  w i th  r a i s e d  p a r a l l e l  e d g e s  o f  a b o u t
4  m m  in  t h i c k n e s s  is  m a d e  i n  w h i t e  c o lo u r .  I t  f i t s  i n t o  t h e  b a c k in g  
j o i n t ,  a s  a  r e c e s s  is  m a d e  in  t h a t  t o  r e c e iv e  t h e  f o r m e r .



F o r  l im e  p o in t in g ,  s la k e d  l im e  is  m ix e d  w i th  tw o  p a r t s  o f  
s u r k h i  a n d  k e p t  u n d e r  w a te r  f o r  a  p e r io d  o f  12  h o u r s .  T h i s  is  t h e n  
p a s se d  th r o u g h  a  s c r e e n  o f  0  m e sh e s  t o  a  c m . I n  e x c e p t i o n a l  c a g e s , 
o o lo u rin g  m a t t e r  m a y  h a v e  to  b e  a d d e d  to  m a tc h  t h e  c o l o u r  o f  t h e  
b r ic k s .

W h e n e v e r  p o in t in g  is l i a b le  t o  g e t  a f f e c te d  b y  d a m p n e s s  o r  s a l t  
a c t io n , c e m e n t  p o in t in g  is  u s e d . A  m ix  o f  1 : 3  o e m e n t  s a n d  is  u s e d .

A f te r  p o in t in g ,  t h e  fa c e  o f  t h e  w a ll s h o u ld  b e  c l e a r e d  o f  a l l  
s u rp lu s  m a t t e r  a d h e r in g  t o  i t s  fa c e .  N o  w a s h in g  is  d o n e  t i l l  t h e  
p o in t in g  h a s  s e t .  L im e  p o in te d  w o r k  is  k e p t  w e t  f o r  5  d a y s  a n d  
c e m e n t  p o in te d  w o rk  fo r  10 d a y s ,  a f t e r  t h e  c o m p le t io n  o f  t h e  jo b . 
I t  s h o u ld  b e  p r o te c te d  d u r in g  th i s  p e r io d  f r o m  t h e  e x t r e m e  c h a n g e s  
in  t h e  w e a th e r .

Q U E S T I O N S

1. What are the objects of plastering ? Define the following terms :
Background, blistering, cracking, crazing, dubbing out, finishing coat

flaking, float, gauging, grinning, raking, peeling undercoat,
2. Describe with the help of sketches the tools used for plaster work.

•uitabiHty ***** the materiaIs u8ed in plastering T Discuss their

4. Discuss, in detail, the design considerations for plaster work.
5. Describe, briefly, the following :

(a) Lime plastering.
(b) Cement plastering.
(e) Plastering on lathing.

sri s asierjsia 5 teas
7- (a) Why is plastering done in more than one coat ?

<6) ^ n e S d0y0U UnderBtBndbyth6term 'p0intin8‘ *nd ^ w  is it

• x l a r J ' a J S T  f ‘ C t0 r ‘  w i "  y ° u  k e e p  i n  m i n d  w h i I °  »  s u i t a b l e

Describe the v a r ie s  typos of finishes and the materials used for than  
them I 9' ftre the various defects in plastering ? H o w  . i l l  you r K ti[ y
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PAINTING, DISTEMPERING AND WHITE WASHING 

Painting

B e s id e s  p r o t e c t i n g  v a r io u s  b u i ld in g  u n i t e  f r o m  th e  w e a th e r in g  
a c t io n  o f  t h e  a tm o s p h e r e ,  t h e  m a in  o b je c t  o f  u s in g  a  p a i n t  is  t o  p ro -  
v i d e  a  d e c o r a t i v e  f in is h  t o  o b t a i n  a  c le a n , c o lo u rfu l  a n d  p le a s in g  
s u r f a c e .  S u c h  s u r f a c e s  a r e  a l s o  h y g ie n ic a l ly  g o o d  a n d  p r e s e n t  
h e a l t h y  s u r r o u n d in g s  t o  l i v e  in .

A n  o r d i n a r y  p a i n t  c o n s is ts ,  e s s e n t i a l l y ,  o f  tw o  in g r e d i e n ts ,  i.e , 
a  b a s e  w h ic h  is  a  s o l id  m a t e r ia l  a n d  f o r m s  t h e  m a in  b o d y  fo r  c o v e r ­
in g  t h e  s u r f a c e s  a n d  a  l i q u id  c a l le d  v e h ic le  w h ic h  c a r r ie s  t h i s  s o l id  
m a t t e r  a n d  d i s t r i b u t e s  i t  e v e n ly  o n  t h e  s u r f a c e .  T h e  v e h ic le  a ls o  
a c t s  a s  a  b i n d e r  f o r  t h e  s o l id  m a t t e r  a n d  e n a b le s  i t  t o  a d h e r e  t o  t h e  
s u r f a c e .  A d d i t i o n a l  c o m p o n e n ts  l ik e  p ig m e n t s  n e e d e d  f o r  g iv in g  
d i f f e r e n t  t y p e s  o f  c o lo u r s ,  t h in n in g  a g e n t s  f o r  g r e a t e r  c o v e r in g  c a p a ­
c i t i e s  a n d  d r i e r s  w h ic h  g iv e  t h e  p r o p e r t y  o f  d r y in g  a t  a  q u ic k  r a t e ,  
a r e  a d d e d  t o  t h e  p a i n t s .

T h e  b a s e  m a y  c o n s i s t  o f  w h i te  l e a d ,  r e d  le a d ,  z in c  w h i t e ,  i r o n  
o x id e  o r  g r a p h i t e ,  o u t  o f  w h ic h  t h e  w h i t e  le a d  is  m o s t ly  u s e d .  T h i*  
h a s  g o t  a n  a d d i t i o n a l  a d v a n t a g e  o f  b e in g  e a s i l y  a p p l i e d  a n d  h a s  a  
g o o d  c h a r a c t e r i s t i c  o f  c o v e r in g  t h e  s u r f a c e  w e ll b u t  t h i s  is  l i a b l e  t o  
d i a o o lo u r  o n  a c c o u n t  o f  t h e  fu m e s  o f  h y d r o g e n  s u lp h id e  p r e s e n t  in  
t h e  a t m o s p h e r e .  T h e  c o v e r in g  c o a t s  in  s u c h  a  t y p e  o f  a t m o s p h e r e  
h a v e  t o  b e  g iv e n  w i th  s o m e  o t h e r  m a te r ia l s .  Z in c  o x id e ,  o n  t h e  o t h e r  
h a n d ,  is  R o n - p o is o n o u s  a n d  is  n o t  a f f e c te d  b y  s u l p h u r  f u m e s .  L i th o -  
p h o n e  is  a l s o  e x t e n s i v e ly  u s e d  fo r  i n t e r i o r  w o r k .  T h i s  is  a  m i x t u r e  o f  
z in o  s u l p h id e  a n d  b a r iu m  s u l p h a t e  p r e p a r e d  b y  th e  p r o c e s s  o f  m u t u a l  
p r e c i p i t a t i o n .  T h is  b a s e  is g o o d  a n d  c h e a p  a n d  i t  i s  l i a b l e  t o  c h a n g e  
c o lo u r  o n  a c c o u u t  o f  e x p o s u r e  t o  d a y l ig h t .  R e d  l e a d  is  u s e d  f o r  p a i n ­
t i n g  i r o n  s u r f a c e s  t o  w h ic h  i t  a d h e r e s  w e ll  a n d  p r o t e o t s  t h e  m e ta l .

T h e  l i q u id  v e h ic le  g e n e r a l l y  c o n s i s t s  o f  r a w  l i n s e e d  o i l ,  r e f in e d  
l i n s e e d  o il ,  p a l e  b o i le d  l in s e e d  o il  o r  s t a n d  o i l .  R a w  l in s e e d  o i l  is  
t h i n  b u t  t a k e s  a  lo n g  t i m e  t o  d r y .  I t  is , t h e r e f o r e ,  b o i le d  a n d  d u r i n g



th i s  p ro c e s s  a  d r i e r  s u c h  a s  l i th a r g e  is  a d d e d .  T h e n ,  t h i s  b e c o m e s  
th ic k e r  a n d  d a r k e r .  F o r  d e l ic a te  w o r k  e i t h e r  r a w  l i n s e e d  o i!  w h ic h  
is  th in  is  u se d  a lo n g  w ith  d r i e r s  o r  p o p p y  o r  n u t  o ils . P a l e  b o i le d  
o r  d o u b le  b o iled  lin se e d  o il is  m o re  s u i ta b l e  f o r  p a i n t i n g  p l a s t e r e d  
s u rfa c e s . S ta n d  o il, m a d e  f ro m  lin s e e d  o il  b y  a l lo w in g  i t  t o  s t a n d  
in  t h e  s u n  f o r  g e t t i n g  t h i c k e r  b y  h e a t  t r e a t m e n t ,  fo r m s  a  d u r a b l e  
film  w ith  a  c le a r  f in ish .

P ig m e n ts  c o n s is t  o f  n a t u r a l  e a r t h  c o lo u r s  s u c h  a s  o c h r e s ,  
s ie n n a s  a n d  iro n  o x id e  a n d  c a lc in e d  c o lo u r s  s u c h  a s  l im e  b l a c k ,  I n d i a n  
re d ,  c a rb o n  b la c k  a n d  r e d  le a d  a n d  p r e c i p i t a t e s  s u c h  a s  p r u s s i a n  
b lu e , c h ro m e  y e llo w , e tc .  T h e s e  a r e  l i a b l e  t o  f a d e  a w a y  b y  b l e a c h ­
in g  a c t io n  a n d  a r e  a lso  s u b je c te d  to  a  c h a n g e  in  c o lo u r  u n d e r  t h e  
in f iu e n e e  o f  s u l p h u r e t t e d  h y d r o g e n ,  m o i s tu r e  a n d  h e a t .

L iq u id  a n d  p a s t e  d r i e r s  a r e  u s e d  f o r  h a r d e n i n g  o f  t h e  p a i n t s .  
L iq u id  d r i e r s  a r e  f in e ly  d iv id e d  c o m p o u n d s  o f  m e t a l s  s u c h  a s  
m a n g a n e s e ,  le a d , c o b a l t ,  e t c .  a n d  d i s s o lv e d  in  a  v o l a t i l e  l i q u id .  P a s t e  
d r i e r s  c o n s is t  o f  c o m p o u n d s  o f  t h e s e  m e t a l s  m ix e d  w i t h  l a r g e r  p e r ­
c e n ta g e s  o f  f illin g  m a te r ia l  a n d  g r o u n d  in  l in s e e d  o i l .  L i t h a r g e  z in c  
s u lp h a t e  a n d  r e d  le a d  a r e  a ls o  u s e d  a s  d r i e r s .  T h e  m a in  f u n c t i o n  o f  
a  d r i e r  is  to  a b s o r b  o x y g e n  f r o m  t h e  a i r  a n d  t r a n s f e r  i t  t o  l i n s e e d  o i l  
w h ic h  c o n s e q u e n t ly  g e t s  h a r d e n e d .

f i n i n g  ag e n t- c o m m o n ly  u s e d  is  t e r p e n t i n e  o i l .  T h i s  
m a te r ia l  m a k e s  t h e  p a in t , t h i n n e r  a n d  f a c i l i t a t e s  i t  t o  s p r e a d  o u t .  I t

b a f a t  t h e ^ m  r ‘° n  ° ?  P 0 T S 8 u r f s e e s  8 u c h  “ S w o o d  a n d  p i a s t e r
t h e m W  T  a ™  r0 d U ° 8;  t h e  g loa9  o f  t h e  l i n s e e d  o i l- I *  s h o u ld  
th e r e f o r e ,  b e  u se d  m o r e  c a r e f u l ly  p a r t i c u l a r l y  in  t h e  f i n i s h in g  c o a t .

Types of Paints

brieflyInd e s t i U d T in S  p S r a « r a P h 8 - t b e  t y p e s  o f  p a i n t s  a r e

Oil Paint

refinedTt ^ ; “ X 8i d ™ ;/°aL Pa; )n t h  & ^  ™ —  «*r
se e d  o il s t a n d  r i l  i s ri » i t h i n n e r s .  A d d i t i o n s  o f  p u r e  l in -  
S c s  0 il  a r e  a l8 °  m a d e ’ T h e  o h a r a c -
o p a c i ty ,  a  m o d e r a t e  flo w  tn w  »I y  Y 6  6 a ?y  t o  a P P 'y ’ h a v e  g o o d  
s e l f .p r im in g  a n d  d o  n o t  n e e d  °  P ' H u o h  P a i n t s  a r o
g e n e r a l  d e c o r a t io n  if  «« ^ P r ,m e r  o r  u n d e r - c o a t .  F o r

S r f a o i o o T t a T ™  10 aPply- on unPaintod
u n d e r c o a t s  a n d  f in is h in g  c o a t s ,  y'Qg o o m P 0 8 , t>OI>s, «■«•, p r i m e r s ,

Cement Paints

P o r t la n d  l im e  w i th  a ^ m e ' n t  P a '|n tS  W h‘° h  a r e  b a s e d  o n
m a l ly  m ix e d  w i th  w 5 2 T S e f o r T h e y  a r e  n o r -  
im p r o v e  t h e  o p a c i ty .  C a lc iu m  ™  . i d io x id e  i s  u s e d  t o
c o m p o u n d s  h a v in g  s i m i l a r  n i “ f  s t e a r a t e s  o r  o t h e r
a g e n t s  f o r  e l t e r i o r  u s e  u  a. j °  * d d e d  a a  w a te r  r e p e l l e n t

C a lc lu m  o h l o n d e  o r  o t h e r  a c c e l e r a t o r s  a r e



a d d e d  f o r  a d e q u a t e  s e t t i n g  a n d  h a r d e n in g  b e f n r«  A ■ „ •
a r e  i n c o r p o r a t e d  t o  g iv e  t h e  r e q u i r e d  t i n t  n  I  ■ P , * m e n ts

t s t i a r r s i  S  r H r

Synthetic Rubber Paints

S y n t h e t i c  r u b b e r  p a i n t s  a r e  b e t t e r  t h a n  t h e  p r e v io u s  tv o e s
They offer complete res,stance to lime and are suitable Z I E '
t i o n  o v e r  f r e s h  c o n c r e t e  o r  o t h e r  m a s o n r y  s u r f a c e s  T h « e  s u r f a ^  
n e e d  n o t  b e  c o m p le t e ly  d r y .  T h e s e  p a i n t s  a r e  m o d e r a te  
a r e  e a s y  t o  a p p l y .  W e a t h e r  a n d  s u n l ig h t  h a v e  a  v e r y  s lo w  a c t io n  
o n  t h e m .  T h e y  h a v e  e x o e l le n t  c h e m io a l r e s is t in g  p r o p e r t y  T h e y  
o f f e r  g o o d  r e s i s t a n c e  t o  w a te r  a n d  s t a n d  u p  to  h e L y r a i n s  T h e  
s t r o n g  b i n d i n g  p r o p e r t i e s  r e s u l t  in  a  low  r a t e  o f  m e c h a n ic a l  a t t r i t i o n  
& » » ■  ™ n ' w ,n ,> OT • T h e  q u ic k  d r y in g  a n d  m in im u m  p e n e t r a -  
t i o n o f  t h e  r e s in s  c o n t r i b u t e  t o w a r d s  a  g o o d  c o v e r in g  a i d  n o n -

u n i f o r m i t y  68’ T h e y  a r e  f a e t  d r y i n S  a n d  e x c e l le n t  c o lo u r

Emulsion Paints

A  s im p le  m i x tu r e  o f  a  p ig m e n t  a n d  a  b in d in g  m a te r ia l  ia n o t  
u s u a l l y  w o r k a b le  a n d  h e n c e  th i n n in g  a g e n t s  a r e  e s s e n t ia l .  A l t e r n a ­
t i v e l y ,  t h e  p i g m e n t  c a n  b e  f in a l ly  d i s p e r s e d  in  w a te r  t o  f o r m  a n  
e m u l s io n  ; a n d  s u i t a b l e  m a t e r i a l s  l ik e  g lu e ,  c a s e in  o r  m o d if ie d  c e l lu ­
lo s e s  a r e  a d d e d  t o  k e e p  th e  p a i n t  in  g o o d  c o n d i t io n .  T h e s e  t y p e s  o f  
p a i n t s  a r e  o a l le d  e m u ls io n  p a i n t s .  T h e  v a r io u s  t y p e s  o f  e m u ls io n s  
a r e  b r i e f ly  e n u m e r a t e d  b e lo w  :

Alkyl Emulsion Process ; T h e  b i n d in g  m e d iu m  in  t h i s  p a i n t  i s  
a  c e r t a i n  s y n t h e t i c  r e s in .  T h e y  g iv e  a  f l a t  f in is h , a r e  p o r o u s  a n d  a r e  
n o t  i n h e r e n t ly  r e s i s t a n t  t o  a lk a l i e s .  T h e y  a r e  a v a i la b l e  i n  a  r a n g e  o f  
v a r i e t i e s .  T h o s e  c o n t a in i n g  lo w  b in d e r  c o n t e n t  a r e  s i m i l a r  t o  b e s t  
o i l - b o u n d  d i s t e m p e r s  a n d  th o s e  h a v in g  h ig h  b in d e r  c o n t e n t  a r e  s im i l a r  
t o  o i l  p a i n t s .

Polyvinyl Acetate Paint : T h e  b in d in g  m a t e r i a l  i s  p o ly v in y l  
a c e t a t e  w h ic h  i s  a  s y n t h e t i o  r e s in .  T h o  t y p e  o f  f in is h  c a n  r a n g e  f r o m  
a  m a t t  t o  o i l -g lo s s .  T h e s e  p a i n t s  a r e  n o r m a l ly  p e r m e a b le  t o  w a te r  
v a p o u r s  a n d  a l lo w  d r y i n g  t o  c o n t in u e  t h r o u g h  t h e m ,  i f  t h e y  a r e  u s e d  
o n  d a m p  w a ll s .  H o w e v e r ,  t h o s e  p a i n t s  w h ic h  h a v e  g o t  a  f a i r  g lo s s  
a r e  n o t  p e r m e a b le  t o  w a te r  a n d  m a y  b l i s t e r  i f  u s e d  o n  d a m p  w a ll s .  
T h e s e  p a i n t s  in c r e a s e  c o r r o s io n  o n  s te e l  a n d  s h o u ld  n o t  b e  a p p l i e d  
d i r e c t l y ,  i.e., w i t h o u t  a  p r im e r .

Styrene Based Emulsion Paint. S ty r e n e  w h ic h  i s  a  c o m m o n  
t y p e  o f  s y n t h e t i o  is  u s e d  in  t h r e e  d i f f e r e n t  f o r m s  in  e m u ls io n  p a i n t s  
t h e  m o s t  i m p o r t a n t  t y p e  b e in g  t h e  o il -m o d if ie d  s t y r e n e .  T h i s  fo r m  
g iv e s  a  g o o d  f in is h , t h e  f i lm  is  p e r m e a b le  t o  w a te r  v a p o u r  a n d  f a i r l y  
r e s i s t a n t  t o  a lk a l i e s .

High Oloss Emulsion Paint. T h e  b i n d e r  i s  s i m i l a r  t o  t h a t  o f  a  
s t y r e n o  b a s e d  p a i n t .  T h e  f in is h  is  e q u a l ly  g lo s s y  b u t  i s  n o t  permeable



t o  w a te r  v a p o u r  a n d  is  a ls o  n o n - r e s i s ta n t  t o  a lk a l ie s .  T h i s  t y p o  o f  
p a i n t  ca n  b e  u se d  o n  i n t e r io r  s u r f a c e  d i r e c t ly  i f  t h e  s u r f a c e  is  n o t  
p o ro u s  o r  n e e d s  a  s u i ta b le  p r im e r  i f  t h e  s u r f a c e  is  p o r o u s .  I t  i s  n o t  
s u i ta b le  fo r  d a m p  s u rfa c e s .

Oil Bound Distempers. T h e s e  c o n s is t  o f  a n  e m u ls io n  o f  d r y i n g  
o il  o r  v a r n is h  w ith  g lu e  o r  c a s e in  a n d  u s u a l ly  l i th o p h o n e  a s  p i g m e n t .  
T h e r e  is  c o n s id e r a b le  v a r ia t io n  in  t h e  q u a l i t y  b u t  s o m e  a t t a i n  a  f a i r l y  
w a s h a b le  q u a l i t y  a f t e r  a  fe w  m o n th s .  T h e s e  a r e  p e r m e a b le  t o  w a te r  
v a p o u r  a n d  f a i r ly  r e s i s t a n t  t o  a lk a lie s .  T h e y  a r e  n o t  s u i t a b l e  f o r  u s e  
in  c o n d i t io n s  w h e re  c o n d e n s a t io n  is  l ik e ly  t o  o c c u r ,  i.e., i n  k i t c h e n s  
a n d  b a th -r o o m s .

Emulsion Paints Based on Tar or Bitumen. T h e s e  a r e  u s e d  f o r  
d if f e re n t  p u rp o s e s .  T h e y  a r e  o f t e n  p o r o u s  a n d  u s u a l ly  r e s i s t a n t  t o  
a lk a lie s .  T h e y  a r e  r e s t r ic t e d  in  t h e  r a n g e  o f  c o lo u r s  i f  t h e  b i t u m e n  
c o n te n t  is  h ig h .

A d v a n ta g e s  o f  e m u ls io n  p a i n t s  a r e  t h a t  t h e y  a r e  e a s y  t o  a p p l y ,  
t h e  s p r e a d in g  o f  th e s e  f in is h e s  is  so  g o o d  t h a t  t h e  t i m e  r e q u i r e d  t o  
c o m p le te  a  g iv e n  jo b  iB r e d u c e d  b y  a b o u t  5 0  p e r  c e n t  a n d  n o  m a r k s  
o f  b ru s h e s  a r e  v is ib le . T h e j '  a r e  f a s t  d r y i n g  p a i n t s  a n d  tw o  c o a t s  o f  
th e s e  p a i n t s  c a n  b e  a p p l ie d  o n  t h e  s a m e  d a y .  T h e y  h a v e  g o t  a n  
e x c e l le n t  a d h e s io n  p r o p e r t y  a n d  fo r m  a  t i g h t  r e s i s t a n t  f i lm  e v e n  
w h e n  a p p l ie d  o v e r  a  w id e  r a n g e  o f  t e m p e r a t u r e  a n d  o n  d i f f e r e n t  s u r -  
a e e s . T h e y  h a v e  g o t  g o o d  d u r a b i l i t y  a n d  c a n  b e  a p p l i e d  o v e r  

m a s o n ry  s u r f a c e s  o r  o v e r  p r e v io u s ly  p a i n t e d  s u r f a c e s .  T h e  o o lo u r  
r e te n t io n  is  g o o d  a n d  h a s  p le a s in g  e f f e c t s .  T h e y  h a v e  a  h i g h e r  l i f e  
a n d  i t  w  s e e n  t h a t  t h e y  c a n  s t a n d  f o r  a  p e r io d  o f  m o r e  t h a n  f iv e  
y e a r s .  W h e n e v e r  t h e  f in is h e d  c o a ts  a r e  w a s h e d ,  a  lo o k  l ik e  a  f r e s h  
p a in t  a p p e a r s .  T h e y  o ffe r  r e s i s t a n c e  to  a l k a l i  a c t io n .

Multi-coloured Finishes

J f f fc few  y e a r s < m u l t i - c o lo u r e d  f in i s h e s  a r e  b e in g  p ro -
i r a p ^ l y .  T h e s e  m u l t i - c o lo u r e d  p a i n t s  a r e  a  s u s p e n s io n  o f  

c q u e r  p a r t i c le s  in  a  w a te r  p h a s e  w h ic h  c o n t a in s  a  c o l l e c t iv e  c o l lo id .
\  , P lg.menfc P h a s e  is  p o u r e d  i n to  w a te r  d u r i n g  a g i t a t i o n  a n d  d u e  

fn r m J S  m ° ° m P a t l b l l i t y  o f  t h e  tw o  s y s t e m s ,  s m a l l e r  g lo b u le s  a r e  
TmrHr.i«a a  8 t a b iJ ia e r  t o  m a i n t a i n  t h e  i n d i v id u a l i t y  o f  t h e

A. y  , 6 a  h i g k  d e c o r a t i v e  v a lu e .  T h e y  h a v e  g o t  a d d e d
a n v  shrfnL- 5 E  ° a n  ^  a P P , ie d  o n  h i8 h ly  p o r o u s  s u r f a c e s  w i t h o u t  
o u t a n v  H , ^ 6 ' fT b e y  c a n  a l s o  b e  a p p l i e d  t o  d a m p  s u r f a c e  w i th -

w l d i n  m ! T en1r ^  I 11” 8 ° ? 0 -15  m m ‘ a n d  m o r e  c a n  ^sp rw u i  in  o n e  a p p l i c a t i o n  w i t h o u t  B u c k in o  o r  l _u s  J o n  *  „  a P P 1' c a t l0 “ uw ' t h 0 « ‘  a u o k m g  o r  w r in k l in g .  T h e s e  c a n  b e  
& n e w  p l a s t e r  w i t h o u t  f e a r  o f  a lk a l i  effeofc. T h e s e  a r e  u s e d  

fo r  d e c o r a t io n  p u r p o s e s  in  h o u s e s ,  b a s e m e n t s  a n d  i n d u s t r i a l  b u i ld in g s .  

P r o c e s s  o f  P a i n t i n g

c o a t  ° f  a  P r i m i n *
th e s e  c o a t s  a r c  i m p o r t a n t  f o r  ° ° * t *  A "



t o  t h e  g iv e n  s u r f a c e  a n d  o n  t h e  o t h e r  h a n d  c o n ta in s  s o m e  re a c t iv e  
p i g m e n t s  w h ic h  s e r v e  t o  p r o t e c t  t h e  s u r f a c e  f r o m  th e  c o r ro s iv e  
e f f e c t  o f  w e a t h e r .  T h e  s e l e c t io n  o f  a n y  p r i m e r  f o r  a  g iv e n  n u r o o la  
d e p e n d s  u p o n  i t s  c h a r a c t e r i s t i c  a n d  t h e  s u r f a c e  o v e r  w h ic h  i t  h a s  to  
b e  a p p l i e d .  F o r  a n  a b s o r b e n t  s u r f a c e ,  a  p r i m e r  s h o u ld  b e  o f  s u c h  a  
q u a l i t y  t h a t  a  p a r t  o f  i t  s h o u ld  r e m a in  o n  t h e  s u r f a c e  a f t e r  a b s o lu ­
t i o n .  T h i s  p o r t i o n  p r o v i d e s  a  k e y  f o r  a d h e s io n .  T h e  p r o p o r tio n s  o f  
o i ly  a n d  r e s in o u s  m a t e r i a l s  a r e  a d ju s t e d  t o  s u i t  t h e  s u c t io n  W ood  
p r i m i n g  r e q u i r e s  s p e c ia l  c o n s id e r a t i o n  a s  i t  c o n ta in s  t r a p p e d  m o is. 
t u r e .  I n  t h o  c a s e  o f  s t e e l ,  b e s id e s  c o r ro s io n , a n o th e r  im p o r t a n t  
f a c t o r  w h io h  is  t o  b e  c o n s id e r e d  is  t h e  e x p a n s io n  a n d  c o n t r a c t io n  
d u e  t o  c h a n g e s  in  t h e  a tm o s p h e r e  a n d  th u s  i t  h a s  t o  s t a n d  th i s  
v a r i a t i o n  w i t h o u t  a n y  b a d  e f fe c t .  F o r  p l a s te r e d  s u r f a c e s ,  t h e  
p r e s e n c e  o f  m o i s t u r e  m u s t  b e  t a k e n  in to  a o c o u n t  w h ile  s e le c t in g  a  
p r i m e r .

Undercoats. T h e  m a in  f u n c t io n  o f  t h e  u n d e r c o a t  r e la t e s  
t o  t h e  f i l l in g  p r o p e r t i e s ,  o p a c i ty ,  c o lo u r  a n d  s u p p o r t  f o r  t h e  f in is h in g  
c o a t .  T h e s e  a r e  h ig h ly  p ig m e n te d  a n d  th e r e b y  c o v e r  m o s t  o f  t h e  
i r r e g u l a r i t i e s .  H e a v y  u n d e r c o a t s  a r e  g e n e r a l ly  a v o id e d  a n d  h e n c e  
s u i t a b l e  t h i n n i n g  a g e n t s  m u s t  b e  m ix e d  w ith  a  p a i n t  so  t h a t  t h e  
p a i n t e d  s u r f a c e  i s  q u i t e  t h i n  a n d  t h e r e  a r e  n o t  e x c e s s iv e  m a r k s  
l e f t  a f t e r  t h e  a p p l i c a t io n .  I n  t h e  c a s e  o f  o ld  w o r k , c a re  h a s  t o  be 
t a k e n  t h a t  t h e r e  is  n o  lo s s  o f  a d h e s io n . A  g o o d  u n d e r c o a t  s h o u ld  
b e  s u c h  t h a t  a f t e r  i t s  d r y in g ,  n o  c lo g g in g  m a r k s  s h o u ld  b e  p r o d u c e d  
w h e n  i t  i s  r u b b e d  w i th  a  g la s s  p a p e r .  A s  t h i s  r u b b in g  is  e s s e n tia l  
b e f o r e  t h e  a p p l i c a t i o n  o f  a n y  f in is h in g  c o a t ,  t h e  t e a r in g  a w a y  o f  t h e  
f i lm  w il l  r e s u l t  i n  a  d a m a g e  w h ic h  is  d i f f ic u lt  t o  r e c t i f y .

Finishing Goat : T h e  c h o ic e  o f  t h e  f in is h in g  m a te r ia l  d e p e n d s  
u p o n  t h e  p o s i t i o n  w h e r e  t h i s  is  to  b e  a p p l ie d ,  i  e., w h e th e r  e x t e r i o r  o r  
i n t e r i o r  s u r f a c e  ; t h e  t y p e  o f  f in is h  r e q u ir e d  is  g lo s s y  o r  m a t t y  ; 
a t m o s p h e r i c  c o n d i t i o n s ,  e tc .  F o r  i n t e r i o r  s u r f a c e s ,  a  p a i n t  b a s e d  o n  
n a t u r a l  r e s in  v a r n i s h  is  g o o d . F o r  c o ld  p la c e s , t h e  p a i n t  s h o u ld  n o t  
b e c o m e  to o  b r i t t l e  o w in g  t o  t h e  c l im a t i c  c o n d i t io n s .  I n  c o a s ta l  
a r e a s  o r  e x t r e m e l y  w e t  p la c e s ,  g r o w th  o f  fu n g i p r e s e n t s  p r o b le m s  in  
a d d i t i o n  t o  c o r r o s io n .

T h e  a p p l i c a t i o n  o f  t h e  p a i n t  o n  v a r io u s  s u r f a c e s  is  b r ie f ly  
d e a o r ib e d  b e lo w  :

(a )  P a i n t i n g  W o o d w o r k .  S e le c tio n  o f  t h e  r i g h t  t y p e  o f  p a i n t  
a n d  t h e  o o r r e c t  m e th o d  o f  a p p ly in g  i t ,  k e e p in g  in  v ie w  t h e  s u r f a c e  
t o  w h io h  t h e  p a i n t  is  t o  b e  a p p l i e d ,  a r e  i m p o r t a n t  f o r  g o o d  p a i n t i n g .  
T h e  c h a r a c t e r i s t i c s  o f  w o o d  w h ic h  h a v e  to  b e  c o n s id e r e d  i n  t h i s  
c o n n e c t io n  a r e  i t s  c e l lu lo s e  o r  p o r o u s  n a t u r e ,  i t s  l i a b i l i t y  t o  c o n t a in  
o i l y  s u b s t a n c e s ,  i t s  l i a b i l i t y  t o  c o n ta in  w a te r  s o lu b le  s u b s t a n c e s ,  i t s  
m o i s t u r e  c o n t e n t  a n d  i t s  c a p a c i ty  o f  a b s o r b in g  w a t e r  t h e r e b y  c a u s in g  
s w e l l in g  o r  s h r in k a g e .  T h e  i n t e r n a l  s t r u c t u r e s  o f  h a r d  w o o d s  d i f f e r  
m a r k e d l y  f r o m  th o s e  o f  s o f t  w o o d s . I n  t h e  c a s e  o f  h a r d  w o o d s ,  
t h e r e  a r e  s m a l l e r  c e l lu l a r  u n i t s  b u t  t h e y  c o n t a in  p o r e s  w h io h  a r e  
w i d e r  a n d  d e e p e r  t h a n  s o f t  w o o d s  a n d  th e r e b y  p r e s e n t  a  d i f f i c u l ty  
in  p a i n t i n g .  O r d in a r y  p a i n t s  a p p l i e d  b y  b r u s h  o r  s p r a y  w il l  n e i t h e r  
fill  n o r  c o v e r  t h e s e  p o r e s .  T h e  p o re a  i n  t h e  s o f t  w o o d s  a r e  s m a l l e r



a n d ,  in  g e n e ra l ,  m a y  b e  filled  b y  p a in t in g  b r u s h e s .  B u t  i n  t h e  
e&ae o f  s o f t  w o o d s , t h e  p re s e n c e  o f  c e l lu la r  s t r u c t u r e s  l e a d s  t o  t h e  
a b s o r p tio n  o f  th e  p a i n t  a n d  h e n c e  a  p r o p e r  p r o p o r t i o n  o f  o i ly  
c o n te n t  a n d  t h e  p ig m e n ts  h a s  t o  b e  m a in ta in e d .

H a r d  w o o d s  d o  n o t  c o n ta in  r e s in  a n d  in  g e n e r a l  a r e  f r e e  f r o m  
o b je c tio n a b le  o ils . T e a k  a n d  so m e o t h e r  k in d s  o f  w o o d  c o n t a in  o ils  
w h ic h  t e n d  t o  i n t e r f e r e  w i th  t h e  d r y in g ,  h a r d e n in g  a n d  p r o p e r  
a d h e s io n  o f  a  p a in t .  T h e y  c a n , h o w e v e r ,  b e  p a in t e d  s u c c e s s f u l ly  b y  
th e  u se  o f  a  B pecial p r im e r .  I n  s o f t  w o o d s , s o m e t im e s  t h e r e  a r e  
e x c e s s iv e  a m o u n t s  o f  r e s in s  p r e s e n t ,  p a r t i c u l a r l y  n e a r  k n o t s ,  w h io h  
le a d  to  u n s a t i s f a c to r y  p a in t in g .

W i th  w e ll s e a s o n e d  t im b e r ,  t h e  e f fe o t  o f  w a te r  s o lu b le  s u b s t a n c e s  
is  r e la t iv e ly  u n i m p o r t a n t  b u t  so m e  p r im in g  p a i n t s  m a y  b e  o f  s lo w  
d r y in g  ty p e  a n d  m a y  n o t  h a r d e n  o n  h a r d  w o o d s  r i c h  in  t a n n i n s  s u c h  
a s  w a ll n u t s ,  e tc .  I n  o t h e r  o i r c u m s ta n c e s ,  s i m i l a r  t r o u b le s  a r i s e  
w i th  s o f t  w o o d s . W a t e r  s o lu b le  s u b s t a n c e s  m a y  c a u s e  d i s c o lo r a t i o n  
o f  p a in t s .

T h e  t im b e r  w h ic h  is  t o  b e  p r im e d  s h o u ld  c o n t a in  a b o u t  10  t o  
2 0  p e r  c e n t  o f  m o is tu r e .  T h e  m o i s tu r e  c o n t e n t  o f  d r y  s e a s o n e d  
t im b e r  m a y  r is e  c o n s id e r a b ly  h ig h e r  m e r e ly  b y  a b s o r b in g  w a te r  
v a p o u r s  a n d  m a y  r e a c h  2 5  to  3 0  p e r  c e n t  in  p la c e s  w h e re  c o n d e n s a -  
t io n  o c c u rs .  T h e  m o is tu r e  in  t h i s  c a s e  is  n o t  h e ld  i n  t h e  w o o d  ce llo  
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W o o d  in  c o n t a c t  w i th  w a te r  w o u ld  a b s o r b  m o r e  t h a n  3 0  p e r  c e n t  
o f  m o is tu r e  e a s ily  t i l l  t h e  c a v i t i e s  a r e  f i l le d . T h e  a d v e r s e  e f fe c t  o f  
m o is tu r e  p r e s e n t  w i th in  t h e  w a lls  is  d u e  to  s h r i n k a g e  a s  t h e  m o i s t u r e  
is  a b s o r b e d  o r  d r i e s  o u t .  T h e  p a i n t s  d o  n o t  p r e v e n t  e n t i r e ly  s u c h  
d r y in g  o r  a b s o r p t io n .  T h e  c h a n g e s  in  w o o d  f ib re s  w ill ,  t h e r e f o r e
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e e e p s  i n t o  t h e  p r i m e r  c o a t  a n d  h e lp s  t o  r e s to r e  a n y  u n d u e  lo s s  o f
o il  b r o u g h t  a b o u t  b y  a b s o r p t io n  in  w o o d . G o o d  a d h e s io n  b e tw e e n  
t h e  w o o d  a n d  t h e  p r i m e r  a n d  b e tw e e n  t h e  p r im e r  a n d  th e  u n d e r c o a t  
is  m a i n t a i n e d ,  t h e r e b y  p r e v e n t in g  o r  d e l a y in g  c r a c k in g , f la k in g  a n d  
p e e l in g .  P r o p r i e t o r y  u n d e r c o a t s  u s u a l ly  c o n ta in  a  p r o p e r  m i x tu r e  o f  
p i g m e n t ,  o i l ,  v a r n i s h ,  t h i n n e r ,  e t c . ,  w h ic h  e n a b le s  i t  t o  b e  s a t i s f a c to r i l y  
u s e d  f o r  b o t h  c o a t s .  U n d e r c o a t s  o f  l e a d  i f  p r o p e r ly  c o n s t i t u te d  w ith  
r e B p e c t  t o  t h e  p a r t i c u l a r  f in i s h in g  c o a t  a r e  q u i t e  s a t i s f a c to r y  fo r  
e x t e r n a l  u s e .

