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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

CHEMICAL STRESS RESISTANCE OF PLASTICS
GM9308P

1 SCOPE. This test method provides a means for evalu-
ating the susceptibility of plastics to environmental stress
cracking under simulated liquid splashing conditions (Method
A) or continuous exposure to chemicals (Method B), or contin-
uous exposure to soft trim plastics or other materials in a solid
form (Method C).

2 REFERENCED STANDARDS.

ASTM D638 ASTM D1897 ASTM D4508

3 EQUIPMENT.

3.1 Stainless steel #304 elliptical bending form. (Figures
1-6).

32 Pipet, 5 mL.

3.3 Chemically resistant grease, such as Halocarbon Grease
Series 25-5S or equivalent. (Available from Halocarbon
Products Corporation, 82 Burlews Court, Hackensack, NJ.)

3.4 Gauze or sponge.
3.5 Deformable stainless steel strip.

3.6 Test sample; ASTM D638, Type I tensile bar (3.2 mm
thick, 216 mm long) injection molded according to ASTM
D1897, or 3.2 x 12,7 x 216 mm strip cut from sheet or part.

NOTE: The sample thickness must be between 2.9 mm and
3.5 mm. The surface of a sample may be machined to obtain
the required thickness but only the molded surface of the sam-
ple shall be tested.

4 PROCEDURE.
4,1 METHOD A.

4.1.1 Position the test sample on the bending form at the
highest strain level of interest by using the wooden tongue
depressor to hold the bar firmly against the form while the
clamps are tightened onto the test sample. Care should be
taken to avoid contaminating the specimen surface by han-
dling. The wooden tongue depressor is removed when the test
sample has been secured to the fixture.

4.1.2 For samples exhibiting edge cracking, apply chemically
resistant grease to the edges of the narrow portion of the sam-
ple bar, as well as around the clamps, to prevent contact with
the test fluid.

4.1.3 After a 5-minute time interval from application of stress
to the sample, apply 5 mL of test fluid to the stressed surface
of the sample bar by dripping over the entire narrow portion
area of the sample bar.

4.1.4 Volatile Test Fluids.

4.1.4.1 After 10 minutes of exposure to the fluid, examine
the surface of the bar for crazes and/or cracks. Record the
position of the crazes or cracks using the gauge marks on the
bending form.

4.1.42 If no crazes or cracks are observed with no magnifi-
cation and the surface of the bar is dry, re-apply 5 mL of test
fluid and re-examine the specimen after 10 minutes.

4.1.43 Repeat step 4.1.4.2 if no crazes or cracks are
observed after 2 applications of the test fluid (total of 3 appli-
cations).

4.1.4.4 For materials where cracks are not readily apparent,
the solvent tested sample (area of highest strain) shall be eval-
uated for chip impact and compared to unexposed material
which has been stressed on the bending fixture for the same
period per ASTM D4508. Samples shall be mounted in the
chip impact fixture so that the impact head strikes the surface
of the test sample to which the solvent was applied. Chip
impact testing may identify micro-cracking of the sample sur-
face which was not detected by visual inspection.

4.1.5 Nonvolatile test fluids.

4.1.5.1 Examine the surface of the stressed sample bar for
evidence of crazing and/or cracking after 10 minutes of expo-
sure and again after 30 minutes of exposure.

4.1.5.2 For materials where cracks are not readily apparent,
the solvent tested sample (area of highest strain) shall be eval-
uated for chip impact and compared to unexposed material
which has been stressed on the bending fixture for the same
period per ASTM D4508. Samples shall be mounted in the
chip impact fixture so that the impact head strikes the surface
of the test sample to which the solvent was applied.

4.1.6 If crazing or cracking occurs at the high strain position
on the fixture, repeat the test using fresh tensile bars at lower
strain positions on the fixture until no crazing or cracking
occurs.

4.1.7 Determine the critical strain level using the measured
craze/crack position and Table 1.

4.1.7.1 The reference thickness for the values of Ec in Table
1 is 3.2 mm. Correct for thicknesses other than 3.2 mm as
shown by the following equation:

w8
Ec—ch

E’c = corrected critical strain

ts = sample thickness (mm)

tr = reference thickness (3.2 mm)

Ec = critical strain from Table 1

4.2 METHOD B.

4.2.1 Saturate the stressed sample in the test fluid for 24 h.

To retain fluid on the surface during the 24 h period, use a
gauze or sponge saturated with fluid.
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4.2.2 For materials where cracks are not readily apparent, the
solvent tested sample (area of highest strain) shall be evaluated
for chip impact and compared to unexposed material which
has been stressed on the bending fixture for the same period
per ASTM D4508. Samples will be mounted in the chip
impact fixture so that the impact head strikes the surface of the
test sample to which the solvent was applied.

4.2.3 If crazing or cracking occurs at the high strain position
on the fixture, repeat the test using fresh tensile bars at lower
strain positions on the fixture until no crazing or cracking
occurs.

4.2.4 Determine the critical strain level using the measured
craze/crack position and Table 1. Correct for thickness where
necessary per 4.1.7.1.

