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0. F O R E W O R D
0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 8 December 1967, after the draft finalized by the Rubber Products 
Sectional Committee had been approved by the Chemical Division 
Council.

0.2 This method o f test is intended for use in comparing the resistance of 
compounds o f vulcanized rubbers to flex-cracking when subjected to 
repeated bending or flexing which causes fatigue failure, Craclu develop 
in that part o f the surface where stresses are set up'during flexing or i f  
that part o f the surface initially contains a crack, causes this crack to 
extend in a direction perpendicular to the stresses.

0.3 The tests prescribed here are intended for use in comparing the 
resistance o f rubbers to the formation and growth o f cracks. The relative 
magnitudes o f the two resistances —  resistance to crack initiation and 
resistance to crack growth —  differ in different rubbers. I t  is, therefore, 
imperative that both the resistance to crack initiation and the resistance to 
crack growth are measured. A  method for determining the resistance to 
crack growth is prescribed in IS : 3400 ( Part V I I I  )-1967*.

0.4 The mean resistance to flex>cracking o f a single test piece, with 
standard conditions o f test, should be known with an accuracy o f ±  7 percent 
o f the number o f flexing cycles ( this being ±  twice percentage standard 
error o f test), but the difference between nominally identical moulded test 
pieces may be often greater than this.

0.5 While preparing this standard assistance has been drawn freely from 
the following:

ISO  Recommendation R  132 Determination o f resistance to flex- 
cracking o f vulcanized natural or synthetic rubber ( De Mattia 
type machine). International Organization for Standardization.

*Methods o f test for vulcanized rubbers: Part V I I I  Resistance to crack-growth.
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B.S. 903: Part A10-I956 Determination o f resistance to flex-crack­
ing. British Standards Institution.

0.6 In reporting the result o f a test or analysis made in accor(^nce witb 
this standard, i f  the final value, observed or calculated, is to be rounded 
off it shall be done in accordance with IS : 2-1960*.

1. SCOPE

1.1 This standard prescribes a procedure for comparing the resistance ol 
rubbers to the formation o f cracks when subjected to repeated flexing or 
bending under specified conditions and known periods on the De Mattia 
type machine.

2, APPARATUS

2.1 The essential features o f the De Mattia type machine are given in 
Fig. 1.

A ll dimensions in millimetres.
Fio. 1 De M a t t ia  T y p e  M a c h in e

2.2 There shall bo stationary parts provided with grips for holding one end 
o f each o f the test piece in a fixed position and sin^ar but reciprocating 
parts for holding the other ends o f each o f the test piece. The travel o f 
the reciprocating parts shall be 57*15 ±  0*10 mm and such that the maxi­
mum distance between each set o f opposing grips is 75*0 + J;g mm. The 
reciprocating parts shall be so arranged that their motion is in the direction

*Rules for rounding off numerical values ( ) .



o f  and in the same plane as the common ccntre lines o f each opposing pair 
o f  grips. The planes o f the gripping surfaces o f each opposing pair o f 
grips shall remain parallel throughout the motion. The eccentric which 
actuates the reciprocating parts shall be driven by a constant speed motor 
to give 300 ±  10 flexing cycles per minute with sufficient power to flex at 
least 6, preferably 12, test pieces at one test. The grips shall hold the test 
piece firmly without undue compression and shall enable individual adjust- 
nient to be made to the teat pieces to ensure accurate insertion. The test 
pieces shall be arranged in groups o f three or six so that one group is being 
flexed while the other group is being straightened, thus reducing the 
vibration in the machine.

3. TEST PIECE

3.1 The test piece shall be a strip, 25 mm wide with a moulded groove as 
shown in Fig. 2. The strips may be moulded individually in a multiple 
cavity mould or may be cut from a wide slab having a moulded groove. 
The groove in the test piece shall have a smooth surface and be free from 
irregularities from which cracks may start prematurely. Thfe groove shall 
be moulded into the test piece or slab by a half round ridge in the centre 
o f  the cavity, the ridge having a radius o f  2*38 ±  0*03 mm. The results 
shall be compared only between test pieces having thicknesses agreeing 
within 0*13 mm when measured close to the groove, because the results o f 
the test are dependent upon the thickness o f the test piece.
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A ll dimensions in millimetres.
Fio. 2 D e  M a t t ia  T e st  P ib c b

3.2 A t least three ( preferably six ) test pieces from each rubber shall be 
tested and the results averaged, one or more test pieces being tested 
simultaneously with those o f other rubber with which the comparison is to 
be made.