T h e  p r o p r i e t o r y  p a i n t  u s e d  a s  f in is h in g  c o a t  o n  w o o d w o rk  is  
d e s c r i b e d  a s  h a r d  g lo s s  p a in t s ,  s y n t h e t i c  g lo s s  p a i n t s  a n d  e n a m e l  
p a i n t s .  T h e s e  p a i n t s  a r e  i n t e n d e d  to  g iv e  a  h a r d  film  h a v in g  a  s m o o th  
a n d  o l e a r  s u r f a c e  F in i s h i n g  p a i n t s  u s e d  fo r  a n  e x t e r io r  w o rk  u s u a l ly  
d i f f e r  f r o m  th o s e  o n  t h e  i n t e r i o r  w o o d w o rk .

Painting Process on New Woodwork. I f  p o s s ib le ,  t h e  m o is tu r e  
c o n t e n t  i n  t i m b e r  s h o u ld  n o t  b e  m o re  t h a n  15 p e r  c e n t  a t  t h e  t im e  
o f  p a i n t i n g .  B e f o r e  a p p l y i n g  t h e  p r im in g  c o a t ,  t h e  n e w  w o o d w o rk  
s h o u ld  b e  m a d e  r o a d y  fo r  p a i n t i n g  b y  re m o v in g  o r  s e a lin g  o f f  c e r t a i n  
d e f e c tB  w h ic h  a r e  s o u r c e s  o f  t r o u b le .  T b e  t im b o r  s h o u ld  b e  d r i e d  
a  l i t t l e  t o  r e d u c e  t h e  m o i s tu r e  c o n te n t .  L a r g e  k n o t s  s h o u ld  b e  r e ­
m o v e d  b y  c u t t i n g  o r  o th e r w is e  r e p la c e d  b y  s o u n d  w o o d . P r o j e c t io n s  
s h o u ld  b e  s m o o th e n e d  w i th  g lo s s  p a p e r .  K n o t s  s h o u ld  b e  g iv e n  o n e  
o r  tw o  c o a t s  o f  s h e l l a c  k n o t t i n g  o r  a lu m in iu m  p a i n t .  I t  s h o u ld  b e  
e n s u r e d  t h a t  t h e  p r i m e r  s h o u ld  w o rk  w e ll in to  t h e  n a i l  h o le s , e tc .  
T h e  p r i m e r  s h o u ld  b e  a p p l i e d  f i r m ly  in to  th o  w o o d  a n d  s u f f ic ie n t  
t i m e  a l lo w e d  f o r  i t  t o  p e n e t r a t e .  S o m e  o f  t h e  p r im e r s  m a y  b e  g o o d  
in  t h i s  r e s p e c t  b u t  s h o u ld  e n s u r e  p r o p e r  a d h e s io n  w i th  w o o d .

S u b s e q u e n t  p a i n t i n g  is  d o n e  a t  s i te  a f t e r  e r e c t i o n .  I f  t h e  
p r i m e r  h a s  b e e n  d a m a g e d ,  i t  s h o u ld  b e  t o u c h e d .  W h e n  t h e  p r im e r  
is  d r y  a n d  b e f o r e  a p p l y i n g  th e  u n d e r c o a t ,  n a i l s  h o le s , e tc . ,  s h o u ld  
b e  f i l l e d  in  b y  a  s t i f f  p u t t y .  T h i s  m a y  c o n s i s t  o f  w h i te  l e a d  a n d  
l in s e e d  o i l  o r  g la z in g  p u t t y  w i th  o r  w i th o u t  s o m e  re d  le a d . 
W h e n  i t  g e t s  d r y ,  i t  s h o u ld  b e  r u b b e d  w i th  a  w a te r - p r o o f  a b r a s i v e  
p a p e r .  S o m e t im e s  f i l le r s  a r e  u s e d  t o  f ill in  t h e  p o r e s  o r  t o  g e t  
s m o o th  f i n i s h e d  s u r f a c e .  T h e y  u s u a l ly  c o n s i s t  o f  a  m i x tu r e  o f  f in e ly  
p o w d e r e d  s l a t e  a n d  s iz e .  W h e n  d r y ,  t h e  f i l le r  is  r u b b e d  s m o o th  
w i t h  w a t e r - p r o o f  a b r a s i v e  p a p e r .  O il b o u n d  w a te r  p a i n t  i s  a l s o  
s o m e t i m e s  u s e d  a s  f i l le r  ; b u t  t h i s  is n o t  s o  s u i t a b l e  a s  t h e  o t h e r  
t y p e  m e n t i o n e d  e a r l i e r .

T h e  s u b s e q u e n t  c o a t s  n b o u ld  b e  a p p l i e d  c a r e f u l ly .  C o n d i t i o n  
o f  t h e  p r i m e r  h a s  t o  b o  o b s e r v e d  b e f o r e  a p p l y i n g  t h e  f i r s t  u n d e r c o a t .  
T h e  p r i m e r  s h o u ld  b e  c l e a n  a n d  n o t  to o  h a r d  a s  o t h e r w is e  t h e  u n d e r ­
c o a t  w ill n o t  s t i c k  w e ll .  S u b s e q u e n t  c o a t s  s h o u ld  b e  a p p l i e d  a f t e r  
a b o u t  2 4  h o u r s ’ i n t e r v a l  b e tw e e n  e a c h  c o a t .

Repainting. T h e  o ld  p a i n t  s h o u ld  b e  c o m p le t e ly  r e m o v e d  i f  i t  
i s  s o f t ,  o r  h a s  c r a c k e d ,  b l i s t e r e d ,  p e a l e d  a n d  s h o w n  lo s s  o f  a d h e s io n .  
S im i l a r ly  i t  s h o u ld  b e  r o m o v o d  w h e n  i t  is  h ig h ly  d i s c o lo u r e d  o r  
d a m a g e d  b y  f u n g a l  g r o w th .  S m a l l ,  lo o s e  p a t c h e s  o f  p a i n t  m a y  b e  
r e m o v e d  b y  a  s c r a p e r .  I n t e r i o r  p a i n t s  s h o u ld  b e  r u b b e d  w i th  w e t



a b r a s iv e  p a p e r  so  a s  t o  p r o v i d e  a  k e y  a n d  s l i g h t l y  r o u g h  s u r f a c e  t o  
w h i c h  t h e  s u b s e q u e n t  p a i n t  w ill a d h e r e  w e ll .  E x p o s e d  d o o r s  a n d  
w in d o w s s h o u ld  b e  t o u c h e d  w i th  a  p r i m e r  a n d  a n  u n d e r c o a t  a s  
u s u a l . W h e n e v e r  i t  is  d e s i r a b l e  t o  r e m o v e  o ld  p a i n t  c o m p le t e ly ,  
b lo w  l a m p  o r  o t h e r  h e a t in g  d e v ic e s  m a y  b e  u s e d .  A l k a l i n e  r e m o v e r s  
s h o u ld  n o t  b e  u s e d  o n  w o o d  to  b e  r e p a i n t e d .  W h e n e v e r  t h e  u s e  o f  a  
b lo w  l a m p  is l i a b le  to  c a u s e  d a m a g e  t o  t h e  p a i n t ,  a  p a i n t  r e m o v e r  o f  
o r g a n ic  s o lv e n t  t y p e  m a y  b e  u s e d .  W h e n  t h e  r e m o v a l  o f  t h e  p a i n t  
is  c o m p le te ,  i t  s h o u ld  t h e n  b e  r u b b e d  w i t h  w e t  a b r a s i v e  p a p e r  a n d  
s u b s e q u e n t  p a in t in g  s h o u ld  b e  d o n e  in  a  m a n n e r  s i m i l a r  t o  t h e  o n e  
a d o p te d  f o r  n e w  w o o d w o r k .

W o o d  t r e a t e d  w i th  t a r  o il  a s  a  p r e s e r v a t i v e  s h o u ld  b e  p a i n t e d  
w i th  d a r k  c o lo u re d  p a i n t s ,  o r  o th e r w is e  w i t h  l i g h t  c o lo u r e d  p a i n t s  
i f  o n e  o r  tw o  s e a lin g  c o a ts  o f  g o o d  a lu m in iu m  p a i n t s  a r e  g iv e n .  A  
s u i ta b le  t y p e  o f  p a i n t  s h o u ld  b e  u s e d  i f  t h e  w o o d  h a s  b e e n  t r e a t e d  
w i th  o t h e r  ty p e s  o f  p r e s e r v a t iv e s .

P a i n t i n g  o f  I r o n  a n d  S t e e l .  A f t e r  t h e  s t e e l  h a s  b e e n  r o l l e d ,  
i t  h a s  a n  o i ly  s c a le  o n  th e  s u r f a c e .  I t  i s  s o m e t im e s  c o n s id e r e d  t h a t  
i f  a  c o n t in u o u s  l a y e r  o f  o i ly  s c a le  o o u ld  b e  m a i n t a i n e d ,  t h e  s u r f a c e  
o f  s t e e l  w o u ld  g e t  a n  e f fe c t iv e  p r o t e c t iv e  l a y e r .  B u t  t h i s  is  n o t  
p o s s ib le  a s  o n c e  t h e  b r e a k  o c c u rs ,  p r o g r e s s iv e  l o o s e n in g  t a k e s  p la c e  
a n d  u n c o v e r s  t h e  s t e e l .  S im i l a r ly  t h e  o ils  a n d  g r e a s e s  w h io h  m a y  
b e  p r e s e n t  o n  t h e  s u r f a c e  w ill n o t  p e r m i t  t h e  p a i n t  t o  s t i c k .

M ill s c a le  c a n  b e  re m o v e d  w i th  t h e  a i d  o f  m a n y  m e th o d s .  I f  
t h e  s te e l  i s  s t r e t c h e d ,  t h e  s c a le  w ill f la k e  a w a y .  T h is  m e th o d  is  n o t  
e a s y  t o  a p p l y .  S a n d  b l a s t in g  m a y  a ls o  b e  e f fe c t iv e .  I m m e r s io n  in  
h o t  s o lu t io n s  o f  a c id s  w ill  r e m o v e  t h e  s c a le .  F i l m s  o f  m e ta l l i c  
p h o s p h a te s  c a n  b e  c r e a t e d  w h ic h  a r e  m o r e  r e s i s t a n t  t o  r u s t i n g  a n d  
fo r m  a  g o o d  s u r f a c e  f o r  p a in t in g .  T h o r o u g h  d r y i n g  is  e s s e n t i a l  
b e fo re  p a in t in g .  S c r a p e r s  a n d  g r in d in g  m a c h in e s  a r e  u s e d  in  
b ig g e r  f a c to r ie s .  O x y a c e t y l e n e  f la m e  m a y  b e  u s e d  a lo n g  w i t h  t h e  
m e c h a n ic a l  m e th o d s ,  b u t  t h i s  m e th o d  is  n o t  s u i t a b l e  f o r  s e c t io n s  
le s s e r  t h a n  5  m m . in  th i c k n e s s .

P r i m e r s  f o r  p a i n t i n g  s te e l  s h o u ld  a lw a y s  c o n ta in  p ig m e n t s  
w h ic h  r e s i s t  t h e  c o r ro s io n . R e d  le a d  a n d  c h r o m a te s  o f  le a d  a n d  
z in c  a r e  c o m m o n ly  u s e d . R e d  le a d  in  l in s e e d  o i l  is  t h e  o l d e s t  
p r im e r  s t i l l  a b u n d a n t ly  used ., b u t  t h i s  is  u n s u i ta b l e  f o r  d i p p in g  a n d  
s p r a y in g .  C h r o m a te  b a s e d  p r im e r s  a r e  m o r e  s u i t a b l e  fo r  s p r a y in g .  
F o r  d ip p in g  p r im e r s ,  r e d  o x id e  p r i m e r s  c o n ta in in g  a  p r o p o r t i o n  o f  
z in c  c h r o m a te  a n d  m e ta l l i c  l e a d  p r i m e r  a r e  u s e f u l .

R e d  o x id e  o f  i r o n  a n d  m ic a c e o u s  i r o n  o r e  p a i n t s  a r e  c h e a p  a n d  
s a t i s f y in g  f o r  u s e  a s  u n d e r c o a t s .  G r a p h i te  p a i n t s  a n d  a l u m i n i u m  
p a i n t s  h a v e  a  g o o d  r e s is t a n c e  t o  m o is tu r e .  F in i s h i n g  c o a t s  o f  b i t u  
m e n  b a s e d  a lu m in iu m  p a i n t s  c a n  b e  a p p l i e d  a d v a n ta g e o u s ly  P a i n t s  
b a s e d  o n  s i l ic o n e s  o r  s i l i c o n e - a lk y d a  a r e  f a i r l y  s u i ta b l e  f o r  r e s is t in g  
h ig h e r  t e m p e r a tu r e s .  ®

P a i n t i n g  O t h e r  M e t a l s .  T h e  m e ta l  s u r f a c e  s h o u ld  p r o v i d e  
a n  a d e q u a t e  k e y  f o r  t h e  p a i n t  f ilm  a n d  s h o u ld  b e  c le a n ,  d r y ,  f r e e



Ad^Vi ’ 8 r ®a s e > e to .  P a in t s  o f  s u i ta b l e  t y p e  s h o u ld  b e  u s e d  w i th  
nnno io f <• m e ta *- ^ o r  a lu m in iu m , t h e  p r i m i n g  p a i n t  s h o u ld

. . .  °  P 'g m e n ts  l ik e  z in c  c h r o m a te .  T h e s e  p ig m e n t s  s h o u ld  
s  i u t e  a b o u t  2 0  p e r  c e n t  o f  t h e  d r y  w e ig h t  o f  t h e  f ilm . P r i m i n g  

° n  u m ' n *u m  s h o u ld  b e  f r e e  f r o m  p ig m e n t s  c o n ta in in g  
g r a p  i t e  o r  le a d . F o r  z in c  a  p r im e r  b a s e d  o n  z in c  o x id e  i s  c o n s i-  

e r e t  t o  b e  v e r y  s a t i s f a c to r y .  F o r  s to p p in g  c o r r o s io n  o n  g a lv a n is e d  
i r o n ,  t h e  s u r f a c e  c a n  b e  t r e a t e d  w i th  a  r e d  le a d  p r im e r .  S p e c ia l  
c a r e  s h o u ld  b e  t a k e n  w h e re  tw o  d i s s im i l a r  m e ta l s  t o u c h .  C o n ta c t s  
o f  c o p p e r ,  n ic k e l ,  a n d  t h e i r  a llo y B  w i th  a lu m in iu m  a n d  z in c  s h o u ld  
b e  a v o id e d .  A ll  m e ta l l i c  s u r f a c e s  s h o u ld  b e  e a s ily  a c c e s s ib le  fo r  
r e p a i n t in g .  E x t r a  p a i n t  m u s t  b e  a p p l ie d  a t  c o r r u g a t io n s ,  e tc . ,  w h e re  
t h e  p a i n t  t r i e s  t o  r e c e d e  j u s t  a f t e r  a p p l i c a t io n .

Painting Plasters, Brickwork, Floors and Other Concrete
Surfaces, etc.

T h e s e  s u r f a c e s  p r e s e n t  d i f f ic u lt i e s  o n  a c c o u n t  o f  t h e  d a m p n e s s  
o r  t h e  p r e s e n c e  o f  s o lu b le  s a l t s .  U s u a l l y  e f f lo re sc e n c e  o c c u r s  o n  
t h e  s u r f a c e  o f  th e s e  m a te r ia l s  w h ic h  d e c r e a s e  t h e  a d h e s io n  o f  t h e  
p a i n t  c o n s id e r a b ly  a n d  m a y  l e a d  t o  d i s c o lo r a t i o n .  W h e n  o i l  p a i n t s  
a r e  t o  b e  u s e d  o n  a l k a l i n e  s u r f a c e s ,  a n  a lk a l i  r e s is t i n g  p r i m e r  m u s t  
b e  a p p l ie d .

F o r  f lo o r  s u r f a c e s ,  e n a m e l  c o a t in g s  a r e  u s e d .  T h e s e  s u r f a c e s  
h a v e  t o  r e s i s t  a l k a l i  a c t io n ,  m o is tu r e ,  a n d  a b r a s io n .  T h e  f lo o r  
e n a m e l  m u s t  b e  t o u g h  t o  s t a n d  t h e  im p a c t  o f  t h e  f o o t  tr a f f ic .  F lo o r  
e n a m e ls  s h o u ld  h a v e  a  h ig h  g lo s s . T h e y  s h o u ld  b e  o f  q u i c k  d r y i n g  
t y p e  so  a s  t o  u s e  t h e  f lo w  o n c e  in  t h e  l e a s t  t im e .  O il m o d if ie d  
p h e n o l ic s  a r e  o c c a s io n a l ly  u s e d  a s  f lo o r  f in is h e s .

A r e a s  s u b je c t e d  t o  t h e  a c t io n  o f  w a te r  l ik e  b a th r o o m s ,  e t c .  
p r e s e n t  s p e c ia l  p r o b le m s .  O il  b o u n d  w a te r  p a i n t s  d o  n o t  h a v e  
a  l o n g e r  l i f e .  T h e y  h a v e  a  c e r t a i n  a m o u n t  o f  p o r o s i t y .  W h i l e  
a b s o r b in g  m o i s t u r e  t h e y  s w e ll  a n d  c o n t r a c t  w h e n  t h e  m o i s tu r e  
e v a p o r a t e s  l e a d in g  t o  d i s in t e g r a t i o n .  H ig h - g lo s s  p a i n t s  a r e  m o r e  
r e s i s t a n t  t o  m o i s t u r e  b u t  s in c e  t h e y  h a v e  a n  im p e r m e a b le  f i lm  t h e  
e f f e c t s  o f  c o n d e n s a t io n  a r e  n o t  m u c h  p e r c e p t ib l e .  E m u l s io n  p a i n t s  
a n d  s y n t h e t i c  r u b b e r  p a i n t s  w i t h s t a n d  w a s h in g  a n d  s c r u b b in g  a n d  
g iv e  a  t o u g h e r  f i lm  w h ic h  m a k e s  t h e m  m o r e  s u i ta b l e .

C e m e n t  p a i n t  i s  m o r e  s u i ta b l e  f o r  a p p l i c a t io n  o n  c o n c r e t e  
s u r f a c e s .  T h e  s u c t io n  a t  t h e  s u r f a c e  s h o u ld  b e  r e d u c e d  t o  s u o h  a n  
e x t e n t  t h a t  t h e  m o i s tu r e  is  n o t  r e m o v e d  q u ic k ly  f r o m  t h e  c e m e n t  
p a i n t .  T h e  s u r f a c e  m a y  s l ig h t ly  b e  w e t t e d  f o r  t h i s  r e a s o n ,  b u t  i t  
s h o u ld  n o t  p r e s e n t  a  d a m p  s u r f a c e .  T h e  p a i n t  a v a i la b l e  i n  a  p o w d e r  
f o r m  iB d i l u t e d  w i th  w a te r  t o  a  c r e a m y  c o n s i s t e n c y .  T h e  p a i n t  i s  
u s e d  w i th in  2  t o  3  h o u r s  a f t e r  m ix in g .  I t  i s  u s u a l l y  a p p l i e d  w i t h  
c o a r s e  d i s t e m p e r  b r u s h e s .  T w o  c o a t s  w i th  a n  i n t e r v a l  o f  2 4  h o u r s  
a r e  g i v e n . A  f in e  s p r a y  o f  w a te r  is  a p p l i e d  t o  t h e  p a i n t e d  s u r f a c e  a t  
i n t e r v a l s  t o  c u r e  t h e  s u r f a c e .

S i l i c a t e  p a i n t s  h a v in g  a  b in d in g  m e d iu m  o f  s o d i u m  o r  p o t a s s iu m  
s i l i c a t e s  c a n  a l s o  b e  s u c c e s s fu l ly  u s e d .  T h e y  a r e  s u l p h a t e  r e s i s t a n t  
b u t  m a y  t e n d  t o  p r o m o t e  e f f lo re sc e n c e .



Distempering

D is te m p e r s  a r e  m a in ly  c o m p o s e d  o f  w h i t i n g  g lu e  o r  c a s e in  
w h ich  a c t s  a s  a  h in d e r ,  a n d  s u i ta b l e  p r o p o r t i o n s  o f  f a s t  c o lo u re d  
p ig m e n ts .  G e n e ra lly  t h e y  a r e  a v a i la b l e  i n  p o w d e r  f o r m  ( d r y  d is -  
te m p e rs )  a n d  a s  a  p a s t e  (fo r  o il  b o u n d  d i s te m p e r s ) .

D r y  d is te m p e r s  c o n s i s t  o f  9 0  t o  9 5  p e r  c e n t  o t  w h i t i n g  a n d  4 
t o  5  p e r  c e n t  o f  g lu e .  AH c o lo u r in g  p ig m e n t s  m u s t  n o t  b e  e f f e c t e d  b y  
a J k a lm e  R e a c t io n s  o f  lim e . T h is  is  o n e  o f  t h e  c h e a p e s t  f o r m s  o f  
d e c o ra t io n  w ith  t h e  e x c e p t io n  o f  l im e  w a s h . T h e s e  d i s t e m p e r s  g iv e  
a  p le a s in g  c o lo u re d  a p p e a r a n c e  w h ic h  w ill  s t a n d  a  c e r t a i n  a m o u n t  o f  
d r y  r u b b in g  b u t  c a n  b e  r e a d i ly  r e m o v e d  w i th  w a s h in g .

O il b o u n d  d i s te m p e r s  a r e  p r e p a r e d  b y  g r in d in g  p i g m e n t s  w i t h  
a  m e d iu m  c o m p o se d  o f  a n  e m u ls io n  o f  a  d r y i n g  o il in  w a te r .  L in s e e d
o il  i s  g e n e r a l ly  u s e d  b u t  tu n g  o ils  a r e  o f t e n  e m p lo y e d .  T h e  e m u l s io n  
is  fo r m e d  b y  a g i t a t i n g  t h e  o il  a n d  w a te r  t o g e t h e r  i n  t h e  p r e s e n c e  o f  
a n  e m u ls i fy in g  a g e n t  w h io h  is  g e n e r a l ly  g lu e  o r  c a s e in .  T o  e n s u r e  
f u l l  r e s is ta n c e  to  p u t r e f a c t io n  a n d  o t h e r  t y p e s  o f  g r o w th ,  0 .3  p e r  
c e n t  to  0 .5  p e r  c e n t  o f  p h e n o l  is  a d d e d .  T h e s e  a r e  g e n e r a l l y  s u p p l ie d  
in  a  p a s t e  fo r m  w h ic h  a r e  r e a d i l y  t h i n n e d  w i t h  w a t e r  t o  b r u s h  
c o n s is te n c y . O n  e v a p o r a t io n  o f  w a te r  t h e s e  d r y  t o  a  p o r o u s  
film , t h e  g lu e  a c t in g  a s  a  t e m p o r a r y  b in d e r  d u r i n g  t h e  d r y i n g  o f  t h e  
o ils . T h is  f ilm  h a r d e n s  to  s t a n d  a  m o d e r a t e  d e g r e e  o f  w a s h in g  
a n d  ia m o re  d u r a b le  f o r  i n t e r n a l  d e c o r a t i o n .  T h e s e  t y p e s  o f  d i s ­
t e m p e r s  a r e  m o re  v a lu a b le  f o r  e a r l y  d e c o r a t io n  o f  n e w  p l a s t e r s ,  
b r ic k - w o rk , e t c . ,  a s  t h e  p o r o u s n e s s  o f  t h e  f in is h  a l lo w s  i t  t o  b e  a p p l i e d  
t o  r e la t iv e ly  d a m p  s u r f a c e s  w i t h o u t  e n t r a p p i n g  m o i s tu r e .  A  
g o o d  f in is h  is* r e ta in e d  f o r  a  lo n g e r  t im e .  C r a c k in g  a n d  p e e l in g  ia 
n o t  p r e v a l e n t .  H o w e v e r ,  th e s e  a r e  n o t  w e ll  s u i te d  f o r  d e c o r a t io n  
o f  b a th r o o m s ,  k i t c h e n s  a n d  o t h e r  p la c e s  e x p o s e d  to  s t e a m  o r  h e a v y  
c o n d e n s a t io n  a s  w e t t i n g  a n d  d r y i n g  f o r  p r o lo n g e d  t im e s  in d u c e a  
p e e l in g  a n d  f la k in g .

D is te m p e r s  s h o u ld  n o t  b e  a p p l i e d  b e f o r e  12  m o n t h s  a f t e r  
p l a s t e r in g  w o r k  h a s  b e e n  c o m p le te d .  T h i s  ia  d u e  t o  c e r t a i n  c h e m ic a l  
r e a c t io n s  w h ic h  t a k e  p la c e  in  t h e  p l a s t e r  a n d  w h io h  a r e  l i k e ly  t o  
a f f e c t  t h e  d i s te m p e r e d  s u r f a c e .  T h e  w a lla  m a y  b e  t e m p o r a r i l y  
f in is h e d  w i t h  a  w h i te  w a s h  o r  c o lo u r  w a s h  m a d e  o f  w h i t i n g  m ix e d  
w i th  w a te r  a n d  s iz e d  a n d  t i n t e d  a s  r e q u i r e d .  T h is  is  b e t t e r  t h a n  
l im e  w a s h  a s  i t  h a s  t o  b e  r e m o v e d  b e f o r e  a  n e w  a p p l i c a t io n  o f  
d i s te m p e r  ia  to  b e  m a d e .

N e w  p l a s t e r  f o r  d i s te m p e r in g  s h o u ld  h a v e  a  f in e  p o l i s h e d  
s u r f a c e .  A ll  i r r e g u la r i t i e s  m u s t  b e  r e m o v e d .  T h e  p l a s t e r  m u s t  b e  
d r y  a t  t h e  t im e  o f  a p p l i c a t io n  o f  d i s te m p e r .  B e fo r e  s t a r t i n g  w o r k ,  
t h e  p l a s t e r  m u s t  b e  s iz e d  w i th  a  c o a t  o f  e q u a l  p a r t s  o f  s iz e  a n d  
a lu m  d is s o lv e d  in  h o t  w a te r .  T h e  s iz e  s h o u ld  n o t  b e  m a d e  to o  c o n ­
c e n t r a t e d  n o r  to o  th i c k .  D e c o m p o s e d  s iz e  s h o u ld  n o t  b e  u s e d .  S o m e ­
t im e s  a  s p e c ia l  p r im in g  c o a t  m a y  h a v e  t o  b e  g iv e n .  A ll  o ld  
o o lo u r  w a s h  o r  w h i te  w a s h  m u s t  b e  re m o v e d  c o m p le t e ly  w i t h  B an d  
p a p e rs .



F o r  a p p l i c a t io n  o n  n e w  p l a s t e r s  o r  o n  w h ic h  s o m e  s o r t  o f  
l im e  w a s h  h a s  b e e n  a p p l i e d ,  d i s te m p e r s  m a d e  w i t h  l im e  p r o o f  p ig ­
m e n t s  s h a l l  b e  e m p lo y e d . E n o u g h  d i s te m p e r  n e e d e d  f o r  o n e  r o o m , 
is  m ix e d  a t  a  t i m e  ho a s  t o  a t t a i n  u n i f o r m i ty  in  t h e  t i n t .  D i s t e m p e r  
is  a p p l i e d  q u ic k ly  l e a v in g  n o  d r y  e d g e s .  T h e  b r u s h  is  d ip p e d  a n d  
s t r o k e s  a r e  a p p l ie d  c ro s s w ise  o n  th o  w a ll  fo llo w e d  im m e d ia t e ly  b y  
u p  a n d  d o w n  s t r o k e s .  T w o  m e n  u s u a l ly  w o r k ,  o n e  w o r k in g  f r o m  
c e i l in g  d o w n w a r d s  a s  f a r  a s  h e  c a n  r e a o h  a n d  t h e  s e c o n d  fo llo w in g  
h im  a p p ly in g  t h e  d i s te m p e r  b e lo w . P a t c h y  o v e r la p s  s h o u ld  b e  
a v o id e d .  T h e  b r u s h e s  m u s t  b e  c le a n e d  a t  t h e  e n d  o f  e a c h  d a y ’s  
w o r k  a n d  o ld  b r u s h e s  c a k e d  w i th  d r y  d i s te m p e r s  s h o u ld  n e v e r  b e  
u s e d .

White Washing
W h i t e  w a s h in g  is  m a d e  f r o m  p u r e  f a t  l im e  w h ic h  m a y  b e  

s l a k e d  a t  s i t e .  S la k in g  is  c a r r i e d  o u t  in  a  t u b  u n t i l  t h e  m ix tu r e  
h a s  a  c r e a m y  c o n s i s te n c y .  T h is  is  a l lo w e d  t o  r e s t  f o r  a b o u t  2 4  t o  
4 8  h o u r s .  T h i s  m i x tu r e  is  t h e n  s t r a i n e d  th r o u g h  o o a r s e  c lo th .  T o  
e a o h  c u b io  m e t r e  o f  t h i s  m i x tu r e ,  3  k g .  o f  g u m  b o i le d  w i th  1 0  k g .  o f  
r i c e  a r e  a d d e d .

T h e  w h i te  w a s h  is  a p p l i e d  w i th  a  b r u s h  t o  t h e  s p e c if ie d  n u m b e r  
o f  c o a t s .  E a c h  c o a t  c o n s i s t s  o f  f o u r  s t r o k e s  o f  b r u s h ,  o n e  in  e a c h  
d i r e c t io n .  E v e r y  c o a t  o f  w h i te  w a s h  is  t o  b e  a l lo w e d  t o  d r y  b e f o r e  
a p p l y i n g  t h e  n e x t  c o a t .  W h e n  e a o h  c o a t  o f  w h i te  w a s h  d r i e s ,  w a s h  
s h o u ld  n o t  s h o w  a n y  s ig n  o f  c r a c k in g  n o r  s h o u ld  i t  c o m e  o f f  r e a d i l y  
o n  f in g e r s  w h e n  r u b b e d .

T h e  w h i t e  w a s h , w h e n  c o m p le t e d ,  s h a l l  fo r m  a n  o p a q u e  o o a t  o f  
w h i t e  c o lo u r  t h r o u g h  w h ic h  th e  o ld  w a s h  c a n n o t  b e  s e e n .  I t  s h o u ld  
a ls o  p r e s e n t  a  s m o o th  r e g u la r  s u r f a c e  f r e e  f r o m  p o w d e r y  m a t t e r .

I n  t h e  c a s e  o f  r e - w h i t e  w a s h in g ,  t h e  s u r f a c e  s h a l l  b e  c le a n e d  
a n d  f r e e d  f r o m  a n y  f o r e ig n  m a t t e r  a n d  o ld  lo o s e  w h i t e  w a s h .  I f  
o ld  w h i t e  w a s h  ia  d i s c o lo u r e d  b y  s m o k e , a  w a s h  o f  w o o d  a s h e s  a n d  
w a te r  i s  a p p l i e d  b e f o r e  t h e  c o a t  o f  w h i t e  w a s h . W h i t e  w a s h  s h o u ld  
n o t  b e  a p p l i e d  t o  a  v e r y  s m o o th  t r o w e l l e d  p l a s t e r  a s  i t  w il l  n o t  
a d h e r e  w e ll .  T h e  p l a s t e r  s h o u ld  a ls o  b e  d r y  b e f o r e  w h i t e  w a s h  is  

a p p l i e d .

Colour washing
T h i s  is  m a d e  f r o m  p u r e  s l a k e d  f a t  l im e  a n d  m ix e d  w i th  

n e c e s s a r y  p i g m e n t  t o  g iv e  t h e  d e s i r a b l e  s h a d e .  T h e  p i g m e n t  s h o u ld  
b e  o f  s u c h  a  t y p e  s o  a s  n o t  to  g e t  a f f e c t e d  b y  t h e  p r e s e n c e  o f  l im e . 
T h e  o o lo u r in g  m a t t e r  is  a d d e d  t o  t h e  p r e p a r e d  w h i t e  w a s h  a n d  t h e  
m i x tu r e  is  t h o r o u g h l y  s t r a i n e d  t h r o u g h  c le a n  a n d  f in e  c lo th .  T h is  
m i x tu r e  is  k e p t  c o n s t a n t l y  s t i r r e d  w i t h  a  s t i c k  w h i l s t  b e in g  a p p l i e d .  
S u f f ic ie n t  c o lo u r  w a s h  is  k e p t  r e a d y  b e f o r e  a ro o m  i s  t a k e n  m  h a n d  
s o  a s  t o  g e t  a  u n i f o r m  t i n t .  N e w  o r  s c r a p p e d  s u r f a c e s  a r e  g iv e n  
o n e  c o a t  o f  w h i te  w a s h  a n d  o n e  o r  tw o  c o a t s  o f  c o lo u r  w a s h . O ld  
s u r f a c e s  h a v in g  s a t i s f a c t o r y  w h i t e  o r  c o lo u r  w a s h  s h o u ld  b e  g i v e n  o n e  
c o a t  o f  c o lo u r  w a s h . I f  a  l i g h t e r  c o lo u r  is  t o  b e  g iv e n  t h e  o l d e r  
c o lo u r e d  s u r f a o e  s h o u ld  b e  s c r a p p e d  o f f  a n d  a c o a t  o f  w h i t e  w a s h



a p p l ie d  b e f o re  t h e  n e w  c o lo u r  w a s h  is  g iv e n . E a o h  c o a t  o f  c o lo u r  
w a s h  is  a l lo w e d  to  d r y  b e f o r e  a  n e w  o n e  is  a p p l i e d .  W h e n  t h e  s u r .  
fa o e  is c o m p le te d ,  t b e  w a lls  s h o u ld  p r e s e n t  a  u n i f o r m  c o lo u r  f r e e  f r o m  
b lo ts ,  l in e s  o r  c u t s ,  a n d  m u s t  h a v e  a  r e g u la r  s u r f a c e .  C o lo u r  s h o u ld  
n o t  o ra c k  o r  c o m e  o ff  r e a d i l y  o n  t h e  fingerB  w h e n  r u b b e d .

QUESTIONS
1. What are the essential constituents of a paint ? W hat are the 

fuuctioDS of these constituents ?
2. What are the materials commonly used for the various constituents 

of paints T What are their funotions T
3. Describe briefly the various types of paints commonly employed.
4. What are the various processes involved in painting ? How would 

you proceed to paint (a) a new wooden panelled door, and (b) a new steel roof 
truss of a workshop ?

5. Describe in detail the method of removing old paint from wood­
work and repainting it.

6. Describe briefly how you will apply paint on :
(а) Plastered work.
(б) Brick-work.
(c) Floors.

and (d) Conorete surfaces.
7. What is meant by distemper ? What are the various types of 

distempers ? Describe briefly the process of distempering.
8. Write short notes on :

(a) White washing, and (6j Colour washing.
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A  d if fe re n c e  o f  t e m p e r a tu r e  b e tw e e n  th e  in s id e  a n d  o u t s id e  o r  
b e tw e e n  t h e  d i f f e r e n t  p a r t s  o f  a  b u i ld in g  w ill r e s u l t  i n  a  t r a n s f e r  o f  
h e a t  f r o m  t h e  w a r m e r  t o  t h e  c o o le r  a r e a s .  T h is  t r a n s f e r  o f  h e a t  m a y  
t a k e  p la c e  b y  a n y  o n e  o r  m o r e  o f  t h e  t h r e e  m e th o d s ,  viz., c o n d u c t io n , 
c o n v e c t io n  a n d  r a d ia t io n .  T h e  t r a n s f e r  o f  h e a t  th r o u g h  s o l id  b u i l d ­
in g  m a t e r ia l s  t a k e s  p la c e  m a in ly  b y  c o n d u c t io n ,  t h e  a m o u n t  o f  
h e a t  t r a n s f e r r e d  d e p e n d in g  o n  t h e  t e m p e r a t u r e  d if fe re n c e  b e tw e e n  t h e  
tw o  s u r f a c e s ,  t h e  t h i c k n e s s  o f  t h e  i n t e r m e d ia te  m e d ia ,  t h e  a r e a  o f  
t h e  e x p o s e d  m a te r ia l s ,  t h e  t im e  t h r o u g h  w h ic h  t h e  h e a t  flo w  t a k e s  
p la c e  a n d  t h e  r a t e  o f  t h e  h e a t  t r a n s f e r  o r  t h e  c o n d u c t iv i t y  o f  t h e  
i n t e r v e n in g  m a te r ia l s .

T h e  c h a r a c t e r i s t i c  o f  t h e  m a te r ia l  w h ic h  d e t e r m in e s  t h e  r a t e  o f  
h e a t  t r a n s f e r  is  c a l le d  t h e  t h e r m a l  c o n d u c t iv i t y  a n d  is  e x p r e s s e d  in  
t e r m s  o f  t h e  n u m b e r  o f  t h e r m a l  u n t j s  w h ic h  w ill p a s s  th r o u g h  
o n e  s q u a r e  m e t r e  o f  a  m a te r ia l ,  o n e  c m . t h i c k ,  in  o n e  h o u r ,  f o r  on© 
d e c r e e  C e n t ig r a d e  t e m p e r a t u r e  d if fe re n c e .  T h e  c o n d u c t iv i t y  o t  a
m a t e r i a l  d e p e n d s  o n  t h e  ty p e  o f  th e  m a te r ia l  w h ic h  m a y  b e  a  g o o d  
c o n d u c to r  o r  a  b a d  c o n d u c to r  o f  h e a t .  F o r  t h e  s a m e  m a t e r i a l  t h e  
r a t e  o f  flo w  d e p e n d s  o n  t h e  d e n s i ty .  C e r ta in  t y p e s  o f  m a t e r ia l s  h a v e  
a n  o p t im u m  d e n s i ty  fo r  w h ic h  t h e  h e a t  flo w  is  t h e  l e a s t .  A n y  
v a r i a t i o n  f r o m  t h i s  v a lu e  w ill i n c r e a s e  i t s  c o n d u c t iv i t y .  I f  t h e  
m a t e r ia l  c o n ta in s  a i r  s p a c e s  w i th in  i t ,  t h e  c o n d u c t iv i t y  w ill  g e t  
d e o r e a s e d .  A n y  s u b s t a n o e  c o n ta in in g  m o i s tu r e  in  i t  w i l l  t r a n s t e r  
h e a t  q u i c k ly  a s  t h e  w a te r  p r e s e n t  i n  i t  is  a  b e t t e r  c o n d u c to r  o f  h e a t  
t h a n  a i r  T h e  c o n d u c t iv i t y  a ls o  in c r e a s e s  w i th  t h e  m e a n  o f  t h e  in s id e  
a n d  o u t s id e  t e m p e r a t u r e s  a l t h o u g h  t h e  d i f f e r e n c e  in  t e m p e r a t u r e  m a y  

r e m a in  t h e  s a m e .

