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B IB L IO G R A P H Y



01- ADOT’s use of crumb rubber in asphalt pavem ents
Way, George B and Arizona, P E
Rubber India, Jan: 1998. 9-11.

The Arizona D epartm ent of Transportation (ADOT) has 
used crumb rubber from ground worn out tires, since the late 1960’s to 
primarily reduce reflective cracking. In  1988, ADOT started  using crumb 
rubber mixed with hot asphalt, commonly referred to as asphalt rubber, 
as a b inder in hot-m ix asphalt. Typically, th ese  m ixes a re  e ither 
open-graded or gap-graded and from 12.5 mm to 25 mm  or 25 mm to 50 
mm in thickness respectively. Open-graded mixes generally contain 9 to 
1 0 % asphalt rubber binder whereas the gap-graded ones contain gener­
ally 7.5 to 8.5%. To date, field performance has been very good with very 
little reflective cracking. Ground tire  rubber from over four million tires 
in Arizona has been recycled since 1988, in the m aking of hot-mix as­
phalt w ith asphalt rubber.

Key words: Asphalt rubber; Binders; Tyre crumb; A sphalt pavem ents

02- Application of crumb rubber modifiers (CRM) in asphaltic 
m aterials
Rouse, Michael Wm
Meeting of the Rubber Division, American Chemical 
Society, 1994, Chicago, Illinois.

The paper presents a general overview of crumb rubber 
modifiers in asphalt used in pavements. The use of rubber and modifiers 
in asphalt pavem ents relative to highway traffic and environmental con­
dition, crumb rubber modifiers and CRM Technology, testing  methods 
presently used for asphalt composites and field trials and effect of the 
Interm odal Surface Transportation Efficiency Act (ISTEA) m andates on 
scrap tyre availability in relationship to the implem entation of the Fed­
eral Highway Administration (FHWA) super pave™ binder m ixture speci­
fications for determ ining road pavem ent performances. The use of scrap 
tyre rubber in highway applications is rapidly gaining a ttention and can 
emerge as a  viable m arket for the rubber w aste stream  and provide im­
provement to roads.

Key words: Crumb rubber modifier; Asphalt; Pavem ent performance

03- The application of latex to highway and floor surfacing
Wren, W G
Journal of R.R.I.M Communication, No. 245: 1940, 
pp .1-15.



Latex-cement m ixtures hold prom ise in M alaysia as a  floor­
ing m aterial. The paper gives an outline of (1) microscopic inves iga ions 
of these m ixtures whereby information can be obtained on th e  n a tu re  of 
the crystalline and amorphous products formed by th e  in te rac tion  of ce­
m ent and latex and the m anner in which these  are dispersed  in  th e  m a­
trix, (2 ) effects of different stabilizers, which a re  essen tia l to th ese  m ix­
tures, on the hydration of the cem ent, by m eans of th e  chem ical d e te r­
m ination of free and combined w ater, (3) principles of compounding, 
whereby variation may be produced in the  physical propei ties  of th e  
re su ltan t products, (4 ) type of apparatu s m ost su itab le  for m  aking  these  
m ixtures, (5 ) physical tests evolved in association w ith build ing  research  
stations, (6 ) utilization of these tests  in order to m ake a  com parison of 
the properties of latex-cem ent m ixtures w ith o ther flooring m ate ria ls  
and finally a  sum m ary of other uses to which latex-cem ent m a te ria ls  
may be put.

Key words: Latex cem ent m ixtures; Flooring m ateria ls; H ydration

04- A sphalt rubber m ixtures in road building
Plaizier, J  A
Transactions, IRI, 15(1): 1939. 23-50.

Addition of small quan tities  of rubber to  b itum en  changes 
the  properties of asphalt m ateria ls  considerably. R ubber is added as 
vulcanized powder, latex or rubber as  solution in liquid hydrocarbon. In 
this study the  use of unvulcanized rubber as dry ru b b er in finely divided 
form was chosen for investigation. Raw rubber could be d is trib u te d  ho­
mogeneously in the melted b itum en w ithout difficulty. Incorporation  of 
unvulcanized rubber powder to b itum en  m ay be a  good solu tion  b u t if 
the  tem peratu re  of dissolution is very high, or if  prolonged h e a tin g  is 
practised binder properties of b itum en-rubber m ix ture  will de te rio ra te  
and road performance will be poor. The application of b itum en- rubber 
powder composites for road construction revealed  th a t  m any  favourable 
dmng'jH of tho proportios of b itum en wore im parted  by Uio addition  or 
rubber w hen mixed a t  optim um  tem peratu re . Use of above m ix tu res  are 
prom ising in o ther areas were repa ir work, as  jo in t fillers, wood paving

to th e fo a m  l°  th ° bitUmen is d im ™ “to the  foaming problem and  la te r s tudies w ere successful in  perfecting

H e n t“ E b T d thCil?gfthe  P™ ! 5 16 1115  0f f re tl ing and  d e s t i n a t i o n  
bitum en, latex can be used w h e re a s  for t a r ^  U^ * Za.^on ru b b e r*zed

i a a s s n s s s r - - ™ . -



A s p h a l t- ru b b e r  s y s te m s  in  r o a d  r e h a b i l i t a t io n
Joe Cano, P E
Rubber India, 49(10): 1997. 9-13.

Method of preparation, application processes and advan­
tages of asphalt-rubber are described. Applications of asphalt-cem ent as 

tre s s  abso rb ing  m em brane (SAM), S tre s s  ab so rb ing  m em brane 
in te rlaye r (SAMI), b inder for a spha lt concrete open-graded friction 
cou rses (OGFC) and  for gap -g raded  m ixes a re  in d ica ted . U se of 
asphalt-rubber concrete is strongly recommended to optimize the  perfor­
mance and serviceable life of asphalt concrete pavem ents in three  layer 
and two layer systems.

Key words: A sphalt rubber concrete; S tress absorbing m em branes;
Road rehabilitation

06- A ustralian experience in the  use of rubberized bitum en
Billet,R A
Rubber Developments, 18(4): 1965. 153-156.

Rubberized bitum en possesses certa in  physical and m e­
chanical properties like higher softening point, lower b rittle  point, lower 
penetration , be tte r toughness and tenacity, higher ductility and elastic­
ity which distinguishes it from normal b itum en or b itum en modified by 
o ther additives. The use of rubber appears to be of advantage for pave­
m ents b u t rubberized bitum en is regarded as speciality m aterial. In New 
Zealand, another area  which has had considerable success w ith rubber­
ized b itum en is Revertex. Snowy m ountain roads and accesses which 
experiences tem perature  ranges from 85°F to 100°F are good illustra ­
tion of the  versatility  of rubber b itum en.

Key words: Rubberized bitum en; Surface dressings; A ustra lia

07- B itum inous therm oplastic elastom er
Roy, T K; Mallik, A and M ukhopadhyay, D 
Proceedings o f the International Conference on Rubber,
12-14 December 1997, Calcutta, Volume II, pp.152-155.

Elastom eric bitum en resu lts  from oxyconversion, and does 
not possess true  elasticity. I t requires modification by polymers for hav­
ing reversible s tra in  upon large deformation. Com bination of therm o­
plastic elastom er with bitum en resu lts  in inheren t resistance to perm a­
nen t deformation. Polymer - bitum en gel resulted  from phase  inversion 
of blend m anifests the  desired properties for improving b itum en to the 
level of useful applications including against large deformations. I t also



servos the purpose of having low cost therm oplastic  e lastom er based  on 
bitumen.

Key words: Deformation; Polymer bitum en gel; B itum inous 
therm oplastic elastom er

08- Case h istories of modified b itum en  m em branes
Darling, B; Fishm an, H B; Goodwillie, J ;  W inchell, K and  
Wooten, J
Meeting o f the Rubber Division, American Chemical 
Society, 29 May-1 Ju n e  1990, Las Vegas, N evada.

Polymer modified b itum inous m em branes a re  du rab le  and 
strong and are re s is tan t to environm ental factors such a s  sun ligh t, ra in  
and wind. They find use as roofing m em branes. C om position and  perfo r­
mance a ttribu tes  of modified b itum inous m em branes a re  described in 
the paper. Polymer modifiers tried  include a tactic  polypropylene (ATP), 
styrene butadiene styrene (SBS) and com binations of A PP w ith  SBS and  
SBS w ith styrene ethylene bu tad iene sty rene  (SEBS) rubber. I t is re ­
ported from field experience th a t modified b itum inous m em branes p ro­
vide excellent perform ance w hen selection, design, w orkm ansh ip  and 
m aintenance a re  proper.

Key words: B itum en m em brane roofing; Polym er m odifiers; Tensile  
strength

09- A cheaper rubber-b itum en using  latex
Thompson, P  D
Rubber Developments, 14(2): 1961. 61-64.

N atural rubber in the  form of latex added to b itu m en  ro- 
SU, , S ln f^ eat lmProvem ent in properties  and  is th e  cheapest form  of 
rubber addiUve. Foam ing of the  b itum en  w as a problem , w hich could be 
L w  th  I  tUSmg ®ntlfoam in£ A t tem p e ra tu re s  of 140°C or be-
t Z ’n l  t 7,™ . m b b er ‘S very ^ d u a l .  T h u s if  th e  b lend ing

p ra  ure of latex and  b itum en  is m ain ta in ed  below 120-130°C rub-

t i s e d T ^ o n  th S m ° St eff^ tiV e f 0 r m ' T K e effeC tiV e r u b b e r  c o n te n t  P a ­u s e d U s  2%  o n  th e  m a s s  o f  b a s e  b i tu m e n .  D e ta ils  o f  t h e  p r o c e s s  en n in

Tate" “ rivenCeandrGtl m£mufacturGS of rubberized  b i tu n ^ n  w ith
setu*ch AssociaUon. “  *  N “ tU™‘ R ubber Re-

K ey  w o rd s :  R u b b e r iz e d  b i tu m e n ;  B in d e r s ;  E f fe c t iv e  r u b b e r  c o n te n t



C o r re la t io n  b e tw e e n  la b o r a to r y  a n d  r o a d  r u b b e r  w e a r  
te s t s

Krishnan, V; R am akrishnan, R and  Donovan, J  A 
Rubber Chemistry and Technology, 6 8 (5 ): 1995. 804-814.

The w ear resistance ranking of three rubber compounds A, 
G and K measured in the laboratory a t medium to high slip on sharp 
silicon carbide (SiC) grinding wheels was sim ilar to th a t determ ined by 
road tests a t Pecos, Texas. The w ear resistance ranking of the  three  com­
pounds changed on b lunt alum ina grinding wheels compared to wear 
resistance rankings on sharp SiC grinding wheels. The change was most 
probably due to a change of m echanism from mainly cutting  on sharp 
surfaces to predominantly fatigue on b lunt surfaces. For these three com­
pounds a change in the am bient tem perature  from 23 to 75°C during 
laboratory testing had no effect on the  wear resistance ranking. The wear 
of th e  rubber compounds on the abrasive grinding wheels and during 
road tests  followed Zapp’s relation  in which the wear is proportional to 
the  ratio  of dynamic modulus to rup tu re  energy.

Key words: W ear resistance; Road test; Rubber compounds

11- Development of flexible pavem ent design method for
roads and parking  area  of LPG plant complexes 
Arya, I R; Jain , P K and Vermani, N D 
Indian Road Congress, Seminar on Bituminous Roads: 
Design and Construction Aspects, 25-26 A ugust 1994,
New Delhi, India, pp. III.63-III. 76.

The paper gives details of development of design procedure 
for flexible pavem ent catering to heavy duty LPG tankers. The suggested 
design procedure is applicable to roads and parking areas of LPG sepa­
ration  p lants and LPG bottling plants. I t  is reported th a t roads and 
parking  areas of LPG plant complexes, which are designed, based on 
conventional m ethod develop p rem ature  distress. The specifications of 
various flexible pavem ent component layers are also suggested. Thick 
b itum inous surfacings are recommended in view of high tyre pressure 
and heavier loads using a h arder grade bitum en or polymer modified 
bitum en. The CBR and pavem ent thickness relationship curve has been 
developed to design flexible pavem ent of roads and p arking  area  of vari­
ous LPG plant complexes for 37.2 tonne LPG tanker.

Key words: Flexible pavem ent design; LPG plant complex; A sphalt 
surfacings



12- D y n a m ic  s h e a r  rh e o lo g ica l p r o p e r t ie s  o f  p o ly m e r -m o d if ie d
a s p h a l t  b in d e r s  
N e w m a n , J  K e n t
Journal of Elastomers and Plastics, 3 0 (3 ): 1 9 9 8 . 2 4 5 -2 6 3 .

R h eo lo g ica l c h a r a c te r i s t ic s  w e r e  m e a s u r e d  u s in g  D S R  (d y ­
n a m ic  s h e a r  rh e o m e try )  fo r  tw o  a s p h a l t s  (A a n d  B , c o n v e n tio n a l  A C -2 0  
v isc o s ity  g ra d e s )  f ro m  d if f e re n t  c ru d e  s o u rc e s  m o d if ie d  w i th  5 %  S B R  
5 .5 7 c  L D P E , 5 %  S B  a n d  a  c ru m b  r u b b e r  (5% )/S B S  (2% ) m ix tu r e .  M a s te r  
c u rv e s  w e re  c o n s tru c te d  f ro m  D S R  f re q u e n c y  s w e e p s  a t  t e m p e r a t u r e s  
r a n g in g  f ro m  -20  to  80°C . T h e  m a s t e r  c u rv e s  w e re  c o n s t r u c te d  u s in g  t h e  
m e th o d  o f  re d u c e d  v a r ia b le s ,  s im ila r  to  t h e  W L F  e q u a t io n  a n d  d e s c r ib e d  
a ll b in d e r s  w ell e x c e p t  for t h e  A -L D P E  b in d e r .  P o ly m e r  n e tw o r k  f o rm a ­
t io n  is  s u g g e s te d  in  t h e  B -S B  b in d e r s  b a s e d  o n  t h e  t e n d e n c y  o f  t h e  t a n  d 
m a s te r  c u rv e  to  e x h ib i t  a  lo ca l m in im u m  a n d  t h e  la c k  o f  o b s e rv a b le  p h a s e  
s e p a r a te d  p o ly m e r  d o m a in s  w i th in  t h e  r e s o lu t io n  o f  t h e  f lu o re s c e n c e  
m ic ro sco p e . T h e  m o rp h o lo g y  o f  t h e  S B R  p o ly m e r  in  t h e  a s p h a l t  w a s  o b ­
se rv e d  to  b e  d e p e n d e n t  o n  th e  sp e c if ic  a s p h a l t  s o u rc e . I n i t i a t i o n  o f  po ly - 
m e r  n e tw o rk  fo rm a tio n  ls  p o s tu l a te d  fo r  B -S B R  b a s e d  o n  t h e  b e h a v i o i  

nh fit. r, a s P h a l t  sw o lle n  p h a s e  s e p a r a t e d  p o ly m e r  d o m a in s  a s

a n d  B C I U  S B S T ™ *  m ic r0 sc 0 p y ' F o r  B ' L D P E . A -C R  + S B S ,
f a te d  to  h  ♦ u r e S p o n se  o f  t a n  d ^ g g e s t s  n e tw o r k in g  b u t  i s  p o s tu

L t  d o m a iL C T  e oUt‘0,l,0 f th e  Clear'y  ° bSCrVable Ph a s e  4 a r a t e d Ppoly- 

e rs  <*«» a  sum  of th e  c o n t r ib u t f o n ^ o f e a d i^ a s e  w i t h ^ h e ^ l + SBS

K ey  w o rd s: P o ly m e r  m o d if ie rs ; R h e o lo g y ; C o m p a t i b i l i ty  C o m p le x  
m o d u lu s ;  D y n a m ic  s h e a r  r h e o m e tr y ;  A s p h a l t  b in d e r s

13- Econom ics o f ru b b e rised  ro ad
H arid asan , V and  G o p a la k rish n an . K  S 
R ubber N ew s, M a y :1980. 3 7 -3 8 .

in  p a r tic u la r  is briefly  d is c u s s e ^ T e c h n " 6™ 1 t n d ,th a t  o f r u b b e rized  road  
>S p resen ted . R ubberized  ro ad s  a re  m n ^ T  °1  b b e riza tio n  o f b itu m e n  
m en  roads and  th e  serv ice life in rro  d u ra b le  co m p ared  to  n e a t b itu -  
surface bea rs  heavy  traffic , p r o v f d t  «kW 7  m ° r e ' M o re°™ r, th e



T h e  effect of netw ork  fo rm ation  on th e  rheological p roper 
tie s  o f SB R  m odified a sp h a l t b inders  
Y ong-Joon Lee; Law rence; F rance, M an d  H aw ley  
M artin  C
R ubber In d ia , 49 (D ecem ber): 1997. 17-23.

h inde r*  Th S^ ' f e;bu,ta d ien e ru b b e r  (SBR) w as used  to  modify a sp h a lt 
. T he  rheological an d  the rm o-m echan ical p ro p e r tie s  of th e  bind-

r h i r r  lnVf * lgate<j u s in S  ™ ta tio n a l v isco m etry , d y n am ic  s h e a r  
h eo m etry  a n d  th e rm a l m echan ical ana ly sis . T he op tim um  SB R  con ten t 
nd  m « in g  p rocedu re  w ere d e te rm in ed  b ased  on th e  rheological p ro p e r­

tie s  o f th e  aspha lt/S B R  blends. A ddition  of 3-5% (w/w) SB R  re su lted  in  
en h a n ced  h ig h  te m p e ra tu re  p erfo rm ance o f th e  b in d e rs. T h e  SBR p ro ­
g re s se d  from  a  d isp ersed  po lym er to  local ne tw o rk s  to  a  g lobal netw ork  
w ith  in c reas in g  SB R  con ten t. T h is  phenom enon  w as ex h ib ited  in  rh eo ­
logical p ro p e rtie s  such  a s  com plex m odu lus  an d  m e lt v iscosity . I t w as 
a lso  ve rified  v isu a lly  by u s in g  a  la se r  scan n in g  confocal m icroscope. B e­
ca u se  o f th is  n e tw o rk  fo rm ation , th e  b in d e rs  show ed a  la rg e  in c rease  in  
th e  com plex m odu lus, w hich  in d ica tes  re s is ta n c e  to  ru tt in g .

