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Standard Test Method for
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Stress Crazing of Transparent Plastics
This standard is issued under the fixed designation F 791; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope difficult to detect. It becomes more pronounced when viewed

1.1 This test method covers the determination of the criticafVith & light source that is at an oblique angle.

crazing stress for a transparent plastic material when exposgp Significance and Use
2

to a specific solvent, chemical, or compound at a specifi . . i i
temperature. 4.1 This test method provides a guide for evaluating a

1.2 This standard does not purport to address all of the SPecific solvent, chemical, or compound that may be detrimen-

safety concemns, if any, associated with its use. It is thd@l 10 @ transparent plastic as a result of a manufacturing
responsibility of the user of this standard to establish approProcess, a fabrication operation, or the operational environ-
priate safety and health practices and determine the applicaMent: All transparent plastics are susce_puble to crazing, t_hough
bility of regulatory limitations prior to use. in widely varying degree and from a variety of causes. This test

method is intended to allow establishment of the crazing stress

2. Referenced Documents when the simultaneous action of both load and a material that
2.1 ASTM Standards: would cause crazing is applied producing non-reversible dam-
D 618 Methods of Conditioning Plastics for Tesfing age that might limit the usage of that transparent plastic in a

E 691 Practice for Conducting an Interlaboratory Study toSPecific application.

Determine the Precision of a Test MetRod
2.2 Other Method: ) ) ) )
ARTC (Aircraft Research and Testing Committee of the 5.1 Test Fixture with fluorescent light source illustrated and

Aircraft Industries Association of America, Inc.) Condi- constructed as shown in Figs. 1 and 2.
tioning Method 5.2 Drill Fixture constructed as shown in Fig. 3.

5.3 Marking Fixture constructed as shown in Fig. 3.

5. Apparatus

3. Terminology 5.4 Portable Specimen Rackonstructed in the manner as
3.1 Definitions of Terms Specific to This Standard: shown in Fig. 4 for handling and conditioning test specimens.
3.1.1 crazing—a group of surface fissures that appear to be 5-5 Weights—A container and shot for the application of

small cracks in the material, although they are not. weight on the rack as shown in Fig. 1.

3.1.1.1 Discussion—Crazing is a form of yielding in poly- 5.6 Filter Paper, quantity of 0.50 by 1.0-in. (12.7 by
mers characterized by a spongy void filled fibrillar structure.25-4-mm) pieces of filter, medium-retention filter paper.
The density in the craze changes resulting in a change in tk@
index of refraction, which causes light to be reflected off of the ™ , .
crazes. This light reflection causes the crazes to sparkle when®-1 The test specimen shall be machined from the transpar-
viewed from certain angles. The crazes are sometimes randoffit Plastic material to be evaluated. A minimum of six

and scattered with varied lengths and depths but usually agPecimens for each solvent, chemical, or compound is re-
oriented perpendicular to a tensile stress. Crazing may pauired. Itis preferred that the transparent plastic sheet material
thickness be 6.35- 0.64 mm (0.250+ 0.025 in.), but any

thickness material may be used. Orientation of each test
1This test method is under the jurisdiction of ASTM Committee FO7 on Specimen within the test sheet or part should be recorded.
Aerospace and Aircraft and is the direct responsibility of Subcommittee FO07.08 on §.2 The test specimens shall be 2%.49.8 mm (1.00+ 0.03

Test Specimens

Transparent Enclosures and Materials. ; ; + + ;
Current edition approved Oct. 10, 1996. Published December 1996. Originall)’n'_) wide by 177.8* 1.27 mm (7'00— 0.05 m') Iong by
published as F 791 — 82. Last previous edition F 791 — 82 (1988). thickness.

2 Annual Book of ASTM Standardéol 08.01.

2 Annual Book of ASTM Standardgol 14.02.

4 Available from Aircraft Industries Association, 1725 DeSales St. NW, Wash-
ington, DC 20034.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Accelerated Crazing Test Fixture
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FIG. 3 Fixtures for Specimen Preparation

FIG. 2 Application of Test Liquid to Piece of Filter Paper on Top
Surface of Test Specimen
8. Conditioning
6.3 The edges shall be smooth machined surfaces without 8.1 Precondition the test specimens in accordance with one
cracks, and the test specimen surface shall be free of defects Otrth followi d . P
irregularities. If the test specimen has been machined (8" the Toflowing procedures.

