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Indian Standard
METHODS OF TEST FOR 

VULCANIZED RUBBERS
PART x n i  T E N S IO N  SET

0. F O R E W O R D

0.1 This Indian Standard (P art X I I I )  was adopted by the Indian 
Standards Institution on 10 November 1972, after the draft finalized 
by the Rubber Products Sectional Committee had been approved by the 
Chemical Division Council.

0,2 Tension set is an  im portant property for the rubber components 
subjected to tensile stress intermittently.

0.3 The requirements for tension set in some of the present product speci­
fications are based on different durations of tim e for application o f strain 
and the formulae for calculations. The time and the formula specified in 
the product specifications shall be followed till they are revised to amend 
the value of tension set based on this test method.

0.4 This standard is mainly based on Drafl ISO  Recommendation 
No. 2285 Vulcanized rubbers — Determination o f tension set under 
constant elongation a t normal and high temperatures, issued by In ter­
national Organization for Standardization.

0.5 In  reporting the result of a test or analysis m ade in accordance with 
this standard, if the final value, observed or calculated, is to be rounded 
off, it shall be done in accordance w ith I S :2-1960*.

1. SCOPE

1,1 This standard ( Part X I I I ) prescribes the method for the determination 
o f tension set under constant elongation of vulcanized natural and synthe­
tic rubbers. This method is suitable for rubbers having the hardness 
within the range 30 to 94 International Rubber Hardness Degrees 
(IR H D ).

•Rules for rounding off numerical values ( m iud ).



2. T E R M IN O LO G Y
2.0 For the purpose of this standard, the foUowmg definition shall apply.

2.1 T ension  Set — Proportion of applied strain remaining after a test 
piece has been stretched and allowed to retract in a specified manner.

3 . O U TL IN E O F  M E T H O D
3.1 Test piece o f standard dimension is stretched to a specified length in 
a suitable apparatus for specified time and temperature and then allowed 
to recover. The tension set is then calculated as the percentage of the 
initial strain.

4. T E ST  P IE C E
4.0 Three types of test pieces are described, strips, strips with enlarged 
ends and  rings. Tests made with different types of test pieces do not 
necessarily give the same value of tension set.

4.1 Preparation
4.1.1 Slrip Test FiVce — Strips of the m aterial under test between 2 and 

10 mm in width and 2*0 ± 0 -2  mm thick shall be cut with a sharp die 
from a  flat sheet. A width of 6‘0 mm is preferred. The sheets may be 
prepared by moulding or from finished articles by cutting and buffing. 
Strip test pieces may have, well outside the reference length, wider ends 
for easier clamping. T he length of any given strip depends on the selected 
reference length and type of straining device.

4.1.2 Strip Test Pieces with Enlarged Ends—  Test pieces o f the shApt shown 
in Fig. 1 shall be cut with a sharp die from a flat sheet, 2 0 ±  0 2 mm 
thick, o f the m aterial under test. The length of the narrow section 
(reference length) shall be between 25 and 50 mm. The sheets may be 
prepared by moulding or from finished articles by  cutting and buffing.
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4.1,3 Ring Test Pieces — Ring test pieces shall be cut from a flat sheet of 
the material under test, prepared by moulding or from finished articles by 
cutting and buffing, by m eans of a pair of concentric circular dies or 
rotating cutters. The separation of the two cutting edges or such dies or 
cutters shall not differ from the average value by more than 0*05 mm.

The following two sizes o f ring test piece may be used:

Large ring test piece:

Thickness 4 '0  ±  0'2  mm
O uter diameter 52*6 ±  0'2 mm
Inner diameter 44*6 ±  0*2 mm

Small ring test piece:

Thickness 2*0 ±  0*2 mm
O uter diameter 33*5 ±  0*2 mm
Inner diameter 29*5 =b 0*2 mm

4.2 M arking — A reference length shall be m arked on the test pieces 
using a suitable bench m arker and ink, which does not affect the material 
and withstand the tem perature of test. The reference length for strip 
test pieces shall be between 25 and 50 mm. In  the case o f marking of ring 
test pieces, they shall be straightened by means o f the rigid channel and 
the reference length, preferably 40 mm for large ring test pieces and 25 mm 
for small ring test pieces, marked on one of the straightened sides.

4.3 N am b er o f  T est P ieces — For each test, three test pieces sfiall be 
used.

4.4 T im e L apse Betw een V ulcan ization  and T estin g

4.4.1 For all test purposes the m inimum time between vulcanization and 
testing shall be 24 hours. For non-product tests, the maximum time be* 
tween vulcanization and testing shall be 4 weeks, and for evaluations 
intended to be comparable, the tests, as far as possible, should be carried 
out after the same time interval. For product tests, whenever possible, the 
time between vulcanization and testing should not exceed 3 months. In  
other cases, tests should be made within two months o f the date o f receipt 
by the customer o f the product.

4.4.2 Samples and test pieces shall be protected from light as completely 
as possible during the interval between vulcanization and testing.