K ey  w ords: A sp h a lt b inde rs; Rheology; P o lym er n e tw o rk

15- Effect o f po lym er m odified  b in d e r on d u ra b ility  o f a s p h a l t
concre te  m ixes
S ree d h a r , M an d  M azum dar, M ay^jit
In d ia n  R o a d  Congress, S e m in a r  on B itu m in o u s  Roads:
D esign a n d  C onstruction  Aspec ts , 25-26 A u g u st 1994,
N ew  D elhi, In d ia , pp. I.135-I. 138.

T he re su lts  of m odifying a sp h a lt by ethy l vinyl ace ta te  (EVA) 
w ith  re sp ec t to  d u ra b ility  a g a in s t w e ttin g  a t  am b ien t an d  e lev a ted  te m ­
p e ra tu re s , freez in g  an d  freez e-th a w  cycles a re  described . EVA increases 
th e  d u rab ility  a g a in s t w e tting . H ow ever EVA does n o t s ign ifican tly  im ­
prove th e  s ta b ility  of b itu m en  d u r in g  freez ing  an d  freeze-th aw  cycles. 
In c re a s in g  th e  po lym er co n ten t above 2.5%  on th e  w e ig h t o f b itu m en  
does n o t h av e  m u ch  im provem en t over th e  re s u lts  o b ta in ed  a t  2 .5%.

K ey w ords: P o lym er m odified b itu m en ; A sp h a lt concre te; E th y len e  
v iny l ac e ta te

16- T he E la s tic ity  o f ru b b e r-b itu m e n  b in d e rs  for u s e  in  ro ad s
De M erlier, J acq u e lin e ; Leveque, J  an d  C urchod, J  
R u b b e r  C hem istry  a n d  T echnology, 37(2):1964. 457-476.

To e ffe c t m a x im u m  im p ro v e m e n t in  th e  e la s t ic i ty  o f 
e la s to m e r-b itu m in o u s  b inde rs, an  e la s to m e r m u s t (1) sw ell in  oils and



disperse homogeneously within the binder (2 ) have a molecular weight 
a t least equal to 6,00,000 and higher upto 9,00,000 (3) possess a linear 
structure and (4 ) be present in the binder in an am ount a t least equal to 
10%. Natural rubber and synthetic polyisoprene may fulfil these  condi­
tions, but the la tter appears to be less effective. Eventhough na tu ra l 
rubber appears to offer the highest elastic recoveries in the finished blend, 
it is probable that its more rapid degradation in the course of tim e will 
ultim ately reduce these values below those m aintained by certa in  syn­
thetic rubbers, if not suitably protected.

Key words: Rubber bitumen binders; Elasticity; Rubberized roads

17- Enormous potential for road rubberisation
Gopalakrishnan, K S
In d ia n  R ubber  a n d  P la stics  A ge, 35(5): 1999. 7-9.

Possibility of increasing consumption of n a tu ra l rubber 
(NR) for a non-conventional application is discussed. I t  is felt th a t  the 
present situation of excess NR glutting  the  m arket and th e  declining 
trend in price can be rectified if NR is extensively used for road  rubber- 
ization. Use of bitumen premixed with NR latex a t the  refinery  level is 
recommended for ensuring uniformity in properties for th e  rubberized 
bitum en and for large-scale road rubberization program m es.

Key words: Rubberized bitumen; Road rubberization; India

Evaluation of rubberised lim estone filler in a sp h a lt 
paving m ixtures
Bissada, Amir F  and A nani, Ali A
R ubber C hem istry  a n d  T echnology, 57(1): 1984. 1-18.

T h is p a p e r  p re s e n ts  th e  r e s u lts  o f in itia l e v a lu a tio n  o f r „ h

S S E H — ■= s 3 s = f e a s
feet of rubberized filW  nn r • nsiIe s tre ngth p roperties and  (4) ef- 
study showed that asDh a 1 t Bnce of th e  mbt to m oisture dam age. The

wide range of products of HifPo t calcium carbonate  to g ive a

S w o r d s :  Rubberized fil.er; A sp h a ,t  pavem ents; AsphaIt b inders



E xperiences of M alan ad u  D evelopm ent Society in  
ru b b eriza tio n  of roads 
M athew , V adakkem uriy il
W orkshop on  R ubberized  R oads, 17 J a n u a ry  1998,
R ubber R esearch  In s ti tu te  of Ind ia , K o ttayam .

, T he p ap e r h igh ligh ts  th e  experience of th e  M a la n ad u  De-
p in e n t Society in  th e  rubberiza tion  of roads  in  th e  Idu k k i, K o ttayam  

an d  P a th a n a m th it ta  d is tr ic ts  of K era la  s ta te . B itu m en  rub b erized  by 
n co rp o ra tin g  2 % (w/w) of n a tu ra l ru b b er an d  specially  p rese rv ed  field 

la te x  w as u sed  for th e  w ork. S h o rt a n d  com parative ly  long s tre tch es  of 
ro ad s  ra n g in g  in  len g th  from  0.2 km  to 12 km  w ere  ru b b erized . T he p a ­
p e r  also  describes th e  process of ru bberiza tion , ev a lu a tio n  o f th e  rubber- 
lzed  ro ad s  an d  econom ics of process.

K ey w ords: R ubberized  b itum en; Road rubb eriza tio n ; K e ra la

F ie ld  ex p e rim en ts  w ith  pow dered  ru b b e r  in  b itu m in o u s
ro ad  construc tion
S h e lb u rn e , T  E  and  Sheppe, R  L
R u b b e r  A ge, 66(5): 1950. 531-538.

E a rly  r e s u lts  of th e  field  ex p e rim en ts  w ith  pow dered  ru b ­
b e r  by V irg in ia  D e p a rtm e n t of H ighw ay  in  1949 a re  d iscussed . Pow­
d e re d  n a tu ra l  ru b b e r  (NR), rec la im ed  pow dered  ru b b e r  a n d  cu t black 
a s p h a l t  a n d  N R  pow der w ere  added  to  b itu m en  an d  u sed  for construc­
tio n  o f roads . A ll th e  con stru c tio n s  w ere  ca rried  o u t u s in g  m a ch in es  like 
A d n u n  P av er, B a rb e r  G reem epaver a n d  Pow er D is tr ib u to r . Iden tica l 
sec to rs  w e re  also  co n s tru c ted  w ithou t ru b b e r  to  s tu d y  th e  perfo rm ances. 
V isua l observation , ro ad  roughness m e asu re m e n t an d  sk id  te s ts  revealed  
th a t  i t  is feas ib le  to  inco rpo ra te  sm all p e rce n tag e  o f N R  o r rec la im  pow ­
d e r  ru b b e r  in to  a s p h a l t  m ixes. H ow ever, sev e ra l y e a rs  w ill be req u ired  
to  decide th e  d iffe rences in  perfo rm ance of d iffe ren t sec tio n s  a n d  pave- 
m e n ts  w ith  an d  w ith o u t rubber.

K ey  w ords: R ubberized  b itum en ; R ubberized  road ; R u b b er a sp h a lt;
V irg in ia

21- F u ll-sca le  ro ad  expe rim en ts  u s in g  ru b b e rized  su rfac in g
m a te r ia ls
Thom pson , P  D and  S zatkow sk i, W  S
R o a d  R esearch  L aboratory R eport L R  370. 1971, pp. 1-42.

A dd ition  of ru b b e r  to m a stic  a s p h a l t  p re v e n ts  o r m a rk ed ly  
red u ce s  c rack in g  on  b itum inous su rfac in g  la id  over jo in ts  o r cracks  in  
concre te  p av em en t. T h e  b e s t re su lts  h av e  been  o b ta in ed  w h en  th e  h igh- 
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ea t b in d e r con ten t co n s is te n t w ith  re s is ta n c e  to  d o r oUe d 
fic h a s  been  used . A ddition  o f 4% of ’o f  " ra c k s  in  th e
asp h a lt considerab ly  reduced  th e  n u m b e r a  % ? n c re a se  in  life  of

s ite  h a s  u n fo rtu n a te ly  m a d e  d ire c t com parison  o f th e
control impossible. No significant advantage h a s  been gainec1 from^the 
use of rubber or m ethaciy late-graft-rubber in ta r  surface dressing, 
considerable reduction in the tendency of b itum en  surface d ressing  
Tat up’ in hot w eather under heavy traffic w as shown w hen ru b b er has 
been blended with the binder. An increased in itia l holding power of the  
binders containing rubbor was observed. Rubberized b itum en  b inders 
has shown no advantage on lightly-trafficked roads.

Key words: Rubberized bitum en; Surface dressings; B inders

22- A general system  describing th e  visco-elastic p roperties  of
bitum ens and its re la tion  to rou tine  te s t d a ta  
V an Der Poel, C
Journal o f Applied Chemistry, May: 1954. 221-235.

After dynamic and sta tic  experim ents on th e  m echanical 
behaviour of bitum ens an a ttem p t was m ade to incorporate  a ll th e  es­
sential factors into a sim ple system . T his w as found to be possible in  th e  
form of a nomograph, by m eans of which the  deform ation  of b itum ens 
can be calculated as a function of s tress, tim e and tem p e ra tu re . O rigin 
or m ethod of m anufacture proved to be of less im portance th a n  h a rd n ess  
and rheological type. For correlation w ith  s tan d a rd  test-m ethods, th e  
ring-and-ball tem pera tu re  and th e  penetra tion  index w ere found to be 
suitable param eters. The nom ograph enables the  average behav iou r of a  
given grade to be calculated w ith  an  accuracy sufficient for eng ineering  
purposes. A nother fea tu re  of the  nom ograph is th a t  it c reates  th e  possi­
bility of giving an  in terp reta tion  of o ther rou tine  tests. Both p en etra tio n  
and F raas breaking te s t are discussed, w ith  exam ples.

Key words: B itumen; Viscoelasticity; S tiffness m odulus

Im provem ent of aspha lt by addition  of ru b b er an d  la tex  
Esser, H
Rubber Chemistry and Technology, 37(4): 1964 
1049-1063.



T his  artic le  review s th e  im provem ent o f a s p h a l t  by addi- 
ion of ru b b er and  latex. B rief descrip tion  of th e  te s t m e th o d s for ru b b e r­

ized b itu m en  is given. A dvantages of th e  u se  of ru b b erized  b itum en , 
effective m echan ism  of ru b b er in b itum ens, effect o f th e  ty p e  an d  p hysi­
cal form  o f th e  ru b b e r  and  m ethods of incorpora tion  in to  b itu m e n  are  
described .

K ey w ords: A spha lt; R ubberized b itum en ; R oad p av e m en ts

T h e  in fluence of rubber on th e  b r it tle n e ss  a n d  v iscosity  of
b itu m in o u s  m a te ria ls
M ason, P ; Throw er, E N  and  S m ith , L  M
J o u r n a l o f  A pp lied  C hem istry, Aug: 1957. 451-459.

B rit tle n e ss  an d  re s is ta n ce  to  defo rm ation  o f ru b b e r  b itu ­
m en s an d  of s a n d  a sp h a lts  m ade w ith  ru b b e r/b itu m en s  h a v e  been  in ­
v e s tig a te d  an d  com pared  w ith  re su lts  o b ta ined  w ith  s im ila r  m a te r ia ls  
n o t c o n ta in in g  ru b b e r. T h e  b r it tle n ess  te s t s  w ere  ca rried  o u t by sub jec t­
in g  th e  m a te r ia ls  to  an  im posed r a te  of te n sile  s tr a in  a t  0°C, th e  s tre s s  
an d  s tr a in  b e in g  m e a su re d  th ro u g h o u t th e  te st. T h e  d efo rm ation  c h a r ­
ac te r is tic s  w ere  m e a su re d  in  a w ide-gap concen tric -cy linder a p p a ra tu s , 
th e  te s ts  on  b itu m e n s  bein g  conducted  a t  25°C an d  th o se  on  san d  a s ­
p h a l ts  a t  45°C. T h e  re s u lts  show ed th a t  th e  inco rp o ra tio n  o f ru b b er 
p roduces  a  m a te r ia l  w hich  d isp lays, u n d e r  th e  te s t  cond itions  u sed , a 
m a rk e d  in c rease  in  re s is ta n ce  to  defo rm ation , s im u ltan e o u sly  w ith  a  
red u ced  b r it t le n e s s  a t  low te m p era tu re s . A lthough  som e free  ru b b er is 
c learly  p re s e n t a s  a  s e p a ra te  phase , th e  m odifica tion  of th e  n o rm a l b itu ­
m e n  p ro p e rt ie s  is  due  a t  le a s t in  p a r t  to  d ispers ion  o f th e  ru b b e r  on a 
m o lecu la r scale.

K ey w ords: R ubberized  b itum en; B rit tle n ess ; V iscosity

25- A n in s ig h t in to  ru b b erised  roads
G o p a la k rish n an , K S
In d ia n  R o a d  Congress, S e m in a r  on B itu m in o u s  Roads: 
D esign  a n d  C onstruction  A sp ec ts , 25-26 A u g u s t 1994,
N ew  D elhi, Ind ia , pp. I. 116-1. 125.

T h e  p a p e r  ou tlin es  changes in  th e  te ch n iq u es  o f ro ad  b u ild ­
in g  co n seq u en t to  th e  in troduction  o f au tom ob iles an d  h ea v y  veh icles in  
th e  ea rly  tw e n tie th  cen tu ry . T he h is to ry  of th e  dev e lo p m en t o f ru b b e r­
ized  ro ad s  w ith  th e  m a in  objectives o f in c rea s in g  th e  serv ice  life an d  
im prov ing  th e  perfo rm an ce  is d iscussed . In fo rm a tio n  is p re s e n te d  on th e  
te ch n iq u e  o f ru b b e riz a tio n  and  th e  d iffe re n t ty p es  o f ru b b e rs  th a t  h av e  
b ee n  tr ie d  for im prov ing  th e  perfo rm ance o f b itu m en . D e ta ils  o f th e  
la b o ra to ry  tr ia ls  u sed  for a ssu rin g  th e  perfo rm an ce  o f ru b b e r  m odified 
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b itu m en  a re  p resen ted . I t  is  re p o rte d  th a t  co m p ared  to  s ty re n e  b u ta d i­
ene ru b b e r  (SBR), n a tu ra l ru b b e r  (NR) im p a r te d  b e t te r  p ro p e r t ie s  to  
b itum en . O f th e  d iffe ren t ty p es  o f N R tr ied , N R  la te x  sh o w e d  th e  m o s t 
p rom ising  re su lts . E ffect o f s to rag e  o f ru b b e rized  b itu m e n  u n d e r  d iffe r­
en t te m p e ra tu re s  is  exp la ined . R esu lts  o f fu ll sca le  p a v in g  e x p e rim e n ts  
o f rub b erized  b itu m en  a re  p re sen ted . I t  is  rep o rte d  t h a t  p ro p e r  in co rpo ­
ra tio n s  o f ad e q u a te  q u a n tity  o f N R  in  a p p ro p r ia te d  fo rm s  in to  b itu m e n  
and  u se  of such  N R  m odified b itu m en  in  p a v in g s  le d  to  s a v in g s  w ith  
safety . It is a lso  ropo rtod  th a t  e x tra  cost for ru b b e r iz a tio n  m uy com o to 
15-20% o f th e  cost of bu ild in g  b itu m in o u s  ro ad s .