C o n v e c t io n  a n d  r a d i a t i o n  a ls o  p l a y  a n  i m p o r t a n t  r o le  i n  t h e  
t r a n s f e r  o f  h e a t  t h r o u g h  b u i ld in g  m a te r ia l s .  L a r g e  a i r  s u r f a c e s  e x i s t  
w i th in  w a ll s  o r  i n t e r n a l  s t r u c t u r e s  o f  a  b u i ld in g .  T h e s e  m a y  n o t  
c o n t a in  a i r  i n  a  d e a d  s t a t e  a n d  th e r e f o r e  t h e  h e a t  g e t s  t r a n s f e r r e d  b y  
t h e  p ro c e s s  o f  c o n v e c t io n ,  t h a t  is ,  c u r r e n t s  o f  a i r  t r a n s m i t  f r o m  o n e  
s id e  t o  t h e  o t h e r .  S im i l a r ly  t h e  p r e s e n c e  o f  p o l i s h e d  s u r f a c e s  o n  t h e



m

e x p o se d  s id e  o f  a  b u i ld in g  m a y  r e t a r d  t h e  in f lo w  o f  h e a t  a s  a  g r e a t e r  
q u a n t i t y  w o u ld  g e t  re f le c te d .

B r ie f ly  s p e a k in g ,  th o  fo llo w in g  f a c to r s  a r e  m o s t  i m p o r t a n t  i n  t h e  
t r a n s f e r e n c e  o f  h e a t  f r o m  t h e  e x t e r i o r  i n to  t h e  i n t e r i o r  : W j ^ r m U  
in s u la t io n  v a lu e  o f  t h e  e x t e r io r  s h e l l  o f  t h e  b u i ld in g ,  t h a t  i s ,  t h e  
flo o rs , e x t e r n a l  w a lls  a n d  th e  ro o f , ( i t )  t h e  d i f f e r e n c e  i n  t e m p e r a t u r e  
b e tw e e n  th o  o u t s id e  a n d  t h e  in s id e ;  f o r  a  g r e a t e r  d i f f e re n c e  t h e r e  w 11 
be g r e a t e r  lo ss  o f  h e a t ,  (t 'ii) t h e  a r e a  o f  t h e  e x t e r n a  p a r t  o f  t h e  
b u i ld in g  ; fo r  g r e a t e r  a r e a s  t h e  h e a t  t r a n s f e r  is  m o re ,  (tu ) t h e  a r e a s  
o f  w in d o w s  a n d  d o o rs .  T h e  t r a n s f e r  o f  h e a t  t h r o u g h  a  g la z e d  w in d o w  
i s  a b o u t  t h r e e  t im e s  m o re  t h a n  a  ty p i c a l  w a ll  c o n s t r u c t io n .  H e n c e  
th e  w in d o w s  s h o u ld  b e  p u t  in  a  c o r r e c t  o r i e n t a t i o n  w i t h  r e s p e c t  t o  
t h e  m o v e m e n t  o f  t h e  s u n , {«) t h e  f a t e  o f  a i r  m o v e m e n t  t h r o u g h  a n y  
c a v i t i e s  in  t h e  e n c lo s in g  s t r u c t u r e .  A i r  s p a c e s  t h r o u g h  t h e  ro o f or  
b e lo w  a  s u s p e n d e d  f lo o r  m a y  c a u s e  c o n s id e r a b l e  h e a t  tran sferen ce  
u n le s s  s p e c ia l  p r e c a u t io n s  a r e  t a k e n .

F o r  d e t e r m in in g  t h e  h e a t  lo s s  f r o m  a  b u i ld in g  t o  t h e  o u t s i d e  in  
w in t e r  m o n th s  t h e  fo llo w in g  a d d i t i o n a l  f a c t o r s  h a v e  t o  b e  t a k e n  i n t o  
a c c o u n t  :—

(i)  T h e  r a t e  o f  a i r  c h a n g e .  T h i s  ia  t h e  r a t e  a t  w h ic h  t h e  
h e a t e d  a i r  in s id e  t h e  b u i ld in g  is  d i s p la c e d  b y  c o ld  air  f r o m  o u t s id e .  
A ir  flo w s w ill o c c u r  t h r o u g h  t h e  o p e n  d o o r s  a n d  windowB o r  t h r o u g h  
v e n t i l a to r s ,  e to .

( i t)  N e x t  is  t h e  p o s i t io n  o f  f lu e s . T h e  s t r u c t u r e  e n c lo s in g  t h e  
flue  is  h e a te d  b y  t h e  g a s e s  w h ic h  p a s s  t h r o u g h  i t .  I f  t h e  f lu e  is  b u i l t  
i n  a n  e x t e r n a l  w a ll ,  a  g r e a t e r  p r o p o r t i o n  o f  h e a t  w i l l  b e  l o s t  t h r o u g h  
th i s  w a ll  d i r e c t ly  b y  c o n d u c t io n .

(in) T h e  t y p e  o f  h e a t in g  a p p l i a n c e  a n d  t h e  d e s i g n  o f  t h e  f lu e  
th r o a t .  I n  t h e  h e a t in g  a p p l i a n c e  o f  f lu e ,  a p p r e c i a b l e  h e a t  Iosb c a n  
o c c u r  i f  a n  e x c e s s iv e  h e a t e d  a i r  p a s s e s  u p  t h e  f lu e . T h e  r e s t r i c t i o n s  
t o  t h e  a i r  f lo w  p r o v id e d  b y  t h e  a p p l i a n c e  a n d  b y  t h e  c r o s s  s e c t io n a l  
a r e a  o f  t h e  f lu e  t h r o a t  a r e  i m p o r t a n t .

T h e  h e a t  t r a n s m is s io n  lo s s e s  a r e  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  
a r e a  A  b y  t h e  p r o p e r  co  e f f ic ie n t  U  f o r  a  p a r t i c u l a r  t y p e  o f  c o n s t r u c ­
t i o n  o r  m a t e r ia l  a n d  b y  t h e  t e m p e r a t u r e  d i f f e r e n c e  b e tw e e n  t h e  tw o  
s u r f a c e s .  T h i s  c a n  b e  s t a t e d  b y  t h e  e q u a t io n ,

H =  A x U x  (T — To)
w h e re  H =  H e a t  t r a n s m i t t e d  t h r o u g h  t h e  m a t e r i a l s  o f  w a ll s ,  

ro o fs , e tc .

A = A r e a  o f  t h e  s u r f a c e .

T — Eoom  t e m p e r a t u r e .

To— O u ts id e  t e m p e r a t u r e ,

U= O v e r a l l  c o -e f f ic ie n t  o f  t r a n s m i s s i o n  o r  t h o  a m o u n t  
o f  h e a t  t r a n s m i t t e d  p e r  u n i t  a r e a  o f  s u r f a c e  f o r  a  
t e m p e r a t u r e  d i f fe re n c e  o f  o n e  d e g r e e  b e tw e e n  t h e  
a i r  o f  in s id e  a n d  t h e  o u t s id e .



T h e  h e a t  t r a n s m i t t e d  t h r o u g h  e a o h  s u r f a c e  is  c a lc u la te d  s e p a r a t e ly  
a n d  t h e  t o t a l  t r a n s m is s io n  lo ss  fo r  e a c h  ro o m  o r  s p a c e  is  t h e  s u m  o f  
i n d iv id u a l  t r a n s m is s io n  lo s se s  t h r o u g h  e a c h  s u r f a c e  o f  t h e  ro o m .
D u e  a l lo w a n c e  is  a ls o  g iv e n  f o r  t h e  in f i l t r a t i o n  lo s s e s  w h ic h  o c c u r  o n  
a c c o u n t  o f  l e a k a g e  o f  a i r  t h r o u g h  th e  c r e v ic e s  e tc .  p r e s e n t  i n  t h e  w a lls  
o r  d o o rs .

T o  a c h ie v e  in s u la t io n  e f fe c ts , i t  is  e s s e n tia l  t o  e i t h e r  u s e  in s u la ­
t i n g  m a t e r ia l s  o r  d e v is e  s p e c ia l  c o n s t r u c t io n  m e th o d s  o r  a l t e r n a t i v e l y  
a d o p t  b o th .  F o r  a  m a te r ia l  t o  b e  c o n s id e r e d  a s  a  g o o d  in s u la t in g  
s u b s t a n c e  i t  m u s t  h a v e  a  lo w  h e a t  c o n d u c t iv i t y ,  t h a t  is , a  h ig h  d e g r e e  
o f  h e a t  r e s i s t a n c e  p e r  u n i t  o f  t h i c k n e s s  a n d  m u s t  b e  in s ta l le d  in  a n  
a d e q u a t e  t h i c k n e s s .  G e n e r a l ly  i t  s h o u ld  n o t  h a v e  a  g r e a t e r  t h e r m a l  
c o n d u c t iv i t y  t h a n  1 2 6 0  C a lo r ie s . T h e  th ic k n e s s  m u s t  b e  su ff ic ie n t  
bo a s  to  p r o v i d e  a d e q u a t e  h e a t  r e s i s t a n c e  o f  t h e  m a te r ia l .

Types of insulating materials
T h e  ty p e s  i n  w h ic h  th e s e  s u b s ta n c e s  a r e  f a b r i c a te d  a r e  ( t)  lo o se  

f i l ls , ( i t )  b l a n k e t  in s u la t io n ,  (in) b a t s ,  (iv) i n s u la t in g  b o a r d s ,  (u) s la b  
o r  b lo c k  in s u la t io n s ,  (v i) r e f le c tiv e  s h e e t  m a te r ia l s ,  [vii) l i g h t  w e ig h t  
a g g r e g a t e s ,  e tc .

L o o s e  fill  i n s u la t io n s  c o n s i s t  o f  f ib r o u s  m a te r ia l s  l ik e  r o c k  w o o l, 
s la g  w o o l, g la s s  w o o l, c e llu lo s e  o r  w o o d  f ib r e  w o o l. T h e y  a ls o  c o n s is t  
o f  g r a n u l a r  lo o s e  m a te r ia l s  o f  m in e r a l  o r  v e g e t a b l e  n a t u r e .  M in e ra l  
w o o l  is  a  f ib r o u s  m a t e r i a l  a n d  is  m a d e  o f  t h r e e  m a t e r ia l s — r o c k , s la g  
a n d  g la s s .  T h e s e  m a t e r ia l s  a r e  c o n v e y e d  to  a  l a r g e  m e l t i n g  p o t  a n d  
t h e  r o c k  is  m e l t e d  u n d e r  a  h ig h  t e m p e r a t u r e .  A s  i t  le a v e s  t h e  
f u r n a c e ,  i t  i s  a c t e d  u p o n  b y  a  b l a s t  o f  s te a m  w h ic h  c a r r i e s  t h e  b e a d s  
o f  w o o l i n t o  a n  a n n e a l in g  c h a m b e r .

A n  i n e r t  l i g h t  w e ig h t  g r a n u la r  i n s u la t in g  m a t e r i a l  k n o w n  a a  
v e r m i c u l i t e  is  m a n u f a c tu r e d  b y  e x p lo d in g  a n  a lu m in iu m - m a g n e s iu m  
s i l i c a t e  m a t e r ia l .  T h is  t r e a t m e n t  h  d o n e  u n d e r  t h e  a c t i o n  o f  h ig h  
t e m p e r a t u r e  w h ic h  c a u s e s  t h e  f la k e s  o f  t h e  m in e r a l  to  g e t  c o n v e r te d  
i n t o  c e l lu l a r  g r a n u le s .

B la n k e t  i n s u la t io n s  a r e  f le x ib le  f ib ro u s  m a t e r ia l s  s u p p l ie d  in  
r o l l s  o r  o th e r w is e .  T h e y  a r e  m a d e  p r i n c i p a l l y  f r o m  m in e r a l  w o o l, 
p r o c e s s e d  w o o d  f ib re ,  c o t t o n  a n d  a n im a l  h a i r .  T h e y  v a r y  i n  t h i c k ­
n e s s  f r o m  1 t o  8  cm .

B a t  i n s u la t in g  m a t e r i a l s  a r e  s im i l a r  t o  t h e  a b o v e  t y p e  b u t  a r e  
s m a l l e r  in  s iz e  a n d  g r e a t e r  in  t h i c k n e s s ,  c o m m o n  th i c k n e s s e s  b e in g
5 , 7 a n d  9  c m . T h e y  a r e  a v a i la b l e  in  s m a l l e r  s iz e s  s u i ta b l e  f o r  
f r a m i n g  u n i t s .  S t r u c t u r a l  i n s u la t iu g  b o a r d  i s  m a d e  b y  r e d u c in g  
w o o d  c a n e  o r  o t h e r  m a t e r i a l s  t o  a  p u lp  a n d  t h e n  r e a s s e m b l in g  f i b r e s  
i n t o  b o a r d s .  A d h e s iv e s  a r e  u s e d  t o  k e e p  t h e  f ib re s  in  c o r r e c t  p o s i t i o n .  
V a r io u s  t y p e s  o f  i n s u la t in g  b o a r d s  a r e  a v a i la b l e  in  d i f f e r e n t  s iz e s  
a n d  t h i c k n e s s e s .

S la b  i n s u la t io n s  a r e  s m a l l  r ig id  u n i t s  o f  a b o u t  2 .5  c m . i n  t h i c k ­
n e s s  a n d  r a n g e  i n  s iz e  u p  t o  6 0  x  1 2 0  c m  o r  m o r e .  S la b  i n s u l a t i o n s  
a r e  a ls o  k n o w n  a s  b lo c k s  o r  b o a r d s  a n d  c o n s i s t  o f  c o r k  b o a r d  s l a b s ,



m in e ra l  w o o d  s la b s ,  v e r m ic u l i t e  s la b s ,  c e l l u l a r  g l a s s  s l a b s ,  c e l lu l a r  
r u b b e r  s la b s  o r  w o o d  f ib re s  b o u n d  t o g e t h e r  w i t h  c e m e n t .

R e f le c t iv e  i n s u la t io n s  d e p e n d  e n t i r e ly  o n  t h e i r  s u r f a c e  o h a r a c  
t e r i s t i c s  fo r  t h e i r  h e a t  r e s i s t a n t  p r o p e r t i e s .  T h e y  a r e  g e n e r a l l y  u s e d  
I n g  w ith  t h e  a i r  s p a c e s  so  t h a t  t h e  r e f le c tiv e  m s u la t . o n  s u r f a c e  Is  
e x p o se d  B r ig h t  m e ta l l ic  s u r f a c e s  a r e  m o r e  e f f ic ie n t .  S h e e t  o r  
b la n k e t  a lu m in iu m  re f le c tiv e  m a t e r ia l s ,  a lu m in iu m  fo i ls ,  s u r f a c e d  
K v p su m  b o a r d s ,  s te e l  s h e e t  re f le c tiv e  i n s u la t io n s  o r  r e f l e c t i v e  c o a t in g  
a p p l ie d  to  p a p e r  o r  o t h e r  s u r f a c e s  a r e  t h o  v a r io u s  t y p e s  o f  r e f l e c t i v e  
in s u la t io n s  c o m m o n ly  a d o p te d .

C e m e n t  a n d  c o n c re te  p r o d u c ts  h a v e  lo w e r  h e a t  r e s i s t a n c e s  b u t  
w i th  t h e  u s e  o f  l i g h t  w e ig h t  a g g r e g a t e s  s u c h  a s  b l a s t  f u r n a c e  s l a g  
b u r n t  c la y  a g g r e g a te ,  v e r m ic u l i t e  'e t o . ,  t h e  i n s u la t in g  r e s i s t a n c e  o f  
c o n c re te  m a te r ia l s  g e t s  in c re a s e d .

Method of application
F il l  in s u la t io n s  m a y  b e  p o u r e d  in  b e tw e e n  t h e  v e r t i c a l  s t u d s  

a f t e r  t h e  o u ts id e  s h e a th in g  is  p la c e d  a n d  a s  t h e  w a ll s  t o  b e  i n s u l a t e d  
a r e  r e c e iv in g  t h e  p l a s t e r  b a s e  o r  i n t e r i o r  f in i s h .  T h i s  i n s u l a t i o n  
s h o u ld  b e  p o u r e d  in  h e ig h t s  n o t  g r e a t e r  t h a n  1 m e t r e  a t  a  t i m e  a n d  
m u s t  b e  p a c k e d  to  a  p r o p e r  d e n s i ty  b e tw e e n  t h e  c o v e r in g  s i d e s .  I f  
a  v a p o u r  b a r r i e r  i s  t o  b e  p r o v id e d  i t  s h o u ld  b e  k e p t  o n  t h e  w a r m e r  
s id e  o f  t h e  w a ll .  T h e s e  t y p e s  o f  i n s u la t in g  m a t e r i a l s  m a y  b e  p o u r e d  
f r o m  b a g s  i n to  t h e  s p a c e s  b e tw e e n  t h e  c e i l i n g  j o i s t s  t o  t h e  d e s i r e d  
d e p th .  W h e n e v e r  i n t r i c a t e  i n n e r  s p a c e s  a r e  p r e s e n t  t h e s e  m a t e r i a l s  
m a y  b e  p la o e d  w i t h  t h e  a i d  o f  c o m p r e s s e d  a i r .

T h e  b l a n k e t  i n s u la t io n s  o f  w i d t h s  g r e a t e r  t h a n  t h e  d i s t a n o e  
b e tw e e n  t h e  v e r t i c a l  s t u d s  a r e  u s e d .  T h i s  e n a b l e s  t h e  e d g e s  t o  b e  
fo ld e d  a n d  n a i l e d  o r  s t a p l e d  i n t o  t h e  w o o d  f r a m i n g  m e m b e r s .  S p e c i a l  
n a i l in g  o r  s t a p l in g  f la n g e s  a r e  p r o v i d e d  i n  c e r t a i n  c a s e s  t o  f a c i l i t a t e  
t h e  a p p l i c a t io n  o f  t h e  i n s u l a t i o n .  W h e n e v e r  p o s s ib le  t h e  b l a n k e t  
in s u la t io n  m a y  b e  i n s ta l le d  in  a  m a n n o r  s o  a s  t o  l e a v e  s u f f ic ie n t  a i r  
g a p s  o n  b o th  s id e s  o f  i t .  W h i l e  f ix in g  t h i s  t y p e  o f  i n s u l a t i n g  m a t e r i a l  
t o  a  m a s o n r y  w a ll  s p e c ia l  f u r r i n g  s t r i p s  a r e  u s e d  t o  h o ld  i t  a n d  t h e  
in t e r i o r  f in ish .

T h e  b a t  i n s u la t io n s  a r e  i n s t a l l e d  b e tw e e n  t h e  e x t e r i o r  f in is h  
a n d  th e  i n t e r i o r  c o v e r in g  m a t e r i a l  a n d  a i r  s p a c e  m a y  b e  l e f t  o n  o n e  
s id e .

S t r u c t u r a l  i n s u l a t i n g  b o a r d s  a r e  t h e m s e lv e s  u s e d  a s  m a t e r i a l s  
f o r  w a lls  o r  r o o f  s h e a th i n g ,  a s  a  p l a s t e r  b a s e  o r  o t h e r  d e c o r a t i v e  
f in is h e s .  T h e y  a r e  n a i l e d  t o  t h e  w o o d w o r k  s u p p o r t i n g  th e m .  T h e y  
m a y  b e  c o v e r e d  w i t h  d i f f e r e n t  f in i s h in g  m a t e r i a l s  l i k e  w o o d e n  p l a n k s ,  
c o n c r e t e  b lo c k s ,  p l a s t e r ,  s h in g le s  e t c .

Insulation of roofs
I n  d r i e r  t r o p i c s  w h e r e  t h e r e  is  a  m a r k e d  d a y - n i g h t  t e m p e r a t u r e  

r a n g e ,  i t  i s  d e s i r a b l e  f o r  t h e  b u i ld in g s  u s e d  d u r i n g  t h e  d a y  t o  h a v e  
a  t y p e  o f  c o n s t r u c t io n  w h ic h  w ill  w a r m  u p  s lo w ly .  T h e  u n d e r s id e  
r»f fh« mnf oloK ir> oi.̂ k » »ase w ill b o  t h e  w a r m e s t  w h e n  t h e  g e n e r a l



t e m p e r a t u r e  is  f a l l in g .  T h e  e x t e n t  o f  t h i s  t im e - la g  d e p e n d s  o n  
t h e  m a s s  o f  t h e  r o o f ,  t h e  h e a v i e r  t h e  r o o f  t h e  lo n g e r  t h e  la g .  W i th  
a 1 0  c m . s o l id  c o n o r e te  s la b  i t  is  a b o u t  2 |  h o u r s ,  w h e r e a s  w i th  a 
2 0  c m . s o l id  s l a b  i t  w i l l  b e  a b o u t  6  h o u r s .  T h e  h e a v ie r  t h e  s l a b  t h e  
s m a l l e r  t h e  v a r i a t i o n  in  t e m p e r a t u r e  o n  t h e  u n d e r s id e .  I n  m o re  
h u m id  t r o p i c s  w h e r e  d a y - n ig h t  t e m p e r a t u r e  r a n g e  is  le s s , t h e  m a s s  o f  
t h e  r o o f  is  l e s s  i m p o r t a n t  p r o v id e d  t h e  t e m p e r a t u r e  o f  t h e  u n d e r s id e  
is  p r e v e n t e d  f r o m  r i s in g  a b o v e  t h e  s h a d e  t e m p e r a t u r e .  T o  e n s u r e  
t h i s  a  w h i t e  s u r f a c e  t r e a t m e n t  o r  s o m e  f o r m  o f  s u n - s h a d e  is  e s s e n t ia l .

F o r  r o o m s  w h ic h  a r e  u s e d  o n ly  a t  n i g h t  t h e  r o o f  s h o u ld  b e  
c a p a b l e  o f  c o o l in g  d o w n  a s  r a p id l y  a s  p o s s ib le  a n d  a  l i g h t  s t r u o t u r e  
is  t h e n  m o r e  a p p r o p r i a t e .

A c c o r d in g  t o  t h e  r e c o m m e n d e d  p r a c t i c e  t h e  t h e r m a l  t r a n s ­
m i t t a n c e  v a l u e  f o r  ro o f s  o f  h o u s e s  a n d  f la t s  s h o u ld  b e  a b o u t  0 .2  to  
0 .3 9 .  G e n e r a l l y  i t  i s  b e t t e r  t o  p u t  a  t h e r m a l  in s u la t io n  a h o v *  tfee 
s l a b  b u t  i t  m a y  s o m e t im e s  b e  a d v a n t a g e o u s  t o  p la c e  i t  u n d e r n e a t h  
f o r  o t h e r  r e a s o n s .

T h e r m a l  i n s u la t io n  m a y  b e  p r o v id e d  b y  t h e  s l a b  i t s e l f  w h o l ly ,  
a  w a te r - p r o o f  l a y e r  a t  t h e  t o p  b e in g  g iv e n  re f le c t io n  t r e a t m e n t  
s u f f ic ie n t  t o k e e p  i t  r e a s o n a b l y  h o t .  A  s o u n d  a b s o r b e n t  c e i l in g  m a y  
b e  a d d e d  w h ic h  w o u ld  c o n t r i b u t e  to  t h e r m a l  i n s u la t io n .  A n o th e r  
t y p i c a l  c o n s t r u c t io n  w o u ld  c o n s i s t  o f  t h e  c o n c r e t e  p o r t i o n  a c t in g  a s  
a  s c r e e d  p l a c e d  o n  w o o d  w o o l s la b s  c a r r i e d  o n  i n v e r t e d  T - s e c t io n s .  
T h i s  t y p e  o f  r o o f  is  l i g h t ,  h a s  a  h ig h  t h e r m a l  i n s u la t io n  a n d  is  f r e e  
f r o m  c o n d e n s a t i o n  t r o u b l e s .  S u s p e n d e d  c e i l in g s ,  a lo n g  w i th  a  c o n s ­
t a n t  d e p t h  o f  w a t e r  b e in g  m a i n t a i n e d  o v e r  t h e  s la b ,  m a y  b e  u s e f u l  
f o r  i n d u s t r i a l  s t r u c t u r e s .

Insulation o f a ir spaces or cavities

A ir  s p a c e s  o r  c a v i t i e s  f o r m  a n  in t e g r a l  p a r t  o f  m a n y  m o d e r n  
c o n s t r u c t io n s .  T h e  d im e n s io n  o f  t h e  o a v i ty ,  t h e  e m i s s i v i t y  o f  t h e  
s u r f a c e s  f a o in g  t h e  c a v i t y  a n d  t h e  v e n t i l a t i o n  r a t e  a r e  i m p o r t a n t  a s  
t h e  h e a t  t r a n s f e r  t a k e s  p la c e  m a in ly  b y  c o n v e c t io n  a n d  r a d i a t i o n .  
I t  i s  n o w  a c c e p te d  t h a t  f o r  a  v e r t i c a l  a i r  s p a c e  u n v e n t i l a t e d  a n d  
e n c lo s e d  b y  s u r f a c e s  o f  h ig h  e m is s iv i ty ,  t h e  r e s i s t a n c e  t o  h e a t  f lo w  
a c r o s s  i t  w i l l  b e  t h e  g r e a t e s t  w h e n  i t s  w id t h  is  a t  l e a s t  2 0  m m . I n  
a  h o r i z o n t a l  c a v i t y  s u c h  a s  t h a t  in  a  f l a t  r o o f  o r  f lo o r  t h e  o o n v e c t io n  
o u r r e n t s  t e n d  t o  c r o s s  t h e  w id th  o f  t h e  c a v i ty  w h e n  t h e  d i r e c t io n  
o f  t h e  h e a t  f lo w  is  u p w a r d s  ; w i t h  d o w n w a r d  h e a t  f lo w  t h e y  t r y  t o  
g e t  e l i m i n a t e d  a s  t h e  a i r  is  w a r m e r  a t  t h e  u p p e r  p a r t  o f  t h e  o a v i t y .  
A  v a l u e  o f  1 .1 0  i s  a d o p t e d  f o r  t h e  r e s i s t a n c e  o f  c a v i t y  w h e n  t h e  
c a v i ty  <s u n v e n t i l a t e d ,  i s  a t  l e a s t  2 0  m m . w id e ,  is  h o r i z o n t a l ,  v e r t i c a l ,  
o r  i n c l in e d  a n d  h a s  e n o lo s in g  s u r f a c e s  o f  o r d i n a r y  b u i ld in g  m a t e r i a l s  
h a v i n g  a n  e m i s s i v i t y  o f  0 .9 .  I f  a  s i m i l a r  c a v i ty  is  f a c e d  w i th  
m a t e r i a l  o f  lo w  e m i s s i v i t y  s u c h  a s  a n  a l u m i n i u m  f o i l  ( h a v in g  e m is s i ­
v i t y  o f  0 .1  o r  le s s )  a  v a lu e  o f  2 .0 0  is  c o n s id e r e d  t o  b e  a  s u i t a b l e  
r e s i s t a n c e  f o r  th iB  c a v i ty .  V e n t i l a t i o n  b y  c o o le r  a i r  o u t s id e  w il l  
r e d u c e  t h e  t h e r m a l  r e s i s t a n c e  o f  a  c a v i ty .



Economics of insulation

T h e  fo llo w in g  f a c to r s  a r e  t a k e n  i n t o  a c c o u n t  w h i le  e v a l u a t i n g  
th e  e c o n o m ic  f e a s ib i l i t y  o f  a  p a r t i c u l a r  t y p e  o f  in s u l a t i o n  :

(1) C o s t  o f  p r o v id in g  a n d  f ix in g  t h e  i n s u la t io n .

(2) T h e  a r e a s  o f  e x p o s e d  s u r f a c e s  a n d  w in d o w s .

(3 ) T h e  c o s t  o f  h e a t in g  o r  c o o lin g .

(4) T h e  s t a n d a r d  o f  i n s u la t io n  m a in t a in e d .

T h e  in s u la t io n  m a te r ia l  m a y  a ls o  b e  u s e d  a s  a  lo a d  b e a r i n g  
m e m b e r  so  t h a t  i t  c o u ld  e c o n o m is e  in  t h e  c o n s t r u c t io n a l  c o s t  o f  t h e  
b u i ld in g  i t s e l f .  S u c h  u s e  c a n  o n ly  b e  m a d e  o f  r ig id  t y p e  o f  i n s u l a t ­
in g  m a te r ia l s .  I t  s h o u ld  a ls o  b e  e n s u r e d  t h a t  t h e  i n s u la t in g  m a t e r i a l  
h a s  g o t  a n  a d e q u a te  r e s is t a n c e  t o  f i re ,  f u n g i  a n d  i n s e c t  a t t a c k .  T h e  
in s u la t in g  m a te r ia l  s h o u ld  a ls o  n o t  a b s o r b  e x c e s s iv e  q u a n t i t i e s  o f  
m o is tu r e .  I t  s h o u ld  n o t  a ls o  b e  l i a b le  t o  c h a n g e  i n  i t s  s iz e  d u e  t o  
e x p a n s io n  o r  c o n t r a c t io n .

C o n d e n s a t i o n

C o n d e n s a t io n  o n  t h e  i n t e r i o r  s u r f a c e s  o f  f a c t o r i e s  in  w h ic h  h i g h e r  
p e r c e n ta g e s  o f  h u m id i t i e s  a r e  m a in t a in e d  is  u s u a l l y  c o m m o n .  M o is ­
t u r e  u s u a l ly  d e p o s i t s  o n  th e  u n d e r s id e  o f  t h e  c e i l in g s .  I n  r e s id e n c e s ,  
w a ll  a n d  c e ilin g  c o n d e n s a t io n  is  n o t  s o  i m p o r t a n t  a s  t h e  w in d o w  
c o n d e n s a t io n .  T h e  w a te r  v a p o u r ,  i n s te a d  o f  g e t t i n g  d e p o s i t e d  a t  
t h e  i n n e r  s u r f a c e  o f  t h e  c e ilin g , m a y  p a s s  t h r o u g h  t h e  r o o f  o r  g e t  
d e p o s i te d  w i th in  t h e  w a ll.

W h e n e v e r  w a rm  h u m id  a i r  c o m e s  i n to  c o n t a c t  w i t h  s u r f a c e s  
w h ic h  a r e  b e lo w  th e  d e w  p o i n t  t e m p e r a t u r e ,  c o n d e n s a t io n  o f  w a te r  
v a p o u r  w ill t a k e  p la c e .  T o  p r e v e n t  c o n d e n s a t io n  o n  a n y  s u r f a c e ,  i t  
i s  n e c e s s a r y  t o  m a i n t a i n  t h e  t e m p e r a t u r e  o f  t h a t  s u r f a c e  a b o v e  t h e  
d e w  p o in t .  T h e  p r o b a b le  d e w  p o i n t  t e m p e r a t u r e s  c a n  b e  e s t i m a t e d  
b y  k n o w in g  th e  r e la t iv e  h u m i d i t y  a n d  t h e  t e m p e r a t u r e  c o n d i t i o n s  
w h ic h  a r e  e x is t in g  o r  g o in g  t o  e x i s t  in  a  b u i ld in g .  A f t e r  t h e  d e w  
p o i n t  t e m p e r a t u r e  h a s  b e e n  e s t a b l i s h e d  t h e  n e x t  s t e p  ia t o  d e t e r m in e  
a s  t o  h o w  m u c h  i n s u la t io n  m u s t  b e  a d d e d  t o  t h e  w a ll  o r  r o o f  s t r u c ­
t u r e  t o  m a in t a in  t h e  i n t e r i o r  s u r f a c e  a b o v e  t h e  d e w  p o i n t  t e m p e r a ­
t u r e  a t  a i l  t im e s .  T h e  th i c k n e s s  o f  i n s u la t io n  m u s t  b e  s u f f ic ie n t  t o  
p r e v e n t  s u r f a c e  c o n d e n s a t io n  in  t h e  c o o le s t  p o s s ib le  w e a t h e r .  W h e n ­
e v e r  e x t r e m e ly  s e v e re  c o n d i t i o n s  a r e  e n c o u n te r e d  a n d  e x c e s s iv e ly  
t h i c k  i n s u la t io n s  a r e  n e e d e d , a d d i t i o n a l  p r e c a u t i o n s  a r e  t a k e n .  I f  
t h e  m o i s tu r e  is  a n  o u tc o m e  o f  m a n u f a c t u r i n g  p r o c e s s ,  t h e  h u m i d i t y  
m a y  b e  r e d u c e d  b y  p a s s in g  a i r  t h r o u g h  a  d e h u m id i f io r .  I f  h ig h  
h u m i d i t y  is  e s s e n t i a l  f o r  t h e  p r o d u c t  u n d e r  m a n u f a c t u r e ,  c e i l in g  c o n ­
d e n s a t i o n  m a y  b e  p r e v e n t e d  b y  i n s t a l l i n g  a  v a p o u r - t i g h t  c e i l in g  
u n d e r  t h e  r o o f  d e c k  a n d  p a s s in g  w a r m  d r y  a i r  t h r o u g h  t h e  s p a c e  
b e tw e e n  r o o f  a n d  c e i l in g .

T h e  w a te r  v a p o u r  w i th in  t h e  l i v in g  s p a c e  g e t s  f i r s t  d i f f u s e d  
w iu im  t h e  b u i ld in g  w h ic h  c o n s e q u e n t ly  in c r e a s e s  t h e  r e l a t i v e  h u m i ­
d i t y  a n d  v a p o u r  p r e s s u r e .  T h i s  v a p o u r  w ill  t h e n  b e  r e m o v e d  b y  
e i t h e r  le a k a g e  o r  th r o u g h  p e r m e a b le  s p a c e s  in  w a ll s  o r  c e i l in g  a a  m o s t



o f  t h e  b u i l d in g  m a t e r i a l s  a r e  p e r m e a b le .  T h e  rate o f  m o v e m e n t  o f  
v a p o u r  t h r o u g h  a  m a t e r i a l  i s  a  f u n c t io n  o f  t h e  v a p o u r  p r e s s u r e  
t h r o u g h  tw o  s id e s ,  i h i s  p e r m e a b i l i t y  is  b a s e d  o n  t h e  a r e a ,  p r e s s u r e  
d i f f e r e n c e ,  t h i c k n e s s ,  t im e  a n d  t h e  p r o p e r t y  o f  t h e  m a t e r ia l  c a l le d  
p e r m e a n c e .  T h e  u n i t  o f  p e r m e a n c e  is  c a l le d  p e r m  a n d  t h i s  iB t h e  
v a p o u r  t r a n s m is s io n  in  g r a in s  p e r  s q .  f t .  p e r  h o u r  p e r  in c h  o f  m e r c u r y  
v a p o u r  p r e s s u r e  d i f f e r e n c e .  F o r  a s p h a l t  ro o f in g  f e l t ,  t h e  v a lu e  o f  
p e r m e a n c e  is  a b o u t  G .62 ; f o r  c a r d  b o a r d  i t  i s  a b o u t  2 .5  w h i le  fo r  
w o o d  i t  r a n g e s  f r o m  4 .2  t o  19 d e p e n d in g  o n  t h i c k n e s s ,  e tc .

T h e  in s id e  v a p o u r  p r e s s u r e  is  u s u a l ly  h ig h e r  in  w i n t e r  t h a n  
o u t s id e  a n d  h e n c e  t h e  d i r e c t io n  o f  t r a v e l  is  u s u a l ly  f r o m  in s id e  to  
o u t s id e  t h r o u g h  t h e  w a l l s  o r  t h e  c e i l in g s  a n d  c o n d e n s a t io n  o c c u r s  
w h e r e v e r  t h o  t e m p e r a t u r e  g o e s  b e lo w  t h e  d e w  p o in t .  M a te r ia l s  
w h ic h  r e s t r i c t  t h e  m o v e m e n t  o f  w a te r  v a p o u r  t o  o n e  p e r m  a r e  u s e d  
a s  v a p o u r  b a r r i e r s .  V a p o u r  b a r r i e r s  a r e  o f  tw o  t y p e s ,  n a m e ly ,  t h e  
p a i n t  o r  l i q u id  t y p e  a n d  t h e  s h e e t  o r  m e m b r a n e  t y p e .  I n  g e n e ra l  
a  c o n t i n u o u s  h e a v y  c o a t  o f  a n y  w a te r  r e s is t i n g  m a t e r i a l  s u c h  a s  
w a x ,  v a r n i s h  o r  b i t u m e n  is  l i k e ly  t o  h a v e  a d e q u a t e  v a p o u r  r e s is ta n c e .  
T h e  v a p o u r  b a r r i e r  s h o u ld  r e t a i n  i t s  v a p o u r  r e s is t i n g  q u a l i t i e s  f o r  t h e  
l i f e  o f  t h e  b u i l d in g  o r  i f  a  p a i n t  i s  u s e d  u n t i l  i t  i s  r e n e w e d .  I n  
t h e  l i q u id  t y p e  o i l  b a s e s ,  r u b b e r  b a s e s ,  a s p h a l t  a n d  a lu m in iu m  
p a i n t s  a r e  i n c lu d e d .  T h e  o t h e r  t y p e  o f  v a p o u r  b a r r i e r s  c o n s i s t  o f  
tw o  s h e e t s  o f  h e a v y  k r a f t  p a p e r  w i th  a s p h a l t  b e tw e e n  th e m ,  a lu m i ­
n iu m  fo i l  m o u n t e d  o n  o n e  o r  b o th  s id e s  o f  p a p e r  a n d  a s p h a l t  c o a te d  
p a p e r s  h a v i n g  b r i g h t  f in is h .

V a p o u r  b a r r i e r s  s h o u ld  a lw a y s  b e  i n s ta l le d  o n  t h e  w a r m e r  s id e  
o f  t h e  w a l l  a n d  a t  a  p l a c e  w h e r e  i t  w il l  b e  a b o v e  t h e  d e w  p o i n t  o f  
t h e  a i r - v a p o u r  m i x tu r e  o f  t h e  r o o m . W h e n  i n s u la t io n  is  a p p l i e d  t o  
t h e  t o p  c e i l i n g  a n d  t h e  a t t i o  s p a c e  is  u n h e a t e d  t h e  u n d e r s id e  o f  t h e  
r o o f  a n d  t h e  a t t i o  w a ll s  m a y  b e c o m e  c o o l a n d  i n c r e a s e  t h e  p o s s i b i l i t y  
o f  c o n d e n s a t i o n  i f  w a te r  v a p o u r  is  p e r m i t t e d  t o  p a s s  t h r o u g h  t h e  
c e i l i n g  t o  t h e  a t t i c  s p a c e .  T o  p r e v e n t  s u c h  a  c o n d i t i o n  a t t i c  s p a c e s  
s h o u ld  b e  s u i t a b l y  v e n t i l a t e d .  D e f in i t e  a r e a s  o f  v e n t i l a t i o n  h a v e  
b e e n  m a i n t a i n e d  f o r  d i f f e r e n t  t y p e s  o f  c o n s t r u c t io n s  b y  t h e  v a r io u s  
b u i l d in g  a u t h o r i t i e s .