4. PROCEDURE

4.1 Storage o f  Samples and Conditioning o f Test Pieces__ The
properties o f vulcanized rubbers change continuously with time, these



changes being particularly rapid during the first 24 hours after vulcaniza­
tion. Therefore carry out no |;ests within this period. For accurate 
comparison between different rubbers it may be necessary to ensure that 
these are tested at substantially the same interval after vulcanization.

4.1.1 Protect samples and test pieces from light as completely as possible 
during the interval between vulcanization and testing.

4.1.2 Keep test pieces at a temperature o f 27® ±  2®C for a period o f not 
less than 12 hours immediately prior to being measured and tested.

4.2 Temperature o f Test —  The recommended temperature for test is 
27° ±  2°G. Any other temperature used shall be reported in the test 
report.

4.3 Determination o f Resistance to Flex-Cracking —  Separate the 
pairs o f grips to their maximum extent and insert the test pieces so that 
they are fiat and not under tension, with the groove in any particular test 
piece midway between the two grips, in which the test piece is held and on 
the outeide o f the angle made by the test piece when it is bent.

43*1 Start the machine and continue the test with frequent inspection 
until the first sign o f cracking is detected. Record the time or the number 
o f flexing cycles. Carry out this inspection with the grips separated to a 
distance o f 65 mm. Restart the machine and stop after suitable intervals 
in which the number o f flexing cycles is increased by geometric progression, 
a suitable ratio being 50 percent on each occasion.

4.3.2 It  is not desirable to run the test piece until complete rupture 
occurs, the prefened method being to grade the severity o f cracking by 
comparison with a standard scale o f cracked test pieces as described in 5.

5. EXPRESSION OF RESULTS

5.1 The comparison with a standard scale o f cracked test pieces shall 
include an assessment o f the length, depth and number o f cracks and the 
results shall be recorded as (a) the grade o f cracking reached by each teat 
piece on each occasion the machine is stopped and (b) the number o f 
flexing cycles which have been run, calculated i f  necessary, from the total 
period o f rxmning.

5.2 A  photograph o f a series o f cracked test pieces (see Fig. 3 ) indicated 
as Grades A  to K  and a description o f the effects as a guide for the grades 
which may help in interpreting the photographs, is provided below. Any 
bloom on the sample shall be reported:

Grade A  A  few ( less than ten) minute cracks have appeared at 
scattered points on the surface. A  lens is not necessary for 
examining them, but the unaided eye is unable to detect



that they have any depth. They shall not be confused 
with mould-marks or specks o f dust on the rubber; the 
latter shall be removed before grading by wiping the test 
piece with a moistened finger.

Grade B  The number o f cracks has increased, but they still appear 
to have no depth; they tend to concentrate along the 
centre-line o f the groove and extend nearly the full width 
o f the test piece.

Grade C  The cracks begin to show some depth, and their breadth is 
equal to their length. This grade is regarded as the stan­
dard amount o f deterioration to which the final result is 
calculated.

Grade D  The cracks have now become so concentrated along the 
centre-line that a few have coalesced.

Grade E  Many o f the cracks have now coalesced to form about a 
dozen cracks I to 2 mm long with a length/breadth ratio 
o f about 2 or 3. This is the most severe degree o f crack­
ing which is regarded as satisfactory for grading purposes.

Although the gradings F to K  are much more arbitrary, a brief description 
follows:

Grade F  Several cracks have coalesced to form one large crack
which releases the surface in the centre o f the test piece,
thus dbtorting the top and bottom edges o f the groove.

Grade G The large crack has torn its way nearer to the ends o f the 
groove.

Grade H  The crack has grown nearer to the ends and has absorbed 
a number o f small ones, thus making its outline indistinct.

Grade J  The crack has torn nearly to the ends o f the groove.

Grade K  The crack has torn right across the groove.

5.3 Logarithmic Method —  Reproducible results may be obtained in 
using the gradings in 5.2, but numerical constants may be associated with 
the gradings, representing the proportionate increase in time o f running 
to change from one grade to another. I f  the number o f kilocycles for 
which the machine has run is expressed as a logarithm to the base 10, 
these constants may be added or subtracted to change from one grade to 
another. The several gradings may be obtained on the same test piece 
for different periods o f running; it is convenient to add the constants 
corresnnnding to Grades A  and B and subtract those for D and E, thus 

|||||jĵ \g all the values to Grade C.