Key w ords: R ubberized  b itu m en ; R ubb erized  a s p h a l t;  R oad  
ru b b eriza tio n ; In d ia

26- Laboratory perform ance of ASR modified a sp h a lt
binders
D utta, Utpal; Ibadat, Im ran; K lem pner, D aniel and  
Keshawarz, M oham m ad S
Journal o f Elastomers and Plastics, 29(4):1997. 326-343.

A utom obiles, w hen no longer usefu l, a re  f la tte n e d  and  
shipped to autom otive shredder facility. W hile sh redded  to recover th e  
fe rrous  and  non -ferrous m e ta ls  for recycling , a h u g e  q u a n t i ty  of 
non-m etallic residue, commonly called au tom otive s h re d d e r  re s id u e  
(ASR), is generated. Since ASR mostly contains p lastic  and  ru b b e r re ­
lated m aterials, and addition of p lastic  and  scrap  ru b b e r from w aste  tires  
as a road m ateria l has been proven to be effective in  solving ex isting  
pavem ent re la ted  problems, a ttem p ts  w ere m ade to  exam ine th e  feasi- 
“ f f  ° fA f R ^  road m ateria l additive. As a  p a rt o f th is  effort, com pat­
ibility and m echanical properties of ASR modified a sp h a lt w ere stud ied  

m,xed Wlth a  requ isite  am ount of ASR for one h o u r a t  
t i n  tem Pera tl" 'e  (T )  and  m icrostruc tu re  of ASR as-
iPM litva M lfied asPh a lt w ere exam ined to de te rm ine  com pat-

™ properties of ASR modified a sp h a lt w ere s tud ied  by
a t  meif lan ica* analysis. T he pho tom icrographs and  T  of ASR 

—  n SPhalt demr tra ted  com patibility betw een A sR ^ m ^  
incr nrn * nam,.1C mechan.cal analysis indicated  th a t  ru tt in g  and  age- 
ng  properties of a spha lt could improve w ith th e  addition  of ASR

Key words: A sphalt; ASR; Autom otive sh redder residue- 
k avem ent perform ance; Aged binder



27 i

m S a s p h a i l r  S tabm ty  ° f  S tr3 igh t Hnd P° ,ym er
Collins, Jim  H and Bouldin, M ark G
M eeting  o f  the R ubber  D ivision , A m erican  C hem ical
Society, 8-11 O ctober 1991, D etro it, M ichigan.

fiuence  on lh oB̂ V h 0 rt " ld  ! ™ ^ te rm  age ing  can  have a  s ign ifican t in- 
miX SSphalt (HMA) P avem ents. T h is  is 

« Thm °, aSPha' i S “  W d' 85 f° r  a sp h a lt
b ^ p  n  • ■ j  ^  Can U nderg°  ^ ^ f i c a n t  age h a rd e n in g  d u rin g  
a n d  1̂ ’d ™ n g  “ ?  m  thS f‘eld ' T h is  Iong-te ™  ageing  can  be d ra m a tif  
a n d  lead  to  p re m a tu re  p avem en t fa ilu re . T h e  effects of age in g  can  be 
ex acerb a ted  ,n  th e  case  of perm eab le  p av e m en ts  or in  r e g f o n s l i t h  ex 

m e c lim atic  conditions. P o lym er m odifica tion  is  a  v iab le ro u te  in  over­
com ing  th e se  p o te n tia l deficiencies by p rov id ing  b in d e rs  w ith  w ell b a l­
anced  p ro p e rty  se ts . T h is  is  g en e ra lly  ach ieved  by m odify ing  soft, com­
p a tib le  a sp h a lt. Im provem en ts  a re  no ted  in  bo th  th e  b in d e r’s re s is ta n ce
to  p e rm a n e n t d e fo rm ation  a n d  its  ab ility  to  m itig a te  th e rm a l an d  fa ­
tig u e  crack ing . H ow ever, u n s a tu ra te d  po lym ers  a re  su scep tib le  to  th e r ­
m a l an d  ox ida tive  deg rad a tio n . T hus, i t  is  im p era tiv e  to  avoid prolonged 
s to rag e  an d  excessive te m p era tu re s . T h is  is  especially  im p o rta n t in  h o t 
m ix p la n t opera tio n s . Gel p e rm ea tio n  ch ro m ato g rap h y  (GPC) a n d  d y ­
nam ic  m echan ica l an a ly s is  a re  found to  be excellen t tools in  e v a lu a tin g  
th e  s tab ility  o f m odified asphalts . L ikew ise, ro llin g  th in  film  oven (RTFO) 
a g e in g  can  b e  u se fu l in  in d ica tin g  po te n tia lly  u n s ta b le  p o ly m er/a sp h a lt 
b lends. D ifferen t a s p h a l t  chem istries  can  le ad  to  v a ry in g  deg rees  o f poly­
m e r  s tab ility . In  g en e ra l, RTFO  age in g  is  s ev ere  th a n  ac tu a l fie ld  o p e ra ­
tio n s. W ith  re g a rd  to  long-term  ag e in g  th e  find ings  a p p e a r  to  su p p o rt 
th e  no tion  th a t  C a lifo rn ia  t i l t  oven d u ra b ility  (CATOD) age in g  is a  r e a ­
sonab le  s im u la tio n  fo r fie ld  age in g  in  h o t d e se rt-l ik e  c lim a tes . In  m ore 
m o d e ra te  c lim a tes , on ly  less th a n  20% po lym er d eg rad a tio n  occurs even  
a f te r  th re e  to fou r y e a rs  in  th e  field. Im proved  th e rm a l a n d  oxidative 
s ta b ility  can  b e  ach ieved  by m odify ing  a s p h a l ts  w ith  s a tu ra te d  polym ers. 
H ow ever, good h a n d lin g  p rac tice s  a re  s til l  im p e ra tiv e  to  p rec lu d e  th e  
consequences of se rio u s  a s p h a l t age h a rd e n in g . R heological c h a ra c te r ­
iza tion , G PC  a n d  fie ld  d a ta  d e m o n s tra te  su p e rio r  p e rfo rm an ce  of th e se  
b le n d s  even  in  sev ere  clim ates.

K ey w ords: P o lym er m odifiers; A sp h a lt ag e  h a rd en in g ; G PC

28- Low te m p e ra tu re  d y nam ic  p ro p e rtie s  o f b itu m in -ru b b e r
m ix tu res
Shim -T on, J ;  K ennedy, K  A; P iggo tt, M  R  a n d  W oodham s, 
R T
R u b b e r  C hem istry  a n d  Technology, 53(1): 1980. 88-106.



In fluence of four com m ercial e la s to m e n c  m a te r ia l  V n a m e ly  
(1) pow dered  vu lcan ized  ti re  rec la im  ru b b e r , (2) p re c ip ita te d  w a s te  S B R  
ia tex  from  a n  e ffluen t recovery  sy stem , (3) liqu id  c ^ b o x y - t e r m i n a ^  
bu ta d ien e  ac ry lo n itrile  po lym er (H ycar C TB N  from  G o odrich ) a n d  (4) 
liqu id  p o lybu tad iene  w ith  te rm in a l ally lic b ro m in e  s u b s t i tu e n ts  (P o ly sa r 
RTV), on th e  low te m p e ra tu re  d y nam ic  p ro p e r t ie s  o f  a n  a s p h a l t  b in d e r  
used  in  road  p av in g  w as  s tu d ie d  u s in g  a  R heov ib ron  V isc o e la s to m e te r . 
T he re s u lts  in d ica te  th a t  liqu id  p o ly b u tad ie n e  is  th e  m o s t e ff ic ie n t low  
te m p e ra tu re  flex ib ilizer. A dd ition  o f ru b b e r  m a rk e d ly  re d u c e s  th e  te m ­
p e ra tu re  suscep tib ility . T he th ick en in g  b eh a v io u r  o fb i tu m e n -C IB N  r u b ­
ber m ix tu re s  a f te r  th e  ad d itio n  of ca lc ium  ch lo rid e  w a s  a lso  s tu d ie d . T h e  
im p lic a tio n s  o f th e  low  te m p e r a tu r e  d y n a m ic  t r a n s i t io n s ,  v is c o s ity  
behav iou r, p e n e tra tio n  v a lu e s  a n d  th ic k e n in g  b e h a v io u r  o f b i tu m e n /r u b ­
ber m ix tu re  w ith  re sp e c t to  ro a d  p e rfo rm a n ce  a re  d iscu ssed .

Key w ords: R ubberized  b itu m en ; D ynam ic  p ro p e rty ; R oad  
perfo rm ance

29 - M odification  o f a s p h a l t  by  b lock p o ly m e rs  o f  b u ta d ie n e
an d  s ty ren e  
K raus , G e ra rd
R u b b e r  C h em istry  a n d  T ech n o lo g y , 55(5): 1982.
1389-1402.

R ubberized  a s p h a l t  com position  w ere  p r e p a re d  u s in g  tw o 
ty p es  o f s ty re n e /b u ta d ie n e  block copo lym ers, n a m e ly  (1) 3 0 0 0 0 0  w e ig h t 
av e ra g e  m o lecu lar w eigh t co n ta in in g  30%  s ty re n e  a n d  (2 ) 1 30000  w e ig h t 
av e ra g e  m o lecu lar w e ig h t c o n ta in in g  40%  s ty re n e . T h e  b a s ic  m o rp h o - 

a " d “ ech am ca l P ro p e r tie s  o f  th e s e  w e re  s tu d ie d . A d d itio n  o f
10-14% o f th e se  po lym ers  to  a s p h a l t  r e s u l ts  in  low er p e n e tr a t io n  v a lu e s , 
g r  ly re fu sed  flow above noon te m p e ra tu re , in c re a s e d  s o f te n in g  tem - 
a c t T r t S t  SU pen0r low  te m p e ra tu re  f lex ib ility . T h e  b le n d s  a r e  c h a r-  
S< th  t h e 1 3 “ “ T 6 ” lo rpho !°gy  in  w h i<* th e  b lock  p o ly m er, sw o llen
" n t i n u o u s T Z  mol,ecuIm ; w eiSh t  c o n s ti tu e n ts  o f  th e  a s p h a l t  fo rm s  a  
T h e ZZjrr t c T h ' "  3 b ltU m inous Ph a s e  e n r ic h e d  w ith  a s p h a l te n e s .
block a  P COnS1StS 0 f tw o m ic ro p h a s e s  d e r iv e d  from  th e
f o r t e l m ^ t a n ^ T  8t r u ? V r e -T h is  m u l tip h a s e  m orpho logy  ac co u n ts  

th e  im p o r ta n t f e a tu re s  o f th e ir  m e ch an ic a l b eh a v io u r .

K ey w ords: R ubberized  age ing ; A sp h a lt; S ty re n e  b u ta d ie n e  b lock  
CO po lym ers

K ® zaSS b AUm8nS c ° n t a i n i n 8  therm oplastic  polym ers riazza , S, Arcozzi, A and  V erga, C



B itu m en s  from  d iffe ren t sou rces w ere  m odified  by b le n d ­
ing , a t  200  G, w ith  th e rm o p la s tic  po lym ers SBS s ty re n e  b u ta d ie n e  block 
co po y m e r (E u ro p ren e  AG) an d  a tac tic  polypropylene, a t  d iffe re n t r a ­
tios a n d  m ix ing  tim es. P en e tra tio n  grades , so ften ing  po in ts, F ra s s  b re a k ­
in g  po in ts , low te m p e ra tu re  flex ib ility  te s ts , te n sile  te s ts  a n d  creep  to r ­
s ion  te s t s  w e re  ca rried  ou t. O ptical m ic rog raphs  o f som e b len d s  w ere  
a lso  s tu d ie d . T h e  re s u lts  in d ica te  th a t  th e  m echan ica l an d  v iscoe lastic  
b e h a v io u r  of b itu m en , bo th  a t  h igh  an d  low te m p e ra tu re , w as no ticeab ly  
im p ro v e d  by th e  a d d i t io n  o f th e s e  p o ly m e rs . C h a r a c t e r i s t i c s  o f 
b itu m en -p o ly m er b le n d s  dep en d  heav ily  upon  b itu m e n  q u a lity  a n d  m ix­
in g  p rocess.

K ey  w ords: T h e rm o p la s tic  polym ers; B itu m en ; V iscosity

31- N a tu ra l ru b b e r  a s  a n  ad d itiv e  to  ro ad  m a te r ia ls
Thompson, P D
Rubber Journal, 149(5): 1967. 135-138.

T h e  a r t ic le  r e p o r t s  th e  r e s e a r c h  f in d in g s  o f th e  jo in t  
p ro g ra m m e  o f th e  N a tu ra l  R u b b er P ro d u ce rs  R esea rch  A ssocia tion  an d  
R oad  R esea rc h  L a b o ra to ry  of UK. E x ten s iv e  in v e stig a tio n s  in  th e  labo ­
r a to ry  a n d  on  fu ll sca le  ro ad  e x p e rim en ts  e s ta b lish e d  th e  a d v a n ta g e s  of 
ru b b e riz e d  ro ad  m a te r ia ls  for c e rta in  app lica tio n s . T h e  d iffe re n t com ­
p o s ite s  for ro ad  w o rk  like  su rface  d re ss in g s , ro lled  a s p h a l t, m a cad am  
a n d  m a s t ic  a s p h a l t  a n d  th e ir  im p ro v em e n t in  p ro p e rtie s  by  th e  ad d itio n  
o f n a tu r a l  ru b b e r, w hich  a c ts  solely by m odify ing  th e  p ro p e r tie s  o f b inde r, 
a re  i l lu s tra te d . In  th e  su rface  d re s s in g s  com posites, ru b b e r  p re v e n ts  or 
red u c e s  th e  te n d en cy  of b in d e r  to  fa t  u p  d u r in g  h o t w e a th e r . In  ro lled  
a s p h a l t ,  re s is ta n c e  to  c rac k in g  ca n  be im proved. Life o f b itu m e n  m a c­
ad a m  ca n  be in c rea sed  a n d  m a stic  a s p h a l t  is m a d e  m o re  r e s is ta n t  to 
c rac k in g  by ru b b e riza tio n . B rie f  d e sc rip tio n  of th e  co n s tru c tio n  process, 
w ith  p h o to g ra p h s , to  i l lu s tr a te  w hy  ru b b e r  is now  accep ted  a s  a n  a d d i­
tio n  fo r ro a d  s u rfa c in g  is  g iven .

K ey  w ords: A sp h a lt; S u rface  d re s s in g s ; R ubb erized  ro ad  m a te r ia ls

32- N atural rubber for the  Forth  Bridge
Smee, A R and Thompson, P D 
Rubber Developments, 17(3): 1964. 71-73.

Forth Bridge in the  U nited Kingdom, opened on Septem ber 
4 , 1964, is the  largest suspension bridge in the  world outside USA, with 
a to ta l length of 6980 ft. A specially designed rubberized bitum inous 
m em brane of high durability  and light weight, which could w ithstand  
w eather conditions w ithout crack form ation and deterioration, w as laid 
between the  deck and final asphalt surfacings. Pulvatex (unvulcanized
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ru b b er pow der), 5% by w eigh t ^ U u m a n  w as  u s ^  a s  th e  b i tu m e n  m o ^ -  
fier. T he th ick n ess  of th e  m e m b ran e  w as  1V4 “ l i n e
bridge  could be reduced  rem ark ab ly  by u s in g  th e  th in  m e m b r  n  .

K eyw ords: R ubberized  b itu m en ; A sp h a lt su rfac in g s ; F o r th  B rid g e

3 3 . N atural rubber in asphalt pavem ents
Mullins, L
N R  T echnology, 7: 1971. 1-17.