4.5 C ondition ing — Prepared test pieces shall be conditioned immediately 
before testing for a minimum period of 3 hours a t 27 ±  2®C, the Same 
tem perature being used throughout the test.



5. APPARATUS
5.1 Strain ing D evice — It consists of a metal rod or other suitable guide 
fitted with pairs o f holders, one fixed and one movable, for the ends o f the
test piece. The holders shall be in the form of self-tightening clamps for 
S tr ip  test pieces, in the form of jaw s to hold tap ends in a firm position for 
strip test pieces with enlarged ends and in the form of fiat pulleys of about 
5 mm width and 10 mm diameter for ring test pieces. I f  so desired, 
means of operating the moving holder other than by hand may be provi­
ded, for example, a screwed rod, provided that the tolerances on extension 
speed are met (see 6 .1). Suitable stops or graduations m ay also be provid­
ed, to avoid over«extension in the initial straining o f the test piece.

5.2 M easnring D evice — Suitable for measuring length to the nearest 
O'l mm.

5.2.1 For strip test pieces a  bench mariner shall be provided to mark 
the length used for measurement, hereinafter called the reference length.

5.2.2 For strip test pieces with enlarged ends the length o f the narrow 
portion shall be used as the reference length.

5.2.3 For ring test pieces the reference length may alternatively be the 
inner diam eter o f  the ring, in which case a graduated cone, allowing 
measurements to be made to the nearest 0‘1 mm, m ay be used. I f  
measurements are made on a straight reference length, a rigid channel, 
3‘5 m m  deep and  20 mm wide for large ring test pieces, and 1*75 mm 
deep and 10 mm wide for small ring  test pieces, shall be provided for 
straightening portions o f such test pieces during marking and measuiring 
of the reference length.

6. PROCEDURE
6.1 M easure the unstrained reference length to the nearest O'l mm at 
27 ±  2*’G. Place the ends o f strip test pieces into the clamps, or tab  ends 
of test pieces w ith enlarged ends into the jaws, or fit ring test pieces over 
the pulley rims of the straining device. Extend the test pieces to the 
required strain a t a speed between 2 and 10 mm/s.

W ith ring test pieces, rotate the pulleys slightly by hand to equalize 
the strain in the two halves of the ring, ensuring that the reference length 
remains centralized between the pulleys.

6.2 Between 10 and 20 minutes after the specified strain has been reached, 
measure the strained reference length to the nearest O’l mm. When using 
the inner diam eter of ring test pieces as the reference length, it may be 
calculated from the diam eter of the pulleys and the distance between them, 
m easured to the nearest 0*1 mm. I f  the strain, calculated as described 
in 7.1, does not conform to the appropriate standard value, taking account 
of tolerances, the test pieces shall be discarded.



6.3 T ests  a t  E levated T em peratures

6.3.1 For tests at other than standard laboratory temperatures, place 
the strained test pieces into the oven operating a t the test temperature. 
Between 20 and 30 minutes after the specified strain has been reached; at 
the end of the test period, remove the t«jt pieces from the oven and allow 
to cool in the strained condition for 30 to 35 minutes.

6.3.2 Release the strain at a speed of 2 to 10 m m fs, remove the test 
pieces from the clamps or pulleys and lay free on a wooden surface. After 
30 +  3 minutes measure the reference length to the nearest 0*1 mm, using

- 0
the rigid channel to straighten ring test pieces, if  required,

6.3.3 The common elevated tem peratures at which this test may be 
carried out are 70 ±  1“C, 85 ±  VC , 100 ±  1®C, 125 ±  2*C and 150 ±  2®C.

7. STRAIN AND DURATION OF TEST

7.1 Strain

7.1.1 Calculation

Percentage strain ** 100
*0

where
/o =  original unstrained reference length, and
U =  strained reference length, which shall be one of the follow­

ing values:

percent 
(25 ± 2 * 5 )
(50  ± 5  )

(100=b 10 )
(2 0 0 ± 10 )
(3 0 0 ±  10 )

7.1.2 The strain value should be selected in accordance with the final 
application of the vulcanizate and with reference to its breaking elonga> 
tion and  the test tem perature. The value (100 ±  10) percent is preferred 
unless the above considerations dictate otherwise.
7.2 D uration  o f  T est — The test pieces^ shall be strained for 24 +  0 hours

- 2
or alternatively, if a  longer test period is required, 72 +  0 hours or 168 +  0

- 2  - 2
hours the test period commencing 30 minutes after the original straining 
of the test pieces.



8. CALCULATION
8.1 Calculate the tension set as a percentage of initial strain:

Tension set =  100 - h — h —
»• — ‘0

where

=  reference length after recovery, 
lo =  unstrained reference length, and 
U =  strained reference length.

8.1.1 T he mean o f the results for the three test pieces shall be calculat­
ed. T he individual value for the three test pieces shall agree within 
10 percent o f the mean. I f  they do not, the test shall be repeated.

9. TEST REPORT

9.1 The test report shall include the following inforxoation:

a) Calculated mean value of tension set,
b) Type and dimensions of test piece,
c) Strain and temperature of test, and
d) D uration of test.
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