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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 22088-2 was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, 
chemical and environmental resistance. 

It cancels and replaces ISO 6252:1992, which has been technically revised. 

ISO 22088 consists of the following parts, under the general title Plastics — Determination of resistance to 
environmental stress cracking (ESC): 

⎯ Part 1: General guidance 

⎯ Part 2: Constant tensile load method (replacement of ISO 6252:1992) 

⎯ Part 3: Bent strip method (replacement of ISO 4599:1986) 

⎯ Part 4: Ball or pin impression method (replacement of ISO 4600:1992) 

⎯ Part 5: Constant tensile deformation method (new test method) 

⎯ Part 6: Slow strain rate method (new test method) 
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Plastics — Determination of resistance to environmental stress 
cracking (ESC) — 

Part 2: 
Constant tensile load method 

1 Scope 

This part of ISO 22088 specifies methods for the determination of environmental stress cracking (ESC) of 
thermoplastics when they are subjected to a constant tensile load in the presence of chemical agents. 

It is applicable to test specimens prepared by moulding and/or machining and can be used both for the 
assessment of ESC of plastic materials exposed to different environments, and for the determination of ESC 
of different plastic materials exposed to a specific environment. 

This is essentially a ranking test and is not intended to provide data to be used for design or performance 
prediction. 

NOTE Methods for the determination of environmental stress cracking by means of a constant-strain test are 
specified in ISO 22088-3, ISO 22088-4 and ISO 22088-5. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials 

ISO 294-1, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 1: General 
principles, and moulding of multipurpose and bar test specimens 

ISO 527-2:1993, Plastics — Determination of tensile properties — Part 2: Test conditions for moulding and 
extrusion plastics 

ISO 2818, Plastics — Preparation of test specimens by machining 

ISO 3167, Plastics — Multipurpose test specimens 

ISO 22088-1:2006, Plastics — Determination of resistance to environmental stress cracking (ESC) — Part 1: 
General guidance 
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3 Principle 

A test specimen is subjected to a constant tensile load, corresponding to a stress lower than that at yield, 
while immersed in a specified environment at the temperature selected for testing. The time and/or stress at 
which the specimen breaks is recorded. 

The environmental stress cracking of the test specimens is determined by one of the following methods (A, B 
or C), depending upon the time to rupture: 

⎯ Method A: Determination of the tensile stress leading to rupture at 100 h. This stress is obtained by 
interpolation of the graph of time to rupture versus applied tensile stress. 

⎯ Method B: Determination of the time to rupture under a specified tensile stress. This method is used when 
the time to rupture exceeds 100 h. 

⎯ Method C: Determination of the time to rupture for a series of applied stresses. The graph of time to 
rupture versus applied stress is then examined to determine if the rupture time for some agreed-upon 
applied stress is satisfactory. 

4 Apparatus 

4.1 Test device, allowing test specimens to be simultaneously subjected to a tensile load and exposed to a 
chemical environment. 

If the chemical is a liquid at the test temperature, the test specimen shall be completely immersed. If it is 
highly viscous at the test temperature, the specimen may be covered with a coating of the agent at least 2 mm 
thick (see Clause 5). 

Parts of the device that come into contact with the test medium shall be made of an inert material. 

The constant tensile load may be applied with weights (Figure 1 is a schematic diagram of a suitable 
apparatus). The force shall be accurate to ± 1 % of the specified force. It is important to ensure that there is no 
unintended contact between moving parts, and that all moving parts of the apparatus are properly maintained 
and lubricated as appropriate. 

If the test device has several test stations, means shall be provided to prevent the vibration occurring through 
failure at one station from being transmitted to the whole system. 

Unless otherwise specified, forces shall be applied parallel to the longitudinal axis. 

NOTE Bending or twisting forces will produce different stresses and may affect the results and increase test 
variability. 

4.2 Temperature-controlled bath or room, allowing the containers to be maintained at (23 ± 2) °C or at a 
higher test temperature up to (105 ± 2) °C (see 5.2). 

4.3 Automatic timer, as shown schematically in Figure 1, to measure the time to rupture of each specimen 
to within ± 1 % of the elapsed time. 

4.4 Equipment for the preparation of test specimens by moulding (see ISO 293 and ISO 294-1), 
machining (see ISO 2818) or die cutting. 