Although num erous pavem ent surfacings con ta in ing  ru b ­
ber (synthetic and natu ral) have been laid in m any countries, th e  am ount 
of really reliable evidence produced to show q u an tita tiv e  com parison 
between the performance of rubberized and non rubberized  m ate ria ls  
has been relatively small. Both outstand ing  and d isappo in ting  re su lts  
were found in the  Held trials. Much evidences a re  obtained  from  the  
change of p roperties of asphalt pavem ent m a te ria ls  by th e  add ition  of 
rubber, which may be beneficial to improve th e  perform ances. T he prop­
erties like susceptibility of a spha lt to change in tem p e ra tu re s  a re  re ­
duced considerably. Softening point increased, b rittlen ess  a t low tem - 
peratu ro  reduced, im pact resistance and s tren g th  of th e  a sp h a lt is  in ­
creased. The details of the  laboratory and field tria ls , m ethod of incorpo­
ration  of rubber, variation in properties with b lending tim e, sto rage tim e, 
design of pavem ents for different m atrix  a re  given. T he conclusion is 
th a t evidence to the  m erit of addition of rubber to a sp h a lt m a te ria ls  can 
only come from road experim ents. Lack of conclusive evidence is m ain ly  
due to the  extremely difficult and complex control factors re la ted  w ith 
road experim ents. On exam ination of th e  num erous rubberized  roads, 
large num ber of countries agrees w ith th is  finding. R ecent experim ents  
conducted by NRPRA and Road Research L aboratory w ere designed to 
evolve meaningful conclusions and particu lar a tten tio n  given to m ethod 
of addition of rubber and design of type of road surfacings for d ifferen t 
application w ith distinct advantages.

Key words: N atu ra l rubber; A sphalt pavem ents; B inders

34- N atural rubber powder in roads: T ests  and  s tud ies
Fisher, H arry  K
Rubber Developments, 2(4):1949. 10-12.

u E x ten s iv e  s tu d ie s  w e re  co n d u c ted  in  th e  u s e  o f  n a t u r a l  r u b ­
ber (NR) p ow der in  a s p h a l t  pav in g . In i t ia l  r e s u l t s  in d ic a te d  t h a t  ru b b e r  
ad d ed  to  a s p h a l t  p av in g  m ix tu re s  w ill low er m a in te n a n c e  cost, in c re a s e  
e  asU city  o f th e  p av e m en t, ra is e  coefficien t o f fr ic tio n , p ro te c t th e  p a v e ­
m e n t a t  h ig h  a n d  low te m p e ra tu re s  a n d  e x te n d  th e  life  o f th e  p a v e m e n t  
O b se rv a tio n  d u r in g  th e  fie ld  te s ts  show ed  t h a t  a  d e c re a s e  in  th e  p e n

22



e t ra tio n  of a s p h a l t  upon  th e  addition  of ru b b er pow der depends on sev­
e ra l fac to rs  like  th e  g rad e  and  the  source of th e  b itu m en  used  a n d  the  
p e rc e n ta g e  of ru b b e r  pow der added. T h e  chang ing  consistency  o f th e  
p a v in g  m a te r ia l is  n o t g re a t enough to  be  visibly seen  in  b atch  to  b atch  
m ix in g  opera tio n s . F ie ld  tr ia ls  a re  to be extensively  ca rried  before g iv ­
in g  a  fina l recom m enda tion  in  th e  op tim um  p ercen tag e  of N R pow der 
an d  d eve lopm en ts  of m ach inery  for quick and  econom ical m ethod  of m ix­
in g  o f a s p h a l t  w ith  rubb eriza tio n  to  be  continued.

K ey w ords: R ubber a sp h a lt; A sp h a lt p avem en ts ; USA

35- P erfo rm ance based  b itu m en  specification  - th e  p roduct of
tr ip a r t i te  w ork ing  group
A rya, I R; J a in , P  K; T yagi, B R  and  H im m at S ingh  
In d ia n  R o a d  Congress, S e m in a r  on B itu m in o u s  Roads: 
D esign a n d  C onstruction  Aspec ts , 25-26 A u g u st 1994,
N ew  D elhi, Ind ia , pp. 1.57-1.69.

T h e  p a p e r  briefly  describes th e  p rin c ip a l fe a tu re s  of perfo r­
m an ce- b a sed  specifica tions d ra fted  by tr ip a r t i te  w ork ing  g roup  of sc ien ­
t i s t s  from  In d ia n  In s t i tu te  of P e tro leu m  (IIP), C en tra l Road R esearch  
In s ti tu te (  CRRI) an d  In d ia n  Oil C orporation  (IOC). R e la tionsh ip  betw een  
physico-chem ical p ro p e rtie s  of b itu m in o u s  b in d e rs  a n d  key  p av em en t 
perfo rm ance factors re la ted  to  b itum en  ch a rac te ris tic s  viz., th e rm a l crack­
ing , fa tig u e  crack ing , ageing, m o istu re  sen s itiv ity  a n d  deform ation , b e ­
s id es  asp ec ts  of co n s tru c tab ility  and  sa fe ty  a re  d e ta iled . T h e  p ap e r  also 
g ives  a  b r ie f  rev iew  of S H R P  p erfo rm ance-based  specification , O DO T 
pe rfo rm a n ce -b ased  specification  an d  b itu m e n  q u a lag o n  by shell. T h e  
p roposed  d ra f t  perfo rm ance-based  specifica tions consis t o f tw o s e ts  of 
te s ts .  O ne covers n in e  te s ts  and  lim its  for q u a lity  control, th e  te s ts  be in g  
specific g rav ity  (for w eight/volum e conversion), w a te r con ten t, viscosity  
a t  60°C (pav em en t de fo rm ation  a t h igh  te m p era tu re ) , v iscosity  a t  135°C 
(s e tt in g  of m ix  a n d  co nstruc tab ility ), p e n e tra tio n  (to check  g rade), so ft­
en in g  p o in t (to check  bleeding), so lub ility  in  T C E  (to check p u rity ) an d  
te s t  on re s id u e  from  th in  film  oven te s t  (to  check excessive age  h a rd e n ­
ing). T h e  o th e r  con ta in s  n ine  te s ts  for in itia l qualifica tio n  of crude. For 
s tu d y  of m o is tu re  sensitiv ity , re ta in e d  com pressive  s tre n g th  te s ts  h av e  
b ee n  inco rpo ra ted . F ra a s  b reak in g  p o in t te s t  h a s  been  inc luded  to  check 
e ffec t o f w ax  a n d  low  te m p e ra tu re  c ra c k in g . T h e  m e a s u re m e n t of 
a s p h a l te n e  co n ten t an d  a sp h a lten e  flocculation  ra tio  a re  recom m ended  
to  con tro l s e tt in g  of m ix as  w ell as  ea rly  c rac k in g  o f su rfac ings .

K ey w ords: B itu m en  specification; B inde rs; P a v e m e n t perfo rm ance



>f polym er m odified b itu m in o u s  p re m ix  
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New D elhi, Ind ia , pp. 1.83-1.95.
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season. T he road  s tre tch  is  located  a t 2500m  h e ig h t from  se a  le v e l an d  
ge ts  covered w ith  h eavy  snow  in  w in te r. D e ta ils  of b le n d in g , la y in g  a n d  
perfo rm ance o f v a rio u s  te s t  sections a re  d iscussed  b es id e s  co st b e n e fi t 
an a ly s is  of u s in g  po lym er m odified ro ad  b in d e rs  in  snow  b o u n d  c lim a te . 
B in d e r specifica tions for snow  bound  c lim a tic  cond itions  a re  a lso  d e ­
scribed . O n th e  b a s is  of f ind ings i t  can  be concluded th a t  life o f p rem ix  
ca rp e t m ay be  enh an ced  ab o u t 1.5 tim es  re s u lt in g  ab o u t 20%  sa v in g s  in 
road  m a in te n an ce  cost a s  a  re s u lt  of reduced  frequency  o f overlays .

K ey w ords : P o lym er m odified  b itu m en ; P a v em en t p e rfo rm a n ce ; In d ia

37- P erfo rm an ce  of sc rap  ti re  ru b b e r  m odified  a s p h a l t  p av in g
m ixes
C oom arasam y, A  a n d  H esp, S A M
M eeting  o f  the R u b b er  D ivision , A m er ic a n  C h em ica l
Society ,-21- 24 O ctober 1997, C leveland , O hio.

A lthough  sc rap  t i r e  ru b b e r  h a s  bee n  u sed  for a s p h a l t  m od i­
fication  for sev e ra l y ea rs , th e  m o s t effective w ay  of u ti liz in g  s c ra p  ti r e  
ru b b e r  for th is  app lica tio n  h a s  n o t bee n  th o ro u g h ly  in v e s t ig a te d . T h e re  
is a  need  to d e te rm in e  th e  m o s t su ita b le  ty p e s  (in c lu d in g  th e  p a r t ic le  
size) of ti re  crum b  ru b b e r, w h ich  w ould  g ive th e  b e s t p e r fo rm a n c e . T ire  
ru b b e r  m odified a s p h a l t  b in d e rs  w ere  p re p a re d  by  m ix in g  (u n d e r  m o d ­
e ra te  sh ear)  30 a n d  80 m e sh  crum b ru b b e r  a n d  p a r t ia l ly  d ev u lc a n iz e d  
t i r e  ru b b er, w ith  tw o g ra d e s  of pav in g  a sp h a l ts . H ig h  s h e a r  m ix in g  w as  
u sed  only to p re p a re  a  sam p le  co n ta in in g  a  fin e  d isp e rs io n  o f c ru m b  r u b ­
b e r  p a rtic le s  of 0.4 m icrons, from  a 30 m e sh  crum b  ru b b e r  a n d  a s p h a l t .  
Low te m p e ra tu re  f ra c tu re  to u g h n e ss  te s t in g  w as  p e rfo rm e d  u s in g  a  n ew
m ethod  based  on ASTM  E 399-90 p rocedure , a t  -20°C. S H R P  b in d e r  te s ts , 
for h ig h -tem p e ra tu re  an d  lo w -te m p era tu re  p erfo rm an ce  ra t in g , w e re  also  
perform ed. R u ttin g  te s ts  w ere  conduc ted  on a  w heel t r a c k in g  m a c h in e , 
a t  60°C and  th e  re s is ta n ce  to  low te m p e ra tu re  c rac k in g  w a s  d e te rm in e d



by th e rm a l r e s tra in e d  specim en  te s t  (TSRST). T h e  re s u lts  rev ea l th a t  
th e  h ig h  te m p e ra tu re  p erfo rm ance o f m odified  a s p h a l t  sy s tem s  co n ta in ­
in g  fine  crum b ru b b e r  p a rtic le s  is s ign ifican tly  b e t te r  w h en  com pared  to  
th e  p erfo rm a n ce  of th e  o th e r  sam p les. M odejrate im p ro v em e n ts  in  low 
te m p e ra tu re  th e rm a l c rack in g  re s is ta n c e  w ere  a lso  ach ieved  w ith  th e se  
sy stem s.

K ey w ords: A sp h a lt b in d e rs; F ire  crum b  ru b b e r; R u tt in g  te s t

38- P hysica l an d  rheological c h a ra c te r is tic s  o f liq u id  n a tu r a l
ru b b e r  m odified b itu m e n
R a d h a k r is h n a n  N a ir , N ; M athew , N  M; T hom as, S abu ;
C h a tte r je e , P ra b h a  an d  S idd iqu i, M A
J o u r n a l o f  A p p lie d  P o lym er Science, 68(1): 1998. 53-61.

Po lym er m odification of com m ercially  ava ilab le  b itu m e n  h a s  
b ee n  a t te m p te d  by th e  in c o rp o ra tio n  of liqu id  n a tu r a l  ru b b e r  (LN R) of 
m e d iu m  v isco sity . B o th  so ft a n d  b low n b itu m e n s  h a v e  b ee n  s tu d ie d . 
P h y sica l a n d  rheo log ica l c h a ra c te r is tic s  o f th e  sam p le s  w e re  in v e s ti­
g a te d . Im p ro v e m e n t in  phy sica l p ro p e rtie s  such  a s  s h e a r  s tr e n g th  a n d  
d u c t it l i ty  in  th e  c a se  o f b low n b itu m e n  an d  re s is ta n c e  to  flow in  th e  case 
o f so ft b itu m e n  w ere  observed. I t  w as  also  found  th a t  a s  a  r e s u l t  o f a d d i­
tio n  o f LN R , th e  a c tiv a tio n  en e rg y  of flow in c rea ses  in  th e  ca se  of soft 
b itu m e n  a n d  d ec re a se s  in  b low n b itu m en .

K ey  w o rd s: L iqu id  n a tu r a l  ru b b e r; B itu m en ; Rheology; P o lym er 
m od ifica tion

3 9 _ P hysico-chem ica l a sp ec ts  of a s p h a l t  m od ifica tion  for ro ad
co n s tru c tio n  
D efoor, F
M eetin g  o f  the  R u b b e r  D iv ision , A m er ic a n  C hem ica l 
Socie ty , 29 M ay  -  1 J u n e  1990, L a s  V egas, N ev ad a .

O w ing  to  u n s a tis fa c to ry  b in d e r  p ro p e rtie s , p e rfo rm a n ce  of 
a s p h a l t  ro ad s  is  adve rse ly  affec ted  w hich  n ec ess ita te s  th e  u s e  o f im proved  
o r  m od ified  b in d e rs . A n a t te m p t h a s  b ee n  m a d e  to  e v a lu a te  th e  d iffe re n t 
ty p e s  o f po ly m eric  m a te r ia ls  c u rre n t ly  u sed  a s  ro a d  b itu m e n  m od ifiers . 
T h e  ob jec tive  o f th e  s tu d y  w as  to  o b ta in  in s ig h t, con tro l a n d  expe rience  
in  th e  m e c h a n is m  of im p ro v em e n t of co m p a tib ili ty o f  th e p o ly m e r-b in d e r  
m ix tu re s  developed . L PD E, EVA, E PD M , SBS an d  b le n d s  of th e se  po ly ­
m e ric  s u b s ta n c e s  w ere  ev a lu a te d . In  a ll ca ses  s tu d ie d , th e  po lym eric  
a d d itiv e s  w e re  found  to  p roduce  b e t te r  q u a lity  m a te r ia ls  co m p ared  to 
o rd in a ry  b itu m e n .

K ey w ords: A sp h a lt m odifiers; Road co n stru c tio n ; B lends
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40- P o ly c h lo ro p re n e -m o d if ie d  aq u e o u s  a s p h a l t  e m u l s io n :  U se 
in  roofs a n d  ro ad s
N ew az, S S  a n d  M a tn e r , M
M eeting  o f  th e  R u b b e r  D iv ision , A m e r ic a n  C h em ic a l 
Socie ty , 29 M ay - 1  J u n e  1990, L as  V egas , N ev ad a .

P o lym er m odified a s p h a ltic  m a te r ia ls  a re  u s e d  fo r ro o f  cov­
e r in g  a s  w ell a s  fo r p ro v id in g  b e t te r  p e r fo rm a n c e  to  a s p h a l t  r o a d s . 
P o lych lo roprene la tex  w as  m ixed  w ith  aq u e o u s  a s p h a l t  a n d  th e  r e s u l t ­
in g  e las tic  m a te r ia ls  w as  found  to  be good fo r th e  abo v e  a p p lic a tio n s . 
F ac to rs  such  a s  choice o f a s p h a l t  a n d  la tex , choice o f  th ic k e n e r  a n d  s u r ­
fac ta n t, choice o f co ag u lan t, choice o f  ap p lic a tio n  te c h n iq u e s  a n d  h ig h  
an d  low  te m p e ra tu re  b eh a v io u r  o f a s p h a l t  la te x  co a g u la tio n  m a tr ix  w e re  
s tu d ie d . C h lo rop rene  m odified  a s p h a l t  g av e  b e t te r  o v e ra ll p e rfo rm a n c e  
for th e  ap p lica tio n s  tr ied .

K ey w ords: A sp h a lt la tex ; P o lych lo ro p ren e  la tex ; Roofing; R oad  
re p a irs

41- P o lyethy lene - m odified  b itu m e n  fo if^ a v in g  a p p lic a t io n s  
Jew , P ; S h im izu , J  A; S vazic, M  a n d  W o o d h am s, R  T  
J o u r n a l o f  A p p lie d  P o lym er  Scien ce ,  31(8):1986.
2685-2704.