These constants for the gradings are:
A  +  0-35
B +  0*15
G 4- 0*00
D  ~  0-14
E -  0*24

The kilocycle numbers at difierent stages o f cracking for a particular, 
test piece may used to obtain the mean flex'cracking resistance as illustra- • 
ted in Table 1.

TABLE 1 ILLUSTRATIVE EXAMPLE TO ARRIVE AT 
MEAN FLEX.GRACKING

(C W 5 .3 )

N umber o r  F lexing L o o  NunBEKOr G rad iko GoNSTAirr F i^ - C r a c k in o  '
Gy c l u KlLOCyCLES RESnTANCE

(1) (2) (3) (4) (5)
13 500 M 3 A +  0-35 1-48
22 500 1*35 A +  0-35 1-70
31 500 1-50 G 0 ^ 1-50
40 500 1-61 G 000 1-61
49 500 1-70 D - 0 1 4 1-56
58 500 177 D -  0-14 1-63
67 SOO 1*83 D -  0*14 1-69
85 500 1-93 E -0 -2 4 1*69

Mean — 1*61
Standard error o f

mean s 0-03

5.3.1 The mean flex-cracking resistance represents the logarithm o f the 
mean nimiber o f kilocycles required to produce Grade G cracking, the 
eight individual values lying between 1*48 and 1*70, that is between 30 000 
and 50 000 cycles.
5.4 Graphical Method —  I f  no assumption is made as to the manner in 
which cracking progresses, the results may be treated graphically, the 
experimental results being expressed in kilocycles or the logarithm o f the 
observed results. Then results are to be averaged, the arithmetic mean 
shall be taken, it being noted that the arithmetic mean o f the logarithm o f 
the experimental results is equivalent to the geometric mean o f die experi­
mental results. It  is assumed in the following treatment that either the 
observed experimental results are being used or that all experimental 
results have been converted into their corresponding logarithms, the 
logarithms then being treated as * results The method is illu^
Fig. 4.



KILOCYCLES

F io . 4 G r a p h ic a l  M e t h o d

5.4.1 Considering the individual results for each test piece obtained in 
me expenmcnt, calculate the average result corresponding to Grades A, B. 
C, D and E (call these 5, C, Z) and ^ ).

5.4.2 Place a linear scale on the abscissa, marked suitably in kilocycle 
( or logarithms o f kilocycles ).

5.4.3 Mark 5 F^inU on the ordinate at distances from the oriein oro-
A* S  ^  respectively, the points being identified

by the letters Ay B ,C , D  and E. Draw 3 lines through A, B, C, D  and 
£  parallel to the abscissa.

This may be conveniently accomplished by:

a) marking points A\ B\ C', D ' and E ' on the abscissa;

b) drawing a straight line inclined to the abscissa at a convenient 
angle;

c) placing a scries o f lines perpendicular to the abscissa through the 
five marked points and so as to cross the inclined line; and

d) drawing through the five points o f intersection on the inclined
hnc a set o f five lines parallel to the abscissa and denoted A. B
C, D  and h  as appropnate. *

5.4.4 Consider the results obtained for each compound separately and 
average the resets for the individual test pieces at each o f the five wades

compound
1 > fcoj and i f  for compound 2 ; and so on.



5.4.5 Plot the results for each compound on the prepared graph paper. 
For example, for compound ‘ T , the first point is its origin, the second 
point has its ordinate on line A  and abscissa 1̂ , the third point has 
its ordinate on line B  and abscissa 1», and so on imtil the sixth and last 
point with its ordinate on line E  and abscissa 1«. Similarly for the other 
compounds, join the points by straight lines to give a set o f graphs, one 
graph for each compound.

5.4.6 Draw the best straight line through the points on each graph, 
ignoring the origin.

5.4.7 The following information may be obtained from the graph:

a) Crack initiation time —  The number o f kilocycles at which the 
straight line graph meets the line A.

b) Crack propagation time— The number o f kilocycles at which the 
straight line graph crosses the line Ey minus the crack initiation 
time.

5.5 Although the method is intended to be applied to the set o f experimen­
tal results obtained in each experiment, it may be found in practice that 
the relative positions o f the grade lines are sufficiendy reproducible in one 
laboratory for a set o f standard grade lines to be determined for that 
laboratory.

6. REPORTS

6.1 The report shall state:

a) The average time or the number o f flexing cycl|l to reach each 
stage o f cracking A to E  given in 5, or the m&n flex-cracking 
resistance, by the logarithmic methc^ determined or the crack 
initiation and propagation, determined by graphical method;

b) The number o f test pieces used; and
c) The temperature of test.
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