Copyright International Organization for Standardization 
Provided by IHS under license with ISO 

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



ISO 22088-2:2006(E) 

© ISO 2006 – All rights reserved 3

 

Key 
1 balance 
2 frictionless bearing, or knife edge 
3 wire attachment point 
4 wire 
5 circulation of temperature-controlled liquid 
6 clamps 

7 test specimen 
8 chemical environment 
9 weights 
10 switch controlling timer 
11 timer 

Figure 1 — One type of apparatus for measuring fracture under constant load 

5 Conditioning and test conditions 

5.1 Conditioning 

Unless otherwise agreed between the interested parties, the test specimens shall be conditioned before 
testing for at least 24 h at (23 ± 2) °C and (50 ± 10) % relative humidity. 

5.2 Test temperature 

The preferred test temperatures are (23 ± 2) °C and (55 ± 2) °C. If required, other temperatures may be used, 
preferably selected from the following: 

(40 ± 2) °C, (70 ± 2) °C, (85 ± 2) °C, (100 ± 2) °C 

or as agreed upon by the interested parties. 

5.3 Test medium 

See ISO 22088-1:2006, 7.3. 
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6 Test stress 

6.1 Maximum permissible stress 

The stress applied to the test specimen during the test shall be less than the tensile stress at yield of the 
material at the temperature of the test. 

NOTE As a general guide, the stress that produces an elongation of 2 % after 1 h can be taken as the maximum 
permissible stress. This stress can be determined by preliminary tests using several different stresses. 

6.2 Method A 

Conduct tests at a series of applied stress levels to determine the applied stress that will cause failure in 100 h. 
Test a minimum of five specimens at each applied stress. The applied stress needed to produce failure in 
100 h is calculated as described in 9.1. 

6.3 Method B 

Determine the time to rupture under a single stress agreed between the interested parties, but not higher than 
the maximum permissible stress defined in 6.1. 

6.4 Method C 

Determine the times to rupture for agreed-upon applied stresses. The series of stresses shall be chosen in 
accordance with 8.7. Test a minimum of two specimens at each applied stress. The result is reported as the 
time to rupture for a particular applied stress. Method A is a subset of method C. 

7 Test specimens 

7.1 General 

When moulding test specimens, or when machining and polishing test specimens cut from large sheets or 
products, it is important to minimize any residual stress. Use the mildest conditions possible during specimen 
preparation. Annealing specimens prior to testing is recommended. Report the exact conditions used for 
specimen preparation and the conditions used for any annealing of specimens prior to testing. 

7.2 Shape and dimensions 

Wherever possible, use the type 1BA small test specimen specified in Annex A of ISO 527-2:1993, as shown 
in Figure 2. 

The preferred thickness is (2 ± 0,2) mm, but when the test specimens are prepared from finished products the 
thickness may be that of the product. Alternatively, a type 1BA specimen 3 mm to 4 mm thick may be used. 
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Key 
l3 overall length: 75 mm 
b2 width at ends: (10 ± 0,5) mm  
l1 length of narrow, parallel-sided portion: (30 ± 0,5) mm 
b1 width of narrow, parallel-sided portion: (5 ± 0,5) mm 
r radius, minimum: 30 mm 
h thickness: preferably (2 ± 0,2) mm 
l0 distance between gauge marks: 25 mm 
l2 initial distance between grips: 57 mm 

Figure 2 — ISO 527-2 type 1BA specimen (type 1B scaled down 2:1) 

7.3 Number 

At least five specimens shall be tested at each tensile stress in the case of methods A and B, and at least two 
specimens for each stress in the case of method C. 

If the material is thought to be anisotropic, two sets of specimens shall be used, one set cut at right angles to 
the other in two of the principal directions of orientation. 

7.4 Preparation 

The specimens shall be prepared in accordance with the appropriate International Standard. If nothing is 
stated, specimens shall be machined from sheet or from products by methods specified in ISO 2818. 

If sheets are prepared from moulding materials, they shall be moulded in accordance with the relevant 
material specification or as agreed between the interested parties. Specimens shall not be cut with a die 
unless machining is impossible, for example with soft materials. For preparation of test specimens, use the 
procedures described in ISO 293, ISO 294-1 or ISO 3167. 

NOTE Environmental stress cracking of a specimen is influenced not only by the material, but also by the method of 
preparation of the specimen. Materials should only be compared using specimens prepared in a similar manner and in the 
same state. 
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8 Procedure 

8.1 Measure, to the nearest 0,01 mm, the thickness and the width of the central, parallel-sided portion of 
each specimen and calculate the force F, in newtons, to be applied, using the equation 

F = σA 

where 

σ is the stress, in megapascals, selected for the test (see Clause 6); 

A is the cross-sectional area, in square millimetres, of the central, parallel-sided portion of the 
specimen. 

NOTE The following procedure is recommended for determining the cross-sectional area: 

a) measure the thickness at each end of the parallel-sided portion and take the minimum value; 

b) measure the width of each face at each end of the parallel-sided portion and take the mean value. 