thickness, the nonmachined surface shall be the test surface, 8:1-1 Practice D 618 Procedure -B-Forty-eight hours at
50°C (122°F) followed by cooling to room temperature in

7. Preparation of Apparatus desiccator over anhydrous calcium chloride for at least 5 h.
7.1 Once the load for a particular stress is calculated, thdP€signate as Condition 1 and test within 15 min.

load will be the sum of the individual weights of the weight 8.1.2 Two hours at 90°C (194°F), ambient cooled, and

rack, rod, lead weights, container, shot, and the radiused nullowed by 7 days at 23 1.1°C (73.5+ 2°F) and 50+ 5 %

For convenience of assembly, the weight rack pan may bgelative humidity. Designate as Condition 2 and test within 1 h.

stamped with the total weight of the pan, rod, and nuts as a 8.1.3 ARTC Method-Sixteen hours at 14°C (25°F) below

unit. A container, such as #-pt (0.24-L) paint can with a the average heat deflection temperature, cool at a rate not

6.4-mm {/2-in.) hole drilled in the center of the bottom and exceeding 28°C (50°F)/h and follow by 96 h at 231.1°C

installed so it slides up and down on the rod, can serve as @3.5 = 2°F) and 50+ 5 % relative humidity. Designate as

receptacle for the lead shot to attain required weight. Condition 3 and test within 1 h.
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from the center of the 7.94-mm (0.3125-in.) diameter hole and
perpendicular to the length of the specimen (see mark in Fig.
2).

10.3 Measure the width and thickness of each specimen to
the nearest 0.03 mm (0.001 in.) at the pencil line. Handle each
specimen only by its edges. Do not clean test specimens in any
manner during the time period between conditioning and
testing.

10.4 Insert the conditioned specimen immediately in the test
fixture with the pencil mark on the specimen in line with the
center of the fulcrum. Raise the weights and insert the end of

12-172"

AN > 37.5mm the rod through the 7.94-mm (0.3125-in.) hole in the test
152.4V specimen. Carefully center the load supporting nut (with a
7.94-mm (0.3125-in.) machined radius on the surface contact-

FIG. 4 Specimen Rack ing the plastic) in the hole and tighten the nut. Align the

specimen edges so they are exactly perpendicular to the
fulcrum and slowly lower the weights until the specimen
8.1.4 As received, no preconditioning. Designate as Condiaccepts the load.

tion 4. 10.5 Test the first specimen at 27.58 MPa (4000 psi) outer
Note 1—The conditions listed above may not result in uniform fiber stress. Apply the load for 18 0.5 min and observe to be
moisture content for certain plastics. Moisture content reportedly maysure no crazing has occurred. Place the 12.5 by 25-tarhy(
have a strong effect on craze results for certain plastics. If othen in.) filter paper directly over the fulcrum in the middle of the
preconditionings are required to ensure uni_form or desired mOiStur%pecimen so there is a clear area along each edge to avoid
content, the use of these should be reported in the test report. . . . . .
inducing edge crazing. Apply the test chemical to the filter
9. Calculation of Loads paper only. Use care so that the test material does not extend
eyond this area and defeat the purpose of the test. Keep the
ter paper moist with test chemical for the duration of the test,
min, 30 min, or any duration desired. Remove the filter

9.1 The width and thickness of each specimen shall b
measured to the nearest 0.03 mm (0.001 in.). Enter this da1
along with the identification of the specimen in the required

records. paper after the test period and inspect for craze. Turn on the
9.2 Calculate the load to be used with each specimen ifluorescent lamps for inspection only to avoid undesired
accordance with the following equation: heating of the test specimen. Terminate the testing of that
imen.
P = (SX B X D)/(6L) (1) specime
where: Note 3—It is recommended that a control test be run with each set of

craze tests. This control test is conducted exactly the same as the other

P _ Ioad_, N (Ib.), . . . craze tests, except that no chemicals should be applied to this control

S = maximum OUter fiber stress, MPa (psi), determined byspecimen during the craze test. This provides a baseline and allows a
test sequence in 10.5-10.8, or 11.5-11.8, . determination of whether the crazing observed in the tests with the

L = length of specimen from fulcrum to center of applied cpemical applied is due to the chemicalistress combination, or is a
load, mm (in.), function of stress alone.