Thermal treatm ents in tropical and sub-tropical regions
I n d i a n  c l i m a t e  c a n  b e  b r o a d ly  c la s s i f ie d  i n t o  t h r e e  t y p e s ,  viz., 

h o t  a r i d ,  h o t  h u m id  a n d  w a r m  h u m id  t y p e s .  T h e r e  a r e  c o ld  
r e g io n s  a l s o  b u t  c o n s i d e r a t i o n s  o f  t h e r m a l  i n s u la t io n s  a r e  m o r e  i m p o r ­
t a n t  in  t h e  f i r s t  t w o  t y p e s  n a m e d  a b o v e ;  a n d  h e n c e  t h e s e  a r e  d e a l t  
w i t h  b r ie f ly  i n  t h e  s u c c e e d in g  p a r a g r a p h s .

T h e  h o t  a r id  c l i m a t e  is  c h a r a c t e r i s e d  b y  h i g h  a i r  t e m p e r a t u r e s ,  
d r y  a i r  a n d  d r y  g r o u n d .  U n d e r  t h e s e  c o n d i t i o n s  t h e r e  w i l l  b e  l i t t l e  
c lo u d s  o r  m o i s t u r e  in  t h e  a i r  t o  s c r e e n  o f f  t h e  s u n ’s  r a y s  s o  t h a t  t h e  
r e s u l t i n g  h ig h  i n t e n s i t y  o f  d i r e c t  s o l a r  r a d i a t i o n  h e a tB  t h e  g r o u n d  
f u r t h e r .  T h e  d r y n e s s  o f  t h e  g r o u n d  r e d u c e s  t h e  p l a n t  l i f e  c o n s i ­
d e r a b l y  a n d  a s  s u o h  t h e  s o il  r e f le c ts  t h e  s o l a r  r a d i a t i o n  t o  a g r e a t  
e x t e n t .  T h e  e v a p o r a t i o n  c a n  t a k e  p la c e  e a s i l y  a n d  h e n c e  a l o t  o f  
h e a t  c a n  b e  r a d i a t e d  t o  t h e  o u t e r  p la c e .
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O n e o f t h e m o s t i m p o r t ^ M ^  jn o o m jo g  r a d i a t i o n . T h i s  m a y

t o  s c re e n  t h e  o c c u p a n t  . t h e  b o u g e  w o u ld  g e t  h o t  a n d
le a d  to  d i f f ic u lt ie s  a s  t h e  “ ol° BU T hiB  w o u ld  f u r t h e r  d e t e n o -
t h e r e b y p a s s s ^ e h e a ^ t h e ^ » . t h .n  , g  ^  f r e e l y  v o n t i Ia t e d

r a t e  t h e  c o n d i t io n s  i f  th e  £  ip o s e ( i a s  l i t t l e  a s  p o s s ib le  a n d
I t  is  b e t t e r  t h a t  t h i s  t h e  i n t e r io r .  R o o f  is  t h e  s u r f a c e
a | , 0 i t  p a s s e s  le s s  h e a t  i  r a d ia t io n  in  t h o  z o n e  f r o m  3 0
w h ic h  is  e x p o s e d  to  t h e  g r e a t  f  in  t h e  e q u a t o r  a r e
n o r t h  t o  3 0 ” s o u th ■ ' a t ' t a d e - . T h e , w a l ^ d a y  E a s tr  a n d

s u b je c te d  t o  »  m o d e r a te  ®e w ]i a t  h i g h e r  h e a t i n g  e f fe c ts  f o r
w e s t  w a lls  a r e  s u b je e te  , ; ,  8UC|1 a8  t r e e s  m a y  b o  u s e f u l  f o r
a  p a r t  o f  t h e  d a y .  I n t e r n a l  b a r n e r i  s u c h  »

s c r e e n in g  t h e  b u d d in g  e a s t e r n  a n d  w e s to r n  s id e s  o f  t h e
o r  a r t i f i c i a l  s c r e e n s  s e t  o n  t b  , .  t u o s e  w a l l s  a s  t h e  l o w  a l t i -
h o u s e  a r e  m o r e  m a i n  h e a t in g
t u d e  o f  s u n  i n  t h e  m o r n i n g  a n  g  g  a d v a n t a g e  b y  t h i s
lo a d . T h e  w a il f a c in g  t h e  e q u a t o r  d o e s  n o t  g a m  a d y a  , g J

t v ?  r u r  i
G r a s s  o r  o t h e r  c o v e re d  J W  6 ^  p  . t io n 9  o{  t h e

e le v a t io n s  c a n  b e  u s e d . S u c h  p r o j e c t io n s  a r e  “ ° r e  * ^ e
hieh altitude s u n  a n d  c a n  b e  i d e a l ly  u s e d  o n  t h o  w a ll  l a c in g  
e o u a to r  o r  o n  b o t h  n o r t h  a n d  s o u t h  w a ll s  f o r  a  b u i l d in g  a l*u  
n e a r  t h e  e q u a to r .  S u c h  p r o j e c t io n s  a r e  a d v a n t a g e o u s l y  p l a c e d  o v e r  
r o r  a , T w t n d o w  o p e n in g s .  V e r t ic a l  p r o j e c t io n s  c a n  b e  u s e d  t o  
e x c lu d e  m o rn in g  o r  e v e n in g  s u n  f r o m  w in d o w  o p e n in g s  

fa c in g  th e  e q u a to r .
S p r a y in g  r o o f  o r  w a ll  s t r u c t u r e s  w h ic h  a r e  e x p o s e d  t o  s u n  

c a n  b e  e f fe c t iv e  in  r e d u c in g  t h e  h e a t  lo a d  o n  t h e  s t r u c t u r e .  S p r a y i n g  
s h o u ld  b e  i n t e r m i t t e n t  t o  p e r m i t  e f f e c t iv e  e v a p o r a t i o n  f r o m  

s u r f a c e .  .
T h e  s m a l l e r  t h e  s u r f a c e  p r e s e n t e d  b y  t h e  h o u s e  t o  t h e > s o ^ a r

r a d i a t io n  t h e  le s s o r  w i l l  b e  t h e  h e a t  g a m e d .  L e a s t  p r o p o r t i o n a l  
h e a t  lo a d ' is  e x p e r i e n c e d  i n  h o t  s e a s o n s  b y  t h e  t a l l  b u i l d in g  w i t h  
i t s  lo n g  a x is  r u n n i n g  e a s t - w e s t .  A  t a l l  b u i ld in g  o f  s q u a r e  f lo o r
d e s ig n  is  a ls o  s u i ta b l e  i r r e s p e c t iv e  o f  t h e  o r i e n t a t i o n  b u t  i t  is  n o t  
o f  g r e a t  a d v a n t a g e  d u r i n g  c o ld  s e a s o n .  A  s in g le - s to r e y e d  b u i l d in g  
h a s  t h e  h i g h e s t  h e a t  lo a d  u n d e r  h o t  c o n d i t i o n s  b u t  is  f a i r  t o  r e t a m  
t h e  s a m e  u n d e r  c o ld  c o n d i t i o n s  w h e n  i t  w o u ld  b e  m o re  d e s i r a b l e .  
I n  t r o p i c a l  r e g io n s  w h e r e  t h e  s u n  is  a t  a  f a i r l y  h ig h  a l t i t u d e  d u r i n g  
t h e  m o s t  p a r t  o f  t h e  d a y  t h e  s lo p e  o f  t h e  r o o f  h a s  l i t t l e  e f f e c t  o n  t h e  
t o t a l  h e a t  lo a d . T h i s  is  b e c a u s e  o f  t h e  f a c t  t h a t  t h e r e  is  n o  e f f e c t  o n  
s o la r  p r o j e c t io n  o f  t h e  h o u s e  b y  h a v in g  a  p i t c h  w h ic h  is  l e s s e r  t h a n  
t h e  a l t i t u d e  o f  t h e  s u n .

S u r f a c e s  e x p o s e d  t o  s t r o n g  r a d i a t i o n  w ill  b e  h e a t e d  b y  t h a t  p a r t-  
o f  r a d i a t i o n  w h ic h  is  n o t  r e f le o te d  b u t  a b s o r b e d .  M o v e m e n t  o f  a i r



o v e r  t h e  s u r f a c e  w ill r e m o v e  s o m e  o f  t h e  h e a t  a n d  t h u s  r e d u c e  t h e  
q u a n t i t y  o f  h e a t  c o n d u c te d  i n to  t h e  i n t e r io r .  S e le c tio n  o f  t h e  s i te  
a n d  c o n s t r u c t io n  o f  t h e  b u i ld in g  in  a  m a n n e r  t h a t  i t  d o e s  n o t  a f fe o t  
t h e  f r e e d o m  o f  w in d  m o v e m e n ts  is  v e r y  i m p o r t a n t .

I n s u l a t i o n  a g a i n s t  t h e  t r a n s f e r e n c e  o f  h e a t  m a y  a ls o  b e  a d o p te d .
I n  h o t  c l i m a te s  h e a t in g  is  n o t  c o n s t a n t  ; i t  r i s e s  d u r i n g  t h e  d a y  a n d  
d e c r e a s e s  b y  n i g h t .  U n d e r  t h e s e  c i r c u m s ta n c e s  a n y  in s u la t in g  
m a t e r i a l  w h ic h  w il l  s t o r e  a  l a r g e  q u a n t i t y  o f  h e a t  d u r in g  h e a t in g  
p e r io d  a n d  g iv e  i t  b a c k  w h e n  h e a t  is  re m o v e d  is  m o s t  s u i ta b le .  
T h i s  p r o p e r t y  o f  a  m a t e r i a l  d e p e n d s  o n  i t s  t h e r m a l  c o n d u c t iv i t y ,  
s p e o if ic  h e a t  a n d  a l s o  i t s  d e n s i t y .  W h e n  h e a t  is  c o n t in u o u s ly  a p p l ie d  
t o  o n e  s id e  o f  a n  i n s u la t in g  m a t e r ia l ,  t i m e  is  r e q u i r e d  t o  r e a o h  e q u i l i ­
b r i u m  a n d  t h e r e  w ill  b e  a  t e m p e r a t u r e  g r a d i e n t  a c ro s s  e a c h  p a r t  o f  t h e  
i n s u l a t o r  a n d  t h e  p r o p e r t y  w h ic h  d e te r m in e s  t h e  r a t e  o f  h e a t  t r a n s f e r ­
e n c e  b e tw e e n  c e r t a i n  d i s ta n c e s  a t  f ix e d  t e m p e r a t u r e s  is  t h e  th e r m a l  
c o n d u c t iv i t y .  T h i s  s i t u a t io n  g e t s  c h a n g e d  w h e n  t h e  h e a t  is  a p p l ie d  
t o  t h e  o u t e r  s u r f a c e .  I t  is  u s e d  u p  in  w a r m in g  p a r t i c le s  o f  t h a t  
s u r f a c e  a n d  o n ly  a f t e r  t h e y  h a v e  b e e n  w a rm e d  h e a t  p a s s e s  o n  t o  t h e  
n e x t  l a y e r .  H e r e  t h e  h e a t  g e t s  d e l a y e d  a g a in  t i l l  i t  p a s s e s  th r o u g h  
t h e  n e x t  l a y e r .  T h e  r a t e  a t  w h ic h  t h e  h e a t  f r o n t  a d v a n c e s  t h r o u g h  
t h e  m a t e r i a l  w il l  b e  a f fe c te d  b y  t h e  a m o u n t  o f  h e a t  n e e d e d  in  w a r m ­
in g  e a c h  l a y e r .  T h e  r a t e  a t  w h ic h  h e a t  n e w ly  a p p l i e d  t o  s u r f a c e  is 
d i f f u s e d  is  c a l le d  t h e r m a l  d i f f u s iv i ty  a n d  i t  i n v o lv e s  t h e r m a l  c o n d u c t i ­
v i t y ,  d e n s i t y  a n d  s p e c if ic  h e a t  o f  t h e  m a te r ia l .  M a te r ia l s  l ik e  w o o d  
a n d  c l a y  a r e  g o o d  a s  t h e y  h a v e  lo w  d i f f u s iv i ty  a n d  a r e  t h e r e f o r e  
u s u a l l y  e m p lo y e d  a s  a  b u i ld in g  m a te r ia l .  T h e  s to r i n g  c a p a c i ty  o f  
h e a t  o f  a  m a t e r i a l  i s  m o r e  i m p o r t a n t  in  t h e  c a s e  o f  ro o f in g  m a te r ia l .  
T h e  q u a n t i t y  o f  h e a t  t r a n s m i t t e d  s h o u ld  b e  s m a l l  a n d  h e n c e  s u c h  a  
t y p e  o f  c o n s t r u c t io n  s h o u ld  b e  a d o p t e d  t h a t  t h e  m a x im u m  t e m p e r a ­
t u r e  o f  t h e  i n t e r n a l  s u r f a c e  c o m e s  a b o u t  tw e lv e  h o u r s  a f t e r  t h e  m a x i ­
m u m  t e m p e r a t u r e  o f  t h e  e x t e r n a l  s u r f a c e  h a s  o c c u r r e d .  T h e  h e a t  i n  
s u c h  a  c a s e  w il l  a r r i v e  a t  t h e  i n t e r i o r  s u r f a c e  w h e n  i t  i s  n o t  o b j e c t io n ­
a b l e  f o r  t h e  c o m f o r t  o f  t h e  p e o p le .

V e n t i l a t i o n  o f  t h e  r o o m s  m u s t  b e  s u i t a b l y  c o n t r o l l e d  t o  e n s u r e  
c o m f o r t a b l e  l i v in g .  T h e  e n t r y  o f  e x t e r n a l  h o t  a i r  s h o u ld  b »  r e d u c e d  
d u r i n g  th e  d a y . t i m e  in  s u m m e r .  S m a l l  d o o r s  o r  w in d o w s  f i t t e d  w i th  
m o v a b le  s h u t t e r s  c a n  b e  h e lp fu l in  t h i s  c o n n e c t io n .  T h e s e  w in d o w s  
c a n  b e  p l a c e d  h i g h e r  u p  in  t h e  w a lls  to  r e d u c e  t h e  o h a n c e s  o f  r a d i a ­
t i o n  f a l l i n g  d i r e c t l y  o n  t h e  o c c u p a n t s  o f  t h e  r o o m . I f  a n y  a i r  s p a c e s  
a r e  k e p t  w i t h i n  t h e  r o o f  t h e y  s h o u ld  b e  s u i t a b l y  v e n t i l a t e d .

I f  t h e  a i r  is  d r a w n  t h r o u g h  t h e  g r o u n d  a t  g r e a t e r  d e p t h  s a y  
a b o u t  4  5  m e t r e  f r o m  t h e  g r o u n d  le v e l ,  c o o l in g  c a n  b e  o b t a i n e d  m  
s u m m e r  a n d  h e a t in g  in  w i n t e r  w i th  i t s  h e lp .  B a s e m e n t s  m  b u i ld iin g s  
u t i l i s e  t h i s  p r i n c i p l e  b u t  g r e a t e r  c o m f o r t  c a n  b e  d e r iv e d  i f  t h e  a i r  i s  
p a s s e d  t h r o u g h  a  f a i r l y  lo n g  t u n n e l  b e f o r e  i t  i s  t a k e n  i n t o  t h e  

b u i ld in g .
A i r  p a s s e d  o v e r  w a t e r  g e t s  c o o le d  a n d  i t s  w a t e r  c o n t e n t  .a  in -  

o r e a s e d .  U n d e r  h o t  d r y  c o n d i t i o n s  u s e  o f  w e t  t o w e l l i n g  m a t e r i a l s  o r  
s c r e e n s  w h ic h  a r e  k e p t  d a m p  a n d  p l a c e d  m  s u c h  a  p o s i t i o n  t h a t  a i r  
c a n  b e  p a s s e d  t h r o u g h  t h e m  b e f o r e  o o m m g  i n  e o n t a o t  w i t h  t h e
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j »  , ' f t > *  a  f a n  ia e f fe c t iv e  i n  c o o lin g  ro o m s .

' « . »  n t o r . a i  h e a t  d e v e lo p e d  w i th in  t h e  ro o m  m u s t  b e  s u i t a b l y  
. ^  T h  - , r o f » m b u 8t io n  m u s t  b e  p r o v i d e d  w i t h  o p e n in g s

' -‘ . / a i r  ia  re m o v e d  quickly within the c o m b u s t in g  a r e a  t o
o f  h e a t  J m  th i s  c h a m b e r .  R e f l e c t i n g  m a t e r i a l s  

L t b s  u s e d  m  d iv e r g e  t h e  h e a t  t o w a r d s  t h e  i n t e r io r .

tfarrr. Bmmid Climates
T h e s e  a r e a s  h a v e  g o t  m o d e r a t e l y  h ig h  t e m p e r a t u r e  b u t  a r e  

, - a , ^ r i e d  b y  m o is t  a i r  a n d  d a m p  g r o u n d .  T h e  p r e s e n c e  o f  m o w -  
t o r e  i a  t h e  a i r  r e d u c e s  c e r t a i n  a m o u n t  o f  r a d i a t i o n .  T h e  m o lB tu re  
s tm b m e d  w i th  m o d e r a t e  h e a t  is  f a v o u r a b le  f o r  g r o w th _ o f  
which f u r t h e r  r e d u c e s  t h e  r e f l e c t i v i t y  o f  r a d i a t i o n .  T h e  a m o u n t  o t 
h e a t  t h a t  is  t o  b e  re m o v e d  f r o m  a  h u m a n  b o d y  is  m a i n l y  b y  e v a p o r a ­
t io n  w h ic h  is  u s u a l ly  d i f f ic u lt  A i r  m o v e m e n t  w h ic h  w o u ld  f a c i l i t a t e  
e v a p o r a t io n  g e t s  r e d u c e d  o n  a c c o u n t  o f  p l a n t a t i o n .

T h e  p r o b le m  in  s u c h  c l im a te  is  m o r e  i m p o r t a n t  a s  p e o p le  c a n ­
n o t  h a v e  m o re  c o m fo r t  in  s t i c k y  c o n d i t i o n s  a n d  d i f f ic u l t i e s  a r e  
c r e a te d  o n  a c c o u n t  o f  p r e v a le n c e  o f  in s e c t s ,  d a m p n e s s ,  e t c .  S p e c ia l  
a t t e n t i o n  h a s  to  b e  p a id  t o  t h e  f lo o r in g  o f  a  b u i l d in g .  I n  a n  h u m i d  
a r e a  a n  e a r t h e n  f lo o r  w o u ld  b e  m o r e  d i f f ic u lt .  I m p e r v i o u s  m a t e r i a l  
r e s t in g  o n  e a r t h  l ik e  o o n c r e te  w i l l  k e e p  a  c o n s t a n t  t e m p e r a t u r e  a n d  
i t  w ill b e  r e la t iv e lv  d r y  u n le s s  i t s  t e m p e r a t u r e  f a l l s  b e lo w  t h e  d e w  
p o in t  o f  t h e  a tm o s p h e r e  o f  t h e  h o u s e .  A l th o u g h  t h e  a v e r a g e  i n t e n s i t y  
o f  d i r e c t  s o la r  r a d i a t i o n  is  le s s  i t  i s  s t i l l  c o n s id e r a b l e  o n  ro o f .  W a l ls  
o n  th e  o th e r  h a n d  a r e  s u b je c t e d  t o  m u c h  le s s  r e f le c te d  r a d i a t i o n  f r o m  
t h e  g r o u n d .  A s  t h e  t r e e s  a r e  u s u a l ly  a b u n d a n t  t h e y  c a n  b e  u s e d  to  
sh a d ’s  t h e  r o o f  a n d  t h e  w a lls .  M u tu a l  s h a d i n g  o f  h o u s e s  is  n o t  v e r y  
d e s i r a b le  a s  t h e  m e a s u r e s  w o u ld  r e s t r i c t  t h e  a i r  m o v e m e n t  b e tw e e n  
a n d  th r o u g h  th e  h o u s e s  w h ic h  is  v e r y  e s s e n t i a l .  F u l l  a d v a n t a g e  
s h o u ld  b e  t a k e n  o f  t h e  v e g e t a t i o n  i n  p r e v e n t i n g  t h e  r e f l e c t i o n  f r o m  
g r o u n d .  U s e  o f  a t t a c h e d  s h a d in g  e l e m e n t s  s u c h  a s  s u n  b r e a k e r s  
is  h e lp fu l .  T h e  h e a t  a b s o r b e d  b y  th e s e  s h a d in g  e l e m e n t s  i s  r e t u r n e d  
a n d  n o t  a d d e d  t o  t h e  h o u s e  i t s e l f .  T h e  s o l a r  p r o j e c t io n  o f  t h e  r o o f  
s h o u ld  b e  m in im is e d  w i t h  a  h ig h  a l t i t u d e  o f  s u n .  T h i s  i s  p r o p o r t i o n a l  
t o  t h e  h o r i z o n ta l  a r e a  o f  t h e  r o o f .  T h e  s h a p e  o f  t h e  r o o f  is  i m p o r ­
t a n t  o n ly  w h e n  i t s  s lo p e  e x c e e d s  t h e  s o l a r  a l t i t u d e .  T h e  r o o f  o f  a  
m u l t i - s to r e y e d  b o u s e  w o u ld  b e  b e t t e r  t h a n  t h a t  o f  a  s in g le  s t o r e y e d  
h o u s e .  H o w e v e r ,  o n  a c c o u n t  o f  g r e a t e r  w a l l  h e ig h t s  i t  w i l l  b e c o m e  
d if f ic u lt  t o  g iv e  p r o p e r  s h a d i n g  e f fe c ts .

U s e  o f  h ig h  r e f l e c t i v i t y  m a t e r ia l s  is  h e lp f u l  i n  r e f le c t in g  m a j o r  
p o r t i o n  o f  t h e  h e a t  r a d i a t i o n  b u t  t h e  s u p e r io r i t y  o f  s u c h  r e f le c t in g  
s u r f a c e s  is  n o t  f e l t  f u l ly  in  w a r m  h u m id  c o n d i t io n s .

I t  is  d e s i r a b l e  t o  h a v e  a i r  m o v e m e n t  a s  m u c h  a s  p o s s ib le  o n  
o u t e r  s u r f a c e s  e s p e c ia l ly  t h o s e  w h io h  a r e  o f  a  d a m p  n a t u r e .  I n  d r y  
p e r io d s  s p r a y in g  m a y  b e  u s e d  o n  r o o f  t o  s u p p l e m e n t  t h i s  e f fe c t .  
S im i la r ly  h ig h e r  b u i ld in g s  a r e  l i a b le  t o  h a v e  g r e a t e r  m o v e m e n t s .



I n s u l a t i o n  is  le s s  e f fe c t iv e  in  t h ia  c a s e  t h a n  in  h o t  d r y  c l im a te s .
F o r  w a ll s  w h ic h  a r e  s u i ta b l e  t h e r e  w ill b e  n o  r e q u ir e m e n t  f o r  in s u la ­
t i o n  a g a i n s t  r a d i a t i o n .

S in c e  t h e  t r a n s f e r e n c e  o f  h e a t  b y  c o n d u c t io n  is  o f  le s s e r  im p o r ­
t a n c e  in  w a r m  h u m id  c l im a te s ,  b a s e m e n ts  a n d  o t h e r  d e v ic e s  f o r  h e a t  
e x c h a n g e  w i th  t h e  g r o u n d  a r e  n o t  g e n e r a l ly  e f fe c tiv e  a n d  m a y  le a d  to  
d i f f i c u l ty  d u e  t o  h ig h e r  w a te r  t a b l e .

T h e  v a p o u r  p r e s s u r e  in s id e  t h e  h o u s e  m a y  b e c o m e  e x c e s s iv e  d u e  
t o  w a s h in g ,  c o o l in g , e tc .  a n d  i t  i s  d e s i r a b l e  t h a t  t h e  e x t e r n a l  a i r  r e ­
p l a c e s  t h e  i n t e r n a l .  N a tu r a l  a i r  c u r r e n t s  m a y  b e  e f fe c t iv e  in  t h i s  
c o n n e c t io n  o r  e ls e  s o m e  t y p e  o f  f a n s  m a y  b e  u s e d .  T h e  v e lo c i ty  o f  
i n c o m in g  a i r  c a n  b e  k e p t  w i t h i n  l im i t s  w i th  t h e  a i d  o f  p a r t i t i o n s ,  e tc .

F o r  o t h e r  t y p e s  o f  c l im a te s  t h e  f a c to r s  e n u m e r a t e d  a b o v e  m a y  
b e  k e p t  in  v ie w  so  a s  t o  c o n f o rm  t o  t h e  p a r t i c u l a r  p r e v a i l in g  
c o n d i t i o n s .

Treatm ent of different units in a building
S p e c ia l  c o n s id e r a t i o n s  a r e  n e c e s s a r y  f o r  so m e  o f  t h e  u n i t s  i n  a  

b u i l d in g  f r o m  t h e  c o m f o r t  p o i n t  o f  v ie w . I n  a d d i t i o n  to  t h e  p r e v io u s ­
ly  s t a t e d  p r i n c i p l e s  t h e  fo l lo w in g  c o n s id e r a t io n s  s h o u ld  b e  k e p t  in  
v ie w  :

( а )  Sleeping areas : I n  h o t  d r y  a r e a s  fu l l  a d v a n t a g e  s h o u ld  b e
t a k e n  a t  n i g h t  o f  r e la t iv e l y  co o l s k y  a s  w e ll  a s  o f  c o ld  a i r .  T h is  
w o u ld  m e a n  t h a t  s le e p in g  in  t h e  o p e n  a i r  w o u ld  b e  b e n e f ic ia l . R a in ,  
e a r l y  m o r n i n g  s u n ,  e t c . ,  m a y  b e  m in o r  d if f ic u lt ie s  in  t h i s  c o n n e c t io n .  
I n  w a r m  h u m id  a r e a s  o r  w h e n  s le e p in g  o u t s id e  is  n o t  p o s s ib le ,  
q u a r t e r s  o n  t h e  n o r t h - e a s t e r n  s id e s  w i th  g o o d  o p p o r t u n i t y  f o r  c o o l a i r  
a r e  b e t t e r .  O p e n in g s  s h o u ld  p r e f e r a b ly  s t a r t  f r o m  th e  f lo o r  le v e l .  
W h e r e  a i r  c o n d i t i o n in g  o r  f a n  is  a v a i la b l e ,  i t s  u s e  m a y  b e  j u s t i f ie d  in  
s le e p in g  a r e a s  s o  a s  t o  r e m o v e  t h e  d i s tu r b i n g  d e g r e e  o f  h e a t .

V e r a n d a h  w h ic h  is  s im p ly  a n  a t t a c h e d  s h a d in g  d e v ic e  is  m o re  
f u n c t i o n a l  in  w a r m  h u m id  t h a n  in  h o t  d r y  w e a th e r .  I t s  d i s a d v a n ­
t a g e  m a y  b e  t h a t  i t  c o n v e r t s  m a in  ro o m s  o f  t h e  h o u s e  i n t o  d a r k e r  
a r e a s .

(б ) Kitchen : I n  h o t  c l im a te s  i t  is  e a s ie r  t o  s e p a r a t e  t h e  
k i t c h e n  f r o m  t h e  h o u s e ,  so  t h a t  t h e  h e a t  a n d  t h e  s m e l l  w il l  n o t  fill  in  
t h e  l i v in g  a r e a .  T h e  s h a d y  s id e  o f  t h e  b u i ld in g  is  a  b e t t e r  p o s i t i o n  
f o r  t h e  k i t c h e n  w i t h i n  t h e  h o u s e  a n d  a t t e n t i o n  s h o u ld  b e  p a i d  to  
d i r e c t i o n  o f  b re e z e .  I n  h o t  d r y  c l i m a te s  s p e c ia l  v e n t i l a t i o n  m a y  b e  
r e s t r i c t e d  t o  t h e  c a r r i a g e  o f  h e a t  f r o m  c o o k in g  a r e a s .  I n  w a r m  
c l i m a t e s  f r e e  v e n t i l a t i o n  d i r e c t e d  o u t w a r d s  f r o m  t h e  c o o k in g  r a n g e  is  
d e s i r a b l e .

QUESTIONS
1. What are the faotora responsible for heat transference T How will 

you caloulate the transmission losses ?
2. What are the various materials used for insulation I Describe 

briefly their methods of application.



3. Write short note* on :
(*) Insulation of roofs.

(ii) Insulation of cavities.
(iii) Economic* of insulation. 
liv) Condensation.

4. Wbai are the various eoosiderations of thermal treatment in tropi. 
cal and sub-tropical regions ?
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I n  b u i ld in g s  the a i r  c h a n g e  m u s t  be s u f f ic ie n t  so  a s  t o  remove 

a n y  sm ok e, o d o u r ,  e t c  , t o  a n  a c c e p ta b le  le v e l. V e n t i la t io n  may  
s im p ly  b e  d e f in e d  a s  a  p ro c e s s  o f  r e m o v in g  o r  s u p p ly in g  air b y  
n a t u r a l  o r  m e c h a n ic a l  m e a n s  t o  o r  f r o m  a n  a i r  s o u rc e .  A p a r t  from  
th e  n ecessity  o f  s u p p l y in g  a i r  f o r  b r e a th in g ,  t h e  q u a n t i t y  o f  air t h a t  
is  neecfed w il l  d e p e n d  o n  o t h e r  c o n d i t i o n s  a u c h  a s  c o n t r o l  o n  th e  con­
c e n t r a t i o n  o f  b a c t e r i a  w i th in  l im i t s ,  p r e s e n c e  o f  s m o k e  o r  odour, 
k e e p in g  t h e  h u m i d i t y  w i th in  l im i t s  o r  o t h e r  f a c to r s .  I n  a n  unventi­
l a t e d  ream  t h e r e  w i l l  b e  a n  in c r e a s e  in  t h e  a m o u n t  o f  d u s t ,  excessive  
a m o u n t  o f  c a r b o n  d io x id e ,  u n s u i ta b l e  h u m i d i t y  o r  r e la t iv e ly  uncon­
t r o l l a b l e  a i r  m o v e m e n t s  p r e s e n t .

T h e  f u n c t i o n a l  r e q u i r e m e n t s  o f  v e n t i l a t i o n  s y s t e m  a r e  :
( a )  The rate of supply of fresh air. T h is  h a s  t o  b e  d i f f e r e n t  fo r  

v a r io u s  t y p e s  o f  b u i ld in g s  d e p e n d in g  o n  th e  t y p e  o f  w o r k  o f  t h e  
o c c u p a n t s  a n d  t h e i r  n u m b e r ,  t h e  p e r io d  fo r  w h ic h  th e y  h a v e  t o  b e  in  
a n  e n c lo s u r e ,  a n d  o t h e r  f a c to r s .

T h e  m a in  s t a n d a r d s  o f  v e n t i l a t i o n s  a s  p e r  I .S . I .  r e q u ir e m e n t s
are :

Living room and Bedrooms : I n  c a se  o f  l iv in g  ro o m s  a n d  b e d ­
ro o m s ,  a  m in im u m  o f  t h r e e  a i r  c h a n g e s  p e r  h o u r  s h o u ld  b e  p r o v id e d .

Kitchen. L a r g e  v o lu m e s  o f  a i r  a r e  n e e d e d  to  r e m o v e  s t e a m ,  h e a t ,  
s m e l l  a n d  f u m e s  g e n e r a t e d  in  c o o k in g  a n d  to  p r e v e n t  e x c e s s iv e  rise  
o f  t e m p e r a t u r e  a n d  h u m i d i t y .  H o w e v e r ,  f o r  t h e  r e q u i r e m e n t s  o f  a 
k i t c h e n  in  w h io h  c o o k in g  is  d o n e  f o r  a  f a m i ly  o f  n o t  m o r e  t h a n  five  
p e r s o n s ,  a  m in im u m  o f  s ix  a i r  o h a n g e s  p e r  h o u r  s h a l l  b e  p r o v id e d .  I n  
t h o  c a s e  o f  r e s t a u r a n t  k i t c h e n s ,  a  m in im u m  o f  tw e lv e  a i r  c h a n g e s  por 
h o u r  a r e  p r o v id e d .

Bathrooms and Water Closets : C o n s id e r a b le  v e n t i l a t i o n  o f
b a t h r o o m s  a n d  w a te r - c lo s e t s  is  d e s i r a b le  a f t e r  u s e  a n d  a  m in im u m  o f  
s ix  a i r  c h a n g e s  p e r  h o u r  a r e  p ro v id e d -

Passages ■ T h e  p e r io d  o f  o c c u p a n c y  o f  p a s s a g e s ,  lo b b ie s  and  
t h e  l i k e  is  v e r y  a b o r t  a n d  a s  s u c h  n o  s p e c ia l  c o n s id e r a t i o n  is  neces­
sary  in  d esig n in g  t h e s e  a r e a s  f r o m  t h e  p o i n t  o f  v ie w  o f  v e n t i l a t i o n .
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Tyipt o f building
fresh  a ir  su p p ly  to  bu ild ings___

A ssem bly balls
Canteens

Faotoriea and workshops 1
work rooms I
Lavatories and W. Cs. J

O p eratin g  theatres and x-ray rooms | 
Wards

Houses and Flats
Bath rooms and W.Cs.
Halls and passages
Kitchens (oooking for not mo
than six peopie)

Living rooms and bed rooms 
30 cu. m. per person 
40 ou. m. per person 
60 cu. m. per person 
Pantries 
Kitchens (large)
Office buildings ;
Offices
20 ou. m. per person 
SO ou. m. per person 
40 ou. m. per person

50 ou. m. per person 
Lavatories and W.Cs.
Places of entertainment 
Restaurants

Sohools:
Occupied rooms (class rooms, 

laboratories, etc.)
10 ou. m, per person 
20 cu. m. per person 
30 cu. m. per person 
50 cu- m. per person

Cloak rooms
Corridor®, lavatories and W.Cs. 
Shop*

100 cu m. per hour per person
j 100 cu* m. per hour per person

! 80 ou. m. per hour per person
! 2 air changes per hour
j

I 10 air changes per hour 
j 3 air changes per hour

j 2 air changes per hour
1 1 ajr change per hour

200 cu. m. per hour

72 cu. ro. per hour per person
i  60 cu. m .  per hour per person 
! 42 ou. m. per hour per person
j 2 air changes per hour 

up to 20 air changes

1 0 0  ou. m. per hour per person 
72 ou. m. per hour per person 
60 cu. m. per hour per person

42 ou. m. per hour per perBon
2 air changes per hour 

100 ou. m. per hour per person 
100 cu. m. per hour per person

150 cu.^m. per hour per person 
100 cu. m. per hour per person 
7 2 cu. m. per hour per person 
62 cu. m. per hour per person 
42’cu. m. per hour per person

3|air ehangws per hour 
2*air changes per hour 

100 cu. m. per hour per person



(6) Air movements : A ir  m o v e m e n ts  w h e th e r  a f f e c t in g  a
c h a n g e  o f  a i r  o r  n o t  t e n d  t o  re l ie v e  s tu f f in e s s  a n d  c o n t r i b u t e  t o  a  
fe e lin g  o f  f r e s h n e s s  T o o  v ig o ro u s  a i r  m o v e m e n ts  m a y  le a d  t o  a n  
e f fe o t o f  c h il l in e s s  a n d  c o m p la in t s  o f  d r a u g h ts .  T h e  s p e e d  a t  w h ic h  
a n  a i r  c u r r e n t  b e c o m e s  n o t i c e a b le  d e p e n d s  o n  i t s  t e m p e r a t u r e ,  t h i s  
o r i t ic a l  s p e e d  d e c re a s in g  a s  t h e  t e m p e r a t u r e  f a l ls .  A  v e lo c ity  o f  7  to  
15  m . p e r  m in . i s  d e s i r a b l e  i n  w i n t e r  in  l iv in g  ro o m s  a n d  o t h e r  ro o m s .
I t  i s  n e e d e d  f o r  l i g h t  m a n u a l  o p e r a t io n s .  T o  p r o v id e  c o m f o r ta b le  
c o n d i t io n s  in  s u m m e r ,  a i r  v e lo c it ie s  u p  t o  3 0  m . p e r  m in . m a y  b e c o m e  
n e c e s s a r y .  W h e re  h e a v y  m a n u a l  l a b o u r  is  d o n e  t h e  d e s i r a b le  a i r  
m o v e m o n t  b o th  in  w in te r  a n d  s u m m e r  m a y  b e  g r e a t e r  t h a n  th e s e  
f ig u re s . W h e n  th e  n a t u r e  o f  a  m a n u f a c tu r in g  p ro c e s s  d e m a n d s  
c o n d i t io n s  o f  t e m p e r a t u r e  a n d  h u m i d i t y  a b o v e  n o r m a l  r a n g e  f o r  p e r ­
s o n a l  c o m f o r t ,  s u o h  c o n d i t io n s  r e q u i r e  e x t r a  c o n s id e r a t io n ,  p a r t i c u ­
la r ly  i f  t h e  d r y  b u lb  t e m p e r a t u r e  is  a b o v e  t h e  b o d y  t e m p e r a t u r e .