8.2 Heat the temperature-controlled bath or room (4.2) to the selected test temperature. 

8.3 Insert the specimens in the clamps of the test device (4.1) and immerse them in the test liquid or coat 
them with the chemical. Suitable clamping arrangements are shown schematically in Figure 3. 

 

Key 
1 specimen fixing plate 
2 clamping jaw for load application braid 
3 specimen clamping jaw 

Figure 3 — Example of suitable clamp arrangement 
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8.4 After 15 min, apply the load F to each specimen, without shock, in such a way that the loading time is 
preferably between 3 s and 5 s and in any case less than 10 s. Start the timer (4.3) as soon as the load is 
applied (t = 0). Record the time to rupture for each specimen and the type of break (brittle or ductile). 

If a liquid chemical environment is used, it shall be renewed with liquid from the same batch for each test 
specimen (apparatus with one station) or each group of test specimens (apparatus with several stations). 

8.5 When method A is used, perform the test with a series of tensile stresses up to and including the 
maximum permissible as defined in 6.1. 

NOTE The 100 h stress is obtained by interpolation of a stress versus log time plot (see 9.1). If the logarithm of the 
arithmetic mean of the times to rupture is used, the longer times are overemphasized. A more conservative assessment of 
the times to rupture can be obtained by calculating the mean of the logarithms of the measured times to rupture, i.e. the 
geometric mean. 

8.6 When method B is used, perform the test using a specified or agreed stress not higher than the 
maximum permissible stress as defined in 6.1 (see 6.3). If no break occurs after 1 000 h, terminate the test 
and record this fact in the test report. 

8.7 When method C is used, perform the test using a series of stresses. The loads shall be chosen so as to 
fall within the range from 10 % to 90 % of the short-time tensile strength of the material and shall be selected 
from the following numbers: 1; 2; 3; 5; 7,5; 10 and their decimal multiples. 

8.8 If required, carry out a parallel series of tests, as described in 8.5 or 8.6, in air or another reference 
environment. 

9 Expression of results 

9.1 Method A 

Calculate the arithmetic mean and the standard deviation of the measured times to rupture. Plot the logarithm 
of the mean, in hours, as abscissa versus tensile stress, in megapascals, as ordinate and determine by 
interpolation the stress corresponding to a time to rupture of 100 h. 

9.2 Method B 

Calculate the arithmetic mean of the times to rupture, in hours, obtained from at least five specimens and the 
standard deviation. 

NOTE For some purposes, the geometric, rather than the arithmetic, mean may be found useful because the 
logarithms of the times to rupture often show a better Gaussian distribution than the times to rupture. 

9.3 Method C 

Calculate the arithmetic mean of the times to rupture for each stress used. Plot the logarithm of each mean 
time to rupture, in hours, as abscissa versus tensile stress, in megapascals, as ordinate. 

10 Precision 

The precision of these methods is not known because interlaboratory data are not available in view of the 
variety of plastics materials and environmental conditions. These methods may not be suitable for use in the 
event of disputed results as long as no precision data are available. 
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11 Test report 

The test report shall include the following particulars: 

a) a reference to this part of ISO 22088; 

b) the test method used (method A, B or C); 

c) all details necessary to identify the material tested; 

d) the test medium used; 

e) the test temperature; 

f) the number of specimens tested (if applicable, in each direction of anisotropy) and their width and 
thickness; 

g) the procedure used for preparation of the specimens; 

h) the state of the specimens; 

i) the conditioning duration and atmosphere; 

j) the stresses applied; 

k) the individual and mean values for time to rupture for each stress applied (if no rupture occurs after 
1 000 h using the maximum stress as defined in 6.1, report that fact); 

l) for method A, the stress corresponding to 100 h time to rupture; 

m) the type of break, i.e. brittle or ductile; 

n) any operational details not specified in this International Standard, and any circumstance liable to have 
influenced the results; 

o) results from parallel series of tests in air or another reference environment, if obtained; 

p) the date of testing. 
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Annex A 
(informative) 

 
Examples of stresses to be applied 

Type of plastic 
Temperature 

°C 

Maximum stress to be applied 

MPa 

Polyamide 66 55 30 

Polycarbonate 55 40 

Polycarbonate 23 50 

PVC (unplasticized) 55 21 

Polyethylene (high density) 55 4 to 7 depending on the molecular mass 

Poly(methyl methacrylate) 55 25 

Poly(methyl methacrylate) 23 40 

Poly(oxymethylene) 55 28 

 

NOTE These values are given for information only. The maximum permissible stress is dependent upon the 
molecular mass of the polymer tested. 
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