B = width of specimen, mm (in.), and ] ) ) ]

D = thickness of specimen, mm (in.). 10.6 If the first specimen is crazed, test the second specimen

) o ) ) ] at 13.79 MPa (2000 psi). If the first specimen did not craze, test
Note 2—This equation is valid only for relatively small deflections.

For large deflections, the dimensi@nshould be replaced by the actual the second specimen at 20.68 MPa (6000 psi).

horizontal distance from the point of load application to the fulcruminthe  10.7 If the second specimen does not craze at 2000 psi, test
displaced condition. A deflection of 25.4 mm (1 in.) at the point of load the third specimen at 20.68 MPa (3000 psi). Test the fourth at
application will result in an actual stress at the fulcrum which is 53 |gwer or higher stress depending on whether the third

approximately 5 % less than the expected stress, and a 38.1 mm (1.5 irkbecimen did or did not craze. Continue this procedure in
deflection will result in an actual stress at the fulcrum which is approxi- .

mately 10 % less than the expected stress. suitable increments until the critical crazing stress for specific
solvent, chemical, or compound is determined to the desired
10. Procedure A—Craze Stress Iteration accuracy.

10.1 Place each specimen in the drill fixture and drill a 7.94 10.8 Report the critical crazing stress as the stress midway
mm (0.3125 in.) diameter hole at a distance of 12.7.27 mm  between the stress at which crazing was and was not observed
(0.50 = 0.050 in.) from one end and on the longitudinal on duplicate specimens. For example: Crazing was observed at
centerline of the specimen. 27.58 MPa (4000 psi) and none at 24.13 MPa (3500 psi). The

10.2 Place each specimen in the marking fixture and draw aritical crazing stress would be 25.861.72 MPa (3750t 250
pencil line on the edge of the specimen 101.6 mm (4.0 in.)psi).
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10.9 In the examination of the crazing, note all cracks at thgpoint of load application. Place a pan under the point of load
edge of the specimen as “edge crazing.” Disregard thigpplication to catch the chemical which drips off of the
condition when ascertaining the end point unless the edge apecimen. Continue the test for 15 minutes, 30 minutes, or any
crazing grows and extends across the entire width of theluration desired. During the test, monitor the specimen con-

specimen. tinuously for craze development. Record the time and location
10.10 Testing shall be at the specified temperatuB2C  of the craze front as crazing progresses down the beam.
(=5°F). 11.6 Calculate the craze stress for each recorded time with
11. Procedure B—Craze Stress Tracking the following equation:
11.1 Place each specimen in the drill fixture and drill a S=(6XPXx2)(Bx DY @
7.94-mm (0.3125-in.) diameter hole at a distance of 12.7 \yhere:
1.27 mm (0.50* 0.050 in.) from one end and on the s = maximum outer fiber stress, MPa (psi),
longitudinal centerline of the specimen. P = load, N (Ib.),
11.2 Place each specimen in the marking fixture and draw & = the distance from the point of load application to the
pencil line on the edge of the specimen 101.6 mm (4.0 in.) craze front, mm (in.),

from the center of the 7.94-mm (0.3125-in.) diameter hole andB width of specimen, mm (in.), and

perpendicular to the length of the specimen (see the mark irD thickness of specimen, mm (in.)

Fig. 2). On the side opposite the test surface, using an ink 11.7 If the first specimen does not craze, test the second
suitable for marking plastic, mark lines across the specimegpecimen at 41.37 MPa (6000 psi). If no crazing is observed at
surface perpendicular to the edge, from edge to edge, at 641.37 MPa (6000 psi), discontinue testing.

mm (0.25 in.) intervals, starting at the hole and progressing 11.8 If the first specimen breaks before the completion of
101.6 mm (4.0 in.) to the point at which the beam will rest onthe test, test the remaining specimens at a stress level below the
the fulcrum. stress at which the specimen fractured.

11.3 Measure the width and thickness of each specimen to 11 g |f the first specimen crazes below 6.895 MPa (1000
the nearest 0.03 mm (0.001 in.) at the pencil line. Handle eacfsj) (more thar¥ of the way down the beam) conduct the
specimen only by its edges. Do not clean test specimens in afgmaining tests with 13.79 MPa (2000 psi) at the fulcrum.
manner during the time period between conditioning and 17 19 calculate the minimum stress at which crazing oc-

testing. curs. This stress may be calculated from the equation in 11.6.