In  cold reg io n s, t r a n s v e rs e  c ra c k in g  o f a s p h a l t ic  p a v in g  
m a te r ia ls  is  a  se rio u s  p rob lem . In  th is  in v e s tig a tio n , low  te m p e r a tu r e  
s tr e s s - s t r a in  p ro p e rt ie s  o f b itu m e n  c o n ta in in g  d is p e rs e d  p o ly e th y le n e  
w ere  m e a su re d  over th e  te m p e ra tu re  ra n g e  fro m  -40  to  0°C  a n d  com ­
p a re d  w ith  u nm od ified  b itu m e n  in  a n  a t te m p t to  deve lop  a  to u g h e r , m o re  
d u c tile  c ra c k -re s is ta n t b in d e r  for p a v in g  m a te r ia ls .  S e v e ra l g r a d e s  o f 
po ly e th y le n e  w ere  in d iv id u a lly  d is p e rs e d  in  liq u id , h e a te d  b i tu m e n  to  
p roduce  th e re in  collo idal s u sp e n s io n s  o f p o ly e th y le n e . T h e  v is c o s itie s  o f 
th e se  s u sp e n sio n s  w ere  d e te rm in e d  a t  v a r io u s  t$ m p e ra tu re s  a n d  con ­
ce n tra tio n s  fo r each  g ra d e  o f po ly e th y le n e . D e sp ite  r t f th e r  la rg e  d iffe r­
ences in  com position , m o lecu la r w e ig h t a n d  c ry s ta ll in ity  o f  th e  p o ly e th - 
y len es , th e  d iffe rences  in  v iscosity  a t  th e  s a m e  c o n c e n tra t io n  w e re  r e l a ­
tively  m inor. H ow ever, th e  v iscosity  w a s  v ery  se n s itiv e  to  th e  p o ly e th y l­
en e  co n c en tra tio n  a n d  th e  m ix tu re  b ec am e d ifficu lt to  p ro c e ss  a t  co n c en ­
tra tio n s  g re a te r  th a n  10% by w eig h t. T h e se  h o t m ix tu re s  w e re  th e n  c a s t 
in to  r e c ta n g u la r  b ea m s for f le x u ra l te s t in g  a t  t e m p e ra tu r e s  be lo w  0°C . 
N e a r  th e  op tim u m  po ly e th y le n e  co n c e n tra tio n , th e  b i tu m e n  m ix tu r e  pos- 
sessed  in c reased  flex u ra l s tre n g th , in c rea sed  f le x u ra l m o d u lu s , in c re a s e d  
elong a tio n  a n d  in c re a se d  f ra c tu re  en e rg y  a t  t e m p e r a tu r e s  n e a r  -30°C  
In  one exam ple  th e  en e rg y  to  f r a c tu re  w a s  in c re a s e d  n in e fo ld  c o m p a re d

~ l T 0d f o ^  t P e n - ,bitU m 0n COnlr° ‘ a t  -2 ° ° C - M ix d - g ^ e s u f t s  . . typ ica l a g g re g a te  a n d  c o m p ared  w ith  a  M T C  H LA
hot-m ix  p av in g  fo rm u la tio n  w hich  is  u sed  ex ten s iv e ly  th ro u g h o u t O n ta r i a



c rea se  In ^ io fh ^ T  asp *la ' t  concre to  m ix d isp layed a  cu rio u s  in-
n a m ir  m » ,b  t h °1Marsha11 n °w and  th e  M arshall s tab ility  values. Dy- 
r e s ^ . W m e a s u r e m e n t s  confirm ed th e  expected in c rea se  in  
t i i n i n r / n  1 ! ! ^ s  a  tem Pera tu re s  above 0 ”C . M arshall b r iq u e tte s  con- 
tin n  - Pi ° ^  ° n.° 0 oxbib ited  sligh tly  g re a te r  w et s tre n g th  re le n ­
t e d  ?  ,1  r  ,g, , lm m ersion  in w ate r. T h ese  observations a re  consis-
j  , 1 1 1GPU) , S  ed d a ta  for com m ercial N o v o p h a ltp av in g  m a te r ia ls  
developed in  A u s tr ia  an d  p red ic t th a t  th e  u se  of po lyethy lene in  a sp h a l-
K M I T  Pf r nK m a to r â ' s  can  ex tend  serv ice te m p e ra tu re  ra n g e  a t 
b o th  h ig h  an d  low te m p e ra tu re s , th e reb y  s im u ltaneously  red u c in g  bo th  
p av e m en t d isto rtion  (ru tting ) and low -tem peratu re cracking, so th a t  p a v e ­
m e n t life can  be m ore th a n  doubled. T he cost of such  m odifica tion  can  be 
s u b s ta n tia lly  reduced  if scrap  or reclaim  po lyethy lene is  em ployed in ­
s te a d  o f v irg in  po lye thy lene. D ispers ing  agen ts , such  as S hell C hem ica l 

° n  G bI°ck  copolym ers w ere  advan tag eo u sly  em ployed to  contro l 
em u  sion  s tab ility , p a rtic le  size, an d  com patib ility  o f th e  d ispersed  poly­
e th y le n e  p h ase .

K ey w ords: A sp h a lt p avem en ts ; P o lyethy lene  b inde r; F lex u ra l 
te s tin g ; N ovophalt pav ing

42- P o lym er m odifica tion  of pav in g  a s p h a l t b in d e rs
L ew andow ski, L  H
R u b b er C h em istry  a n d  T echnology , 67(3): 1994. 447-480.

T h is  rev iew  m a in ly  a d d re sse s  th e  u se  o f po lym er m odifiers 
in  d en se-g rad ed  ho t-m ix  a sp h a l t concre te p av e m en t app lica tions . T he 
g roup  of p o lym ers  d iscussed  a re  block copolym ers, th e rm o p la s tic s  an d  
s y n th e tic  an d  n a tu ra l  ru b b e rs . A n in tro d u c to ry  backg round  to  a s p h a l t  
c h e m is try , rea so n s  for po lym er m odifica tion  o f a sp h a ltic  b in d e rs  a n d  te s t  
u sed  to  g rad e  a s p h a l t  b in d e rs  a re  p re sen ted . E m p h as is  is p laced  on 
m e th o d s  u sed  to  ch a ra c te r iz e  th e  com patib ility  be tw een  po lym er an d  
a s p h a l t .  M orphology a n d  rheological beh av io u r o f s to rag e  s tab ility  an d  
m echan ica l p ro p ertie s  of polym er-m odified a sp h a lt b in d e rs  a re  discussed .

K ey w ords: A sp h a lt b in d e rs ; P o lym er m odification; Rheology

43- P o lym er m odified  b itu m en  an d  re la te d  p ro p e rtie s
S riv a s ta v a , A nil
In d ia n  R o a d  Congress, S e m in a r  on B itu m in o u s  R oads: 
D esign  a n d  C onstruction  A sp ec ts , 25-26 A u g u st 1994,
N ew  D elhi, In d ia , pp. 1.41-1.55.

F o r p av e m en t des ig n  th e re  is  a  need  for m a te r ia ls  w h ich  
show  im proved  p ro p e rtie s  a n d  possess th e  follow ing ch a ra c te r is tic  fe a ­
tu re s : (a) free  from  crack in g  a t  low te m p e ra tu re , (b) im proved  visco e la s ­
tic  recovery , (c) im proved re s is ta n c e  to fa tigue , (d) h igh  flex ib ility  a n d  
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im pact res is tan ce  an d  (e) h ighe r s tab ility  an d  re s is ta n c e  to  p e rm a n e n t 
deform ation  a t  high tem p era tu res . T hese  p ro p e rtie s  can  be ach iev e  >y 
m odifying th e  b itum en  u sing  polym ers. H ow ever, s im p ly  th e  ad d itio n  
of polym er in to  a com patible b itu m en  a t h igh  te m p e ra tu re  w ill n o t p ro ­
duce th e  req u ired  p roperties , as  experienced  by v a r io u s  la b o ra to r ie s  
th roughou t th e  world. O ne h a s  to cope w ith  inco m p atib ility  o f b itu m e n  
and  polym er, p h ase  separa tion  in  m odified b itu m en , s to rag e  s ta b i lity  
problem s, m olecular w eight d istrib u tio n , th e rm a l su sc e p tib ili ty  p ro b ­
lem s, etc. All th e se  aspects  have been  s tu d ie d  by u s in g  v a r io u s  te s t  m e th ­
ods a long w ith  th e  m icroscopic m orphological a n a ly s is  (q u a lity  a n a ly s is  
by m icroscopy, u s ing  fluorescence light). T h e  p a p e r  d ea ls  wi th  th e  m e th ­
odology w hich help s  coping w ith  th e  p rob lem  a re a s  asso c ia ted  w ith  p ro ­
duction, p rocessing  and  design ing  o f polym er m odified b in d e rs  to  e n s u re  
b e tte r  perfo rm ance of th e se  m a te r ia ls  in  th e ir  serv ice life.

Key w ords: B inders: M odified b itum en ; A sp h a lt concre te

Polym eric add itives  an d  th e ir  ro le  in  a s p h a ltic  
pavem en ts . P a r t  I: Effect of ad d itiv e  ty p e  on th e  f r a c tu re  
and  fa tigue  behav iour 
A glan, H
Journal o f Elastomers and Plastics, 25 (4): 1993. 307-321.

The effect of polymer modifier type on th e  frac tu re  and  fa ­
tigue behavior of AC-5 asphalt m ixture was studied. T hree polymer modi­
fiers which belong to the  general group of therm op las tic  polym ers-

:  y; T ; bUtf 16r - S,tyrene bl0Ck “ P0^ 11161, (Kraton), ethylene vinyl ac­
etate (Elvax) and polyethylene (Novophalt) were considered. Beam s were 
prepared from AC-5 asphalt binder containing 6 % of each polymer m odi­
fier by weigh and the sam e gradation. Flexural static  te sts  were per-

m ™ ifiedA c 1 Uateh tHree P° ‘ym er modifiers in comparison w ith u n ­modified AC-5 asphalt m ixture. I t  was found th a t in general all three

*T~ BIS 4-“‘ *■*«.



b in d e  r a t*°n Snd eva ûat-i°n of polym er-m odified a sp h a lt

K ing, G; K ing, H  and  Brule, B 
M eeting  o f  the R ubber D ivision, A m erican  C hem ical 

ociety , 29 M ay —1 J u n e  1990, L as V egas, N evada

o f  flqnhnlt ° f  a. P0^ m er m odifies th e  physica l ch a ra c te ris tic s
fPM Al An a  P ^ Slca c l̂a ra c te ris tics  of th e  polym er-m odified  a sp h a lt

S  i r on ors such as the base asPhait-the and
t i  ^ mGr®> com patib ility  of th e  constituen ts, b le n d in g  techn ique 

■ e p a p e r  describes th e  m ethods for th e  ev a lu a tio n  of PM A s by m i- 
c ro s tru c tu re  an d  physica l p roperty  cha rac te riza tion . M icro s tru c tu re  of 
PM A can  be e v a lu a te d  by scann ing  electron  m icroscopy by reac tion  of 
o sm ium  te tro x id e  w ith  PMA, followed by ex trac tio n  of a s p h a l t  w ith  a  
su ita b le  so lven t or by reflective fluorescence m icroscopy w ith o u t ex trac ­
tio n  of a s p h a l t. M axim um  im provem ent in  p ro p erties  as  a  b in d e r is ob­
ta in e d  w h en  it sw ells  th e  polym er.

K ey w ords: P o lym er m odified asp h a lt; S tab ility ; M icro stru c tu re ;
S c an n in g  elec tron  microscopy; R eflective fluorescence 
m icroscopy

P ro p e rtie s  of ru b b erised  b itu m en  from  rec la im ed  ru b b e r 
A zem i B in  S am su ri
J o u r n a l o f  N a tu ra l R ubber  R esearch , 11(3): 1996.
166-182.

T h is  p a p e r  d iscusses  th e  p ro p erties  o f ru b b erized  b itu m en  
p re p a re d  by  physica l b le n d in g  of b itu m en  w ith  rec la im ed  ru b b e r  pow der 
o b ta in ed  from  e i th e r  re jec ted  ru b b e r  gloves or sc rap  ty re s . B esides r e ­
c la im ed  ru b b e rs , n a tu r a l  ru b b e r  la tex  a n d  sy n th e tic  po lym er such  as 
e th y len e  m e th y l ac ry la te  w as  also  used  to  p re p a re  th e  ru b b erized  b i tu ­
m en . P ro p e r tie s  such  a s  p e n e tra tio n  num ber, so ften ing  p o in t, w ork  done 
to  b re a k  a n d  te n ac ity  w ere  m e asu red  and  re s u lts  show ed  th a t  th e  p ro p ­
e r t ie s  im proved  w ith  th e  ad d ition  o f ru b b er. T h e  so ften in g  po in t, te n a c ­
ity  a n d  en e rg y  to  b re a k  in c reased  progressively  w h ile  p e n e tra tio n  n u m ­
b e r  d ec re ased  w ith  in c re a s in g  ru b b e r  con ten t. R ubberized  b itu m e n  p re ­
p a re d  by  u s in g  glove c ru m b s  produced overa ll b e t te r  p ro p e rtie s  th a n  
th a t  u s in g  ty re  sh av in g s . T h e  p ro p ertie s  o f ru b b erized  b itu m in o u s  m ixes 
w ere  a lso  e v a lu a te d  an d  com pared  w ith  those  of o rd in a ry  b itu m in o u s  
m ixes. T h e  re s u lts  show ed  th a t  rubberized  b itu m in o u s  m ixes p roduced  
h ig h e r  re s is ta n c e  to p e rm a n e n t defo rm ation  an d  d ynam ic  c rack ing  com ­
p a re d  w ith  o rd in a ry  b itu m in o u s  m ixes.

K ey w ords: R ubberized  b itum en ; R eclaim ed ru b b e r; G love crum bs; 
Road p av e m en ts



Recycled ru b b e r  w ith  a s p h a l t  a s  a  m e m b ra n e  for 
p av em en t re ju v en a tio n : A  p ro g re s s  re p o r t 
W in ters , R obert E (BOB)
112 th  m ee tin g  o f  the  R u b b e r  D iv ision , A m e r ic a n  C h em ic a l 
Society , 4-7 O ctober 1977, C lev e lan d , O h io , P a p e r  N o.56.

G round  vu lcan ized  sc ra p  ru b b e r  a n d  p a v in g  g r a d e  a s p h a l t
a re  reac ted  a t h igh  te m p e ra tu re  to  a t ta in  a  to u g h  a n d  e la s tic  co m p o si­
tion. W orn o u t ty re s  w ere  sub jec ted  to  s ize  re d u c tio n  by  c ryogen ic  g r in d ­
in g  before add itio n  to  a sp h a lt. T h is  could be a p p lie d  to  h ig h w a y s , c ity  
s tre e ts , a irp o r ts  a n d  o th e r  paved  su rfa c e s  a s  a  m e m b ra n e  fo r co rre c tio n  
o f flex u ra l c rack in g  an d  is  ve ry  econom ical c o m p ared  to  a  co m p le te  
reco n s tru c tio n  w ith  a  new  base . T h e  m a te r ia l  c a n  b e  u s e d  a s  a  w a te r  
b a r r ie r  on b ridge  decks, p onds a n d  c a n a l l in in g s  a n d  roofing .

K ey w ords: A sp h a lt; Recycled ru b b e r; P a v e m e n t p e rfo rm a n c e ;
C ryogenic g rin d in g

R ein fo rcem en t o f a s p h a l t  a n d  ta r  by e la s to m e r  a d d itio n  
S in c la ir , E  A  an d  B ris to l, K E 
R u b b e r  W orld, 161(3): 1969. 67-71.

A sp h a lts  a n d  ta r  a re  u s e d  e x ten s iv e lv  in  h ifrhw nv  n w in ^

K ey w ords: R ubb erized  b itu m e n ; A sp h a lt; R e in fo rcem e n t; T a r - ru b b e r  

R e in fo rcem e n t o f a s p h a l t  a n d  t a r  by  e la s to m e r  a d d itio n .

r - v ~ - , K . » . , u e u  u i e y  are Doth well dispersed.

S in c la ir , E A  a n d  B ris to l, K  E 
R u b b e r  W orld , 161(4): 1970. 66-69.