I n  n a t u r a l l y  v e n t i l a t e d  b u i ld in g s ,  c ro s s  v e n t i l a t i o n  is  n o r m a l ly  
r e l ie d  t o  s e c u r e  a i r  m o v e m e n t .  I n  m e c h a n ic a l ly  v e n t i l a t e d  b u i ld in g s ,  
m o v e m e n t  m a y  b e  g o t  b y  e i t h e r  in c r e a s in g  t h e  r a t e  o f  f r e s h  a i r  
s u p p ly  in  s u m m e r  o r  b y  r e c i r c u la t i o n  o f  a  p a r t  o f  a i r  in  w a te r .  T h e  
a i r  m o v e m e n t  w ill  d e p e n d  o n  t h e  v e lo c i ty  o f  in c o m in g  a i r  a n d  th e  
d i s p o s i t i o n  o f  t h e  i n le t s .  W i t h  e i t h e r  m e c h a n ic a l  o r  n a t u r a l  v e n t i l a ­
t i o n  f a n s  m a y  b e  u s e d  t o  i n c r e a s e  a i r  m o v e m e n t .  T h e  a i r  c u r r e n t  
s h o u ld  p r e f e r a b l y  b e  v a r ie d  b o t h  in  v e lo c ity  a n d  d i r e c t io n .  T h e  
v e lo c i ty  s h o u ld  b e  g r e a t e r  a t  t h e  t o p  t h a n  a t  t h e  f lo o r  l e v e l .  A i r  
c u r r e n t s  f a l l in g  o n  t h e  b a c k  o f  t h e  b o d y  m a y  b e  a  s o r t  o f  d i s c o m f o r t  
a n d  m u s t  b e  a v o id e d .  T h e  d i s t r i b u t i o n  o f  v e n t i l a t e d  a i r  s h o u ld  b e  
s u o h  t h a t  n o  s t a g n a t i o n  is  c a u s e d .

(c) Temperature of air. I n  w i n t e r ,  t h e  i n c o m in g  a i r  s h o u ld  b e  
w a r m  b e f o re  i t  e n t e r s  t h e  ro o m , i f  p o s s ib le  W h e n e v e r  t h e  v e lo c ity  
o f  t h e  in c o m in g  a i r  i s  h ig h ,  i t s  t e m p e r a t u r e  s h o u ld  n o t  b e  lo w e r  t h a n  
th e  ro o m  t e m p e r a t u r e .  S im i l a r ly  l a r g e  t e m p e r a t u r e  d i f f e r e n c e s  c a n  
b e  t o l e r a t e d  b y  o c c u p a n t s  d o in g  h e a v y  w o r k . B u t  f o r  l i g h t  w o r k  th e  
t e m p e r a t u r e  d i f fe re n c e  s h o u ld  b e  s m a l l .  I n  s u m m e r  t h e  in c o m in g  a i r  
s h o u ld  p r e f e r a b l y  b e  c o o le d . T h e  g e n e r a l  t e m p e r a t u r e  d i f f e r e n c e  
b e tw e e n  in s id e  a n d  o u t s id e  t e m p e r a t u r e  s h o u ld  n o t  b e  m o r e  t h a n  

8°C .
Id) Humidity : R e l a t i v e  h u m i d i t y  w i t h i n  t h e  r a n g e o f  3 0  t o  70  

p e r  c e n t  m a y  b e  a c c e p ta b le  u p  t o  t e m p e r a t u r e  o f  20 °C . W h e n  w o r k  
is  d o n e  a t  a  h ig h e r  t e m p e r a t u r e ,  lo w  h u m i d i t y  a n d  g r e a t e r  a i r  m o v e ­
m e n t s  are  n e c e s s a r y  fo r  r e m o v in g  a  g r e a t e r  p o r t i o n  o f  h e a t  f r o m  t h e  
b o d y . F o r  t h e a t r e s  a  h ig h e r  v a lu e  o f  h u m i d i t y  is  d e s i r a b l e .

(e) Purity • T h e  v e n t i l a t i n g  a i r  s h o u ld  b e  f r e e  f r o m  o r g a n ic  
i m p u r i t i e s  a n d  h a r m f u l  i n o r g a n ic  d u s t .  I t  s h o u ld  n o t  c o m e  f r o m  t h e  
n e ig h b o u r h o o d  o f  c h im n e y s ,  k i t c h e n s  o r  l a t r i n e s  o r  s u c h  o t h e r  s o u rc e s .  
A i r  c o n ta in in g  le s s  t h a n  0 .6  m g . o f  s u s p e n d e d  i m p u r i ty  p e r  c u b ic  
m e t r e  a n d  le ss  t h a n  0 .5  p a r t  p e r  m i l l i o n  o f  s u l p u r  d io x id e  is  c o n ­
s id e r e d  t o  b e  c le a n  a n d  m a y  n o t  n e e d  a n y  s p e c ia l  t r e a t m e n t .  W h e r e  
c le a n  a i r  i s  n o t  a v a i la b l e  i t  m a y  b e  n e c e s s a r y  t o  v e n t i l a t e  a i r  w h ic h  
s h o u ld  b e  f r e e  f r o m  b a o te r i a l  p o l lu t i o n .
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WIND PRESSURE AND VUCTION ZONE 
Figa. 1060-1062. -Wind pressure effects on buildings.

a l i o *  t h e  a i r  c h a n g e  to  t a k e  p l a c t ,  T h e  s iz e , p o s i t i o n  a n d  t b e  d e s ig n  
o f  th e s e  o p e n in g s  a r e  i m p o r t a n t .

W in d  c r e a t e s  p r e s s u r e  d if fe re n c e s  a n d  w h e n  i t  b lo w n  a g a i n s t  
a ‘b u i ld in g ,  a  p o s i t iv e  p r e s s u r e  is  c r e a t e d  o n  t h e  w in d w a r d  a id e  a n d  
le e w a rd  s id e .  S u c t io n  w ill  a ls o  o c c u r  o n  t h e  o t h e r  s id e  a n d  t h e  w in d  
w ill b lo w  f r o m  t h e  w in d w a r d  s id e  t o  t h e  o t h e r  s id e  i f  t h e r e  is  a n y  
o p e n in g . I f  t h e  d i r e c t io n  o f  w in d  is  a t  a b o u t  4 6  d e g r e e s  t o  o n e  o f  
t h e  fa c e s  t h e  p o s i t iv e  p r e s s u r e  w ill b e  o r e a te d  o n  t h e  tw o  i n w a r d  f a c e s  
a n d  n e g a t iv e  p r e s s u r e  o n  t h e  le e w a r d  faces*. T h e  p r e s s u r e  a t  t h e  
o p e n in g  o f  a  s lo p in g  r o o f  w ill  d e p e n d  o n  t h e  p i t c h  o f  t h e  r o o f  a n d  
a ls o  to  s o m e  e x t e n t  o n  t h e  l e n g th  o f  t h e  ro o f .  I t  h a s  b e e n  s e e n  t h a t  
ro o f  p r e s s u r e s  in  g e n e r a l  a r e  n e g a t iv e  e x c e p t  o n  t h e  w in d w a r d  
s id e  o f  a  r o o f  w i th  s lo p e  g r e a t e r  t h a n  3 0 ° . W i t h  a  f l a t  r o o f  t h e  n e g a ­



t i v e  p r e s s u re s  o c c u r  a t  t h e  w in d w a rd  s id e  a n d  th e r e b y  g iv e  p o s i t iv e
p r e s s u re s  f a r t h e r  a lo n g  t h e  ro o f .

J LV
p f * — .}►— f — j 

i —,f,—f-~J
Figa, 1063-1067. Movement of wind fchrongh buildings.

R a t e  a t  w h ic h  t h e  a i r  c h a n g e  w ill o c c u r  w ill  b e  g o v e r n e d  b y  
t h e  p r e s s u r e  d if fe re n c e  b e tw e e n  t h e  in s id e  a n d  o u ls id e .  T h e  g r e a t e r  
t h e  a i r  s p e e d  t h e  g r e a t e r  w ill b e  t h e  p r e s s u r e  d if fe re n c e  a n d  so m e  
t im e s  a i r  c h a n g e s  c a n  o c c u r  q u ic k ly .  W h i le  c a lc u l a t i n g  t h e  a i r  
c h a n g e s  t h e  e f fe c ts  o f  s t a g n a t i o n  h a v e  t o  b e  a c c o u n te d  fo r  a l t h o u g h  
th e y  a r e  d if f ic u lt  to  b e  c a l c u l a t e d .  I f  t h e  i n l e t  a r e a s  is  t h e  s a m e  a s  
t h e  o u t l e t  a r e a  t h e  r a t e  o f  flo w  o f  a i r  i s  g iv e n  a s  :

V =  1 6 6 3 0  x  A  x  v 
w h e re  V is  t h e  r a t e  o f  f lo w  o f  a i r  in  c u b ic  m e t r e ,  A  is  t h e  a r e a  in  
s q u a r e  m e t r e  a n d  v i s  t h e  s p e e d  o f  w in d  in  k m . p e r  h o u r .  S u i t a b le  
a d j u s t m e n t s  h a v e  to  b e  m a d e  w h e n e v e r  t h e  a r e a  o f  t h e  i n l e t s  a n d  
o u t l e t s  is  n o t  t h e  e a m e .

T ota l area o f ou th ts  
T ota l area o f inletg  

—

2
s
4
5 
i

\

V alue to ba used instead of 16630

16630
21120
22460
22970
23230
142fi0
10680

5710

Ventilation due to stack effect : I f  t h e  a i r  t e m p e r a t u r e  in s id e  is
h i g h e r  t h a n  t h a t  o f  o u t s id e ,  t h e  w a r m e r  a i r  t r i e s  t o  r i s e  a n d  p a s s  
t h r o u g h  o p e n in g s  in  t h e  u p p e r  p ^ r t  o f  t h e  b u i ld in g .  C o o le r  a i r  
c o m in g  in  f r o m  o u t s id e  t h r o u g h  t h e  o p e n in g  a t  lo w e r  e l e v a t io n  
r e p la c e s  i t .  T h e  r a t e  a t  w h ic h  s u c h  c h a n g e s  w ill  o c c u r  w ill  d e p e n d  
o n  t h e  t e m p e r a t u r e  d i f f e r e n c e  b e tw e e n  in s id e  a n d  o u t e i d e  a i r ,  o n  t h e  
h e i g h t  b e tw e e n  t h e  i n l e t  a n d  o u t l e t  a n d  t h e  a r e a  o r  t h e  d e s ig n  o f  t h e  
o p e n in g s .  T h e  r a t e  o f  a i r  flo w  w h e n  t h e  o u t l e t  a n d  i n l e t  a r e a s  a r e  
t h e  s a m e  c a n  b e  c a l c u l a t e d  b y  t h e  F o r m u la  V = ( C / A V  ht w h e r e  V is  
t h e  a i r  flo w  in  c u b ic  m e t r e  p e r  h o u r ,  A  is  t h e  a r e a  o f  t h e  i n l e t  i n  s q .  
m e t r e ,  h i s  t h e  h e ig h t  b e tw e e n  i n l e t  a n d  o u t l e t  i n  m e t r e s ,  t i s  t h e



■ ou tsid e o f  th e  b u ild in g  and
t e m p e r a t u r e  d i f f e r e n c e  between m 6.de and ou ts.d e
C is a  c o n s ta n t  in  °C-

Figs. 1068-1060. V entilation  due to etack efffiot.
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Fig. 1070. Action of wind end stack effect.

T h e  v e n t i l a t i o n  r a t e  o b ta in e d  b y  t h e  n a t u r a l  e f fe c ts  w i l l  s h o w  
v a r ia t io n s  t h r o u g h o u t  t h e  y e a r .  A v e ra g e  v a lu e s  o f  a i r  r e q u i r e d  f o r  
v e n t i l a t i o n  c a n  b e  f o a n d  o u t  fro m  t h e  a b o v e  f o r m u la .  B u t  i f  f o r  a n y  
b u i ld in g  c o n s t a n t  r a t e  is  e s s e n t i a l  c o n t r o l s  m u s t  b e  u s e d  ; t h e  v e n t i l a t ­
e d  a i r  s h o u ld  b e  g r e a t e r  t h a n  n e e d e d . T h e  v a r i a t i o n  in  w in d  s p e e d  
a n d  t e m p e r a t u r e  m u s t  b e  t a k e n  in to  a c c o u n t .

I n l e t s  a n d  o u t l e t s  ; I n l e t  o p e n in g  s h o u ld  b e  l o c a te d  a t  lo w  
le v e l  o n  windward side. O u t l e t  s h o u ld  b e  in  t h e  l e e w a r d  s i d e  n e a r  
t h e  c e i lin g  in  t h e  s id e  w a lls  a n d  in  t h e  ro o f s .  I n l e t s  a n d  o u t l e t s  
s h o u ld  p r e f e r a b ly  be o f  e q u a l  s iz e  b u t  w h e n  o u t l e t  iB i n  t h e  f o r m  o f  a  
r o o f  o p e n in g  t h e  i n l e t  s h o u ld  b e  l a r g e r .  W h e r e  t h e  w in d  d i r e o t i o n  is  
v a r ia b l e ,  o p e n in g  s h o u ld  b e  p r o v id e d  in  a l l  w a ll s ,  w i t h  t h e  m e a n s  o f  
c lo s in g  th e m . O p e n in g s  a t  t h e  Bame l e v e l  b u t  o n  t h e  o p p o s i te  s id e s  
o f  t h e  r o o m  m a y  c a u s e  s h o r t  c i r c u i t i n g  H e n c e  f o r  t h i s  r e a s o n  w h e r ­
e v e r  a  f lu e  is  u s e d  aa o u t l e t ,  t h e  i n l e t  m ay b e  p l a c e d  n e a r  t h e  c e i l in g  
a w a y  f r o m  t h e  f ire -p la c e  w a ll .  T h e  h e i g h t  o f  t h o  r o o m  h a s  a  l i t t l e  
a f fe c t o n  th e  v e n t i l a t i o n  b y  wind fo r c e .  I n c r e a s e d  h e i g h t  g iv e s  b e t t e r  
v e n t i l a t i o n  b y  s t a c k  e f fe c t.

L o n g  n a r r o w  r o o m s  m a y  b e  v e n t i l a t e d  b y  o p e n in g  in  t h e  s h o r t  
s id e  o r  b y  s e r ie s  o f  o p e n in g s  in  b o t h  t h e  lo n g  s id e s .  R o o m s  w h ic h  
h a v e  w in d o w s  a t  h ig h  e l e v a t io n s  a r e  d i f f ic u lt  t o  b e  v e n t i l a t e d  b y



o p e n in g s  a t  tw o  le v e ls  i n  t h e  b a c k  w a ll .  O p e n in g  o v e r  t h e  d o o r  in  
t h e  b a c k  w a l l  is  o f  g r e a t  v a lu e  f o r  c r e a t i n g  c r o s s - v e n t i l a t i o n .  
I n f i l t r a t i o n  o f  a i r  t h r o u g h  m a s o n r y  o r  p l a s t e r e d  w a lls  is  n e g l ig ib le .  
T h e  i n f i l t r a t i o n  b e tw e e n  d o o r s  o r  w in d o w s  a n d  t h e i r  f r a m e s  m a y  b e
c o n s id e r a b le .

I t  i s  i m p o r t a n t  to  a s o e r t a in  t h e  d e g r e e  o f  v e n t i l a t i o n  p r o v id e d  b y  
w a ll  v e n t i l a to r s ,  f lu e s  a n d  w in d o w s . I n  a  f lu e  r o o m  h a v i n g  a  c a p a c i ty  
o f  1 0 0  t o  1 5 0  c u . m . w i t h  d o o r s  a n d  w in d o w s  c lo s e d  a n d  v e n t i l a t e d  b y  
a  s in g le  v e n t i l a t o r  2 0  x  15 c m . in  s iz e , t h e  v o lu m e  o f  v e n t i l a t e d  a i r  i s  
a b o u t  6 0  t o  1 2 0  c u . m  p e r  h o u r  w h ic h  is  a b o u t  t h r e e - q u a r t e r s  o f  a i r  
c h a n g e  p e r  h o u r .  T h i s  in c lu d e s  t h e  m o v e m e n t  o f  a i r  w h ic h  t a k e s  
p la c e  t h r o u g h  t h e  c lo se d  d o o r s  a n d  w in d o w s  o n  a c c o u n t  o f  le a k a g e .  
W i th  l a r g e r  o p e n in g s  t h e  v o lu m e  o f  a i r  in c r e a s e s  a s  s h o w n  b y  t h e  
t a b l e  b e lo w  :

RATES OF AIR FLOW THROUGH WALL VENTILATORS

Free area o f opening  j 
»q. em.

Volume o f a ir  
(ou. m. per hr.)

60 60-120

160 110-200

260 100—300

O n  a  d a j r w h e n  t h e  a i r  v e lo c i ty  is  le s s ,  t n e  v e n t n a c e a  a i r  w in  ue 
r e d u c e d  a n d  o n  t h e  w in d y  d a y s  t h e  v o lu m e  o f  v e n t i l a t e d  a i r  w i l l  b e  
d o u b le d .  T h e  d i r e c t i o n  o f  w in d  h a s  s o m e  e f fe c t  e s p e c ia l ly  w i t h  la r g e
o p e n i n g s  a n d  g r e a t e s t  a i r  c h a n g e  is  o b t a i n e d  w h e n  t h e  w in d  b lo w s
d i r e c t ly  o n  t o  t h e  o p e n in g .  T h e  v e n t i l a t i o n  p r o d u c e d  b y  a  s in g le  
v e n t i l a t o r  a s  c o n s id e r e d  in  t h e  a b o v e  t a b l e  is  a f fe c te d  o n ly  w h e n  t h e  
v e lo c i ty  o f  a i r  i s  le s s .

A  f lu e  g e n e r a l l y  p r o d u c e s  g r e a t e r  v e n t i l a t i o n  t h a n  a n  a i r  
c r a t i n g  in  a n  e x t e r n a l  w a ll .  A  10  c m . d i a m e t e r  f lu e  w il l  i n t r o d u c e  
a  f lo w  o f  a b o u t  1 0 0  t o  1 5 0  c u . m . p e r  h o u r  ; a n d  o r d i n a r i l y  c o o ls  
tw ic e  t h i s  c a p a c i t y ,  w i t h o u t  s p e c ia l  o p e n in g s  f o r  t h e  a d m is s io n  o f  
a i r  T h e  a i r  t r a n s f e r e n c e  c a p a c i ty  o f  a  f lu e  is  g r e a t l y  in c r e a s e d  
w h e n  i t  i s  w a r m .  T h e  r a t e  o f  a i r  i s  a f f e c t e d  b y  t h e  p r e s e n c e  o r  
a b s e n c e  o f  a d e q u a t e  o p e n in g s  f o r  a i r  t o  e n t e r  o r  l e a v e .  I f  w in d o w s  
a s  w e ll  a s  f lu e  g r a t i n g s  a r e  o p e n e d ,  h ig h  r a t e s  o f  a i r  c h a n g e s  a r e  
p o s s ib le  O p e n  w in d o w s  o n  b o t h  s id e s  o f  a  r o o m  m a y  Pr(>vide 2 0  t o  3 0  
c h a n c e s  p e r  h o u r  e q u i v a le n t  to  v o lu m e s  g r e a t e r  t h a n  1 0 ,0 0 0  c u . m . 
p e r  h o u r  E v e n  w h e n  th e r e  is  a  s l ig h t  l e a k a g e  f r o m  t h e  w in d o w  
t h e  a i r  c h a n g e s  m a y  b e  2  t o  3 t im e s  m o r e  t h a n  w h e n  t h e  w in d o w s  
a r e  c o m p le t e ly  c lo s e d .  W h e r e  g a s  o r  f u e l  b u r n s ,  a r r a n g e m e n t s  
s h o u l d  b e  m a d e  f o r  s u p p ly  o f  s u f f ic ie n t  a i r  f o r  t h e  p u r p o s e  o f  c o m ­
b u s t io n  o f  t h e  g a s  a d d  f o r  t h e  v e n t i l a t i o n  o f  t h e  r o o m . F o r  t h o s e  
a p p l i a n c e s  w h ic h  r e q u i r e  a  f lu e ,  t £ i s  s h o u ld  n o t  b e  s m a l l e r  t h a n  
t h e  o u t l e t  o f  t h e  a p p l i a n o e  a n d  t h e  f lu e  p ip e s  s h o u ld  b e  t a k e n  t o  t h e  
h i g h e s t  le v e l  t o  c a r r y  a w a y  t h e  p r o d u c t s  o f  c o m b u s t io n  i n  a l l  w e a t h e r  

c o n d i t i o n s .
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"  V w > t i l « t i o B  T h e  ty p e s  o f  m eo h a tiic& J v e n t i l a ­

t io n  in  c o m m o n  u s e  a r e  fn M  n f lu a l ly  o f  p r o f i l e r

(a) S im p le  extract jj8 or in roofs. T h e s e  s h o u l d  be
d u c t  w o rk  s o  t h . t  « r  f r o m  .11 a r e a s  o f  t h e

ro o m  o r  a  n u m b e r  o f  ro o m a  18 o a r n e d  a w a y -

a x ia b flo ’w ^ ^ - . a l l T ’L T u l w r  w ° a l l t  " T . h l  Z y  Z  
c o n n e c te d  to  a  s im p le  d u c t  s y s te m .

The*, tw o  s y s te m s  a r e  e s s e n t i a l  t o  m a k e  v e n t i l a t i o n  i n  c r o w d e d

S S r S S H H S t . ..

e x t r a c t  f a n s  m a y  b e  p r o v id e d  fo r  b e t t e r  w o r k in g

(e) P le n u m  v e n t i la t io n  : A  p le n u m  v e n t i l a t i o n  s y s t e m  c o n s i s t s  
o f .  c e n t r a l i s e d  fa n  p l a n t  w i th  a  s y s te m  o f  t r u n k i n g  f o r  d i s t r i b u t i o n  
t h r o u g h o u t  t h e  b u i ld in g . T h e  a i r  i n l e t  is  s e l e c t e d  o n  t h e  s i d e  o f  t h e  
b u i ld in g  w h e re  t h e  a i r  i s  p u r e s t ,  I n  t h i s  o p e n in g ,  s c r e e n s  o r  b i t e r s
m a y  be fixed. A  f in e  s t r e a m  o f  w a te r  m a y  b e  i m p u n g e d  i n  t h e
path o f  air. D is in fe c t io n  w ith  t h e  a id  o f  o z o n e  m a y  b e  d o n e  b y  
m eans o f  in jecting a  s t r e a m  o f  o z o n e  i n to  t h e  a i r .  H e a t i n g  o t  t h e  
air m ay be resorted to i f  n e e d e d . T h e  d i s t r i b u t i o n  s y s t e m  is  p r o p e r ­
ly  planned to a c h ie v e  a  s m o o th  flow .

(d) Plenutnand extract ventilation : A d d i t i o n a l  e x t r a c t i o n  f a n s
are in s ta l le d  a lo n g  w i th  t h e  p le n u m  s y s te m . S u c h  t y p e  o f  s y s t e m  is  
used when a i r  i s  v e r y  s lo w  in  m o v e m e n t  d u e  t o  c o m p l i c a t i o n  o f  
design, e t c .  T h is  m e th o d  is  a ls o  h e lp f u l  in  d i s c h a r g i n g  a b n o x i o u s  
gases into s p e c ia l ly  i s o la t e d  a r e a s .

(c) Air conditioning : I n  s u c h  a  s y s t e m ,  p r o v i s i o n  i s  k e p t  f o r  
hum idifying or d e h u m id i f y in g ,  h e a t in g  o r  c o o l in g , f i l t r a t i o n ,  e t c . ,  o f  
the air. S u c h  s y s te m s  a r e  h ig h ly  e f f e c t iv e  in  c r e a t i n g  c o m f o r t a b l e  
conditions a n d  a r e  d e s c r ib e d  in  t h e  fo l lo w in g  p a g e s .

AIR CONDITIONING

A ir  c o n d i t io n in g  is  d e f in e d  a s  t h e  s c ie n c e  o f  c r e a t i n g ,  co n fcro l- 
ing  and m a in ta in in g  in d o o r  a tm o s p h e r ic  c o n d i t i o n s  b e s t  s u i t e d  t o  t h e  
physiological r e q u ir e m e n t s  o f  m a n  o r  t o  t h e  n e e d s  o f  i n d u s t r y .  I t  
m ay be e m p lo y e d  t o  p r e s e r v e  a n d  m a i n t a i n  h e a l th ,  c o m f o r t  a n d  
convenience o f  p e o p le  in  t h e i r  h o m e s  I n d u s t r i a l  a i r  c o n d i t i o n i n g  is  
to  do w ith  m a te r ia l s  a n d  m a y  b e  u s e d  f o r  t h e  p r e p a r a t i o n  o f  m a t e r i a l a  
such a s  a r t i f ic ia l  s i lk  o r  p r e s e r v a t io n  o f  f r u i t s .  C o m m e r c i a l l y  a i r  
c o n d i t io n in g  is  e m p lo y e d  f o r  t h e a t r e s ,  r e s t a u r a n t * ,  s h o p s ,  o f f ic e s , e t c .  
for m a in ta in in g  c o m fo r t  o f  t h e  o c c u p a n t s  w i th in  t h e s e  c o n c e r n s .

A i r  c o n d i t io n in g  c o n s i s t s  in  r e f in in g  o f  a i r  i n  o r d e r  t h a t  i t  m a y  
b e  u s e d  t o  t h e  b e s t  a d v a n t a g e  w i th in  a n  e n c lo s u r e  f o r  t h e  b e t t e r  
h e a l th ,  c o m f o r t  a n d  c o n v e n ie n c e  o f  p e o p le .  T h e  o u t s id e  a r e a  a s  
u n c o n d i t i o n e d  h a s  g o t  a  v e r y  h ig h  o r  lo w  t e m p e r a t u r e ,  u n s u i t a b l e  
h u m i d i t y ,  v e lo c ity ,  e tc . ,  a n d  m a y  b e  fu ll  o f  d u s t ,  e t c .  C o n d i t i o n e d



air w ould mean a n  atm osphere having controlled tem perature, h u m i ­
d i t y  and veloo ity  conditions with dust cleanliness a s  m u c h  a*  
possib le.

In  sum m er th e  air is  h ot and for conditioning th e  processes  
needed are to  cool, d ehum idify , clean and circulate th e  air  properly. 
F or w inter m onths th e  a ir is to  be heated , hum idified, cleaned  and  
c irculated properly.

A  f e e l in g  o f  c o m f o r t  is  a  g o o d  i n d i c a t io n  o f  h e a l th i e r  a tm o s ­
p h e r ic  c o n d i t i o n s .  T h e  c o n t r o l  o f  t e m p e r a t u r e ,  a i r  m o t io n  a n d  
r e l a t i v e  h u m i d i t y ,  i s  a b s o lu t e ly  n e c e s s a r y  in  a n  a i r  c o n d i t io n in g  
s y s t e m .  I t  i s  e v i d e n t  t h a t  a  h u m a n  b e in g  w ill fe e l c o m f o r ta b le  in  a  
c e r t a i n  t e m p e r a t u r e ,  a i r  v e lo c i ty  a n d  h u m id i ty .  B u t  s in c e  p e o p le  
m o v e  f r o m  o n e  r o o m  t o  a n o t h e r  o r  f r o m  o n e  p la c e  t o  a n o t h e r  a n d  p e r ­
f o r m  d i f f e r e n t  d u t i e s ,  h e n c e  s u c h  c o n d i t io n s  a r e  d i f f e r e n t  f o r  d i f f e r e n t  
p e o p le .  T h e  fe e l in g  o f  c o m f o r t  w ill  a ls o  v a r y  w i th  o u t s id e  w e a th e r  
c o n d i t i o n s .  R e s e a r c h  h a s  b e e n  c a r r ie d  o u t  i n  d i f f e r e n t  c o u n t r i e s  to  
d e v e lo p  t h e  v a lu e s  o f  t e m p e r a t u r e ,  h u m id i ty  a s  w e ll  a s  a i r  
v e lo c i ty  w h ic h  g iv e  c o m f o r t a b l e  c o n d i t io n s  f o r  d i f f e r e n t  s e a s o n s  o f  t h e  
y e a r .  T h e  in v e s t i g a t o r s  h a v e  m a d e  c o n s id e r a b le  t e s t s  t o  d e t e r m in e  
t h e  t e m p e r a t u r e  r a n g e  w h io h  is  s u i ta b l e  t o  m a j o r i t y  o f  p e o p le  ; a n d  
t h i s  is  c a l le d  t h e  c o m f o r t a b l e  z o n e . T h e r e  is  d i f f e re n c e  b e tw e e n  th e  
c o m f o r t a b l e  z o n e  i n  w i n t e r  a n d  s u m m e r .  T h is  is  d u e  t o  t h e  c lo th in g  
w o r n  in  t h e  tw o  s e a s o n s  a n d  a ls o  d u e  t o  t h e  c h a n g e s  i n  t h e  b o d y .  
T h e  w i n t e r  c o m f o r t a b l e  z o n e  in c lu d e s  a n  e f fe c t iv e  t e m p e r a t u r e  
z o n e  r a n g e  f r o m  1 8 °C  t o  22 °C  w h ile  2 0 °C  is  c o n s id e r e d  to  b e  a  
c o m f o r t  l i n e .  T h e  s u m m e r  c o m f o r t  z o n e  lie s  b e tw e e n  20 °C  a n d  
*23°C w h i le  2 I ° C  i s  c o n s id e r e d  t o  b e  a  c o m f o r t  l in e .  T h e s e  t e m p e r a ­
t u r e s  a r e  n o t  e x a c t ly  t h e  s a m e  w h ic h  m a y  b e  s u i t a b l e  fo r  o u r  
o o u n t r y ,  b u t  t h e y  j u s t  g iv e  a n  i d e a  o f  t h e  n a t u r e  o f  t h e  t e m p e r a t u r e s  
w h ic h  a r e  s u i t a b l e .  A l th o u g h  e f fe c t iv e  t e m p e r a t u r e  is  a  m e a s u r e  o f  
t h e  c o m f o r t  o f  t h e  h u m a n  b o d y  u n d e r  m o s t  c o n d i t i o n s  o f  h u m i d i t y  
a n d  a i r  m o t io n ,  t h e r e  i s  a  d i f f e re n c e  o f  h e a t  lo s t  f r o m  a  b o d y  b y  
r a d i a t i o n  o r  c o n v e c t io n  a n d  o f  e v a p o r a t i o n  f o r  t h e  s a m e  e f f e c t iv e  
t e m p e r a t u r e  f o r  d i f f e r e n t  p e r s o n s .

F o r  p r a c t i c a l  r e a s o n s  t h e  l i m i t s ,  w h ic h  h a v e  b e e n  s e t  u p ,  h a v e  
t o  b e  m o d if ie d  t o  k e e p  in  v ie w  t h e  w o r k in g  c o n d i t io n s  o f  t h e  p e o p le .  
I n  h o t  w e a t h e r  w h e n  a  p e r s o n  c o m e s  t o  a  c o ld  r o o m  a t  2 2 °C  a  f e e l in g  
o f  e x t r e m e  c o ld  o r  s h o o k  is  c r e a t e d .  S im i l a r ly  w h e n  h e  le a v e s  t h i s  
c o ld  r o o m  a n d  c o m e s  in  c o n t a c t  w i th  t h e  o u t s id e  t e m p e r a t u r e  h e  
f e e l s  a  s e n s e  o f  d i s c o m f o r t  b e c a u s e  t h e  r o o m  is  c o ld  a n d  h e  is  
s u b j e c t e d  t o  a  h ig h e r  t e m p e r a t u r e  i n s t a n t a n e o u s l y .  H e n c e  l a r g e  
t e m p e r a t u r e  d i f f e r e n c e  b e tw e e n  in d o o r  a n d  o u t d o o r  a i r  m u s t  b e  
r e m o v e d  a s  t h e y  a r e  h a r m f u l  t o  t h e  b o d y .  I n  s u m m e r  t h e  h u m a n  
b o d y  a d a p t s  i t s e l f  to  h ig h e r  t e m p e r a t u r e  t h a n  in  w in t e r .  W h e n  
c o n d i t i o n e d  s p a c e s  a r e  u s e d  b y  p e o p le  o n l y  f o r  s h o r t  i n t e r v a l s  o f  
t i m e  a  d i f f e r e n c e  o f  8 °C  b e tw e e n  o u t s id e  a n d  in s id e  a i r  s h o u ld  n o t  
b e  e x c e e d e d  W h e n e v e r  p e o p le  h a v e  t o  s i t  f o r  lo n g e r  p e r io d s  w i th -  
i n  a n  a i r - c o n d i t i o n e d  e n c lo s u r e ,  e.g., t h o s e  w o r k in g  m  o ff ic e s , e t c . ,  
h i g h e r  d r v  b u l b  t e m p e r a t u r e  c a n  b e  m a i n t a i n e d  A  t e m p e r a t u r e  o f  
2 1 ° C  t o  *22 5 °C  is  r e q u i r e d  in  s u c h  c a s e s  f o r  c o m f o r t  r e g a r d l e s s  o f  
o u t s id e  t e m p e r a t u r e .



• e f f e c t iv e  te m p e r a -

^ S i s s s s r -  s S s r ^ r ^ r t
T h i s  i s  g e n e r a l l y  t a k e n  a*  

«  to 9 m p e r  m in u te  w h ic h  is  c o n s id e r e d  r e l a t i v e l y  s t i l l  a i r .  A i r  
v e t o ! ”  j u ^  n L  th e  o u t l e t s  w ill b e  a  b i t  h i g h e r  t h a n  t h i s  b u t  e m c e  
£  O u t le t ,  a r e  a t  g r e a t e r  h e ig h t s  a  f e e l in g  o f  d i s c o m f o r t  d o e s  n o t  

get created.
H u m id i ty  c o n tro l  i s  e q u a l ly  i m p o r t a n t  w i th  c o n d i t i o n i n g  a i r  

I f  a i r  ia v e r y  d r y  a  g r e a t  s t r a i n  is  p u t  o n  t h e  r a e m b r a n e B  o f  n a s a  
p a s sa g e s  w h ic h  m a y  b e c o m e  d r y  a n d  i r r i t a t e d .  F o r  p r a c t i c a l  
reasons r e la t iv e  h u m id i ty  is  k e p t  b e tw e e n  3 5  t o  6 5  A w h e r e a s  
desirable l im i t  b e tw e e n  4 0  t o  6 0 %  m a y  b e  a d o p t e d .  D u r in g  t h e  
h o t  se a so n  4 0  to  5 0 %  r e l a t i v e  h u m i d i t y  is  m o s t  o o m f o r t a b le  
a n d  fo r  c o ld  w e a th e r  5 0  t o  6 0 %  i s  b e s t .  B u t  t h e s e  v a l u e s  f o r  
w in te r  s e a s o n  in  c o ld  a r e a s  m a y  c r e a t e  c o n d e n s a t io n  o n  w in d o w

I n  I n d i a  n o t  m u c h  r e s e a r c h  h a s  b e e n  d o n e  o n  t h e  c o m f o r t  o f  
p e o p le  a t  d i f f e r e n t  t e m p e r a t u r e s  a n d  r e l a t i v e  h u m i d i t i e s .  B u t  b y  
e x p e r ie n c e  i t  h a s  b e e n  s e e n  t h a t  t h e  c o m f o r t  z o n e  f o r  t h i s  c o u n t r y  
e x te n d s  f r o m  2 3 .5 °C  w i th  6 0 %  r e l a t i v e  h u m i d i t y  t o  a b o u t  3 0 ° C  
w i th  4 5 %  r e la t iv e  h u m i d i t y .  T h e s e  v a lu e s  a s s u m e  t h a t  v e l o c i t y  o f  
a i r  d o e s  n o t  e x c e e d  10  m e t r e  p e r  m i n u te .  I t  s h o u ld  b e  e c o n o m ic a l l y  
p o s s ib le  to  a c h ie v e  t h e s e  v a lu e s  a n d  h e n o e  i t  i s  a l w a y s  d e s i r a b l e  t o  
h a v e  a  t e m p e r a t u r e  d i f fe re n c e  o f  8 * 0  b e tw e e n  i n t e r i o r  a n d  e x t e r i o r  
t e m p e r a tu r e s  a s  s t a t e d  e a r l i e r .  I n  t h e  p l a in s  o f  o u r  c o u n t r y  t h e  
c l im a te  is  d r y  a n d  h e n c e  i f  c o r r e c t  r e l a t i v e  h u m i d i t y  is  m a i n t a i n e d  
a lo n g  w i th  a  s u i ta b l e  v e lo c i ty  o f  a i r  a  c o m f o r t a b l e  c o n d i t i o n  c a n  
b e  m a in t a in e d .  F o r  h e a l th  r e a s o n s ,  a i r  c o n d i t i o n e d  s p a c e s  w h e r e  
p e o p le  le a v e  o r  e n t e r  f r e q u e n t l y ,  i t  i s  d e s i r a b l e  t o  h a v e  e n t r a n c e  
lo b b ie s  w h io h  h a v e  a  t e m p e r a t u r e  m id w a y  b e tw e e n  i n t e r i o r  a n d  
e x t e r i o r  e n c lo s u r e s  so  t h a t  a  p e r s o n  m a y  n o t  ge*- s u d d e n  s h o o k  w h i l e  
le a v in g  o r  e n t e r in g .  F o r  e f f ic ie n t  a n d  e c o n o m ic a l  a i r  c o n d i t i o n i n g  
i t  is  d e s i r a b le  t o  k e e p  t h e  in s id e  a tm o s p h e r e  a s  f r e e  a s  p o s s i b le  f r o m  
d i r e c t  h e a t  t r a n s m is s io n ,  h u m i d i t y  o r  d u s t  f r o m  e x t e r i o r .  F o r  
th i s  r e a s o n  s u i t a b l e  s o l id  b a r r i e r s  in  t h e  f o r m  o f  d o o r s ,  w in d o w s ,  
ro o fs , e tc .  a r e  c r e a t e d  t o  o ffe r  r e s i s t a n c e  t o  t h e s e  e l e m e n t s .  T h e  
o b je c t  o f  s e l e c t in g  a  p a r t i c u l a r  b a r r i e r  i s  t o  p r e v e n t  t h e  t r a n s .  
m is s io n  a s  m u c h  a s  f e a s ib le  ; a n d  h e n c e  f o r  p r e v e n t i o n  o f  h e a t  
t r a n s m is s io n ,  m a te r ia l s  h a v in g  lo w  c o n d u c t iv i t y  s h o u ld  b e  a d o p t e d .  
D o o r s  a n d  w in d o w s  m a y  b e  m a d e  o f  d o u b le  g la z e d  t y p e .  A  t i g h t  
c o n s t r u c t io n  u s in g  im p e r m e a b le  m a t e r ia l s  h e lp s  i n  r e d u c i n g  t h e i r  
a i r  l e a k a g e . C r e a t io n  o f  e x t e r i o r  b a r r i e r s  l ik e  s u n  s h a d e s ,  s u n  
b r e a k e r s ,  e t c .  p r e v e n t s  t h e  d i r e c t  e f fe o t  o f  s u n ’s  r a y s  i n t o  t h e  r o o m . 
A  c o m b in a t io n  o f  v a r io u s  b a r r i e r s  w o u ld  b e  m o r e  h e lp f u l .