4.3 METHOD C.

4.3.1 Position the rigid plastic test sample on the bending
form at the highest strain level of interest by using the wooden
tongue depressor to hold the bar firmly against the form while
the clamps are tightened onto the test sample. Care should be
taken to avoid contaminating the specimen surface by han-
dling. The wooden tongue depressor is removed when the test
sample has been secured to the fixture.

4.3.2 For samples exhibiting edge cracking, apply chemically
resistant grease to the edges of the narrow portion of the rigid
plastic sample bar, as well as around the clamps, to prevent
contact with the other test sample.

4.3.3 After a 5 minute time interval from application of stress
to the rigid plastic sample, position the flexible plastic test
sample on top of the rigid plastic test sample and ensure com-
plete surface contact between both test specimens over the
entire narrow portion area of the rigid plastic sample bar.

4.3.4 Place the entire test assembly and samples into an air

4.3.4.2 If no crazes or cracks are observed and the surface of
the rigid plastic sample bar remains unchanged, reposition the
flexible test sample over the rigid plastic sample bar ensuring
that complete surface contact is made over the entire narrow
portion area of the rigid plastic sample bar. Re-examine the
test samples after an additional 24 h exposure at the test tem-
perature.

4.3.43 Repeat 4.3.4.2 if no crazes or cracks are observed
after 2 exposure periods of the test samples. Repeat this testing
procedure until a total of 168 h (7 days) of test exposure time
has been completed.

4.3.5 If crazing or cracking occurs at the high strain position
on the fixture, repeat the test using fresh tensile bars of the
rigid plastic at lower strain positions on the fixture until no
crazing or cracking occurs.

4.3.6 Determine the critical strain level using the measured
craze/crack position and Table 1. Correct for thickness where
necessary for 4.1.7.1.

5 REPORT.

5.1 Critical strain, Ec (or E’c), for each test fluid. Specify
whether Method A, repeated splash, or Method B, 24 h satura-
tion procedure was employed.

5.1.1 For cases of no crazing or cracking report that the criti-
cal strain was greater than the maximum strain level tested,
and indicate the maximum level tested.

5.2 Percent retention of chip impact.

6 GENERAL INFORMATION. This standard was
issued in June 1987. The latest revisions include the following:

circulating oven with the specified test temperature. Rev | Date Description Div
4.3.4.1 After 24 h of exposure to the test temperature, exam- A /89 | Editorial
ine the surface of the rigid plastic sample bar for crazes and/or B 2/95 | Added Method C
cracks. Record the position of the crazes or cracks using the
gauge marks on the bending form.
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TABLE 1
X (mm) Ec (%) X (mm) Ec (%) X (mm) Ec (%) X (mm) Ec (%)
2.50 0.31 66.00 0.34 129.50 ° 0.43 193.00 0.72
5.10 0.31 68.60 0.34 132.10 0.44 195.60 0.74
7.60 0.31 71.10 0.34 134.60 0.44 198.10 0.76
10.20 0.31 73.70 0.34 137.20 0.45 200.70 0.79
12.70 0.31 76.20 0.35 139.70 0.46 203.20 0.82
15.20 0.31 78.70 0.35 142.20 0.46 205.70 0.84
17.80 0.31 81.30 0.35 144.80 0.47 208.30 0.87
20.30 0.31 83.80 0.35 147.30 0.48 210.80 0.91
22.90 0.32 86.40 0.36 149.90 0.49 213.40 0.94
25.40 0.32 88.90 0.36 152.40 0.50 215.90 0.98
27.90 0.32 91.40 0.36 154.90 0.51 218.40 1.02
30.50 0.32 94.00 0.37 157.50 0.52 221.00 1.07
33.00 0.32 96.50 0.37 160.00 0.53 223.50 1.11
35.60 0.32 99.10 0.37 162.60 0.54 226.10 1.17
38.10 0.32 101.60 0.38 165.10 0.55 228.60 1.23
40.60 0.32 104.10 0.38 167.60 0.56 231.10 1.29
43.20 0.32 106.70 0.39 170.20 0.57 233.70 1.36
45.70 0.32 109.20 0.39 172.70 0.58 236.20 1.44
48.30 033 111.80 0.39 175.30 0.60 238.80 1.52
50.80 0.33 114.30 0.40 177.80 0.61 241.30 1.62
53.30 0.33 116.80 0.40 180.30 0.63 243.80 1.73
55.90 0.33 119.40 0.41 182.90 0.64 246.40 1.85
58.40 0.33 121.90 0.41 185.40 0.66 248.90 1.99
61.00 0.33 124.50 0.42 188.00 0.68 251.50 2.15
63.50 0.34 127.00 0.42 190.50 0.70 254.00 2.33

NOTE: Values of Critical Strain (Ec) Versus Distance to Craze or Crack From Low Strain End of Elliptical Form (X). Reference

Thickness = 3.2 mm

NOTE: The critical strain on the outer curved surface of a sample on the elliptical bending form is given by:

__b+u2)

1 M + t2)

[1-<(

2(a + U2

Ec = strain (%)

a = semi-major axis of ellipse (mm)
b = semi-minor axis of ellipse (mm)
x = distance along major axis (mm)

t = sample thickness (mm)

@a+t2? (a+2)°
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FIGURE 1 - ELLIPSE
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