Dh a l ts  fo r h ig h w a y  
'm er. E ffe c t o f  con- 
v isco s ity  ty p e s  o f



a s p h a l t  a re  s tu d ie d  S o ften ’
ness and  tem peratu re  suscpn tih 'ri’ ductlllty a t low tem perature , tough- 
dry w eight of SBR nolvmnr (V y a r® lmPr° ''ed  considerably by 3% 
(NBR) provide a  binder resistan t t* B1°nds of ta r  and nitrile  rubber
ing  used to overcome m aior m ,° S° 'Vent action of fuel and is b«-
m estic a ir fields. Time and in m ilitary  and do-

°f  rUbbGr and source i n f l u e L ^ f m X r o p ? 4 “ ^

K ey w ords: A sp h a lt re in fo rcem en t; R ubber b itu m e n

of ru b ber-m od ified  a sp h a lt.
, a n ,  A A; F n ck o , A L a n d  B ea tty , C L

4 6 1 - 4 6 7 .  tr a n s p o r ta tio n  E ng ineering , N o v - D e e  1 9 9 5 .

c e m e n t  m o d i f i e ^ w a s ^ T a h i a ^ ^ f ^  USed UreS a s  a n  a sP h a lt  
c re e p -ru p tu re  b e h a v io u r  o f m orIT6 ri s b e a r ' f lo w  P r o p e r t i e s  a n d
t h a t  v a r io u s  a s p h a l t / r u b b w ^  I I } j : e m e n ts - R e su lts  in d ica te
N e w to n ia n  a n d  s h e a r - th in n in g -b e b ^  ^  s h e a r - th ic k e n in g ,  th e
r a te . S h e a r  v isco sftT  W  g  beh a v lo u r b e in g  d ep e n d e n t on th e  s h e a r

a n d  to  i n c r e a s ^ ^ e  r o a d ^ y d e ." " ^ 111̂  m a *’e r *a ŝ  to  c rack  in  cold c lim a te s  

M odified  a s p h a l t; Rheology; G ro u n d  ru b b e r

R heology a n d  m ic ro s tru c tu re  o f p o ly m e r/a sp h a lt b len d s  
B ouldm , M  G; C ollins, J  H  a n d  B erk e r, A 
R u b b e r  C h em is try  a n d  T echnology, 6 4 ( 4 ) :1 9 9 1 .  5 7 7 - 6 0 0 .

i .. ThifS p a p e r> P r im a r ily  devo ted  to  th e  fu n d a m e n ta l Theologi­
ca l p ro p e r t ie s  o f  po ly m er m odified  b in d e rs , d e m o n s tra te s  th e  effec tive­
n e s s  o f  p o ly m ers  in  im p ro v in g  especia lly  th e  h ig h  te m p e ra tu re  p ro p e r­
t ie s  o f  a s p h a l t .  A d d itio n  o f po ly m er to  th e  a s p h a l t  im p ro v es  th e  en d -u se  
p ro p e r t ie s  su ch  a s  red u ce d  c reep  a t  h ig h  te m p e ra tu re s , le ss  b r it t le n e s s  
a t  low  te m p e r a tu r e s  a n d  b e t te r  im p a c t p ro p e r t ie s  a t  in te rm e d ia te  te m ­
p e ra tu r e s .  F o r  o p tim al p e rfo rm a n ce  a t  e lev a te d  te m p e ra tu re  i t  is  e s s e n ­
t ia l  t h a t  a  n e tw o rk  bo p re s e n t . C hoice o f th e  a s p h a l t  a n d  p o w d er po ly ­
m e r co n c e n tra t io n  a n d  th e  m e th o d  o f in c o rp o ra tio n  d e te rm in e  th e  e x te n t 
o f n e tw o rk  fo rm a tio n .. S u ita b ly  m odified  a s p h a l ts  show  a co m p ara tiv e ly  
low er m o d u lu s  a t  low  te m p e ra tu re s  a n d  a  h ig h e r  m o d u lu s  in  th e  am b i­
e n t  te m p e r a tu r e  a s  co m p ared  to  u nm od ified  a s p h a l t .

K ey  w ords: 

51 -

K ey w ords: P o ly m e r a s p h a l t  b lends; Rheology; B in d e rs
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52 - Road p erfo rm ance s tu d ie s  a n d  an  in v e s t ig a t io n  o f som e
problem s a sso c ia ted  w ith  ru b b e rise d  b i tu m e n  ro a d
construc tion  
W e era ra tn e , A  a n d  N a d a ra ja h , M 
Q uarterly  J o u r n a l o f  R u b b e r  R e se a rch  In s t i tu te  o f  
C eylon, 47:1971. 37-49.

This work deals w ith various laboratory investigation  and  
field experim ents to determ ine the  properties of bitum en w ith  and  w ith- 
out rubbor. The resistance of rubborizod bitum en to truck ing , deform a­
tion and stopping was assum ed to be due to chem ical and  physical in te r­
action of b itum en w ith rubber. I t is assum ed th a t  a ldehyde condensing  
groups presen t in bitum en react with aldehyde g roups p re sen t in  NR. 
The presence of am m onia in latex brings abou t tem porary  deactivation  
of aldehyde groups a t normal tem peratu res. A t the  h igh  tem p e ra tu re s  of 
processing rubberized bitum en, am m onia volatilises leav ing  th e  a lde­
hyde groups free to react w ith the  b itum en. T he reaction  of aldehydes to 
form condensation product w ith b itum en  is accelerated  by sodium  h y ­
droxide. A combination of sodium hydroxide and  am m onia  is hence  a  
b e tte r preservation system  for latex to be used  for b lend ing  w ith  b itu ­
men. I t was found th a t the  viscosity and w orkability  problem s associ­
a ted  w ith rubberized b itum en could be overcome by in troducing  kero ­
sene oil into the bitum en to the  ex ten t of 5-10% before add ition  of th e  
required quan tity  of rubber. The use of rubber a sp h a lt m asterb a tch es, 
which were b itum en rubber composites th a t  contained 12-16% dry  ru b ­
ber, fu r th er speeded up the b lending of rubber. T his m asterb a tch  d is­
solved a t high tem pera tu re  and enabled th e  dilu tion  w ith  fu r th e r  q u a n ­
tity  of bitum en. Addition of rubber to b itum en  im proved its  properties. 
Rubberized b itum en showed b e tte r bonding and  less bleeding. T he in i­
tial cost w as seen  to be increased by 10%. However, th e  technical a d v an ­
tages outweigh the  m arginally  h igher cost.

Key words: Rubberized bitum en; Road perform ance; Road 
construction

53- Rubber could give th e  100 y e a r  old road  surface
D em pster, David
European Rubber Journal, M ay:1978. 47-48.

th a t if  a ra n „ w e/ 08 kl1® °f  res,earch  a t  th e  U niversity  of T oronto suggest 

...... ,d “ d

K ey w ords: R u b b erized  a s p h a l t;  S k id  r e s is ta n c e
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S h a ^ K ™  r ° a d ' m a k in g  a n d  b u ild in g  m a te ria ls .

R u b b e r  Jo u r n a l,  149(10): 1967. 8-13, 36.

ru b b e r  fo r u m i l J T ' f 18 m a te r ia ls  “ m b ined  w ith  n a tu ra l o r sy n th e tic  
su b jec t o f  r f a u° C° f tm g  o f h ish w a y 8 an d  ro ad s  h a s  b ee n  th e
Tone a n d  N o rth  ^ e sea rc h  d eve lopm en t p ro g ram m es  th ro u g h o u t E u- 

w ^ “ e" ca  for “ “ V  y e a rs . R esea rch  w o rk ers  in  th e  Sov iet 
in c s  s e a la n ts  j  a  c lose r look a t  b itu m a s tic s  for su rface  coat-
d S i d t v  o f tb  T  Audd iti0 n  0 f ru b b e r  t0  b itu m e n  increa6e3 th e
i n c r e n f  ^  ' «>“ P osite  w hich  im p a r ts  re s is ta n c e  to  d efo rm atio n  an d  
in c re a s e s  ro a d  life. I t  a lso  ac ts  as  a  v ib ra tio n  abso rber.

K ey  w o rd s: R u b b erized  b itu m en ; S u rface  co a tin g

R u b b e r  in  a s p h a l t  p av e m en ts : A  m e th o d  for u ti l is in g  all 
o f o u r  ru b b e r  w a s te  
H uff, Bobby J
1 1 1 th  m e e tin g  o f  R u b b e r  D iv ision , A m er ic a n  C hem ica l 
S ocie ty , 1977, Illino is , P a p e r  No.35.

T h e  v a lu e  of sc rap  ru b b e r  in  h ig h w ay s  a n d  re c re a tio n a l 
s u r fa c e s  h a v e  b ee n  e s ta b lis h e d  m a k in g  i t  a  v a lu a b le  com m odity  r a th e r  
th a n  a  p ro b le m a tic  so lid  w as te . A s th is  u s a g e  co n tin u es  to  grow , i t  is 
fo re seea b le  t h a t  th e  e n t ire  s c rap  p ile  w ould  b e  re q u ire d  a n d  th a t  i t  m ig h t 
ev e n  b e  n e c e ss a ry  to  c re a te  new  m a te r ia l  o f s im ila r  com position  fo r th is  
p u rp o se . T h e  ad d itio n  o f  s c ra p  ru b b e r  con sid e rab ly  im proves  th e  q u a l ity  
o f a s p h a l t  s u rfa c e s  m a in ly  by  im p ro v in g  th e ir  re s is ta n c e  to  crack ing . 
P o w d e red  d ev u lcan iz ed  or rec la im  ru b b e r  h a v e  th e  a d v a n ta g e  over la tex  
in  t h a t  th e y  c o n ta in  ch em ica ls  t h a t  r e s is t  w e a th e r in g  ev en th o u g h  i t  is  a  
l i t t le  m o re  d ifficu lt to  d is p e rse  in  b itu m e n  a s  com pared  to  la tex . Pow ­
d e re d  ru b b e r  is  r e a c te d  w ith  a s p h a l t  a t  h ig h  te m p e ra tu re s  a n d  a f te r ­
w a rd s  k e ro se n e  is  a d d e d  to  red u c e  th e  v iscosity . O n  ev a p o ra tio n  o f k e ro ­
sen e  a  h ig h ly  re s il ie n t m e m b ra n e  o f ru b b e rized  a s p h a l t  is  ob ta in ed  w hich  
h a s  e x c e lle n t ad h e sio n  to  e x is tin g  b itu m e n  su rfaces . S u ch  a  m e m b ran e  
a c t a s  a  s e a la n t  fo r w a te r  a n d  h en c e  can  w a te rp ro o f  b r id g e  decks a n d  
c lay  so ils.

K ey  w ords: R u b b erized  a s p h a l t; B in d e rs; R u b b e r w a s te

56 - R u b b e r in  low  cost ro ad s
B eag le, C h a r le s  W
R u b b e r  D evelopm en ts, 10(2): 1957. 44-47.

T h e  a r t ic le  d esc rib e s  a  m e th o d  o f m a k in g  low  co s t ro ad s



w hich  is  of specia l in te re s t  to  o v e rsea s  te r r i to r ie s  u n d e rg o in g  rap id i d e ­
velopm ent. S uch  a re a s  u n d e rg o in g  ra p id  d ev e lo p m e n t are* d f te n  con- 
fron ted  w ith  th e  p rob lem  of b u ild in g  a d e q u a te  ro a d s  o r s tr e e ts .  T h e  r e la  
tively  sm all am o u n t of tra ffic  does n o t ju s ti fy  c o n s tru c tio n  o f v e ry  e x p e n ­
sive type  of p av e m en ts . T h is  s i tu a tio n  re q u ire d  a  low  cost ty p e  of con ­
s truction . T h a t type  o f construc tion  w as ex p e rim en ted  in  S o u th  P la in fie ld , 
N ew Je rse y . T hey  u sed  n a tu r a l  ru b b e r  la te x  ad d ed  e m u ls if ie d  b i tu m e n  
to su rface  th e  ro a d  la id  w ith  c ru s h e d  s to n e . T h is  im p ro v es  th e  a d h e s iv e  
p ro p e r tie s  a n d  re s u l t  in  b e t te r  r e te n tio n  o f th e  s to n e . E m u ls if ie d  b itu -  
m on u sed  for th is  w ork w as a  low -viscosity  ra p id - s e t tin g  ty p e  w ith  0 .25- 
1% o f n a tu ra l  ru b b e r  la te x  by w eig h t. T h e  p e rfo rm a n c e  o f su c h  ro a d s  
im proved  tre m en d o u s ly  a n d  th e  cost fo r c o n s tru c tio n  w a s  v e ry  low .

K ey w ords: R ubberized  b itu m e n ; R u b b e rized  ro ad s ; U SA

57 - R ubber in  ro a d  a n d  a i rp o r t  c o n s tru c tio n  in  th e  U n ite d
S ta te s
Lockwood, W a rre n  S
R u b b e r  D evelopm en ts, 2(3): 1949. 7-11.

T h e  a r tic le  d e sc rib e s  th e  u s e  o f  ru b b e r  p o w d er  in  th e  co n ­
s tru c tio n  o f ro ad s  in  V irg in ia , O hio, M in n e s o ta  a n d  T e x as . R u b b e r  p o w ­
d e r  w as  u sed  a t  6% on th e  w e ig h t o f  a s p h a l t .  P ro p o sa l to  r u b b e r iz in g  a n  
a irp o r t  is  a lso  d iscu ssed  in  th is  a r tic le . O n  a d d itio n  o f r u b b e r  to  a s p h a l t ,  
ru b b e r  ab so rb s  a  p o rtio n  o f a s p h a l t  a n d  ro a d  su r fa c e s  la id  w ith  r u b b e r ­
ized a s p h a l t  h a s  im proved  ro a d  life. T h e  ro a d  fo u n d a tio n  is  p ro te c te d  
b e t te r  a n d  ro a d s  becom e d u s t  free .

Key w ords: R ubb erized  ro a d s ; N a tu r a l  ru b b e r ; A irfie ld s ; A sp h a lt-  
U SA

58- R u b b er in  ro a d  co n s tru c tio n
D uriez , M  M
R u b b e r  D eve lopm en ts , 4: 1951. 62-63.

F rom  ru b b e r  d ev e lo p m en t o rg a n isa tio n s  v iz . R u b b e r  S titc h -  
H ° lla n d ’ I n s t i t u t  F ra n c a is  d u  C ao u tch o u c  in  F ra n c e , th e  B r i t is h  

R u b b er D eve lopm en t B o ard  in  B r i ta in  a n d  th e i r  A m e r ic a n  office, th e  
N a tu ra l  R u b b e r B u re a u  in  U .S A . h a v e  p la y e d  s ig n if ic a n t ro le s  in  p ro -

U tv o f ™  k 6/  m  r ° ad  c o n s tn ic ti° n - In c o rp o ra t io n  o f  s m a l l  q u a n ­
ti ty  o f ru b b e r  in  b itu m e n  m a k e s  i t  m o re  p la s t ic  a t  ro o m  te m p e r a tu r e

B a t ^ T h T a d H 'T  ^  f i ? te m p e r a tu r e a n d  im p ro v ed  a d h e s io n  to  a g g re -  
m e n  su rface  m n  o f ^ 1‘un^ “  a lf  s k id  r e s is ta n c e  to  th e  p a ^ e -



“ ^ S c t m  ’ ^  U "  “ * «  i ncorporat e
bitum en and since particle size^f late * T  ** Pu S‘m‘lar t0 th a t °f
than  th a t of bitum en it , ^GX1® much smalIer (about one sixth)
th a t i t  is finely disDerserl th °*uded by the bitumen with the result 
case w here rubber is added in *  **"

Keywords: N atural rubber; Rubberized roads; Road construction

59- R ubber roadw ays: A review  
H astin g s , J  D

° f the  R ubber  Research In s titu te  o f  M a laya  
4(1&2): 1932. 65-75.

Dices n f ih a  n Uh u e r  ? ^ adw ay s L td - ' is  a  com pany form ed u n d e r  th e  au s ­
p ices o f th e  R ubber G row ers A ssociation  in  1915 to  fa s te r  th e  u se  of 
ru b b e r  fo r roadw ays. T hough  vario u s  m e thods w ere  env isaged  for th e  
u se  of ru b b e r  in  ro ad  m ak ing , only in  th e  case of block pav in g  h a s  a  
sa tis fa c to ry  m a te r ia l developed. B u t th e  in itia l cost of lay in g  is  too h igh , 
th e re fo re , a t te n t io n  h a s  recen tly  been  focussed on u se  of w et m ixes 
p re p a re d  from  la tex . I t  shou ld  be cheaper to  lay  m a te r ia l w hich  can  be 
p o u red  o r sp read .

K ey  w ords: B itu m en  em ulsion; R ubberized  roads

60 R u b b er roadw ays: T h e ir  adv isab ility  a n d  p rac ticab ility
Cox, W F V
I.R .I . T ransactions, 8 : 1931. 345-363.

T h e  p ro g ress  th a t  h a s  been  m ade in  th e  u se  of ru b b e r  for 
ro ad  su rfa c in g  is rev iew ed  an d  th e  s tep s  to  be ta k e n  to  exped ite  th e  adop­
tio n  of ru b b e r  for p av e m en ts  a re  ind ica ted . P erfo rm ance of seven  expe ri­
m e n ta l s tre tc h e s  of roadw ays la id  w ith  vu lcan ized  ru b b e r  blocks w ere 
sa tis fa c to iy  w ith  reg a rd  to  th e  p a ra m e te rs  such  as  ab so rp tio n  of v ib ra ­
tio n  an d  m ig ra tio n  o f noise, evenness, du s tle ssn ess , c lean liness, e a se  o f 
m a in te n a n c e , non  s lippe ry  su rface, ap p e aran ce  an d  longer serv ice life. 
T h e  ad v isa b ility  o f u s in g  ru b b e r  pav in g  for bridges, for foot p a th s  and  
for tra ffic  lin es  is also exam ined . T h e  cost facto r is  a lso  d iscussed .