S y s t e m s  o f  air conditioning
B a s ic a l ly  f o u r  s y s te m s  o f  a i r  c o n d i t i o n in g  a r e  a d o p t e d  :—

r  t f l l  : A  c e n t r a l  s y s t e m  u s e s  c o n d i t i o n e d  a i r
lo r  a l l  t h e  r e q u ir e m e n ts  a n d  f o r  o n e  o r  m o r e  s e a s o n s  a t  o n e  f o c a l  o r



cen tra l po in t. T h e conditioned  air is  then d istributed to  the various 
room s or enclosures w hich are being treated.

F i g .  1 0 7 2 . A  c e n t r a l  s y s t e m  o f  F i g .  1 0 7 3 . S e l f - c o n t a i n e d  ( u n i t  s y s t e m )  
a i r  c o n d i t i o n i n g .  o f  a i r  c o n d i t i o n i n g .

( 2 )  Self-conta ined  system  : T h e  s e l f - c o n t a i n e d  s y s t e m  (e.g. a

r o o m  u n i t )  c o n d i t i o n s  a i r  w i t h i n  t h e  u n i t  i t s e l f .

( 3 )  Sem i-contained system  : T h i s  u s u a l l y  c o n d i t i o n s  a i r  f o r  a l l  

t h e  c o m m o n  a n d  o n e  o r  b o t h  t h e  s e a s o n a l  r e q u i r e m e n t s  w i t h i n  u n i t  
b u t  t h e  h e a t i n g  a n d  c o o l i n g  m e d i u m s  a r e  g e n e r a t e d  a t  o t h e r  p o i n t  

a n d  d e l i v e r e d  t o  t h e  i n d i v i d u a l  u n i t s .

( 4 )  Combined system  : A  c o m b i n e d  s y s t e m  m a y  c o n s i s t  o f

t h e  c o m b i n a t i o n  o f  (a) c e n t r a l  a n d  s e l f - c o n d i t i o n e d  s y s t e m ,  ( 6 )  c e n ­

t r a l  a n d  s e m i - c o n t a i n e d  s y s t e m ,  a n d  ( c )  s e l f - a n d  s e m i - c o n t a i n e d  

s y s t e m .

A i r  c i r c u l a t i o n

C i r c u l a t i o n  o f  a i r  i s  a n  e s s e n t i a l  r e q u i r e m e n t  i n  a n  a i r  c o n d i ­
t i o n e d  s y s t e m .  T h e  m i n i m u m  f r e s h  a i r  r e q u i r e m e n t s  a s  p e r  l . b . l .  

c o d e  o f  p r a c t i c e  a r e  i n d i c a t e d  i n  t a b l e  o n  p a g e  4 7 6 .

B a s i c a l l y  a i r  c i r c u l a t i o n  c a n  b e  a c h i e v e d  b y .  t h e  f o l l o w i n g  

a p p a r a t u s  :—

( 1 )  A i r  p u m p s .

( 2 )  A i r  d e l i v e r y  s y s t e m  c o n s i s t i n g  o f  s u p p l y  a n d  r e t u r n

( 3 )  A i r  d i s t r i b u t i o n  s y s t e m  c o n s i s t i n g  o f  i n l e t s  a n d  o u t l e t s .

A i r  p u m p s  a r e  o f  t h e  f o l l o w i n g  t w o  t y p e s  a s  u s e d  i n  a i r  o o n d i -

ROOM

PLA N T

d u c t s .

t i o u i n g  :

(а) F l o w ,  p r o p e l l e r  o r  f a n  t y p e .

( б )  R a d i a l  B o w ,  c e n t r i f u g a l  o r  b l o w e r  t y p e .



A t e x t  b o o k  o f  b u il d in g  c o n s t r u c t io n  

m in im u m  f r e s h  a ir  r e q u ir e m e n t s

—
------ ---------------------

Per Person «**/»»

No. A p p l i c a t i o n Smoking Recom­
mended

Minimum per 
m *  of 
Floor 
A n a

i  ...... ....................i
“  s 4 6 6

( i) A p a r t m e n t * Some 0 .6 6 0 .2 8 -

(2) B an k in g  space O ccasional 0 .2 8 0 .2 1 —

(3) B oard  rooms V e r y  h ea v y 1 .4 0 0 .6 6 —

(4) D ep artm en t *torsa N o n e 0 .2 1 0 .1 4 0 .0 1 6

(« ) D irectors’ room* V ery  h e a v y 1 .4 0 0 .8 4

(« ) D ru g  stores* C o n s i d e r a b l e 0 .2 8 0.21 -

(7 ) F actories N o n e 0 .2 8 0.21 0.03

<8, Garage* - “ - 0.30

(®) H osp ita ls :
(a) O p e ra tin g  room* 

(ail fresh  air)
(b) P riv a te  room s
( c )  W ard*

N o n e

N o n e
N o n e

0 .8 4
0 .5 6

0.70
0.28

0.60

0.10

(10) H o t e l  r o o m s H e a v y 0.84 0 70 0.10

<U> K i t c h e n s  :
(a) R e * t a u r a n t
(b) R e s i d e n c e

- I
1.20
0.60

(12 ) L a b o r a t o r i e s S o m e 0.66 0.42
(13) M e e t i n g  r o o m * V e r y  h e a v y 1.40 0.84 0.38

(M) O ff ic e a  :
( a )  G e n e r a l  1
(b) P r i v a t e  V

S o m e
N o n e
C o n s i d e r a b l e

0 .4 2
0 .7 0
0 .8 4

0 ,2 8
0 .4 2
0.70

0.08
0.08

(16) R e s t a u r a n t *  :
( a )  C a f e t e r i a
(b) D i n i n g  r o o m

C o n s i d e r a b l e
C o n s i d e r a b l e

0 .3 4
0 .4 2

0 .2 8
0.34 -

(16) R e t a i l  s h o p N o n e 0 .2 8 . 0.21
(17) T h e a t r e N o n e

S o m e
0 .2 1
0 .4 2

0 .1 4
0 .2 8

(18) T o i l e t s  ( e x h a u s t ) ~ 0 .6 0

>■ “ » ' «  t h a n  f r e . h  a i r  B p o o i f i .d ,  t h e n  f r . » b  
a  w i l l  t a k e  e x h a u s t  c o n s i d e r a t i o n s  in to  ac co u n t.



fan w ill d e liv er  a ir d ep en d s on its  design . Fan  operating  against 
re la tiv e ly  h i g h  s ta tic  pressure w ill d eliver air from  ou ter oorners of  
th e  b lades or propellers ow ing to the h igh linear speed o f  these  
sectio n s. T h e s e  f a n s  h a v e  ad van tage  o f  lower in itia l cost and econo­
m ic o p eration . H ow ever, t h e y  create  excessive noise.

M u l t i - b l a d e  o r  c e n t r i f u g a l  f a n B  a r e  g e n e r a l l y  o f  s t r a i g h t  b l a d e ,  

f o r w a r d  c u r v e d  b l a d e ,  a n d  b a c k w a r d  c u r v e d  b l a d e  t y p e s .  T h e  
f o r w a r d  c u r v e d  m u l t i - b l a d e  f a n  i s  v e r y  s u i t a b l e  f o r  a i r  c o n d i t i o n i n g  

w o r k s  b e o a u s e  o f  i t s  l o w  s p e e d ,  q u i e t  o p e r a t i o n  a n d  l a r g e  c a p a c i t y .  
T h e  b a c k w a r d  c u r v e d  b l a d e  f a n s  a r e  a l s o  s u i t a b l e  f o r  a i r  c o n d i t i o n ­
i n g  w o r k .  T h e s e  h a v e  a l s o  t h e  a d v a n t a g e  t h a t  t h e y  o p e r a t e  m o r e  

q u i e t l y  a n d  t h e i r  h i g h e r  s p e e d s  p e r m i t  d i r e o t  c o n n e c t i o n  t o  m o t o r s .  
T h e i r  p o w e r  r e q u i r e m e n t s  a l s o  d o  n o t  i n c r e a s e  c o n s i d e r a b l y  a s  t h e  
s t a t i c  p r e s s u r e  i n c r e a s e s .  W h i l e  s e l e c t i n g  a  p a r t i c u l a r  t y p e  o f  f a n ,  

i t s  e f f i c i e n c y ,  c u b i c  c o n t e n t s  o f  t h e  a i r  w h i c h  i t  g i v e s ,  s t a t i c  p r e s s u r e  
r e q u i r e d  b y  t h e  s y s t e m ,  t y p e  o f  a v a i l a b l e  m o t i v e  p o w e r ,  p e r m i s s i b l e  
n o i s e  l e v e l ,  e t c . ,  m u s t  b e  k e p t  i n  v i e w .  A i r  c o n d i t i o n i n g  f a n  m u s t  

g i v e  t o  t h e  a i r  t h e  n e e d e d  v e l o c i t y  a n d  p r e s s u r e s  t o  o v e r c o m e  t h e  
r e s i s t a n c e  t o  t h e  o v e r f l o w  s e t  u p  b y  t h e  d u o t s  a n d  a l s o  m u s t  m a i n t a i n  

t h e  d e s i r e d  v e l o c i t y  o f  t h e  a i r  a t  t h e  e x i t  f r o m  t h e  s u p p l y  g r i l l e s .

T h e  a i r  d e l i v e r y  s y s t e m  c o n s i s t s  o f  t h e  s u p p l y  d u c t s ,  t h e  

r e t u r n  d u c t s ,  d a m p e r s  a n d  d u c t  i n s u l a t i o n .  D u c t s  s h o u l d  b e  m a d e  

o f  s h e e t  m e t a l  t o  t h e  r e q u i r e d  s i z e  a n d  s h a p e .  T h e  s u p p l y  d u c t s  a r e  

c a r e f u l l y  c a l c u l a t e d ,  s h a p e d  a n d  d e s i g n e d  f o r  v o l u m e  v e l o c i t y  a n d  
p r e s s u r e  s o  t h a t  p r o p e r  d i s t r i b u t i o n  w i t h  t h e  a i d  o f  t h e  s u p p l y  o u t l e t  

m a y  b e  o b t a i n e d  i n  e a c h  r o o m  o r  e n c l o s u r e .  S i m i l a r l y  c a r e  s h o u l d  
b e  t a k e n  f o r  r e t u r n  d u o t s .  D a m p e r s  m a n u a l l y  o r  a u t o m a t i c a l l y  

o p e r a t e d  a r e  p l a c e d  i n  t h e  d u c t s  t o  c o n t r o l  t h e  d i r e c t i o n ,  v e l o c i t y  

a n d  v o l u m e  o f  c i r c u l a t i n g  a i r .  S u p p l y  d u c t s  f r o m  t h e  a i r  c o n d i t i o n e d  

u n i t  t o  t h e  s u p p l y  o u t l e t s  s h o u l d  b e  p r o p e r l y  i n s u l a t e d  t o  s a v e  l o s s  

o f  b e a t ,  e t c .
O u t l e t s  o r  i n l e t s  s h o u l d  b e  i n  t h e  f o r m  o f  g r i l l e s  o r  r e g i s t e r s .  

T h e  g r i l l e  i s  a n  o u t l e t  o r  i n l e t  h a v i n g  n o  d a m p e r  o r  a i r  c o n t r o l  

d e v i c e  f o r  c o n t r o l .  T h e  p o s i t i o n  o f  t h e  o u t l e t  a n d  t h e  m l e t  a n d  
t h e i r  r e l a t i o n  t o  o n e  a n o t h e r  a r e  o f  g r e a t  i m p o r t a n c e .  T h e  o u t l e t  

f o r  t h e  s u p p l y  o f  t h e  c o n d i t i o n e d  a i r  t o  a  r o o m  i s  b e s t  p l a c e d  m  t h e  
c e i l i n g  o r  o n e  s i d e  o f  a  w a l l  h i g h  e n o u g h  f r o m  t h e  f l o o r  t o  p r e v e n t

d i r e o t  d i s c h a r g e  o f  a i r  u p o n  t h e  o c c u p a n t s .  I n  t h e  o w e

w i t h  h i g h  w a l l s  t h e  o u t l e t s  s h o u l d  b e  p l a c e a  l o w e r  d o w n  t o  P * 6 ™ * 1 

d i s t r i b u t i o n  w i t h i n  t h e  u p p e r  s i d e  o f  u n o c c u p i e d  s p a c e s  A s  a  r u l e  
f o r  w a l l  o u t l e t s ,  t h e  h e i g h t  i s  n o t  l e s s  t h a n  2 m e t r e  f r o m  t h e  f l o o r  

a n d  n o t  l e w  t h a n  45  c m .  f r o m  t h e  c e i l i n g .  S u p p l y  

u s u a l l y  p l a c e d  o n  i n t e r i o r  o r  c r o s s - p a r t i t i o n s .  T h e  ® b j ^ t  o f  t h ® 
f l u o n l v  o u t l e t  s h o u l d  b e  t o  d i s t r i b u t e  c o n d i t i o n e d  a i r  i n t o  t h e  r o o m  
w i t h o u t  a n v  d r a u g h t .  I n l e t s  f o r  t h e  r e t u r n  o f  f o w l  a i r  f r o m  i n d i ­

v i d u a l  r o o m s  a r e  p l a c e d  a t  t h e  b e g i n n i n g  o r  t h e  r e c e i v i n g  e n d  o f  t h e
r e t u r n  a i r  d u c t .  T h e y  m a y  b e  e i t h e r  g r i l l e s  o r  r e g i s t e r s  d e p e n d i n g  

u p o n  t h e  c o n t r o l  d e s i r e d  a n d  e c o n o m i c a l  l i m i t a t i o n s .

C l e a n i n g  o f  a i r  ,  ,
U m o s p h e r i c  d u s t  c o n s i s t *  o f  m i n u t e  p a r t i c l e s  o f  s a n d ,  a s h ,  

s o o t ,  c h e m i c a l s ,  b a c t e r i a  a n d  o t h e r  m i c r o - o r g a n i s m s .  C l e a n  c o u n t r y



A T E X T  B O O K  O F B U IL D IN G  C O N ST R U C T IO N
t n  A

air usually e o ^  - l ,  tor
0.5 grain, per ‘^ X t u r m g  concerns the dust
inhabitants, in large steel a ](|0 cu m whloh 18 harm.
content may bo as high as IB g  _ 0|ean a ir into a room
ful to human body. The purpose ■ - maU fraotion so
1. to reduce the ^ ^ ^ U p h s h  this it is necessary to
that it becomes harmless. obieofc is t o  r e m o v e  h a r m f u l
provide air filters or < t a u n .  be workable under a
particles from the air .««»«»«?• have a low frictional resis-
wide range of J ^ ^ u f d  also be capable of holding a

and should be able to be c  ea c o n t a m i n a t e d  w i t h  t h e

principles of working, air cleaners can be classified aa unde .
(1) Viscous filters—(a) Automatic type.

(6) Unit type.
(2) Dry 61ters.
(3) Washers.
(4) Electric precipitators.

Viscous a u t o m a t i o  filters are m e c h a n i c a l l y  o p e r a t e d  m  a 
continuous cycle consisting o f  t h e  c l e a n i n g  o f  air, r e m o v a l o f  air 
pollution particles, replacing the v i s c o u s  filter m e d i u m  a n d  P lftC 1? g  
the refreshed area of the f i l t e r  m e d i u m  i n t o  t h e  a » r  s t r e a m  f o r  

further utilisation. The dust, e t c , is c o l l e c t e d  i n  hcgud s t o r a g e  
vessel from which it m u s t  be p e r i o d i c a l l y  r e m o v e d .  The c l e a n i n g  

or washing is done either by r e v o l v i n g  the f i l t e r  m e d i u m  t h r o u g h  
a bath of liquid or by a d m i t t i n g  t h e  l i q u i d  t h r o u g h  o r  over t h e  

stationary filtering area. This t y p e  o f  f i l t e r  g i v e s  a  c o n s t a n t  r e s i s ­

tance to the air flow but is v e r y  c o s t l y .

Unit type of viscous filters are m a d e  of s c r e e n s  m a d e  o f  s p l i t  

wire, spun glass fibre or other m a t e r i a l  with a  v i s c o u s  a d h e s i v e  u n i t  

type filter varying in sizes from 40 t o  65 cm. a n d  h a v i n g  a p p r o x i ­
mately 15 sq. cm. area. This s i z e  r e n d e r s  t h e  h a n d l i n g  o f  f i l t e r  

easy and quick removal for c l e a n i n g ,  e t c .  A s  t h e  d u s t  l a i d  i n  t h e  

air passes through the filter, its d i r e c t i o n  o f  f l o w  c h a n g e s  m a n y  

times. These filters are very e f f i c i e n t  i n  r e m o v i n g  t h e  d u s t  a n d  

even bacteria to some extent.
Dry filters are m a d e  o f  c l o t h  s u c h  a s  f l a n n e l ,  c e l l u l o s e ,  f e l t ,  e t c .  

The air passes through this f i l t e r  m a t e r i a l  a n d  g e t s  t r a p p e d  w i t h i n  

its passages. The velocity o f  a i r  is l o w  a n d  h e n c e  a  l a r g e  f i l t e r i n g  

area is needed.
Spray washers are m o s t l y  u s e d  f o r  c l e a n i n g  p u r p o s e s .  D u s t  

and fumes can only be r e m o v e d  i f  p a r t i c l e s  b e c o m e  a c t u a l l y  w e t  o r  
absorb moisture from the s p r a y .  I t  d e p e n d s  l a r g e l y  o n  t h e  t y p e  o f  

dust and the length of time t h e  p a r t i c l e s  a r e  i n  c o n t a c t  w i t h  t h e  
spray They can remove as much as 65% dust f r o m  t h e  a i r .  ■



E l e c t r i c  p r e c i p i t a t o r s  w o r k  o n  t h e  p r i n c i p l e  t h a t  d u s t  p a r t i c l e s  
w h e n  s u b j e c t e d  t o  a  s t r o n g  e l e c t r i c  f i e l d  g e t  c h a r g e d  a n d  t h e r e b y  

a r e  a t t r a c t e d  t o  t h e  n e g a t i v e  e l e c t r o d e .  O n  t h i s  e l e o t r o d e ,  t h e y  g e t  
d e p o s i t e d  a n d  w h e n  a  s u f f i c i e n t  d e p o s i t i o n  i s  f o r m e d ,  t h e  d e p o s i t  

g e t s  d e t a c h e d  a n d  f a l l s  d o w n .  T h i s  t y p e  o f  c l e a n i n g  e q u i p m e n t  i s  

t h e  l a t e s t  o n e  w h i c h  i s  u s e d .

M eth od o f  rem oving the excessive heat from  air

T h e  e x o e s s i v e  h e a t  w h i c h  f i n d s  i t s  w a y  i n t o  t h e  a i r - c o n d i t i o n e d  

s p a c e  o r  g e t s  c r e a t e d  m u s t  b e  r e m o v e d  b y  c o o l i n g  a n d  d e h u m i d i f y i n g  

e q u i p m e n t .  T h e  l a t e n t  h e a t  i s  f i r s t  o h a n g e d  t o  s e n s i b l e  h e a t  w h i c h  
i s  a c h i e v e d  b y  c o n d e n s i n g  t h e  e x c e s s i v e  w a t e r  v a p o u r  i n  t h e  a i r .

T h e  e x a c t  a m o u n t  o f  h e a t  t h a t  i s  r e q u i r e d  t o  e v a p o r a t e  t h e  m o i s t u r e  

i n  a i r  g e t s  r e d u c e d  w h e n  w a t e r  v a p o u r  i s  c o n d e n s e d .  T h i s  h e a t  
t r a n s f e r s  i n t o  s e n s i b l e  h e a t  i n  t h e  c o n d e n s i n g  m e d i u m  a n d  r e s u l t s  

i n t o  a n  i n c r e a s e  i n  t e m p e r a t u r e  o f  m e d i u m .  T h e  l a t e n t  a n d  s e n s i b l e  
h e a t  i n  a  b u i l d i n g  r a i s e s  t h e  t e m p e r a t u r e  o f  t h e  m o i s t u r e  c o n t e n t  

o f  a i r  i n s i d e  t h e  b u i l d i n g .  T h i s  a i r  i s  c i r c u l a t e d  t h r o u g h  t h e  h e a t  
r e m o v i n g  e q u i p m e n t  w h e r e  t h e  e x c e s s  m o i s t u r e  a n d  s e n s i b l e  h e a t  

a r e  r e m o v e d .  A f t e r  t h e  e x c e s s  h e a t  h a s  b e e n  r e m o v e d  t h e  a i r  

t o g e t h e r  w i t h  a d d i t i o n a l  a m o u n t  b r o u g h t  f r o m  o u t s i d e  f o r  v e n t i l a ­

t i o n  p u r p o s e s ,  i s  a l s o  p a s s e d  t h r o u g h  c o o l i n g  e q u i p m e n t  a n d  t h e n  

c i r c u l a t e d  t h r o u g h  t h e  b u i l d i n g .

T h e  m e t h o d s  o f  c o o l i n g  g e n e r a l ly  a d o p t e d  a r e  ( 1 )  s u r f a o e  c o o l ­

i n g ,  ( 2 )  s p r a y  c o o l i n g ,  a n d  ( 3 )  e v a p o r a t i v e  c o o l i n g .

I n  s u r f a c e  t y p e  c o o l i n g  t h e  a i r  i s  p a s s e d  o v e r  c o i l s  o r  f i n s  i n  

w h i o h  c o l d  w a t e r  o r  r e f r i g e r a n t s  a r e  c i r c u l a t e d .  T h e  t e m p e r a t u r e  

o f  t h e s e  c o o l i n g  m e d i a  m ust be below t h e  d r a i r e d  t e m p e r a t u r e  o f  

t h e  a i r .  W here a i r  p a s s e s  over t h e  c o i l s  t h e  d r y  b u l b  a n d  w e t . b u l b  

t e m p e r a t u r e s  g e t  r e d u c e d  t o  t h e  d e w  t e m p e r a t u r e  o f  t h e  a i r ^  W h e n  

a i r  i s  c o o l e d  b e l o w  t h i s  p o i n t  the m o i s t u r e  i s  r e m o v e d ,  p i e  a m o u n t  

o f  c o i l  s u r f a c e  n e e d e d  t o  c o o l  a n d  d e h u m i d i f y  t h e  a i r  d e p e n d s  o n

t h e  a v e r a g e  t e m p e r a t u r e  d i f f e r e n c e  ^ f r o
a n d  l e a v i n g  t h e  c o i l .  T h i s  d i f f e r e n c e  i s  6  C  t o  U  w D e n  * a ™ r . , Qr  
b r i n e  i s  u s e d  W h e r e  r e f r i g e r a n t  i s  i t s e l f  e v a p o r a t e d  m  t h e  c o i l s ,
t h e r e  i s  l i t t l e  d i f f e r e n c e  between e n t e r i n g  a n d  l e a ^  w m j p n r t t i r e .  
T n  t h i s  o r o c e s a  o f  c o o l i n g  a n d  d e h u m i d i f y i n g  a . r ,  t h e  a i r  l e a v e s  a t

a b o n l  8 0 ° /  t o  8 5 %  s a t u r a t i o n ,  a l t h o u g h  t h e  c o l l  t e m p e r a t u r e  m a y  
be a t  t h e ° ^ w  p o f n t  “ t h e i r  a i r  l e a v i n g  t h e  « » 1  h a s  g o t  a  t e m p e r a t u r e  

a  f e w  d e g r e e s  h i g h e r .

F o r  a  s o r a v  t y p e  t h e  a i r  p a s s e s  t h r o u g h  t h e  s p r a y  o f  w a t e r  
w h i c h  h a s  b e e n  c o o l e d  t o  a  t e m p e r a t u r e b e l o w t h e d e ^ i r e d d e w  p o i n t  

o f  a i r  a n d  t h e n  £ £  a t  i n

r s -  :  £ * £ ? * ? I  e ^ i e d ^ d 6 tL \r t

z  r r
t e m p e r a t u r e  g e t s  r e d u c e d .
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In  evaporative e w t o g i k . M r * ^  g S ^ h d t o  the wet bolb

f e L S p t o t o g  this are °“ ic°hf ; ^ T t h £  latent heat
**»*! directly over the wa« r  i .  P « « d  over
S m t h e  air and ” ob, * ^ S ^ W g h  « »  oooiin« t ,s n d  c o ld  w a te r  u  o iro u to te d  t n r o  g b ]e  c h » r » c i« i  m a y
r e f r i g e W B t a  o f  in&mm»ble o r  fa c h l o r o f o r m ,  o t h e r  a r e  t h e

used Carbon sulphide, methyl oniona , — ^  sulphur
subutanees of the former ^ca iag^y, The yapours of the
dioxide, etc. belong * 4 j|afjer on the compression side
volatile refrigerant e n t«  t h e / ^  through a condenser which 
and get oompresssd. Itm » F& auju!jle temperature so th a t
is supplied with cooling , ( ^  a gtiu higher vapour pressure,
high vapour .pressure is ol“ ”8 id after being collected
b ? t t h e t e m P e « t u r e b . D g  ^ = e d o Th.Snl ,q u i^ ns.on ^

in a vessel is At this place the pressure gets suddenly
chamber or set ot tubes. f  . vaD0Ur, 'While doing

£ h  k i e  ^ o u n t  of heat from t h .  material surrounding
t o t u l e s  which ^ f b e  air to be used in air-condition**.

D eham id ify ing  a ir
DohumidificatioE may be aocom plishedby oonder^ t.on  or

removal of moisture from the substance and U carried out by two 
methods, namely :

Adsorption and Abiorplion : Materials which hold moisture
on their surfaces are called Adsorbers. The moisture does not get 
absorbed into these materials but mainly remains on their surfaces. 
Tj8UanY activated alumina and silica jels are used as adsorbents. 
The air is passed through the beds of small particles of these 
adsorbents and dries in this manner. After the adsorption oi a 
certain amount of moisture, the adsorbent is reactivated by heating 
it to a higher temperature.

Absorbents usually are solutions of ammonia, oaleium or other 
salts, and these remove moisture from air. These salts are mixed 
with water and kept a t certain concentration and temperature. The 
salt solution after being cooled is sprayed over glass wool or other 
material. The air to be dehumidified passes over the material and 
the excess moisture in air is absorbed by strong salt solution. This 
type of working removes all exoess latent heat but does not remove 
aensible heat which can be removed by oooling further.

H u m id iS ca tio o
In winter the outside air, because of its lower temperature, has 

very low humidity.
When air is humidified the heat evaporation must be added. 

This heat may be added to the spray water before aotual humidifica-



tion or i t  may be taken as sensible heat from the air and transformed 
to la ten t heat of evaporation for humidification. Humidification 
may be accomplished by (i) injecting a direct spray of water into 
room, (it) introducing moistured air, (in) a combined process. 
W ashers may be considered aa an indirect class of humidifying agents. 
The humidification of air with washer may be affected by the use of 
recirculating spray of water without prior treatment of entering air. 
Otherwise a ir may be pre-heated ; or alternatively a heated spray of 
water may be used while injecting fine water sprays into the air 
inside arty enclosure. I t  should be ensured that the sprays are very 
fine so th a t w ater does not spread on any object within the enclosure.

H e a t i n g

For supplying heat to a building generally the steps are (1) fuel 
is burn t (2) the generated heat by the combustion of fuel is used o 
heat the a ir or water, and (3) the heated air, water or steam is used 
to supply the heat lost from the building. For heating, the following 
methods are generally used : —

(,') Use < f  ateam : In  this, h e a t  is  transformed from the boiler
t o  t h e  h e a t in g  s y s t e m ,  b y  m e a n s  o f  p ip e s  i n  t h e  f o rm  o f  J 1
v a c u u m  s t e a m  h e a t in g  s y s t e m  h a v in g  m e c h a n ic a l  a i r  e x p e l le r  
T a t e r  p u m p  w h i c h  c a n  b e  u s e d  b e lo w  a t m o s p h e r ic  p r e s s u re , is  a ls o

used.
tu \ Tint water svstem - In  hot w a te r  h e a t i n g  system, water is 

the m e d i u m  for^carrying the heat from the bo.ler through pipes to
the heating unit.

rooms or spaces to be heated. The r  heated and after
f i r s t  p a s s e s  o v e r  h e a t in g  u n i t  s u r f a c e s  w h e r e  i t . s  h e a t e d  a n  
t h a t  i t  f lo w s  t h r o u g h  p ip e s  o r  d u c t s  t o  d i f f e r e n t  ro o m s .

Q U E S T IO N S
,  W H at a rc  th e  m a in  re q u ire m e n t. o f  a  good v en tila tin g  ey .te n , T
i  D escribe  briefly  th e  v a r io u . ty p e ,  of n a tu r . 1  en d  m echan .c .1  v en tl.

la t in g  sy stem s.
3 . W r ite  sh o rt no tes  on :

(») P le n u m  v e n tila tio n .

(«” )’ o f  in le t ,  an d  o u tle ts  in  bu ild in g ..
* w J t  is th e  o b jec t o f  a ir  cond ition ing  .  W l,a t do y o u  u n d e r h a n d

b y  * .  ’  footor8 h loh  h . v8  to  be t ^ e n  in to  ac co u n t

w hile d esig n in g  an  a ir  cond itio n in g  ; eye 8m  co n d ition ing . H ow  iB th e

c o rre c t C ircu la tio n  ^ ^ c ^ t i o n e d  b n U d in , e n .u r e d  . 

i  Wvit.B s h o r t  no te*  on  :
7 ' (( C l. .n ,> g  o f  a i r  fo r an  a ir-co n d itio n in g  . y « e n ,

) H um id iflo fttion  o f  air.
,« ( )  Cooling o f a ir  for a n  a ir  co n d itio n in g  p la n t.
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A C O U S T IC S  A N D  S O U N D  IN S U L A T IO N

Acoustics is a scienoe which deals with the design and construc­
tion of different units of buildings to get proper acoustical conditions 
and also with the correction of the corresponding defects in existing^ 
rooms. I t  also includes the sound absorption or dissipation of
exterior noise.

Sound is transmitted in the form of waves which are a Beries of 
compressions and ratifications created in the medium through which 
it travels. The average sound travels a t ordinary temperature with 
a speed of 340 m. per second. This velocity depends on the medium 
through which it travels. The velocity of sound through water is 
1310 m. per second and through brick and steel is 3600 and 4900 m, 
per second respectively.

Reflection of sound is one of the important considerations in 
any nooustioal design problem and thia leads to most of the difficulties. 
Repeated reflection between parallel walls sets up flutter o sound 
which is undesirable. In smaller rooms this sets up disturbing 
resonance. In the case of curved walls which are convex, the refl®cte<* 
sounds get diverged. Walls of focusing nature are objectionable as 
they concentrate the reflected sound a t definite places.

If  the refleoted sound reaches t h e  a u d ie n c e  l/15th of a second 
. - ----- an echo is heard l i  tneafter the direct sound from the speaker an  echo is heard U  the 

time lau becomes less than 0 05 second, a beneficial effeot called
■ f npmnni" results If the compressions of direct sound combine 

r X r e - t - ' O f  the reflected sound, th e  result would be 
the creation of louder sound than either of the two alone. A similar 
case oc-curs when rarefactions get combined If, however, th e  com.

nf direct sound combine with the rarefactions of the re- 
g “ nd t)^  resulting sound will be weaker. If  a whole number 
fleeted sou » between parallel walls, reinforcement of
0f hf  r / e  n f n l  is created. If  the  reflected sound reaches the 
“ n'ience later by 0.05 second than the direct sound, then blurring 
r f ^ e e c h  gets created. If  a series of sounds of slightly different



frequencies combine at about “ he M m pLsions of

tto  of the other wavo- 

Sound in a building is T n S S X  T ^ i T n e
noise. Three typos of sound. Frequency is
structure are important, for c Range of frequency is
defined as the number of ey P Intensity of sound is defined as

«  t - d t r  £  S S  r « e  z s x

types of sounds are given in the table below ,

Feeling
Intensity i.e. 
Sound energy 

per second 
through unit area

Decibels Type o f Sound

—  1 ,000,000,000,000- ----- 120------- T h u n d er, a r t i l le r y — -------

D eafening 1 ,000,000,000,00 110

- 100—

N e a rly  r iv e te r  
B oiler fa o to ry

Very loud 1 ,000,000,000- 90
L o u d  s t r e e t  no ise 
NoiBy fao to ry  
P o lice  w h is tle

Loud 1 ,000,000,0 70
N oisy office 
A verage  s t r e e t  noi«e 
A verage  ra d io  
A v e rag e  fa c to ry

M oderate 1 ,000,00 60
N oisy ho m e 
A verage office 
A verage c o n v e rsa tio n  
Q u ie t ra d io

F a in t 1,000
30

Q u ie t ho m e o r p r iv a te  office 
A v e rag e  a u d ito r iu m  
Q u ie t C o n v ersa tio n

Very fa in t 10 10
R u s tle  o f  leaveB 
W hisper
B ound p ro o i room  

- 0 — —  T h re sh o ld  o f a u d ib il i ty — —

The acceptable indoor noise levelw for various buildings are 
indicated in table a t next page.

The tone characteristic is th a t particular property by which 
sounds of the same frequency and intensity can be distinguished from 
each other. To achieve good results, it is necessary to note the 
limitation of hearing which a human person can have. The range of 
frequencies which can be heard by human ear varies from 13 to 16



T A B L E  t ACCEPTA BLE IN D O O R N O ISE  LEVELS FO R 
VARIO U S B U ILD IN G S

SI. No. Location Noise Levtl dB 
(A)

( 1 ) (*) (3)

( 1 ) R adio  and  TV atudioB 25 30

(2 ) M usic room 30-35

(3) H o sp ita ls  an d  au d ito ria 35-40

<«> A p a rtm e n ts , ho te ls  an d  hom es 35-40

<«)
C onference room s, sm all offices and  lib rarie s 35-40

(81 C ourt room s an d  class-room s 40.45

p ) L arg e  p ub lic  offioes, banks an d  stores 45-50

(8) R e s ta u ra n ts 50-55

thousand cycles per second and the intensity varies by about 120 
decibels in the region of 1,000 cycles.

When ft speaker addresses an audienoe, the a°““ d 
proceeds outward in the form of sphericalIwaye, until they s tn fa  
the boundary of the room where they can be redected, transmitted 
and absorbed in various amounts depending on the charac 
walls.

Though the reflection of sound produces some benefioial effeot

'a x x z s s s s s .

persist too long, t h e n  success,vc words ttbsorbets <in be
p ro d u ce  cmfus.on Spec.a ^  time token fot the dying
introduced which work J . ■ 8 objeotionable for music than
d o w n  of a sound Reverlbe on is less o is usu&1|y de8ired
for speech nince the p r o ^  g ^ ig h[ h, disadvantageous. While
but the mixing of wordsi p speaking, it is common to
constructing h a l^  ^ ‘h t e  » » »  « 3/ me wh a t t o 0  long 
choose an average time oi r aoraewhat too short for music,
fo r  the best condition o p eel and so „  ^  ^

yet it >s diffraction, blurring and resonance. Per-
oroate echois inte „  an may bG expected when
feet acmisucal con ^  loudnMg for all it8 audienoe with
an aZ agfor distortion of the original sound and when it dies out 
quickly so as not to interfere with the succeeding sounds.



I .  certain P«b' % " uT r o “  mlorophonrjs'that
piS? u p 'th T a o u m !S  Convert sound o n e r g y  int° an eleoto c  “s ta b le

This system also raises the general sound level which tends to draw 
the attention of tho audience more effectively than the usual w“ ker 
sounds. Care in this system is to bo taken for avo.ding the " flec ­
tion from the roof, walls and preventing concentration of sound at 
definite places.

Reverberation as stated earlier is the most usual difficulty in
acoustics, Large experimental work on corrections of reverberation 
in auditoriums was done by Prof. W. C. Sabine. He devised a 
formula T=0.16 V /A x S , where T  is time of reverberation or the 
standard time taken for sound in a room to decay to one millionth of 
its initial value, V is the volume of the room in cubic metre, A  is 
the average absorption of the material, S  is the total area in sq. 
metre of all surfaces of the room. When making correction in the 
reverberation, the sum of absorption value of each material in the 
room is taken into account.

S o u n d  A b s o r b in g  M a te r i a l s

All materials absorb sound but some to a  lesser extent. The 
sound energy has to be converted into the heat energy ultimately. 
On striking the solid material the sound waves experience greater 
resistance than while travelling in air. I f  sound waves strike a 
resilient and porous surface, considerable energy will be dissipated as 
heat in passing through its pores which are interconnected through 
a series of email channels. The resultant absorption is relatively 
very high An open window does not interfere with the free passage 
of sound and it is considered as 100% absorbent, since it transm its 
the entire sound. The absorbing capacity of other materials is 
compared with this open window unit as a standard. The capacity 
of different materials in absorbing sour\d depends on the frequency 
of the sound. The rough value of coefficient of absorption of sound 
of some of the materials is given in the table on page 487.

Absorption materials may be classified into four groups : The 
rsfc group includes soft materials like hair felt which are very good 

absorbers as they have large pores with inter-connected channels. 
Ihey are now replaced by rock wool, asbestos, etc. Semi-hard mate- 
rials in the form of porous fibreboards th a t are stiff serve as sound 
absorbent materials as well as building panels. This forms the second 
group of these materials. In the third group are included the porous 

mf T y / nd other Produots which are installed on the wall 
r t t h  k v .  ik I  grtrap are the claasifled acoustical plasters 
Tn, i  r  tbo,ad™ntaSe th a t they resemble the ordinary plasters 
However th T  do Bot fit in the architectural design.

« * »  "M le fixing and may have to  be 
pec ally treated. The main properties of a good absorbing material



No.
Low i

M aterial and metfiod of fixing frequency f  
126 eft.

dedium 
requmey 
600 eft.

High 
frtqumcy 
2ft00 eft.

1 B o ard  r o o f : u n d ers id e  of p itch - 1 
ed  e la te  o r tile  roof 0.15 0 .1 0 .1

2 B rickw ork-p la in  or p a in te d 0.02 0.02 0.04

3 C a rp e t (m edium ) on  so lid  con. 
c re te  floor 0.1 0.3 0.6

4 C a rp e t (m ed ium ) on joint or 
b o a rd  a n d  b a t te n  floor 0.2 0 3 0.6

6 C oncre te , c o n s tru c tio n a l or tool- 
e d  s to n e  or g ra n o lith ic  finish 0.01 0.02 0.02

6 C ork slabs, w ood b locks, lino- 
le u m  o r ru b b e r flooring on solid 
floor (o r wall) 0.05 0.06 0.1

7 C u rta in s  (m ed iu m  fabrics) hung 
s t r a ig h t  a n d  close to  wall 0.06 0.26 0.3

8 C u rta in s  (m ed ium  fabrics) h ung  
in  fo lds o r sp aced  aw ay  from  
w all 0.1 0.4 0.6

6 F ib re  b o ard  (no rm al soft) 12 m m . 
th .c k  m o u n ted  on solid 
b ack in g 0.06 0.16 0.3

10 F lo o r tile s  (h a rd ) or ‘'com posi­
t io n "  flooring 0.03 0.03 0.06

1 1 G lass : w indow s g la ie d  w ith  up 
to  32 ox. glass 0.3 0 .1 0.05

12 G lass ; 6 m m . p la te  or th ick er in  
la rg e  sh ee ts 0.1 0.04 0.02

13 G lass wool o r m in era l wool 26 m m . 
th ick  on so lid  backing 0.2 0.7 0.9

U P la s te r , lim e o r g ypsum  on so lid
b ack ing 0.02 0.02 0.04

I p la s te r ,  iim o or gy p su m  ”  
la th ,  o v er a i r  «P“ '«  on  *ol' d 
t a n k in g  o r on jo in t, o r s tu d  
in c lu d in g  fibrous p la s te r  anc 
p la s te r  board 0.3 0 .1 0.04

W ood b o a rd s  on  joist* o 
b a tte n s

0.16 0 1 0 .1



are its sound absorbing / “ proof'qualities, weight and
durability, appearance, fire and vernm v 
reflection of light.

^  i r e v e r b e r a t i o n  : The time taken for the

T h t r Z b S n  time of g ra te r  than  5 ^econds ^considered  to be

I S u 2 ^ d . ‘ »  good « d

S n s^ a re3 S r f ° I t  ha^been" een ih l t  ttoprasence of people in an 
auditorium reduces tho time of reverberation. I t  would bo desnrab e 
to make the rooms independent of the volume of 1 he listeners While 
considering the optimum time of reverberation the frequency of sound 
is to be taken into account. Short optimum reverberation is needed 
for reproduced sound than for original sound as some reverberation !s 
already introduced at the time of recording. The values of optimum 
reverberation time which are corrected for the presence of audience 
are given in the table below :

Type of building
Optimum rtvtrbcra 

item by Sabine 
form ula

Audience factor for  
detign purposes

Law  C ourts, Conference- and  
C om m ittee Rooms. 1 to 1.6 secs. one-third.

P arliam en t H o u se , Council 
Cham bers. 1.5 to 1.6 secs. Quorum.

P ublic L ec tu re  H all. 1.6 to 2 secs. one-third.

M usic C oncert H all. 1.6 to 2 sees. full.

Cinem a T heatres. 1.3 secs. two-thirds.
Churohes. 1.8 to 3 secs. two-thirds.

Very L arge H alls. 2 to 3 860*. two-thirds.

A coustical co rre c tio n  : The im portant elements of acoustics
o f an auditorium are the elimination of echoes and focal concentrations 
tha t set up unequal distribution of sound in a room and a reduction 
in the time of reverberation. Uniformity in the distribution of sound 
is brought about by adjusting the shape of the auditorium and its 
interior surfaces so as to control the reflection of sound. The reduction 
in time of reverberation is usually accomplished by installing tound 
absorbing materials. The formula for the optimum time as stated 
earlier is T = 0 .16  VfAS. This means th a t if the volume can be reduc­
ed considerably there can be a reduction in the optimum reverbera­
tion, This solution is not practicable as the size of the room is always 
to be fixed a t a certain value.



The reduction of the faotor 0.16 does not seem to be possible. 
The value of 016  as a factor means the reduotion of a sound level of 
60 decibels to about 15 decibels which is hardly heard.

Tue usual practice is to increase tbe factor A x S  and this is 
possible because it needs only the increase of sound absorbing 
materials which can be added. The procedure for the acoustical 
correction would be as below ;

1. To calculate the total volume of tbe vacant spaces within 
the enclosure which has to be corrected.

2. To measure the surface areas of the different portions of
the enclosures and note down their corresponding absorption
coefficients.

3. To calculate the total absorption units available in the 
room by multiplying the surface of different materials by correspond­
ing absorption coefficients and get total absorption quantity available 
in the room.

4 Compare tho optimum time which should be obtained from 
Sabine formula with the data collected above.

5. I f  the absorption as provided is insufficient, then make up
the deficiency by adding absorption units to obtain optimum
reverberation. The additional units of absorption needed may be 
got by adding surface areas of materials with greater absorption 
coefficients.

A c o u s t i c a l  d e s i g n  o f  a u d i t o r i u m

I t  is better to design an auditorium for acoustical consider*- 
tions before it is actually built. The important factors affecting the 
acoustical design of auditorium are the volume, the shape and the 
sound absorption.

The volume of the room should be decided in proportion to the 
intensity of tho sound that will get generated in it. For band 
concerts the volume should be quite large so th a t there will be 
sufficient space for the proper distribution of music^ Theatres on 
the other hand, involve comparatively weaker sound and m y t a  
lesser volume of cubic contents although modern amplifying system 
can make the sound more clear in bigger halls also.

The shape of the room is a more important consideration ae
with t h e  use o f  sound amplifiers, the difficulties of echoes or other
types of reflections are mainly due to tho shape^ Concave walls are 
not good for aooustioal considerations because they concentrate the 
sound Plain w a l l s  a r e  quite suitable but convex walls are best as 
they reduce tho echo possibilities to a great extent. The I'adiuso 
curvature o f  tho ceiling should bo l. a s t  twice the ceiling height. 
W  th  a larger r a d i u s  the ceiling will be quite fiat approximating a 

, . V I,rv small r a d iu s  it will he so narrow th a t
a p o r t i o n  of s o u n d  will s t r i k e  it which will be rapidly focussed and 
diverged thus producing only slight disturbance.



.  a . : . . . .  f , nm w a l l s  s o l i d  c o n v e x  segments may be 
T o  c o n t r o l  r e f l e c ^  reflent.i n g  surface may be made in a

a d d e d  i n  t h e  w a l l  a r e a  • ^  refleot a(y a0en t bundles of
zigzag form of segm avoiding the focusing effect,sound in different directions, thus avoiding bsound in different directions, . -  -  = ~

entire wall is made of grill-work practical^ all the sound will
transmitted. .

The installation of sound absorbing material m an auditorium
is important and absolute care m ust be paid to  this item. Wires 
and sounding boards are thought to be good as far as acoU ^c is 
concerned. I t  has been seen now that wires are not of mtioh benefit
when they are stretched in a room. A wire stretched in an audito­
rium responses to only one tone and little effect is thus produced.
Sounding b o a r d s  o r  reflecting boards are of some use in correcting
defective acoustics when suitably designed and placed in a proper 
position but they do not have the necessary absorbing capacity so as 
to correct the reverberation. When a speaker stands w ithin the 
focus of this board, sound gets reflected in the form of practically, 
parallel waves and hence the echo effect is reduced because a p a rt of 
the sound does not reach the dome-shaped roof.

To k e e p  optimum reverberation time within limits, suitable soft 
plaster or other absorbing materials may be used. These materials 
have a higher eoe5::e::i absorption than hard plaster. Audience 
for an auditorium absorbs TO to 80 per cent of sound compared with 
100 per cent of aa  open window. Seats and backs of chairs have a 
great advantage as zk tv  absorb a  lot o f sound. The reverberation 
time isay :-f : ' . ' : n n  throughout the auditorium. I t  may be 
more at :r_e piaoe & -i -ess a t  the other depending on the position.

The dUSeFGBse m length of the possible paths by which sound 
can *eacL t t*  aa-iisc'--* must not exceed 20 metre. This means th a t  
t&e ceiling must be low in the area near the speaker. I f  a  high 
ceiling is. -ised, ii tnoaid be broken up into steps.

Tbe gaaerai acoustical design of a cinema hall is similar to th a t 
-of a theatre , Loudspeakers should be grouped so th a t they direct 
their sound in to the absorbent materials which may be cushioned 
chairs ana the audience. The seating accommodation should be suchas 
to cover an angle of 90° horizontal and 30° vertical. These arrange­
ments will lead to a low ceiling. If  a small stage is provided behind 
the screen, the same should be reverberant. Whenever tho sound 
irom the loudspeaker is to be synchronised with movements on the 
screen, special care must be taken. The loudspeakers are mounted 
on each side of the screen or behind it in order th a t the  effect o f the 
sound coming from the picture appearing on the screen is felt. I f  the 
audience is affected by diffused sound coming from various directions 
such sort of feeling is not created even though no over-lapping o! 
sound takes place. The reflected sound should be removed by tho 
absorbent material as far as possible.

A fan shape in plan with converging, side-walls has been 
considered to be best from practical point of view. This offers good



sight, line for the spectators and distributes sound energy in a uniform 
manner. The proportion of height, width and length should be in the 
ratio of I : 2 : 3. Usually the surface near the source of the sound 
should bo polished or should consist of reflecting materials and those 
of the d istan t walls must have absorbent, materials. Curved spaces 
should be avoided as much as possible.
B r o a d c a s t i n g  r o o m s

Special arrangements are required in broadcasting rooms to 
keep reverberation within limits. I t  is essential to absorb sounds of 
all frequencies. Special precautions may be taken for absorbing 
sounds of lower frequencies. Flexible materials which can vibrate 
can be suitable. They can have spaces behind them for this purpose. 
Use of different absorbing materials in irregular fashion on the walls 
or ceilings gives a good effect. Similarly carpets on the floor of 
these roomB may add to the absorption. Curtains th a t can be drawn 
over certain wails may be effective in reducing the reverberation for 
adjustm ent with different frequencies, etc.

C l a s s - r o o m s
Rooms having dimensions of 8.5 m. in width, 7 m. in length 

and about 4 m, in height are considered to be satisfactory for a class 
of about 40 students. The acceptable noise in school-rooms is about 
40 decibels for ordinary class-rooms and as low as 35 decibels tor 
music rooms and other rooms in which specially quieter atmosphere 
is desirable. The noise insulation factor between adjacent rooms 
should not be less than 40 decibels for school rooms and not less 
than  45 decibels for music rooms. The amount of absorptive
m aterial t h a t  m u s t  b e  a d d e d  to each class-room m order to provide
optimum reverberation will depend on the room size, P“ rP°s' B f° '  
which it is used, capacity and age of the students. If the room «  ̂to 
he used by children u n d e r  s ix  years of age the amount ot sound 

........Account will be less. Hence it wdl be essential

■ _ K\o  to 0 04S cvcles and about 1 sec. a t i t̂> cities.

”  =  T n ^ f l e c j r e  rooms should not exceed 40

decibels.
L i b r a r y

, The r e d tWedaStoP 4 0 d e 6cibeIsf
s a tis fa c to ry ^ o u e tic a l c o n d i t i o n s  w i l l  prevail when the  room  .» not



. be employed extensively in
used. Absorptive materials ita _ jg Qf a reotan-
libraries. If the coihng “  £  entire ceiling with a

e - C -  “  " h. S ,
t t “ r: f w hi t r S r o Vr sLaila“  S e r i a l  which will reduce the noise 
of the people travelling within these spaces.

SOUND INSULATION

The desirability of insulating studios, theatres, office buildings

t r a n s m i t t e d  either outside or inside as the case may be.
Tbe uoiso which is present in a building oomes mainly th o u g h  

the air while a part may be transmitted through the structure itself 
The latter part may be due to the noise of the machinery 
with structure or due to impact of the people travelling on thei floor 
spaces, etc. Broadly speaking, the sound energy may be transm itted 
into an adjoining room by three ways, namely :

(1) By passing th ro u g h  th e  a ir  p a ssa g e  in the openings of ven­
tilators, windows, skylights, etc.

(2) By setting the separating wall in a vibration so as to create 
sound waves on the other side.

(3) An elastic wave motion in which compressions and rarefac­
tions of the sound are transmitted from partiole to particle in the 
wall ana the same are communicated to the a ir on the other side.

Mainly the first type of transmission is im portant. The second 
type becomes prominent only when the enclosing walls are of thin 
construction and the third type is prevalent wherever mechanical 
vibration is present.

The insulation of sound can be basically achieved by three 
things :—

(a) Use of specially rigid structure so as to reduce the v ibra­
tion.

(b) Controlling of sound in the air passages, ventilators, ducts,
etc.

(c) Reducing the progress of vibration through the building 
structures by means of sound absorbing materials and a springing 
type of construction. To give proper sound insulation to any build 
ing, some standards, by which to judge the sound insulation capacity of 
different materials and construction procedures, are to be fixed. The 
Building Research Station of the United Kingdom lias done some 
work in this connection. The different grades of sound insulation 
are classified by them under the following heads ;

(i) House party wa 11 rjrade : This grade is based on the per­
formance of 20 cm. thick brick party wall. W ith this grade the 
— from a neighbour is reduced to a level which is acceptable to



the majority of the people. A higher degree of insulation than this 
is not possible economically for houses,

(ii) Grade I for fiats : This is the highest insulation under 
practical oonditiona which can be attained in a row oi flats I t  is 
on the basis of the performance of concrete floor construction with a 
floating floor whioh gives the best floor insulation obtainable by 
normal structural methods. Noises from neighbours cause only 
minor disturbances.

(iii) Grade 11 for fiats : With this degree of insulation the
neighbourer’s noiBe is considered to be uncomfortable for living by 
many dwellers while some of the dwellers may not get seriously dis­
turbed.

(iv) Worse than Grade I I  for flats : If the insulation between
flats is lesser by 8 decibels than grade II  the noise from the neigh- 
bourer is often found to be intolerable.

The levels of air-borne and impact sound insulation for 
different frequencies have been worked out. To qualify lor a parti­
cular grading the insulation s h o u l d  not be less than the value eva­
luated for each frequency.

W a l l  c o n s t r u c t i o n s  a r e  r e q u i r e d  t o  meet grade for air-borne
i 1 an(i fl00r constructions for air-borne and impact sound

insulation . A t X d  frequency should b e 'a C t l J . S
of sound a t 5UU cy pv ror ,,rade II  the insulation needed
d e o ib e ls  a n d  a t  t h e  s a m e  fre q iii y  *  M e  fo r  a i l . .b 0 r n e  s o u n d
w o u l d  b e  a b o u t  41  d e c .b e  a t  t h e  a a m e  f r e q u e n o y  a  g iv e n

m a t e r T t o  h e d a s s i D  i n  g r a d e  I  o r  g r a d e  I I  s h o u ld  g iv e  a  s o u n d  

in s u l a t i o n  o f  0 2  a n d  7 3  d e c ib e ls  r e s p e c t iv e ly .

W a l l  I n s u l a t i o n
^ .n u m e r a t io n s  t h e  a c o u s t ic a l  p r o p e r t ie s  o f  

B a s e d  u p o n  t h e s e  o o n a id e r a t i  ,  l t  i t h  in  t h e  fo l lo w in g  
d i f f e r e n t  w a l l  c o n s t r u c t io n s  a r e  b r ie f l y  d e a l t  witn

p a r a g r a p h s  : a e m i .d e t a c h e d  a n d  t e r r a c e d
(! , Party u r t U ,»  ^  ^  ^  „  quite g00(i.

house 2 0  o m . n o  ^  ^  c o n o r e te  o r  o t h e r
( o )  S o l i d  c o n c r e t e  w a  11 . I n ^  ^  ^  h e jg ^  a8  2 0

m a t e r i a l  p la s t e r e d  ? n  i f  o r d in a r y  d e n se  c o n c r e t e  is  UBed t h e
brick wall will be suitable. jpor 0pen textured concrete or
thickness needed is about; • ̂  omitted from any
l i g h t  w e ig h t  c o n c r e t e ,  P ' “ 9* e ™ gf  f i r e . p l a ees , e t c .  s h o u ld  b e  l i n e d

through the p ™ "  
(6 ) 2 5  c m . - i t y  b r ie k  w a U ^ :  lh a “  i t

g a v e  h ig h e r  in s u la t i o n . g u  - ^  2Q  c m  g o M  w a W  T h a  ^ v l t y
d o e s  n o .  l i a v o  .  j  ?  a n ( J  i a l  w a l l  t i e s  3h o u l d  b e

^ r ^ a S b S l a t i o n  v a lu e s  a r e  o b t a in e d .



A r a X T  BOOK O F B U i m W O  C O N ST R U C T IO N  

u8ed w S ’S t a g '

°f : < : ; r ; M f - ^ s s s a .  &
party walls in flats is l e s s ® ioQ for houses will be equally 
houses. Usual types o c constructions may be made in
suitable for A**8- ny ’ j heavy steel frame or R.C.C. frame 
panels within the bays ot lna„|ati'nn grading, provided the con- 
buildings without affecting ■ e _ ^ ^  panej j8 both air-tight and 
nection between the frame material such as copper and felt

» - ’ * • * -  *
not suitable.
F lo o r  I n s n l a t i o n

Grade I  insulations can be got from the type, of construction
listed below : ,

la) Concrete floor with floating concrete screed. 
ib) Concrete floor with a floating wood raft.
(c) Concrete floor wiih suspended ceiling and soft floor finish

or OOV(e™ gConcrete floor wjth 5 om light weight screed and soft

floor finish or covering.
it) Heavy concrete floor with a soft floor finish or covering. 

Grade II  can be attained with a concrete floor having a soit floor 
finish or covering. The essential features of these constructions are 
briefly desoribed below :—

Floating Floors ■ The wood raft floating floors consist simply 
of floor boarding nailed to battens to form a raft, which rests on a 
resilient quilt laid over the structural floor slab. The battens 
must not be fixed to the slab. Plain jointed boards should preferably 
be of tongued and grooved typo and must not be less than 20 mm. in 
thickness. The battens should be about 4 to 5 om. deep and 
not leas than 5 cm. wide. The resilient layer is a very im portant 
feature of the floating floof. Glass wool and mineral wool are subs­
tances which are commonly used and quilts of long fibre type are 
most satisfactory. A nominal quilt of 5 cm. thiokness a t  a density 
of 2 to 3 kg. per cubic metre is adopted. I t  compresses to about 
2 mm. uuder battens of a wood raft floor. Thicker quilts give better 
insulation but allow too much movement of floating floors. The 
quilt should normally be turned up a little against the surrounding 
walls as a means of separating the floating floors from the walls. 
Soft wood is generally used for floating floors in usual buildings. 
If  hard w o o d  ia used special care must be taken on account of the 
moisture changes which will occur later on

Concrete screed floating floors consist of a layer of concrete not 
less than 4 cm. in thickness resting on a resilient quilt laid over 
the structural floor slab and turned up against, the surrounding 
walls a t all the edges. I t is necessary to provide a layer of w ater­
proof paper over the quilt to prevent wet concrete running, through



it. W ire mesh reinforcement may be provided for the floating 
acreed and this is directly laid on tbe water-proof paper. This mesh 
reduces the risk of cracking of the floating floor and protects the 
quilt and the paper from mechanical damage due to the placing of 
concrete. This type of floating floor may not be suitable for bigger 
rooms than about 20 sq. m. area on account of the slight amount of 
curling which occurs at. the corners.

H ard floor finishes do not contribute to the sound insulation 
ol a floor. F l o o r  finishes of any type merely add to the resistance 
of the floor to impact insulation. Thick carpet or under felt will 
give nearly grade I impact insulation. If a concrete floor is heavy 
enough to have an air-borne insulation of grade I and re then fitted 
with carpet a Bound of insulation against all types of sound of grade 
I i .  created. Floor finish of about 5 mm. thick cork, t.le or soft 
rubber may give grade II  impact insulation.

- j s r a s ?  j s s  r  a s
STS
nrovided they do not extend more than z.o cm.
C ;  d o  n o t  m o v e  w h i l e  t h e  f l o a t i n g  J ^ i v e  a  c o n —  
h a u n c h e d  u p  w i t h  m o r t a r  o n  e a c h  s i d e  s o  a s  t o  g . v e

support to the resilient quilt. omnlint of air-
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The sound insulation of wood joist floors is influenced by the 
variation of the amount of direct and indirect sound transm itted 
through the walls. Once the floor has been given enough insulation 
to ensure that the amount of sound transmitted through it is not 
more than th a t going down the walls, then further treatm ent of the 
floor will be of little value for sound insulation unless the amount 
of sound transmitted through the walls can be reduced correspond­
ingly. This can be done by making the walls thicker or making the 
floor heavy enough and stiff to reduce the vibration of the walls. 
Concrete floors can automatically restrain the walls, bu t this is not 
possible with wooden joist floor. Hence while determining the 
insulating capacity of wood joist floor it is neoeesary to give suffi­
cient consideration for the wall system also. For classification as a 
thick wall system, two or more walls below the floor may be a t least 
20 cm. thick, the walls above the floor need not be so thick. Metal 
anchorages connecting floor joists with external walls are sometimes 
employed in order to give lateral support to the walls. The addi­
tional stiffness added to the walls in this way is insufficient to 
give any improvement to sound insulation. An untreated wood joist 
floor is worse for sound insulation than an untreated concrete 
floor.

Basically two types of wo6den joist floors whioh give good 
amount of sound insulation are used. They are shown in Figs. 1074 
and 1075.

FLOAT ING FLO OR OF BOARDS 
ON BATTENS

-P la s te r  ceiLfNG 
Fig*. 1074-1075. Tw o ty p ic a l ty p ee  o f  so u n d  in su la tin g  w ooden joint floor*.

• .  „When 'I ? " 9 ar6 th in ' 8ay about 10 c“ - or lees, most wood
jo,at floor will fal, below grade I I  by about 2 decibels. A ceiling of 
expanded metal and 3-coat plaster loaded directly with a plugging of 
5 cm. of dry sand supported bv the ceiling and properly construct- 

1 to be satisfactory. When the walls are thick it is



possible to use lighter form of wood joist construction Th* 
mg can rod need. The ceiling L p p o r ^ g  “t  fan J o f  p f e  
board with a single coat of plaster finish.

elate T floaJ;,nS f 00r« hl fche case of wooden types of flooring con- 
nnilf ^ V ’*l,cd [° battens to form a raft which rests on a res ihenfc quilt draped over the joists. The raft most not be nailed 

to the  joists a t any point and it must be isolated from the surround­
ing walls either by turning up the resilient quilt a t the edges or by 
leaving a gap round the edges to be covered by skirting. The floor 
boards should not be leas than 20 mm. thick and are preferably 
tongued and grooved. One method of construction for the raft is to 
place the battens on the quilt along the top of each joist and to nail 
the battens in the normal way. The other method is to pre-fabricate 
the raft in separate panels. The battens across the panels are 
positioned so that they are in-between the joists when the panels 
are actually laid on the joist. The battens also project a few cm. 
beyond the sides of the panels in order that the panels can be 
screwed together to form a complete raft. As tho flooring is not 
nailed to the joists special care must be taken to level up the joiats 
which carry the floating floor.

Glass wool and mineral wool quilts are preferred for wooden 
floors. The', should have a nominal thickness of 25 cm. with a 
density of about 20 to 30 kg. /cu. m giving a weight of about 2 kg. 
per sq. m exclusive of the paper covering. I t is a good practice to 
turn up the quilt around the edges against the walls.
Recommendations for sound insulation in Residential 
Buildings

The main sources of outdoor noise in residential areas are traffic 
(aeroplane, railways, roadways), children playing, hawkers, services 
deliveries, road repairs, blaring loudspeakers and various types of 
moving machinery in the neighbourhood and building operations.

As far as indoor noises are concerned, conversation of the 
occupants, footsteps, banging of doors, shifting of the furniture, 
operation of tho cistern and water-closets, playing of radios, gramo­
phones, etc., contribute most of the noise emanating from an adjacent 
room or an adjacent building. Noise conditions vary from time to 
time and noise which may not be objectionable during the day may 
assume annoying proportions in the silence of the night when quiet 
conditions are essential.

In the case of flats the main sources of noise are from other flats 
and from stairs and access balconies The most troublesome noise 
ia from the flat above and where floor insulation is not sufficient, 
plumbing noise is another main cause. In semi-detached buildings, 
outdoor noises from streets are noticed more than indoor noises from 
neighbours.

The most desirable methods ia to locate the residential buildings 
in ft quiet area away from tho noisy sources like the industrial areas, 
rail tracks, aerodrmnea, roads carrying heavy traffic, et.o.



-i *UoHnn the maximum amount of plant* 
To minimize ground refleet jded around dwellings and the 

ing and grassed »« » “ *hou'f  ^ £ ng. This applies particularly to 
minimum amount of bart maintenanoe reasons a large amount 
high density areas, *  '  Should be broken up by areas of plant-

i t W S r '  ^ r d p8Ted courtB 9houldb6a| rbetween adjacent tall buildings.
Roads within a  r f  i d e n t i a l  a « a  s h o u ld ^ k e p t  to “

both in width and length, an s sea ftnd squares from which
speeding. Preoinctual d wjnVreativ help to reduce noise.vSieular traffic is altogether excludedI will greatij P
Through roads should be the same

s t ^ t b ^ i n  the siting of b.oeks as with railway.

Piav areas for older children should be sited as far away from

S i T t K  bere p tc e d  t m e «  adjacent to 
^rv ice entries! play^ spaces^ or to L y  entrances where children may 
tend to congregate.

The orientation of buildings in a locality should be 
such a way ns to reduce the noise disturbance from neighbourhood 
areas The non-oritical areas, such as corridors, kitchens, hat brooms 
elevators and service spaces may be located on tho noisy alde 
the critical areas, such as bedrooms and living space on the quiet 
side.

Windows and doors B h o u ld  be kept away from the noisy aide 
of the building aa given below where possible :

(a) When windows of a building particularly those of bodrooms 
in apartments or flats, face roads carrying heavy traffic or other 
noises of the order of 80 to 90 dB (A) (measured a t a  distance of 
about 3 m from the source of noise) the building should be located 
a t a distance of about 30 m from the road, but a distance of 45 m 
or more, where possible should be aimed at for greater relief from
noise.

(6) When the windows are a t  right angle* to the direotion of 
the above type of noise, the d i s tw . : fro:* ».fce road should be arrang­
ed to be about 15 m to 25 m, and

(c) In  case another building boundary wall or trees and plan­
tations intervene between th© road traffic and the house/flat futher 
noise reduction is achieved ar.d easf-s the above distances may
be reduced suitably.

I t  is desirable tha t rooms adjoining party  walls and above or 
below party floors should be of nimilar use. By this means, bedrooms 
are not exposed to noise from ad joining living rooms, and there is 
less risk of disturbance of uleep. In semi-detached houses, the 
staircase, hall and kitchen should adjoin each other on each side of 
the party wall, thus providing a sound baffle between rooms requir­
ing quiet conditions. Open fire places on party  walls should be



avoided as far as possible. Bedrooms should not be planned along side 
acess balconies and preferably not underneath them. Where the 
approach is by an internal corridor a sound baffle may usefully be 
provided by arranging internal passages and bathrooms between the 
corridor and the living room or bedrooms Water closets should not 
bo planned over living rooms and bedrooms, whether within the same 
dwelling or over other dwellings. Night soil pipes should not be 
carried in ducts which adjoin living rooms or bedrooms unless the 
side of the duct next to these rooms is a solid wall containing no 
inspection openings. Refuse chutea should not be planned next to 
living rooms or bed-rooms.

Suppression of noise at the source itself : All items of equipment 
tha t are potentially noisy should be selected with care. Water-closet 
oisterns should not be fixed on partitions next to bed rooms or living 
rooms. All ball valves should be fitted with silencer pipes. Lift 
motors should be mounted on resilient supports. Access doors from 
machine rooms to internal staircases should be well fitted and of 
solid construction.

Refuse chute hoppers should be fitted with effective sound- 
deadening gaskets and refuse chute containers if made of metal 
should have sound-deadening linings. Refuse chute linings should 
be solidly embedded in heavy non-resonant material.

T A B L E  • SOUND IN SU L A T IO N  B E T W E E N  IN D IV ID U A L  
ROOMS (A IR -B O RN E)

SI.
So . Situation Overall In su la tio n  in  dB

(1 ) (2)
(3)

1 . B etw een  th e  liv ing  ro o m  in  one house 
or f la t a n d  tb e  liv ing  room  a n d  
bedroom s in a n o th e r

60

2 . E lsew here b e tw e en  houses or flats
40

3. B etw een  one room  an d  a n o th e r  in  th e  
rtame house or flat

SO

b.  „  _

N ote : 2. T h ere  e re  c a . . .  w hen a  
t o  th e  p e o p le w h o  f  0° “  »BuohP r00m  in  eaoh of th e  h o m e , o r f la t , 
S h  » m  p r t X a ° n f in“ U.1aU o„ of a b o u t 45 dB  in  t h a t  ro o n ,

N o te :  3. T h e in .u t . t i o n  v a lu e ,  re fe r re d  to  a re  ap p lica b le  w ith  d o o r , 

an d  w indow s sh u t.



1. W h a t ia m ea n t by  th e  te rm  ‘ac o u stic 1 ? B riefly  dM oribe m  to  how  
defects are  created  in a  room  from  acoustica l po in t o f view.

2. H ow  is th e  acoustics correc ted  in an  a u d ito riu m  7
W hat is th e  op tim um  t im e  o f re v erb e ra tio n  fo r a  pub lio  le c tu re

hall T
3 . W h a t is m e a n t b y  'sound  in su la tio n ’ T

H ow  i'b th e  sound tra n s m itte d  from  a  room  T
4. D escribe th e  various ty p e s  o f floor c o n stru c tio n s  w h ich  a r e  sound  

proof. W h a t step s  are  ta k e n  to m ak e  th e  wood jo is t  floor eound  in su la te d  ?

5. W rite  sh o rt no tes  on :
(i) A coustica l tre a tm e n t  o f a  cjaps room .

(*») Sound absorb ing  m ate ria ls .
6. G ive th e  recom m endations fo r sound  in su la tio n  in a re s id e n tia l  

building,
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S H O R IN G

Shoring is used to prevent a structure which has become 
damaged due to foundation settlements or other causes which may 
make the structure to fall and collapse finally. I t  is also used to  
give temporary supports to a structure which is undergoing alte ra ­
tions or where alterations of adjacent foundations are being carried 
out. This type of support may be given externally or in ternally  
and in certain cases shores may be placed from both sideB of the  wall 
to produce additional stability.

Temporary shores are generally made of timber but for heavier 
loads steel beams or suitably braced sections are adopted. A shore 
may also be made of concrete or masonry. Timber shores suffer 
from the usual defect of shrinkage on account of the changes in 
weather. They are, therefore, to be attended to regularly.

Walls when supported by shores may be considered to be acted 
upon by the vertical and horizontal forces and also inclined th rust of 
floors, roofs, etc. To maintain equilibrium the overturning forces 
must bq resisted by the supporting shores. Therefore i t  is essential 
th a t tho lines of aotion of tho overturning forces in floors and roofs, 
the forces in walls and the reaction of the shores must meet a t one 
point.

The type of shores based on their supporting characteristics 
are usually classified as raking shores, horizontal or flying shores, 
dead or vertical shores.

R a k i n g  s h o r e s

These consist of timbsr pieces, placed in an inclined position 
with one end resting against a defective wall and the other supported 
on the ground, may be on suitable sole plates so as to d istribute the 
pressure on the soil. An inclined tim ber shore can be used for



considerable height of wall and
are used. Far greater heights a d d . t .o n a l  supportB ar g ̂  ^  ^  

heavieHoads aTt™ “ .u ^ o rU d , the bracing preventing the timbers 
from buckling.

Walls which are likely to bulge or crack, vertical timber plates 
and a series of two or more shores may b e  required m such cases. 
Similarly, for additional strength along the length of the wall, hor'z»n ' 
Z T  timber members are placed a t the head of the » h o ™ s .  S t e e l  
sections may be used alternately if greater pressures exist When a 
large area of wall is cracked or l i k e l y  t o  crack both vertically and 
horizontally, the. shoring system should be provided with both hori­
zontal and vertical wall piates. These consist of pieces of timber 
inclined at suitable angles. For practical purposes these angles 
vary from 60° to 75°. These shores are fixed in systems having one 
or more timbers placed in the same vertical plane but a t different 
angles to support the entire height of the wall. The horizontal 
distance is not generally greater than 2.5 m. but they may be placed 
at the piers whioh support the wall. A wall plate consisting of a
5 to 7 om. plank is placed against the wall to receive the ends of 
the shores. This is fixed with wrought iron wall hooks driven into 
the joints of the masonry a t the back. One piece wall plate should 
be preferred. Wooden needles with cleats housed into the wall plate 
are used, as a support for the top end of the raking wooden shore. 
This end of the raking shore should normally be placed where there

riORlZONTAL- 
WALL P L A T E

Fip. 1076. A Bimple rak ing  
shore.

t i m b e r  b l o c k  
b e  t a k e n  d e e p e r

F ig . 1077. R a k in g  sh o re  fo r a 
d e fec tiv e  w all.
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is some resisting member such as a floor or a roof a t the back of the

SOlV p u ATe V tO 7 Cms PLANKS

F ig .  1078. .............—

wall The shore should be Dotohed so as to prevent its lateral 
movement. The foot of the shore 
rests on a sole plate embedded 
into tho ground in an inclined 
position. This sole plate consists 
of thick wooden planks and ifsnot 
inclined exactly a t  ngh t a n g le s*

Z t r Z  X  the perpendicular,

S t s  t o °  t o t X i ' t e  t h e  p r e =  
e v e n l v  T h e  s h o r e s  a r e  t i g h t e n e d
w , U ,  a ' c r o w b a r  i n s e r t e d  . n  t h . f i *

of tho f hor0 . Yhe[ S c e  as the
S t a t f o n . T a u s e d  t h e r e b y ^ m i g W h e

t h T s " '  placed in p o t io n  i t i s  
feed  firmly with iron dogs.

A get o f rak ing  shores to  ta k e  lieav ior loads.

c f i l £

Figa. 1079-1080. D e ta il a t  th e  
h e a d  o f  a  ra k in g  shore .

\ used in one plane, wooden boards are
nailed^o the^stdes of the shores . .  intervals. They may also be nailed



to tit* wall plate. The bottom portion of the shores may be con­
nected with hoop iron. Where excessive settlements are anticipated, 
permanent cleats may be left so as to permit jacking operations.

Occasionally balanced shores may be used for supporting walls 
from both sides. For example, in case of a retaining wall which

ia unstable on account, of 
the earth backing being re­
moved, a permanent and re­
inforced concrete shore to a 
retaining wall may consist 
of an R.C.C. frame made in 
the shape of a right-angled 
triangle. I t  has got a tie 
which prevents the shore 
from bending back.

For adequate support 
to a wall in the case of 
permanent shores, effeotive 
measures have to be taken 
to ensure a proper d istri­
bution of load. W hen the 
bearing pressure is reason­
ably high, mass or reinforced 

concrete foundations can be used. For low bearing capacities cast-in 
situ piles are used.
H o r i z o n t a l  s h o r e s

These are also called flying shores and are used to temporarily

Fig. 1081. R.C.C. fram ed  shore.



support two parallel walls. Generally, the maximum distance which 
can be supported with the aid of flying shores is considered to be 
10 m. Such type of shoring work is used in residential areas where 
out of a number of houses, one house has to be removed.

F ig . 1084. F ly ing  shoring betw een tw o a d ja cen t walla.

Horizontal timbers are placed or steel joints are placed running 
over horizontal members which are duly supported on v e rb a l

■ .W i n n  of a  bu ild ing  wall from  I 
f i g .  1086. F ly ing  E n d i n g  corbel.

x a d ja c e n t o ld



wall plates on the two plate, in a manner similar to irakj «m  sb £  
Horizonte! timber shore is placed on needles 
the wall plates. This horizontal 
shore is tightened with wedges 
on one side. Inclined struts are 
added for additional strength.
The foot of these struts is 
stopped against a horizontal 
straining piece, the other foot 
being fixed to the wall plates.
For bigger building two or more 
flying shores maj' be used which 
are suitably braced with each 
other.
D e a d  o r  v e r t i c a l  s h o r e s

These shores are placed 
vertically and are used for 
temporarily supporting walls, 
the lower parts of which are to 
be removed for repairs or other­
wise the whole load of the roofs, etc., is supported by these shores. 
Wooden needles consisting of thick sections are used to transfer 
the load from the walls. They are first inserted into small wall 
opening which is made just sufficient for size. Horizontal beams 
are laid along the floors to support the dead shores, the load is 
evenly distributed on the base. The dead shores are introduced 
and wedged tightly in-between the beams and the needles. Before 
removing the desired portions from the walls the usual walls are 
supported with props, so that no damage is created. Similarly the 
wjndows or other openings are duly strutted.

U N D E R P IN N IN G

This is the method of supporting structures while providing 
new foundations or carrying out repairs and alterations w ithout 
affecting the stability of the existing structures. No damage to 

.surrounding buildings can be tolerated. I t  has also to be ensured 
that no obstruction is oreated to the passage of people or vehicles 
in the adjoining areas.

Generally underpinning ia carried out by excavating slowly 
n steps and supporting the structure thus opened with the aid of 
jeedle beams. An example of under-pinning for replacing the 
ootmg of the  wall and constructing the same a t a deeper depth is 
hown m Figs. 1087-90. In the first place, suitable holes are driven 
■h rough the walls.for engaging needle beams. One end of the needle 

,m 18 supported on a small concrete block and on the other side



major portion of i t  is left without support while a small concrete 
block supports the needle pin just near the wall on that side. In 
the second stage, excavation is started below the unsupported end 

f th e  needle beam. Once the excavation is suitably supported 
with the  aid of side timber ring and carried down to the required 
Honth the  unsupported end of the needle beam is supported on the 
vertical post supported on a concrete base. In this manner the 

norete block gets relieved of any load. The excavation trench »  
widened further and the soil below the wall footing is also removed. 
Tho additional offsets of the old footing are c u t  and thereafter 
fh8 new footing is constructed at t h e  required depth This procMS 
is repeated in small stretches so as to complete the des.red length

° f th<!A nother method of underpinning is depicted in Figs. 

needle beams and a fulcrum b ;o P ti t he walls. After

s s  5 -  “  z  — ,«- «  •» — d and
rCPai There are many other methods of underpinning depending on

V r * G E ( 3 )  % T»G E (•*>

f  w orking w hile u a d . r p m n m g a w . l t  fo r 

F ig ,. 1037-1090. S ta *McJ t i„ g a  now

STkGEtD SIDE



the type of structure to be supported and tho circumstances within 
which it lies. Underpinning of columns may bo carried out by 
erecting four small grillage footings on its sides and spanning the 
beams oyer these footings. The load of the main column which is 
to be underpinned is transferred to these beams through strong jacks 
and the column footing can be repaired.