K ey w ords: N a tu ra l ru b b er; R ubber roadw ays; R ubber pav in g

61- R ubberised  b itu m e n  from  ru b b e r-b itu m en  m a s te rb a tc h
N aru saw a , S; K un isaw a, S an d  Asao, M 
Proceedings o f  the  N a tu ra l R ubber  Research  Conference, 
1960, K u a la  L um pur, pp . 960-970.



A ru b ber-b itum en  m a ste rb a tc h  w as p re p a re d  by m ix in g  80 
p a r ts  of p rem as tica ted  fla t b a rk  w ith  20 p a r ts  o f s tr a ig h t- ru n  b itu m e n  
40/60 and  5 p a r ts  of oxalic acid on an  open m ill a n d  th e  m ix tu re  w as 
used as a rubbor-b itum en m asterbatch  for rubb eriz in g  b itu m en . T h e  p ro p ­
e rtie s  o f th e  b itum inous cem ent rubberized  w ith  th is  m a s te rb a tc h  w ere  
stud ied . T he effect of s u lp h u r  on th e  ductility  an d  te n a c ity  o f th e  m a te ­
r ia l w as also d iscussed . I t  w as found th a t  ru b b e r-b itu m en  m a s te rb a tc h  
could be easily  d ispersed  in h o t b itum en , an d  s ince  th e se  m a s te rb a tc h e s  
can  be m ade from low -grade ru b b e r  such  a s  f la tb a rk , e a r th  s c ra p  etc., 
th ey  w ere considered  to  be th e  m ost econom ical m a te r ia ls .

K ey w ords: R ubberized  b itum en; R u bber-b itum en  m a s te rb a tc h

62- R ubberized  roads
K aliin , D onald  A 
R ubber Age, 99(10): 1967. 75-82.

T he h is to ry  of ru b b e r  in  pav ing , im p ro v em e n ts  in  th e  p h y s i­
cal p ro p erty  o f a s p h a l t achieved  by th e  inco rp o ra tio n  o f ru b b e r , m ix in g  
of ru b b er, both  p re -b len d in g  a n d  p lu g  m ill m ix in g  an d  a d v a n ta g e  o f u se  
of ru b b e r  in  m ixes a re  covered in  th is  p ap e r. R u b b e r a d d e d  to  a s p h a l t  

su its  m  an  in c rease  m  adhesion  an d  cohesion, a lo n g  w ith  a n  in c re a se  
il l  low te m p e ra tu re  ductility  an d  flex ib ility  a n d  im proved  s ta b ility  a t  
e e v a te d  te m p e ra tu re s . T h ese  ch a ra c te r is tic s  of a  b i n ^ r  a lo n g  w ith in ^  
rea sed  d u rab ility , re s u lts  in  an  im proved  a sp h a ltic  p av e m en t.

Key w ords: R ubberized  roads; A sp h a lt p av e m en ts ; V iscosity

63- R ubberised  ro ad s  for In d ia n  cond itions 
( jo p a la k rish n a n  , K  S
W o ^ sh o p  on  R u b b e rize d  R o a d s , 17 J a n u a r y  1998
R ubber R esearch  I n s t i tu te  o f In d ia , K o tta y am . ’

freight and *  the  sh are  *
during the period from 1950-51 to 1992 93 T t  u haS  ta k ° n  P ' aCe 
wake of the trem endous irrowth in u '5 e™Phaslsod th a t  in  the
past five decades, the  length or good quality ^ >f> hlclef  du ring  th e  
sign ifican tly . O ne w av  to  im n ™  t k  r  f oads  h a s  to  be in c re a se d  
roads, it is suggested in th ^  P«rforn«w<* of the  bitum inous
fied bi t u men The paper describes t  h th e  “ Sek?f  n a tu - l  rubber modi- 
advantages and also



64- R ubberised  ro ad s  for su p erio r perfo rm ance
G o p a la k rish n an , K  S 
R u b b e r  A s ia , 8(4): 1994. 57-58.

T h e  r e s u lts  o f lab o ra to ry  s tu d ie s  a n d  sev e ra l ro ad  e x p e ri­
m e n ts  conduc ted  in  m a n y  p a r ts  o f th e  w orld  clearly  in d ica te  t h a t  u s e  of 
ru b b e riz e d  b itu m in o u s  p av e m en ts  w ill und o u b ted ly  le a d  to  s av in g  a n d  
sa fe ty . A dd itio n  o f ru b b e r  to  b itu m e n  in c reases  th e  v iscosity , red u ce s  
t h e  su sc e p tib ili ty  to  te m p e ra tu re  a n d  im proves th e  s tre n g th . I t  a lso  im ­
p ro v es  th e  re s is ta n c e  to  crack ing , f la tt in g  up , d e fo rm atio n  o r flow an d  
re s is ta n c e  to  s tr ip p in g . T h e  ad d itio n a l cost o f ru b b e riz a tio n  w ill be  m ore  
th a n  c o m p en sa ted  by th e  a d v a n ta g e s  acc ru in g  by  th e  u s e  of n a tu r a l  
ru b b e r .

K ey  w o rd s: R u b b erized  b itu m en ; R oad ru b b e riza tio n ; In d ia

65- R u b b e rized  ro ad s  on  th e  c o n tin en t
W ildeboer, A  F  W
R u b b e r  D evelopm en ts, 10(1): 1957. 12-14.

T h is  p a p e r  d esc rib e s  th e  d e v e lo p m en t o f th e  ru b b e riz e d  
ro a d s  in  G erm an y , S w itze r lan d , D en m a rk , A u str ia , S w eden , F in la n d  etc. 
T h e  good b e h a v io u r  o f ru b b e rized  a s p h a l t  c o n s tru c tio n s  a re  d u e  to  b e t­
te r  coh esio n  a n d  low er h e a t  sen s itiv e n e ss  d u e  to  ad d itio n  o f ru b b e r  to  
b itu m e n .

K ey  w o rd s: R u b b e rized  a s p h a l t; R ubb erized  roads

6 6 - R u b b e rized  b itu m in o u s  m a te r ia ls  a n d  th e ir  u s e  in  ro ad
c o n s tru c tio n
P a rk e r ,  W  D a n d  W alk er, W  D C
J o u r n a l  o f  A p p lie d  C h em is try , S ep : 1957. 481-491.

T h e  co m patib ility  of n a tu ra l  an d  sy n th e tic  ru b b e rs  an d  poly­
m e rs  su c h  a s  polyv iny l ch lo ride  w ith  coal t a r  p itc h e s  a n d  b itu m e n  is 
d e sc rib ed . T h e  p e n e tra tio n /s o f te n in g  p o in t a n d  p e n e tra tio n  te m p e ra tu re  
c h a ra c te r is t ic s  o f a  r a n g e  o f m odified  com positions a re  e x a m in ed  in  r e ­
la t io n  to  th o se  o f re s id u a l a n d  b low n b itu m e n s  an d  of coal t a r  p itch es . A  
t e s t  h a s  b e e n  d ev ised  for a s s e s s in g  th e  b r it t le n e s s  of b itu m in o u s  m a te n -  
a ls  a n d  th i s  is  co m p ared  w ith  th e  p e n e tra tio n , d u c tili ty  a n d  F ra a s  b r it t le  
p o in t te s ts .  S u g g es tio n s  a re  m a d e  a s  to  how  m odified  ta r s  a n d  b itu m e n s  
m a y  b e  u s e d  in  ro a d  co n s tru c tio n , w ith  p a r t ic u la r  re fe re n ce  to  th e  u s e  of 
t a r s  w ith  re d u ce d  te m p e ra tu re  su scep tib ility .



Rubberized roads in Q ueensland 

^ A l f l o p m e n . ,  12(1): ! 959. 28-26.

T h is  rep o rt desc ribes  th e  w ork  in  Q u e e n s l a n d .  T h e  fo u r cen- 
■tres se lec ted  Cor  th e  tr ia ls  w ere  E r is ta n e  M ack ay  A yr ^
each  case  ru b b erized  b itu m e n  w as  sp ray ed  on  to  th e  e x is t in g  
face or p rep a re d  p av em en t, coa ted  w ith  g r i t  a n d  th e n  ro lled . T h is  p ro  
v ides a  good w ea rin g  an d  w a te r t ig h t s u rfa c e  a n d  in  a d d itio n  p o sse ss  
m ark ed  e la s tic ity  e n a b lin g  it to  confirm  to  m in o r  m o v e m e n ts  o f  ro a d  
b ase . U n v u lcan ized  ru b b e r  pow der w as  u s e d  fo r th e  p r e p a r a t io n  of ru b -  
berized  b itu m en .

K ey w ords: R ubberized  ro ad s; R ubb erized  b itu m e n ; Q u e e n s la n d

68 - Som e v iscous a n d  e la s tic  p ro p e r t ie s  o f ru b b e r is e d
b itu m en s
S m ith , L  M
J o u r n a l o f  A p p lie d  C h e m is tr y , Ju ly :1 9 6 0 . 296-305 .

T h e  s im u lta n e o u s  ch a n g es  in  th e  v iscous, e la s tic  a n d  b r i t t l e  
p ro p e r tie s  th a t  re s u l t  from  th e  a d d itio n  of ru b b e r  to  b i tu m e n  h a v e  b ee n  
in v e s tig a te d  fo r se v e ra l d iffe re n t ty p e s  o f ru b b e r  a n d  b i tu m e n s  r a n g in g  
in  h a rd n e s s  from  170 p e n e tra tio n  to  55 p e n e tra tio n . T h e  r e s u l t s  sh o w  
th a t  th e  ch a n g es  in  v iscosity  a n d  lo w -te m p e ra tu re  e x te n s ib il i ty  a r e  d u e , 
m a in ly  to, th e  m o lecu la r (or n e a r  m o lecu la r) d is p e rs io n  o f r u b b e r  in  th e  
b itu m en . F or a  g iv en  b itu m e n  th e s e  c h a n g es  a re  l in e a r ly  r e la te d  b o th  to  
each  o th e r  a n d  a lso  to  c h a n g es  in  so f ten in g  p o in t, th u s  g iv in g  a  s im p le  
m e th o d  o f a s s e s s in g  th e  re la tiv e  m e r its  o f d if fe re n t ty p e s  o f  ru b b e r . I t  is 
show n th a t  s u lp h u r , a d d e d  to  la te x  o r p r e s e n t  in  a  v u lc a n iz e d  ru b b e r , 
c a u ses  a  ra p id  b reak d o w n  o f th e  ru b b e r  w h e n  h e a te d  w ith  b i tu m e n . A n  
equ i-v iscous b a s is  is su g g e s te d  for c h a ra c te r is a tio n  o f ru b b e r iz e d  b i t u ­
m en s

K ey w ords: R u b b erized  b itu m en ; V iscosity ; E la s tic  s t r a in  reco v e ry

69- S p ec ia lity  po ly m ers  in  ro a d  a p p lica tio n s : S o m e n o v a l
techno log ica l ad v a n ces
J a in ,  P  K
P roceed ings o f  th e  In te rn a tio n a l C onference o n  R u b b e rs ,
7-12 D ecem ber 1997, C a lc u tta , V  2, pp .13 5 -1 3 8 .

L a b o ra to ry  a n d  fie ld  s tu d ie s  c o n d u c ted  a t  th e  C e n t r a l  R o ad  
R esea rc h  In s ti tu te , In d ia  con firm  t h a t  e th y le n e  v in y l a c e ta te  co p o ly m er 
w ith  Vinyl a c e ta te  co n ten t ra n g in g  from  18 to  28% , w h e n  a d d e d  to  b i t u ­
m in o u s  b in d e rs  to  th e  e x te n t o f 2 .5  to  5.0%  im p ro v es  f le x ib ility  a t  low  
e m p e ra tu re , p re v e n ts  p e rm a n e n t d e fo rm a tio n  o f ro a d  s u r fa c in g s  a t  h ig h



e m p e ra  u re  an d  im proves  fa tig u e  life le ad in g  to sa fe r, d u rab le , longer 
a sk in g  p a v e m e n t w ith  low  m a in te n a n c e  cost. P e rfo rm a n c e  o f ro ad  

s u r  ac ings  m odified  w ith  e th y le n e  v iny l a c e ta te  copolym er as a n  in g re ­
d ie n t h av e  reco rd e d  su p e rio r  pe rfo rm an ce  u n d e r  heavy  loading .

K ey w ords: E th y len o  v iny l a c e ta te  copolym er; B inde rs; Road 
su rfac in g s ; In d ia

S u rface  d re s s in g  w ith  ru b b erized  b itu m e n  in  H ornsey  
P en te co s t, G  A
R u b b e r  D evelopm ents, 11(4): 1958. 119-122.

T h e  a r t ic le  desc rib es  th e  lay ing  o f s h o r t s tre tc h e s  o f su rface  
d re s s in g  w ith  ru b b e riz e d  b itu m e n  in  U.K. N a tu ra l ru b b e r  in  pow der form  
w a s  b le n d e d  a t  2 % level w ith  b itu m e n  a n d  fluxed  to  a  s p ra y in g  v iscosity  
w ith  a b o u t 20%  o f  flux  oils. T h e  p a p e r  r e p o r ts  t h a t  s u b s ta n tia l  im prove­
m e n t  in  sk id  r e s is ta n c e  o f th e  ro ad s  w as  experienced .

K ey  w ords: R u b b erized  b itu m en ; S u rface  d re ss in g s ; U K

71- A  S u rv ey  on ru b b e rise d  a s p h a l t  for ro ad  su rfac in g
A nonym ous
R u b b e r  In te rn a tio n a l M a g a z in e , 2 (16): 2000. 83-86.

T h is  s u rv e y  in d ic a te s  t h a t  ru b b e riz e d  ro ad  s u rfa c in g  h a s  
b e e n  w id e ly  s tu d ie d  a n d  is  b ecom ing  m o re  p o p u la r  d u e  to  th e  a d v a n ­
ta g e s  ov er th e  co n v e n tio n a l a s p h a l t  ro ad s . T h e  u s e  o f c ru m b  ru b b e r  
m o d ified  a s p h a l t  n o t  only  im p ro v es  th e  q u a l ity  a n d  life sp a n  o f th e  p a v e ­
m e n t, i t  a lso  p ro v id e s  a  so lu tio n  fo r ty re  d isposal p ro b le m  w h ich  c o n trib ­
u te s  g re a t ly  to  th e  b e n e fit o f en v iro n m en t. T h e re  a re  tw o p ro cesses  on 
ru b b e r  m o d ified  b itu m e n  techno logy  for ro a d  s u rfa c in g  i.e., th e  w e t p ro ­
cess  a n d  th e  d ry  p rocess . T h e  w e t p rocess  w ill re s u l t  in  m o re  effic ien t 
a n d  d u ra b le  ro a d  su r fa c in g  p a v e m e n t a s  com pared  to  th e  d ry  p rocess. 
S o m e o f th e  N R  p ro d u c in g  co u n tr ie s  h a v e  ca rr ie d  o u t successfu l t r ia ls  
o n  ru b b e r iz e d  b itu m e n  p a v e m e n t for ro ad  s u rfa c in g  a n d  a re  p ro g re s ­
s ively  e x p a n d in g  it s  u sa g e . I t  is  expected  th a t  th is  w ould  r e s u l t  in  b e t te r  
q u a l ity  ro a d  s u r fa c in g  a s  w ell a s  a  fu r th e r  in c re a se  o f N R  consum ption . 
O n e  o f  th e  m a in  o b s tac le s  fo r r a p id  a n d  w ide  a p p lica tio n  of ru b b e riz e d  
ro a d  s u r fa c in g  is  t h a t  it co sts  m o re  th a n  th e  co n v e n tio n a l a s p h a l t  road , 
d e s p ite  i t s  lo n g e r life  a n d  low er m a in te n a n c e  cost. T h e  socia l a n d  eco­
nom ic  im p a c t o f th e  te chno log ies  a re  q u ite  en c o u ra g in g . R ubb erized  ro ad  
s u r fa c in g  w ou ld  a lso  r e s u l t  in  m ore  co m fo rtab le  d riv in g , red u c e  tra ffic  
n o ise  a n d  ab so rb  lig h t a n d  p ro te c t th e  d r iv e r ’s  eyes.

K ey  w o rd s: R u b b e rized  a s p h a l t;  R oad su rfac in g s ; R u b b er m odified  
b itu m e n



72- A S urvey  on th e  u se  o f ru b b e r  in  b itu m in o u s  p a v e m e n ts :
1945-1951
C linebell, B ety  J  O an d  S tra k a , L eo ra  E 
R u b b e r  A ge , 70: 1951. 69-73.