SCAFFOLDING 
These are temporary erections constructed to support a number 

of platforms a t  diffurent heights raised for the convenience of workers 
b o  a s  t o  enable them to work easily and raise the needed materials. 
Generally scaffolds are classified into two types, namely, bricklayer's 
and mason's They are constructed of timber either sawn or in 
circular sections. In India Sal “Bailies” (round poles of 10 to 15 
cm. diameter) are abundantly used. For im portant and large works 
steel tubular scaffolds are used.

The bricklayer's scaffold consists of a number uprights called 
standards and usually placed a t not more than 2.5 m. centres. They 
may be circular in seotion of about 12 to 15 cm. average diam eter. 
These rest on hardwood planks with wedges, on stone slabs laid on 
rammed ground, or in a drum containing rammed earth. For ade­
quate stability they may be driven a few metre into the ground. H ori­
zontally placed poles called ledgers are lashed to these standards and 
spaced at a vertical distance of 1.5 to 2 m. apart. Such frames o f 
standards and ledgers are placed a t about 1.5 m. away from the 
building face. They are connected to the building with putlogs, 
which bear on the wall, and are laid as the la tte r is built a t  one end 
and the ledgers a t the other end. They may be of square or round 
sections. The planks of about 4 cm. thickness are used as a platform

for workmen. At the edges 
of the staging guard boards 
are fixed duly nailed to  the 
standards. While building 
the scaffolds special care has 
to be taken on connecting 
the various units with each 
other with the aid of suitable 
ropes. To give additional 
strength, a pair of diagonal 
braces are fixed with the 
standards.

Mason’s scaffolds aro 
to be made stronger in cons­
truction. Placing of putlogs 
into the wall is not possible 
in the case of ashlar work. 
Hence a double set of stand­
ards and ledgers is erected 
one being near the wall and 
the other a t a distance of 

■Mgs. 1091-1092 Supporting a wall about 1.5 metre from it
With o«nfci]Gvered neod le  boam. The putlogs rest both ends



on these sets. The remaining construct ion is similar to a bricklayer’s 
scaffold.

S t e e l  c e n t e r i n g  a n d  s c a f f o ld in g  : Tubular steel scaffolding
ia being extensively used in place of timber scaffolding for temporary 
staging and also for posts and bracings as centering to support heavier 
loads. The advantages are :

(1) Adaptability : Tubes of one size and three or four standard 
fittings can be used to support vertical loads of all types.

(2) Availability : Large stocks of steel centering can be had
easily while it may be difficult to procure timber in large stocks.

(3) Simplicity : This type of centering is very simple as only
a few shapes and sizes have to be dealt with.

% 3
F ig .. 1093.109*. D e ta il,  o f Im o k la y .r - .  scaffo ld ing .



4 ) ln u , .* 3»tubilit!) : Scaffold tubes can both be used for
making s $c&fifolding or formwork.

i5\ Sa*« of erection : The methods of erection are standardized 
*nd e ^ ie r  m o tion  is possible as no tedious cutting or lengthening ,s 
ru’cessaty as is the case with timber.

t6) Scrap m lm  : Their scrap value is high as they do not get
damaged while fixing or dismantling.

(7) Strength : Their strength is constant while th a t of timber
varies on account of the flaws, etc.

(8) Resistance to fire : They are not liable to damage by tire.
Diitadvaiitages are : —
(1) Initial cost : They need a lot of investment.
{2} Fittings ■. The fittings may get lost as they are small in

size and they are difficult to be replaced later on.
(3) Connections with timber : I t  is difficult to a ttach  tim ber

members with steel tubes economically and hence they are left 
supported on the centering without any rigid connection.

{4) SkiUed labour : To fix a tubular centering, it is essential to 
employ very skilled labour which is always not possible.



(5) Painting : These tubes have to be painted periodically to 
keep them free from corrosion.

The usual methods of constructing timber forms should be 
modified when tubular supports are to be used as the loads must be 
carried near the couplers to avoid bending and deflection in the hori- 
zontal tubes since the uprights are a t greater distances apart and do 
not take load concentrically. A typical typo of centering tor 
supporting beam and slab formwork is shown in Fig. 1095.

There are several other arrangements possible.
Some method of adjusting form heights is always required as it 

is not easy to wedge up the timber formwork resting on the tubular
centering. S u i t a b l e  screwed adjusting, couplings are used and they
work on the principles of jacks.

E A R T H Q U A K E  R E S IS T IN G  B U IL D IN G S

E a r t h q u a k e s  c o n s i s t  o f  a  s e t  o f  w a v e s  o r i g i n a t i n g  f r o m  t k e  

c e n t r e  o f  d i s t u r b a n c e  a n d  c a u s i n g  h o r i z o n t a l  a n d  v e r t i c a l  g r o u m d  
m o v e m e n t s  o r  v i b r a t i o n s .  T h e  m o v e m e n t s  a r e  c o m p l i c a t e d  d u e  to

l PgT i^

r r r r s r , ; :  s r i : :  T s J i  w -

T h e  h o r i z o n t a l  a c c e l e r a t i o n  i s  

g r a v i t a t i o n a l  a c c e l e r a t i o n  a n d  i s  c r e a t c s  d a m a g i n g  f o r c e s .

L i e .  A c c e l e r a t i o n  . f  e ^ r “ t b / C "  o 2 l  e a r t h  m o t i o n .
The mostdestructive forces are cau y gets moved slightly,
When the underneath surface of a bu.wmjMS ^  because
the building tends to rema hor;.2ontal movement varies
of its inertia. The accelerati measuring the intensity
and its maximum value is o y P f the hoti7,0ntal earth

same magnitude acting on e direction but the movements
The earthquake may J mponents one acting along the

can generally be j ' '  the other perpendicular to it.
main axis of the building withstand horizontal seismic

As stated earlier a building i s ^ d^  obtain the horizontal
a c c e l e r a t i o n  a t any p l a n e .  w e i o h t  above tbe plane

F ' , r  T s r w s s  s  /■ “ f i r .  r j s

q u a k e s  i s  a b o u t  1 1 0  -



R.C.C. buildings varies from 3 to -6 seconds for buildings vpto 
30 m. in height ; for greater heights the vibration may be similar

In te n s i t ie s  o f  a c c e le ra tio n  d u e  to  e a r th q u a k e *

Roaai-Forrel
acale

Horizontal
acceleration

Remarks

1

}_»»— ,

0  000:. g. A lm ost im p ercep tib le , be ing  fe lt on ly  by  an  ex ­
perienced  observer.

2 0 0001 g F eeb le , being  fe lt  by a  sm all n u m b e r o f  persona 
a t  re s t.

3 0-0026 g. V ery sligh t, being  fe lt by  sev era l p ersons a t  re s t.

4 0-001 g. S ligh t, be in g  fe lt by  sev era l perso n s in m otion  
an d  re su ltin g  d is tr ib u ta n c e  o f  m ovab le  o b jec ts , 
doors, w indow s, e tc .

5 0  01 g. W eak , b e in g  fe lt g en e ra lly  b y  ev e ry o n e  a n d  
re su ltin g  in  d is tu rb a n c e  o f  fu r n itu re ,  e tc .

6 0-0126 g. M o d erate , re su ltin g  in g en e ra l aw ak en in g  o f  th o se  
as leep  a n d  d is tu rb a n c e  o f  t r e e s  a n d  sh ru b s .

7 •025 g. S tro n g , re su ltin g  in  fall o f p la s te r , n o  serious 
d am a g e  to  bu ild ings b u t  g e n e ra l p a n ic .

8 0-06  g. V ery  s tro n g , re su ltin g  in crack s in w alls o f  b u ild ­
ings, fa ll o f ch im neys.

9 1 g. S evere , re su ltin g  in som e b u ild in g s b e in g  p a r tia lly  
o r w holly d estro y e d .

10 3 g. V io len t, d e s tru c tiv e  re su ltin g  in  d isa s te rs , l a n d ­
slides, c rack s in  g ro u n d , H e.

to those of earthquakes. This means th a t resonance is likely to 
occur in buildings which are higher than 30 in. and greater heights 
should, therefore, be avoided.

India has been divided into three zones : Zone I comprises 
those areas in which minor damages are caused to the structures in 
the event of an earthquake ; zone II  comprises those areas in which 
moderate but appreciable damages are caused ; and zone III com­
prises those areas in which severe damages aro caused. For the 
purpose of design the acceleration in the three zones is given below :

Seism ic zone Roaai-Forrel acale Horizontal acceleration

I 1 to  5 0-0005 g to  0-01 g
I I 8 0 05 y

I I I 9 0 1 g



The magnitude of tho horizontal force is obtained by multiplying 
the mass of the equivalent dead load by the seismic acceleration 
enumerated above for the different zones.

i s s r - s
fao to r^ i ^ - t o  allow for increase in flexibility with the

" “ b o m b e r  of storeys. is t h e  number of s to re ,
above t h e  one under consideration.) _

For parapets and cantilever For chimneys
walla the seismic coefficient may#b 20%S. Tall
projecting above the roof its va J  monolithic with each other

horizontal forces. fee ^  within
The overtaking m o m o n to fb u aam g

50 per cent of its moment of stability.

G e n e r a l  r e c o m m e n d a t i o n s building both in planI t  is necessary to aim at symmetry be divided into

weakness during an earthquake. should be avoided
Additions and alterations t o t h e j ^  be treated ,n different 

I f  they are necosaary, main structure.
manner and separate Tfae structure should

All oorncrs should Pr® ®ia ,jhe centre of 8ravl^ ^ J  gboS d be 
b* 0t t "  i n n f "  a T V - b l e • g °“S  directions.
Straight °a" c\ ef  °{U*eak“  sfshouW be avoided by staggering openings 

?nhrthego p p o ^ waUa- 8hould be avoided. Whenever

d - th68truotureBO

S S g -  hand. No wooden



--.iiw“-jf ijf5 ,Frr.;u?l,"S 
j a r  * -  ■ ,l" “ "

i t. i thfi design should be such th a t the
For framed buildings, - possible. Wall panels in

structure can bo aDalJ.se ta^ asonrv concrete or any other type 
such b u ild in g s  may consist °J J orcem8nli ahould be calculated
of material. Tor R.C.G. should be adequately tied to the
to meet the stresses. I a ■ hollow conorete block or
frame at the pomts of support. W h .m l> 0 ^  ^  ^
brick masonry is adopted I course for panols mforced with two 5 mm a t , every s .x tn ^  ^
external walls and a t eve j  ^  ^  ^  reinforcernentl should be
for spans upto 4 m. g t ' . th wan reinforcement
placed after fewer courses^ At o p e n in g ^  r f  ^  ^
must be kept within and sho„ |d have s tirrups through-
beams must longitudinal reinforcement ahould not
be 1 ess°tban 0-7% at the top and <17% a t the bottom. The slender^ 
ness ratio of the K.C.C. columns should not b" greater han 16 T he
main longitudinal reinforcement should not be less than 1 -5  /0 ot 
the effective area Columns should have binders throughout their 
L ngth  Reinforcement a t the junction of the beams and columns
must be suitably anchored.

T r e a t m e n t  o f  f o u n d a t i o n s

As far as the foundations are concerned, two things have to 
be taken into consideration :

(1) The effects of the soil properties on the earthquake ground 
motion.

(2) T h e  e f f e c t  of the earthquake on the structure of soil and 
consequently on the structure which stands on it. Earthquakes 
involve displacements and accelerations which pass from a harder 
medium to a softer one Consequently the shaking of structure 
resting on alluvial soils is more than those which are founded on 
rock. The elastic deformation of the given soil affects the period 
of vibration and reduces the earthquake stresses induced in a 
structure. Generally structures erected on alluvial aoil need special 
attention. Effects of earthquake on firm soils are negligible. Loose 
soil deposits or soils whioh are heavily charged with water may be 
consolidated by the vibrations set up by an earthquake.

In the case of firm soils, the increase of footing pressure on the 
soil lasts momentarily as the vibration of the structure will be over 
compreesing the soil only for half of the period of vibration a t 
a time. This temporary over-pressing in not as effective as the 
consistent overstress due to static loads. Hence it may not be 
necessary to reduce the bearing capacity of soil in all cases. But 
the general practice is to reduce the soil pressure in different types 
of seismic areas.



The foundations should be in one horizontal plane and stepping 
should not be permitted They may b e  o f  isolated, continuous or 
raft type and must be designed to resist in every direction t e 
moments set up in walls or columns and further to take up moments 
due to the earthquake effects. Isolated foundations should be inter­
connected or tied a t least in two directions to form a  complete 
foundation frame. Each connecting member should be capable of 
resisting direct compression or tension. Solid concrete raft, where 
provided shall bo cast integrally with ribs and beams.

FIR E PROTECTION

Protection of a building against fire can be attained by the 
use of the materials and construction techniques which aim a t giving 
adequate resistance to the spread of fire within the building throug 
its external walls. Tbe building components should be structurally 
stable for a reasonable amount of time so th a t the occupants can 
leave within a reasonable time. In  the planning of the bull rag 
also care should be taken that sufficient appliances are available to 
the occupants so that they can leave the building safely and quickly.

The characteristics of a typical fireresUting material would 
be that it should not get disintegrated under greater heat ; the 
expansion of this material should not be excessive so u  to damage 
the structure: and its contraction on a c c o u n t  of sudden cooling 
from a hot state should not be so rapid as to break it into pieces. 
None of the materials has got all of th e s e  qualities but many of 
them can resist the action of firo for a considerable amount of time. 
Stone is a bad material in this respect as it cannot resist sudden 
cooling. Once it becomes hot and is cooled, it breaks into pieces. 
Granite when subjected to excessive heat crumbles to sand or cracks 
a n d  falls to pieces with a series of small explosions. Lime stones 
get calcined and turn  into quick lime. Sand stones resist fire 
better but also disintegrate after some time. Ericks are 
fireproof and fire-bricks from their refractory character » « .th e  
best Terra-cotta is better for fire-resisting qualities than bricks
but is very costly. Th is m aterial is how ever used in the construc­
tion of fire-resisting floors. Cast iron breaks into fragments if 
contracted suddenly and hence is not a suitable material from fire 
resistin'' considerations. Wrought iron and steel try  to get twisted 
due to" softening of material and the consequent reduction in 
resistance to the effects of tension and compression^ At .about 
6 0 0  degrees centigrade yield stress is reduced to one-third than 
a t normal temperature. I t  also expands considerably and hence 
allowance should be made for these movements.

Timber is a combustible material but 011 exposure to fire it gets 
. ,, Thi,  charring gives a protective coating to inner portions

tim ber wid presents it from rapid combustion At higher 
temperature volatile gases got created which finally catch fire Tim­
ber can be made fire-resistant by using thicker sections instead of 
em nlovhiga number of smaller sections. A number of corners and 
the area of exposed surface should be reduced as much as poss^le.



Timber should also be not treated with oil paints which are liable to 
catch fire.

such adequate cover should be given to the steel.
Asbestos cement materials alth6ugh are not combustible craok 

explosively when they get heated in a building fire, hence such 
materials have not adequate resistance to fire. Plaster boards and 
some boards incorporating asbestos fibre, can be used in assisting 
the required degree of fire resistance for steel work or improving the 
fire resistance of timber floors or other materials. According to the 
British standard specification materials used for lining of walls and 
ceilings can be classified by the “surface spread of flame” test. This 
test measures the rate of spread of flame and classifies the materials 
into the various classes.

D evelopm ent o f fire  : Once some material gets ignited the 
fire tries to spread and if there are openings in the walls and floors the 
fire can spread to other parts of the building. Even though there  
may be no opening the fire can increase the tem perature of the 
structure itself and transm it sufficient heat so as to ignite the m aterial 
on the other side. A fire in a building creates a strong draught. 
Staircases and lift shafts try  to act as flues which increase the spread 
of fire. Before the fire gets transm itted to another enclosure poison' 
ous gases may pass ahead of it and thereby endanger the lives of the 
occupants there.

The more the material present in an enclosure for burning, the 
longer and hotter will be the fire. The amount of material is called 
fire load and is more clearly defined as the number of Kilo-Calories 
that could be liberated per square metre of floor area by the combus­
tion of any building or its any part. I t  is determined by m ultiply­
ing the weights of all combustible materials by their calorific values 
and dividing by the floor area under consideration. For some of the 
materials the calorific values are given below ;_

Material Calorific value 
K ilo  Calorics/kg.

T im b er
P a p e r
S traw
B itu m en
Oil

46500
38900
33400
89500
94600 to  111100 
94500R u b b e r



, .. ^ * a9 8 If i c a t i o n  o f  b u i ld i n g s  f o r  f i r e  r e s i s t a n c e .  To classify 
ui dings based on their fire resistance qualities various codes have 

been developed in foreign countries—standard fire tests are developed 
lor determining the resistance qualities. This test consists of exposing 
samples of materials to  fires of standard intensities and the perform­
ance of materials is tested by noting the period of resistance to 
standard exposures before a critical point in behaviour is observed. 
This period is expressed in hours.

According to the National Board of Fire Under-writers of tho 
United States, buildings are classified as under : —

(а) Fire-proof Construction This type of building lias 
masonry or reinforced concrete members built in such a manner that 
a four-hour rating is available for bearing walls, party walls, isolated 
piers and columns ; a three-hour rating is available for beams, floors, 
roofs, and a two-hour rating for partitions.

(б) Semi-fire proof Construction :—This is similar to above 
type except th a t bearing walls, isolated piers and main girders 
which support walls have got a three-hour resistance. The exposed 
beams, floors, etc., may have two hour rating.

(c) Heavy timber Construction :—The walls in this case are of 
masonry or ooncrete whereas internal structural members consist of 
heavy timbers and if some structural members of Bteel or R  .C. C. are 
used, a three-liour resistance is available.

(d) Ordinary Construction In this the exterior walla are of 
masonry or R. C. C. and the interior structural members are partia l­
ly or wholly of wood of smaller sections. They may also be of iron 
or steel whioh is not specially treated against fire.

(e) Frame Construction In this type of construction the 
exterior walls consist of timber. They may also partially consist of 
masonry and timber combined.

Another way of assessing fire-resistance is by comparing the 
effects under the fires caused by known fire-loads with the effects of 
various periods of the standard tests. From this the fire-uesistance 
periods required in structural elements for satisfactory elements can 
be determined. Some values of the period of fire test equivalent with 
respect to the fire-load are given in the table below :

Fire load 
Kilo-Caloritajsq. m.

Period of fire test giving 
equivalent fire (k)

U p to  271,250 1

271250— 642.500 2

542,500— 108,500,0 3

m ore th a n  108,500,0 m o re  than 4



This means that any structural member having a fire-resistance
f wfll withstand without failure the effect of hre caused byof one houe will effoct5 Qf the hre belng

extinguished earlier bt^ore the structure is exposed to the. full effects 
of the fire-load have to be considered while evaluating the  flre- 
resistanceof a building. In United Kingdom, the building regulations 
™ke into account the effect of fire fighting by allowing a lower fire 
resistance than that based on the fire load relation on the assumption 
that smaller and lower buildings can easily be extinguished when on 
fire by fire fighting : The fire-resistance of structural elements, the 
main function of which is to protcct means of escape, is based on con­
siderations of fire-load since the protection is needed for shorter 
periods. For such cases a firc-resistanoe of one hour or so may be 
sufficient, but if in a building a staircase is to bo used as a meano ol 
access by’fire-men, a higher degree of fire-resistance is essential.

F i re - p ro o f in g  o f  w a l l s

The fire resistance of solid wall of brickwork or concrete 
increases with thickness. Walls of light weight concrete have got 
higher fire resistance than those made of dense concrete. Plastering 
slightly improves fire resistance provided it has a good bond with 
the wall backing. Plasters based on vermiculite give considerable 
resistance.

Fire-Reexstive Materials

Cm. Required fo r  
Rating

4 hr*. hrs. 2 hrs. 1  hr.

B rick, b u rn t  clay o r shale H 6 6

Hollow or so lid  cin d e r-c o n cre te  b lock  a n d  (ilo 
having  a com pressive s tre n g th  o f a t  le a s t  48 
k g ./cm .2 o f gross a re a 6 5 6 4

Solid gypsum  block  (to  o b ta in  4 lire, r a tin g  m u s t be 
p la s te re d  w ith  10  m m . o f gy p su m  p la s te r ) 6 5 4 2 *

G ypsum  poured  in  p lace  a n d  re in fo rced 6 4 4 2J

Hollow o r solid b u rn t  c la y  tile  o r c o m b in a tio n s  of 
tile  an d  concrete 6 6 5 4

M etal la th  a n d  gypsum  p las te r 6 6 4 2

C em ent co n c re te  good q u a lity 5 5 4 24

C em ent concre te  poor q u a lity 10 7 5 4

C em ent concre te , poor q u a li ty  w ith  w ire m esh 7 5 6 4

Hollow gypsum  block ( to  o b ta in  4 h r. r a tin g  m u s t
be p las te red  w ith  10  m m , o f g ypsum  p las te r ) I V 7 7 7



: SeParatlng walls between buildings proteot the adjacent build-
ngs from hazards A wall 20 cm. thick gives a fire resistance that 
b nonna y needed. Separating walls inside the building may not 

have such a higher are resistance. Walls enclosing stairs and lift 
shafts should be suitably constructed so that they can give effective 
resistance. A load bearing external wall should have a period of 
sufficient fire resistance to ensure that it will continue to act as a 
suitable bearing member during fire when the distance between the 
buildings is insufficient for fire fighting. The openings in the walla 
should be restricted. They may also be protected by using fire 
resistant glass or suitable steel shutters. The risk of the spread of 
fire from one floor to another must be carefully guarded. When­
ever the windows are carried down to the floor it is necessary to 
provide suitable barriers. These may consist of projecting the slab 
beyond the outer face of the building. The table on next page 
gives the needed thicknesses of the materials for various degrees of 
fire resistance.

F i r e - p r o o f i n g  o f  s t r u c t u r a l  s t e e l  : For fire proof construc­
tion the minimum resistance needed for columns and girders ia of 
four hours’ duration wheress for beams it may be about three hours.
In  semi-fireproof constructions these values are three hours and two 
hours respectively.

The modern steel frame building is fire-proof with concrete. 
The exter.or columns may be fire-proofed with concrete and then 
encased in masonry. The columns may be protected by wrapping 
by a mesh or expanded metal mesh and then covering by two coats 
of cement plaster. A combination of terra-cotta and concrete for 
fire proofing the steel columns is quite suitable. The terra-cotta 
blooks surround the columns whereas the projections, etc., in column 
section are filled with concrete. I t  may be preferable to use either 
terra-cotta or concrete as otherwise the difference in thermal 
expansion in the two materials may lead to cracking.

The beam haunches may be protected with concrete, clay 
tile or evDsum tile. Terra-cotta unite may completely encase the 
steel beams or may be used in a jack arch floor c o n s tru c ts  along 
with the steel beams. The fire resistance of various coverings 
on steel work for different thicknesses is given in the table on next 
page.

F i r e - r e s i s t a n c e  o f  w o o d e n  j o i s t  B o o r s  :-U n d e r fire, such
tvpes of floors should not collapse or deflect more than „  of the 

aT  within thirty minutes. The flames should not penetrate 
P „ ‘ lho u,)Der surface within I d minutes. T h e  average tempera- 

ro rise should not increase more than UO'C within 15 minutes. 
Th« tvne of ceiling is very important as it protects the joist and 
Ilso prevents the penetration of flame in-between the wooden boards 

they are butt-join, ed as there would be excessive gaps present. 
T h e  fire  re s is ta n c e  of a  floor depends much on the detailed design
of the various elements.



Construction and materials

6 hrs. 4 hrs. 2 hrs. 1 hr. ihr.

B rick s a n d  S olid  B lock  C o n s tru c tio n  :

Bricks of clay, concrete or sand-lime built 
as a solid wall :

N o p las te r 20 20 20 10 10

B u ilt as a  ca v ity  wall 23 - - -

Concrete Blocks :

B u ilt ae a  ca v ity  wall 10 cm . o u te r le a f  : 
in n e r lea f o f solid or hollow concrete 
blooka 10 7

Reinforced concrete;

W ith  m inim um  concrete cover to  re in ­
fo rcem en t o f  2.6 om. 20 17 10 7 7

H ollow  B lock  C o n s tru c tio n  :

Clay blocks :

P la s te re d  a t  le a s t  1 cm. th ick  on eaoh Bide 
an d  sheila n o t less th a n  } cm . th ic k  :

1 cell in each block an d  each  block  n o t less 
th a n  60 p e r  c e n t solid 10 7

1 cell in  each b lock  a n d  each  block n o t 
less th a n  30 p e r  c e n t Bolid _ _ 15

2  cells in each  block  a n d  each  block  n o t 
less th a n  60 p e r  c e n t solid _ _ 20 10

2 cells in  ea ch  b lock  a n d  ea ch  block  n o t 
less th a n  30 p e r  ce n t solid _ _ 15

Concrete blocks \

P la s te re d  a t  le a st 1 om. th ic k  on each  side 
a n d  1  cell in  w all th ick n ess  :

Good aggregates 21 11 7 6
P oor aggregates

- - - 21 7

M inim um  thickness in  Centimetre 
(excluding plaster) fo r period of



Construction and materials

M inim um  thickness in  ctn tim tlre  
fo r  period of

hrs. 4 hrs. 2 hrs. 1 hr. 1  hr.

H ollow  P a r ti t io n s , steel o r tim b e r 
s tu d d in g :

P la s te r  on  m e ta l la th in g :

P o r tla n d  ce m en t p las te r , P o rtla n d  oem ent 
lim e p la s te r  o r gy p su m  p las te r _ _ _ 1.6 1

P la s te rb o a rd  w ith  o r w ith o u t gypsum  
p la s te r  :

1.6  om. th ic k  p la s te rb o a rd  on eaoh side ...

" ~

0.4
(neat

single
coat)

1 cm . th io k  p las te rb o ard  on each  side - - - 0-9 nil.*

2*6 om . woodwool slab  on each side plasterec — “ - I “ 1
♦T hickness o f p la s te r  only.

G e n e r a l

A building can never be completely fire-proof. I t  should have 
struotural elements which can withstand the effects of fire for suit­
able intervals so that adequate protection to the ocoupants is 
afforded. Limitations to the height and the floor areas of buildings 
whioh are not fire-proof are imposed by the various Building “odea. 
Adequate means of esoape must be provided if a fire breaks out. m e 
looation and design of lifts and stairs should be well worked out. 
All doors leading to them should be fire-proofed.

QUESTIONS

1 W h a t is  th e  o b jec t o f .b o rin g  T D escribe  in  d e ta il  th e  shoring  
o p e ra tio n s  o f a  b a ild in g  w all w ith  th e  a id  o f  ra k in g  shores.

2 A concrete footing of a bu ild ing  w all is to  be re -b u ilt a t  a  deeper
d e p th .  'D escribe in  d e ta il tb e  m eth o d  d u n n g  th e  job.

i  rw n rih A  fu llv  th e  various elem en ts o f a  b rick la y er a scaffold. W h a t 
is  th e  d i f f e r e n c e  b etw een  &  ty p e  of scaffolding a n d  th a t  used b y  th o  m .s o n .  t  

,  t h .  ea rth q u ak e s  dam ag e a  bu ild in g  I B riefly  d esc rib e  som e
o f  th e  stop“  w bfeb a re  essen tia l in  g e ttin g  an  a d e q u a te  p ro tec tio n  o f  a  b u .ld .n g
a  train  a t ea rth q u ak e s .

5 W h a t is  m e a n t by  fire -p ro o f co n s tru c tio n ?  W h a t a re  th e  s te p ,  
ta k e n  in 'S re .p ro o f io g  s tee l colum ns t

6 . W rite  sh o r t  n o te s  on :
(*) H o rizo n ta l shores.

(ii) U se o f steel cen tering .



( in )  T re a tm e n t o f  founda tions ag a in st e a rth q u a k e  effects.
( if)  F ire-resistance o f wooden m em ber*.
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Hollow block  p a r ti t io n , 150, 151
Hollow tile  jack  arch  floor, 376
H ollow  tile d  ribbed  floor, 375
H o rizo n ta l shores, 504
H ouse an d  doveta iled  tenon jo in t. 193
H ousing  jo in t, 193
H um id ification , 480
H y d ra te d  lim e, 424
H y d ra u lic  lim e, 425

I

Igneous rocks, 1
Im p ro v in g  b earing  ca p ac ity , 16
In le ts , 470
In su la tin g  m ateria ls , 455 
In su la tio n  o f  roofs, 45G

— air sp aces  or cav itie s, 457 
In tra d o s , 165 
In v e r te d  arch es , 19, 26 
Iso la te d  footings, 19, 22 

j
J a c k  a rc h  flvjor o f brick  or concrete , 270 
J a c k  ra f te r , 305 
Ja m b s , 103, 126, 206 
Jogg le  tenon jo in t, 193 
J o in t  be tw een  old a n d  new  brickw ork , 

98
J o in ts  in  brickw ork . 82 
J o in ts  in ooncrete, 406 

-—sto n e  m asonry , 127

K

K e y  s to n e , 165 
K in g  p o st tru s s , 308

L

L a m in a te d  ro o f t ru s s ,  314 
L an d in g , 279, 283, 288 
L ap  jo in t, 191 
L ean -to -ro o f, 305 
L eng then ing  jo in ts , 189 
L if ts , 301
L iftin g  a p p lian c es , 131 
L im e p las te r in g , 430 
L in in g  in  s to n e , 136 
L inoleum  flooring, 259 
L in te ls , 165,173
L o ca tio n  o f  doors a n d  w indow s, 203 
L ocks, 244 
L ock  ra il, 206 
L o u v er, 206

M

M a c a rth u r case pile, 37 
M ach in e  ap p lied  fin ish , 437 
M ag n e s ite  com position  floo ring , 260 
M a in te n a n c e  o f b rick w o rk , 92 

— sto n ew o rk , 136

M ansard  ro o f tru ss , 314 
M echanical d rillin g , 3. 6 
M echanical v en tiia i io n ,,468, 472 
M etal doors. 210. 226 
M etal la th  p a r titio n s , 150, 166 
M etal windows, 229. 235 
M etam orph ic  rocks, 1 
M itring , 189. 195 
M ortar. 55. 130 
Mosaic flooring, 258 
M ouldings, 110, 135 
M ullion, 206
M ulti-co loured  finishes, 444 

N

N a tu ra l v en tila tio n , 468 
New el, 279, 283 
N osing, 279 
N o tch in g  jo in t, 193

O

O blique sh o u ld ere d  jo in ts , 189. 195
O blique ten o n  jo in t, 196
Oil b o und  d is te m p e r, 444
Oil p a in t, 442
Open te s t  p it ,  3
Open w eb b eam s, 360
Open well s ta irs , 286
O ptim um  tim e  of re v e rb e ra tio n , 488
O rn am en ta l b rick w o rk , 98

P

P a in tin g . 441
— w oodw ork, 445 
-—iron a n d  s tee l, 448 
—o th e r  m eta ls , 448 
—p la s te rs , e tc ., 449 

P an e l, 206, 215 
P a ra p e ts , 101, 133. 184 
P a r t i t io n s , 150 
P eb b le  d ash  finish, 436 
P e d e s ta l p ile , 37 
P ic tu re  ra il, 242 
P ie r  fo u n d a tio n , 19, 44 
P ile , 32 

— ca p s . 43 
.—d riv in g , 40 
— fo u n d a tio n , 19, 32 

P la c in g  o f co n c re te , 382 
P la s te r in g , 421 
P la s te r in g  to o ls, 423 
P la s te r in g  to  m e ta l  la th in g , 433 
P la te  b ea rin g  te s t , 13 
P lin th  a n d  p lin th  courses, 132 
P o in tin g , 85, 439 
Po ly g o n a l w a lling , 120 
P o ly v in y l a c e ta te  p a in t ,  443 
P re c a s t  ooncrete c o n s tru c tio n , 404 
P re v e n tio n  o f  dam p n eas, 180 
P rim e  co a t, 444



P u r lin , 305 
P u r lin  c le a t ,  305

Q u e en -p o st t ru s s ,  312 
Q u o in , 58

R a f t  fo u n d a tio n , 12, 29 
R a k in g  b o n d , 09 
R a k in g  sh o re s , 501 
R a m p s , 301
R a n d o m  ru b b le  m a so n ry , 110, 117 
R a y m o n d  p ile , 37
R .C  C. a rc h e s  a n d  r ig id  f r a m e s , 394 

.—B e a m s  a n d  g ird e rs , 387 
— B e a m  a n d  s la b  flo o r , 273 
,—C o lu m n s. 385 
—L in te ls , 174 
—S la b e . 389 
—S la b  floor, 272 

R e b a t in g , 189, 206 
R e in fo rc e d  b ric k w o rk , 87 
R e q u ire m e n ts  o f  v e n t i 'a t io n  sy s tem  

465 
R e v e a l, 206 
R e v o lv in g  d o o r, 207 
R id g e , 304 
R id g e  p iec e . 304 
R ise , 166, 278 
R ise r . 278 
R iv e t t in g ,  357 
R o c k , 1
R o llin g  s h u t te r  d o o r ,  207 
R o u g h  c a s t  fin ish . 436 
R u b b e r  floo ring , 259 
R u b b le  m a s o n ry , 110,116

Soffit, 165 
Soil, 1
S o ld ie r a n d  R ow lock  bond , 70 
Solid  p la s te r  p a r ti t io n , 150, 156 
S o u n d  ab so rb in g  m a te r ia ls , 486 
S o u n d  in su la tio n  fo r floors, 494 

— w alls, 493 
S ources o f  d am p n e ss , 178 
S p a n d r il ,  168 
S p rea d  fo u n d a tio n , 19 
S p rin g e rs , 166 
S q u are d  ru b b le , 118 
S ta irs . 278 
S te e l  b e a m s, 359

— ce n te rin g  a n d  scaffo ld ing , 509
__fo rm  w ork , 417
—piles, 40 
i—slop ing  roofs, 317 

S to n e  a rc h e s , 171 
—flooring , 250 
— lin te ls , 174 
—s ta ir s ,  288 

S to n e  m aso n ry  te rm s , 109 
S to n e  m a so n ry  to o ls , 110 
S tr a ig h t  f l ig h t  s ta irs , 282 
S tr e tc h e r ,  58 
S tr e tc h e r  bond , 61 
S tr in g e rs , 279, 283, 286 
S tr in g  course , 110, 133 
S tr u c tu ra l  clay  t i le  m aso n ry , 146 
S ty le , 206
S ty r e n e  b a se d  e m u ls io n  p a in t ,  443 
S u b -su rfa c e  so u n d in g , 3, 7 
S u rk h i, 426 
S w ing ing  d oors, 206 
S y n th e tic  ru b b e r  p a in t ,  443 
S y s te m s  o f  a i r  co n d itio n in g , 474

S an d , 2 , 425 
S ash  b a r ,  206 

- S ca ffo ld in g , 508 
S c a r f  jo in t ,  191 
S c ra p e d  f in ish e s , 436 
S e d im e n ta ry  ro c k . 1 
S h e e t m e ta l  ro o f  c o v e rin g , 345 
S h e ll roo fs , 322 .
S h ell s t r u c tu r e s ,  395 
S h o rin g , 501 
S h o t d ri l l in g , 6, 7 
S h u tte r ,  206 
S id e  jo in ts ,  189, 196
S in g le  flem ish  b o n d , 67
S ills , 102, 205 
S ilt, 2
S im p le x  p ile . 36 
S k e w b a c k , 165 
S la te  roo fs , 328 
S lid in g  door* , 207 
S lid in g  w indow s, 229, 234 
8m o o th  fin ish es , 437

T a b le  jo in t, 191 
T elescop ic door, 207 
T e m p la te , 110 
T e rra z z o  floo ring , 266 
T e x tu r e d  fin ishes, 4 36 
T h a tc h e d  roofs, 325 
T h e rm a l in su la tio n , 453 
T h ick n e ss  o f w a lls , 92 
T h re sh o ld , 200 
T h ro a t in g , HO 
T h ro u g h  Btones, 110 
T iled  flooring , 254 
T ile d  roo fs , 333 
T im b e rin g  to  tre n c h e s , 4» 
T o p  ra il ,  206
T ra n sp o rtin g  c o n c re te , 38U 
T ra n so m . 206 
T re a d , 278
T r e a tm e n t  o f d a m p , loo  
T ru sse s , 319
T u b e  b o rin g s . 3
T y p e s  o f  s to n e  m a so n ry , 1X5



u

U ndercoats, 4*5 
U nderpinning, 606 
U nder-R eam ed P iles, 42

Valley, 305 
Valley ra fte r, 305 
V entilation, 405, 488 
V entilators, 239 
Vibro piles, 37 
Vouesoirs, 105

W

W all footings, 19, 20 
—form s, 414

W ash borings, 3, 4 
W a te r-p ro o f m e m b ra n e , 181 
W a te r-p ro o f m ix tu re s , 180 
W a te r-p ro o f su rfa c e  t r e a tm e n t ,  Iso  
W elded co n n e c tio n s , 359 
W h ite  w ash ing , 451 
W inder, 279. 288 
W indow s, 227 
W indow  sills, 102, 132 
W ooden flooring— sin g le  jo is t ,  262 

—d o u b le  jo is t ,  205 
—fra m e d  o r  t r ip le  jo is t ,  287 

W ooden g ro u n d  floors, 254 
W ooden-1 in t-els, 173 
W o o d e n -p artitio n s , 157 
W ooden-piles, 32 
W ooden .sh ing le  ro o f , 339

Z

Zig zag  B o n d , 70