T h is  su rv ey  on th e  u se  o f  ru b b e r  in  b itu m in o u s  p a v e m e n ts  
d u r in g  th e  15 y e a r  period  1945-1951 rev iew s  th e  v a r io u s  in v e s t ig a t io n s  
ca rried  o u t on (1) th e  d iffe re n t form s in  w h ich  ru b b e r  h a s  b e e n  u s e d  in  
pav e m en t construc tions , (2) p ro p e rtie s  of ru b b e r  a d d e d , (3) m e th o d  o f 
m ix ing  an d  la y in g  an d  (4) th e  ac tion  o f ru b b e r  in  a s p h a l t ic  b i tu m e n . 
A d v an ta g es  o f ru b b e r  in c o rp o ra tio n  to  ro ad  su rfa c in g  c o m p o sitio n s  a n d  
cost co n s id e ra tio n s  a re  also  d iscussed .

K ey w ords: R ubberized  b itu m en ; A sp h a lt p a v e m e n ts

73- T h e  tech n ica l m e r its  o f ru b b e r  a s  a n  a d d itiv e  to  ro a d
b in d e rs : T h e  p re s e n t position  
M ullin s, L
P roceedings o f  th e  N a tu r a l R u b b e r  R e se a rch  C onference, 
1960, K u a la  L u m p u r, pp. 978-986.

S m a ll q u a n t it ie s  o f ru b b e r  p ro d u c e  la rg e  c h a n g e s  in  th e  
physica l p ro p e rtie s  o f b itu m e n  a n d  th e se , in  tu r n ,  a r e  re f le c te d  in  th e  
b eh a v io u r of ro ad  m ix tu re s . T h e  effec ts  a re  in f lu en ced  co n s id e ra b ly  by  
th e  k in d  of ru b b e r  a n d  th e  m e th o d  o f a d d in g  it  to  th e  ro a d  m a te r ia ls .  T h e  
re s u lts  o f a  sy s te m a tic  e x a m in a tio n  in to  th e  r e la tiv e  e ffe c tiv e n ess  o f d if­
fe re n t k in d s  o f ru b b e r  a re  described . In  ad d itio n , th e  o rg a n isa tio n  a n d  
execu tion  of la rg e  sca le  ro ad  ex p e rim e n ts  c a rr ie d  o u t d u r in g  r e c e n t y e a rs  
in  G re a t B r ita in  a re  d iscu ssed . I t  is  e m p h a s ise d  th a t  for s u ch  e x p e ri­
m e n ts  ca re fu l des ig n  is  e s se n tia l, invo lv in g  th e  in c lu s io n  o f  a d e q u a te  
contro l sec tions , close con tro l o f v a r ia b le s  su ch  a s  th e  s ta t e  o f  th e  ru b b e r ­
ized  b in d e r, te m p e ra tu re  a n d  tim e  o f m ix in g  a n d  s p re a d in g  te c h n iq u e  
T he re s u lts  ob ta ined  from  th e se  tr ia ls  a n d  th e ir  im p lica tions  a re  described .

K ey w ords: R ubberized  ro ad s ; R u b b e rized  b itu m e n ; U K

Techno-econom ic fea s ib ili ty  o f u s in g  n a tu r a l  ru b b e r

? S r d , v r te”“ ce of flexibie pav“ s
W orkshop on  R u b b e r ize d  R o a d s , 17 J a n u a r y  1998  
R u b b e r R esea rc h  In s t i tu te  o f In d ia , K o tta y a m .

nous pave ,non?s” S h t h r d e M nĤ h 8  ^  SCrvice life  o f b i^ ™ -
ing 2-4% n atu ra l r u b t  f  re p o s ed  t 'r i  '  0 r b “ Umon
p u rp o se . P ro b lem s e n c o u n te re ifw h ile  b S e n d in ^ b itu m e n  w ith  ru b b e r  a n d



ber m odified  b itu m e n  a re  also  S i “  ^  ,ex p la in ed - P ro p e rtie s  of rub - 
b ln d e rs  in d ica ted . U se  o f n a tu ra l specifications o f ru b b erized
p rov ide  a  35% s av in g  -n  p f " ! b i t u m e n s i s  re p o rte d  to

r o n L ^ l t s ^ ^ ^ ^ 8 " ^  b ‘en T n g CeofCnSl ™ ;  “ a tT h e '

™ bberLaU^^diiUmen; FleXiWe pavements: R°ad
75-

~ S " L i r r ; : ‘ *»*"«- -
M a h a p a tra , P a r ta p  K

o f Z n  a n f c COnr SS’ on R oads:

a m odifier fo rb ltum e^for0™ ^  ‘rm °p la? i,c eas te rn e rs  of the type S B S as 
m oplastic - f a c i n g s  is Presented. T h er-
la t t e r  to  p e rm a n e n t d p fn rm a f u- u m c re a sm & th e  re s is ta n c e  o f th e
fe c tin g th e  “ tfe s o lZ b  r  h ‘f h tem pera t" e s  w ithout af-
of b lend ing  S B S w ith bitum en S o f  I b s H E ^ '  The Process

“ r  ' etC' 3 re  deSCribed' R efe rence  is  a Is°  ™a d « ‘0 som e

K ey  w ords: M odified b itu m en ; R oad su rfac in g s ; A irfie ld s

76- T h o se  a m a z in g  ru b b e r  roads. P u r t 1
A llison , K en n e th
R u b b e r  W orld , 155(6): 1967. 47-52.

w  J  E a r iy  d ev e lo p m en ts  on th e  concep t o f ru b b e rized  ro ad s  a re  
rev iew ed . T h e  A s p h a lt  I n s t i tu te  a n d  th e  N a tio n a l A sp h a lt  P a v e m e n t 
A sso c ia tio n  d id  n o t encou rage  th e  id e a  o f b ind ing  ru b b e r  to  a sp h a lt. L a te r  
h e  I n te rn a t io n a l  In s t i tu te  o f S y n th e tic  R u b b e r P ro d u ce rs  (IIS R P ) th e  

N a tio n a l R u b b e r  P ro d u cers ' R esea rch  A ssociation  (N RPRA ) a n d  th e  R oad 
R e s e a rc h  L ab o ra to ry (R R L ) o f  th e  U .K  re p o r te d  th e  a d v a n ta g e s  o f  r u b ­
b e rized  ro a d s . V a rio u s  p ro b lem s a sso c ia ted  w ith  th is  dev e lo p m en t 
a lso  d isc u sse d  a n d  th e  size  o f  th e  m a rk e t  in d ica ted .

K ey  w ords: R u b b erized  roads; A sp h a lt; H is to ry

a re

T h o se  a m a z in g  ru b b e r  ro ad s . P a r t .  II 
A llison , K en n e th
K u b b er  W orld, 156(1): 1967. 91-106.

41



Road ru b b e riz a tio n  o ffers  a  p o te n tia lly  h u g e  m a r k e t  fo r 
ru b b e r. T h e  p re s e n t ru b b e r  ro ad s  s itu a tio n  in  re g a rd  to  tech n o lo g y , eco­
nom ics, p ro d u c t d iffe rences an d  h ighw ay  sa fe ty  a re  d iscu ssed . P o u r  o f 
th e  com m on m e th o d s o f in c o rp o ra tin g  ru b b e r  in to  th e  f in a l a s p h a l t  ro a d  
m ix tu re  a re  m en tioned . P rob lem s re la tin g  to  a g e in g  o f ru b b e r  a s p h a l ts  
an d  th e  effect o f m o lecu lar w e ig h t a re  a lso  s tu d ie d . A  few  e x p e rim e n ta l 
p ro jec ts  a n d  new  deve lo p m en ts  a re  a lso  d escribed .

K ey w ords: R ubberized  roads; A sp h a lt; H is to ry

78- T o rs iona l b ra id  a n a ly s is  o f b itu m e n -liq u id  ru b b e r
m ix tu re s
K ortscho t, M an d  W oodham s, R T
P olym er E n g in eer in g  a n d  Science, 24(4): 1984. 252-258 .

T h e  p erfo rm an ce  o f liqu id  ru b b e rs  a s  lo w - te m p e ra tu re  p la s -  
tic ize rs  for b itu m e n  w as e v a lu a te d  by th e  to rs io n a l b ra id  te c h n iq u e  d e ­
veloped by G illham . T h e  lo w -te m p e ra tu re  d y n am ic  m e c h a n ic a l p ro p e r-  
t !°nnorblUllm 0n"liqui(1 ru b b e r  m ix tu re s  w oro m e a s u re d  from  a m b ie n t  to  

j - r  jHjJ com Parecl w ith  Lhe co rresp o n d in g  f ra c tu re  b e h a v io u r  u s in g  a  
m odified  F ra a s  te s t . M icroscopic o b se rv a tio n  o f th e  m ix tu re  re v e a le d  
th a t  th e  liqu id  ru b b e r  w as  p a r t ia l ly  so lu b le  in  th e  b itu m e n  a t  23°C  a n d  
a t  c o n c en tra tio n s  g re a te r  th a n  10 p e rc e n t te n d e d  to  fo rm  co llo ida l d is- 
P®r ®10“ o f r u b b e r P a r t >cles h av in g  m e a n  d ia m e te rs  o f  a p p ro x im a te ly  
, “ ' ™ e  loss ta n SeJn t  m a x lm a  sh if te d  to  low er te m p e ra tu r e s  a n d  be- 

c r e ^ e d  T h e T o ir M 6?  “ n c e n tra tio n  o f “ q u id  p o ly b u ta d ie n e  in -
tm tv  t d  V  ,  r u T  d lsPe rs io n  f u r th e r  c o n tr ib u te d  to  th e  duc- 
20%  liau td  n t  te m Pe r a tu r e  o f th e  b itu m e n  a t  -30°C  a t
tu r e  i f  co n c en tra tio n . T h e  re d u c tio n  in  th e  b r i t t le  te m p e ra -
adrioH I k  T ™  1S “ te d  t0  th e  ^ ‘tr a n s i t io n  te m p e r a tu r e  o f  th e

K ey w ords: T o rs io n a l b ra id  a n a ly s is ; A sp h a lt  ru b b e r

™ A USe o fm e c h a ™ cal te s t s  in  th e  d e s ig n  o f b itu m in o u s  

T sp h a T  S  miXtUreS' "■  S tab iH ty  t e s t s  on ro lled  
B room e, D C a n d  P lea se , A 
J o u r n a l o f  A p p lie d  C h e m is tr y , 8 : 1958. 121-135

has been °M 'ed ^
tested conformed to B .S .594 and the  com "  T he com P o s it io n s
a  wide range of stability. Some r i c h 3 c  f  U lat theSe

om e r ic h  p la s t ic  m ix tu re s  in c lu d e d  in  B .S .5 9 4 ,



a l th o u g h  re jec te d  a f te r  m echnnir.nl utv»n i m eal te s ts , can  b e  u sed  successfu lly  on
ro a d  a p p e ^ t o S v e  th e  h g  em p]° ™  P ™ ™ " »  experienced  on th e  ro a d  a p p e a r  to  g ive h e  b e s t re la tiv e  a s se ssm en t of s tab ility  for th e  com ­
p o s itio n s  b e s t s u ite d  to  cond itions in  G re a t B rita in .

K ey w ords: R e s u r f a c i n g *  B itu m in o u s  m ix tu res ; Rolled a sp h a lt;

80- U se  o f n a tu ra l  ru b b e r  in ro ad  su rfac in g  m a te r ia ls  
T hom pson , P  D
P roceedings o f  the  In s titu tio n  o f  the  R u b b e r  In d u s tr y , 11: 
1964. 94-103.

. p a p e r  re p o r ts  th a t  th e  e a rl ie s t ro ad  su rfac in g s  w ere
u s in g  so lid  ru b b e r  blocks. S uch  su rfac in g s  w ere  too expensive  an d  caused  
th e  ro a d s  to  b e  s lip p e ry  w h en  w et. L a te r, th e  tech n iq u e  of m odify ing  th e  
b itu m e n  by  b le n d in g  w ith  ru b b e r  w as  successfu lly  tr ied . R u b b er w as 
u s e d  a s  la te x , u n v u lc an ize d  ru b b e r  pow der, v u lcan ized  ru b b e r  pow der, 
sm o k ed  s h e e ts  a n d  g ro u n d  sc ra p  ru b b e r. R ubberized  b itu m e n  w as tr ie d  
in  s u r fa c e  d re s s in g , b itu m e n  m acad am , ro lled  a s p h a l t  an d  m a s tic  a s ­
p h a l t .  T e c h n iq u e  o f b le n d in g  ru b b e r  w ith  b itu m e n  w as s ta n d a rd is e d  an d  
p ro p e r t ie s  o f ru b b e r  m odified  b itu m e n  w ere  ev a lu a te d . F u ll sca le  fie ld  
t r i a ls  w e re  co n d u c ted  a n d  econom ics o f ru b b e rized  ro ad s  w as  rep o rted .

K ey w o rd s: R oad  su rfac in g s ; R u b b er b itu m en ; A sp h a lt

81- U se  o f n a tu r a l  ru b b e r  la tex  in  ro ad  co n s tru c tio n  
F e rn a n d o , M J  a n d  N a d a ra ja h , M
J o u r n a l  o f  R u b b e r  Research  In s titu te  o f  M a laya , 
22(5):1969. 430-440.

L a te x  is  th e  m o s t effec tive form  of n a tu ra l  ru b b e r  for ro ad  
co n s tru c tio n , b o th  c e n trifu g ed  la te x  an d  R eve rtex  b e in g  u sed . T h e  a u ­
th o rs  fo u n d  c re a m e d  sk im  la tex  m ost effec tive for ro ad -m ak in g . B ecause  
o f  i t s  e a s y  a v a i la b i l i t y ,  h o w e v e r , f ie ld  la te x  is  m o re  s u i ta b le  fo r 
ro a d -m a k in g  in  th e  n a tu r a l  ru b b e r  p ro d u c in g  co u n tries . R e su lts  o f la b o ­
r a t o r y  s t u d i e s  o n  c a t io n i c a l l y  s t a b i l i s e d ,  c o m p o u n d e d  a n d  
p e ro x id e -v u lca n ize d  fie ld  la tex  a re  rep o rted . T h e  s tu d ie s  covered  th e  d is ­
p e rs io n  o f  ru b b e r  p a r tic le s , te m p e ra tu re -d e p e n d e n t an d  rheo log ical p ro p ­
e r t ie s , a g e in g  a n d  s tr ip p in g  o f ru b b e rized  b itu m e n  a n d  u s e s  o f ru b b e r  in  
m ix  d e s ig n s . E x p e r im e n ta l s tre tc h e s  o f ro ad  s u rfa c in g  h a v e  b ee n  la id  
w ith  b i tu m e n  c o n ta in in g  u p  to  4% fie ld  la tex . F u r th e r  te s t  s tre tc h e s  a re  
b e in g  la id  w ith  rubb er-m o d ified  pre-m ix  u s in g  field  a n d  c rea m ed  sk im  
la tic e s .

K ey w ords: R u b b erized  b itu m en ; R oad ru b b e riza tio n ; R heology



W hy ru n w ay s  shou ld  be ru b b e rise d
G o p ala k rish n an , K S
R u b b er  A s ia , 9(5): 1995. 69-71.

B itum inous ru n w a y s  in  a irp o r ts  show s in c re a s e d  s ig n s  o f 
fa ilu re  re s u lt in g  from  h ea v ie r  a irc ra f ts , h ig h e r  ty re  p re s s u re s , in c re a s e d  
a ir  tra ffic , etc., an d  th e se  defec ts  can  be overcom e by ru b b e r iz a tio n . D is ­
tre sse s  in  b itu m in o u s  ru n w ay s  n o rm a lly  occur o w in g  m a in ly  to  su r fa c e  
w ea th e r in g  fa tig u e  d iffe re n tia l m o v em en t o f  s u b -b a se  ov er tim e , etc ., 
w hich  a re  m a in ly  re la te d  to th e  n a tu re  o f  th e  b in d e r. B y  s u ita b ly  m o d i­
fy ing  th e  b in d e r by inco rp o ra tio n  o f a  sm all p ro p o rtio n  o f  ru b b e r , th e  
s itu a tio n  can  be im proved  considerab ly . T h e  p a p e r  n a r r a t e s  t h a t  s in ce  
h e  success ot th e  f ir s t  m a jo r e x p e rim en t w ith  ru b b e r iz e d  b i tu m e n  a t  

E ssendon  a .rp o r t  in  M elbourne  in  J 954, ru b b e r iz a tio n  is  b eco m in g  p o p u -

Key words: Modified bitum en; A irport pavem ents
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