11.4 Firmly press a 3.18 mm (0.125 in.) wide ribbon of 11.11 In the examination of the crazing, note all cracks at

non-compressible black butyl glazing tape sealant on the te.?ﬁe edge of the specimen as edge crazing. Disregard this
surface of the specimen along each edge to create a dam Wh'Egndition when ascertaining the end point unless the edge

prevents the test chemical from coming in contact with the&azing grows and extends across the entire width of the

specimen edges. Insert the conditioned specimen immediate ecimen

in the test fixture with the pencil mark on the specimen in line 11.12 'I;estin shall be at the specified temperatarg®C

with the center of the fulcrum. Raise the weights and insert the - 5;’F) 9 P P

end of the rod through the 7.94-mm (0.3125-in.) hole in the test— :

specimen. Carefully center the load supporting nut (with a 7.94 Note 5—It is recommended that a control test be run with each set of

mm (0.3125 in.) machined radius on the surface contacting theaze tests. This control test is conducted exactly the same as the other

plastic) in the hole and tighten the nut. Align the specimercraze tests, except that no chemicals should be applied to this control

edges so they are exactly perpendicular to the fulcrum anﬁpecim_en QUring the craze test. Th_is provides a _baseline and qllows a
determination of whether the crazing observed in the tests with the

slowly lower the weights until the specimen accepts the Ioadéhemical applied is due to the chemical/stress combination, or is a

Note 4—It is important that the butyl sealant does not itself causefunction of stress alone.
crazing of the plastic material: KPTI-303 glazing tape butyl sealant from
Protective Treatments Inc. 3345 Stop-Eight Rd. Dayton, Ohio 4541312. Report
(phone number 513-890-3150) has been utilized for craze testing of 12.1 The report shall include the following:

acrylics and polycarbonates with no adverse effects. To evaluate crazing ! . .
with butyl or other substituted dam material, conduct craze testing as 12.1.1 The identification of the type of transparent plastic
described in this test method using the sealant material as the craze ageftaterial and the source, that is, manufacturer, cast, molded or

11.5 Test the first specimen at 27.58 MPa (4000 psi) Oute?xtruded sheet of fabricated part, and the orientation within the
fiber stress. Use the equation of 9.2 to calculate the requiretfSt Sheet or part. _
load. Apply the load for 16+ 0.5 min and observe to be sure 12.1.2 The thlpkness of each test specimen to the nearest
no crazing has occurred. At the completion of the 10 minuté?-03 mm (0.001 in.) and the shape (curved or flat).
stabilization period, activate a stop watch or timer for reference 12.1.3 The conditioning procedure used. Refer to Section 8
during the test. Using an eye dropper, apply test chemical to thend designate the conditioning. For example: Condition 4, as
surface of the specimen allowing it to run down the specimerieceived, no preconditioning.
between the butyl dams placed at each top surface edge of thel2.1.4 The test environment, the specific solvent, chemical,
specimens as described in 10.4. Apply chemical as neederf compound used to determine the critical crazing stress and
throughout the test to maintain a wetted condition on the entiréhe ambient temperature.
test surface of the specimen, from the fulcrum down to the 12.1.5 Identification of the Procedure followed (A or B).
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TABLE 1 Precision Estimates

Reproducibility

Craze Stress (MPa) Repeatability Standard Standard Deviation

Material/Craze Agent Combination Repeatability Limit Reproducibility Limit

(psi) Deviation (MPa) (psi) (MPa) (psi) (MPa) (psi) (MPa) (psi)
Cast Acrylic/ 22.2 1.67 2.38 4.67 6.66
Isopropanol 3220 242 345 677 966
Stretched 25.6 3.21 4.54 8.98 12.7
Acrylic/Toluene 3710 465 658 1302 1842
Stretched Acrylic/ 335 3.37 4.76 9.38 13.4
Isopropanol 4860 488 691 1360 1940
Polycarbonate/ 355 1.18 1.67 3.30 4.67
Isopropanol 5010 171 242 479 677

12.1.5.1 For Procedure A, report the test duration, theonditions, materials, or laboratories. Users of this test method should
results of each test (stress level, craze or no craze), the critic@Pply the principles of Practice E 691 to generate data specific to their
crazing stress and interval, for example, 155611.724 MPa laboratory and materials, or between specific laboratories. The principles
(2250 + 250 psi), and the test chemical. If a control test was®' 13-2-13:2:3 would then be valid for such data.
conducted with no chemical applied, the results of that test 13.2 Concept of r and R-If § andS; (standard deviations)
should be reported. have been calculated from a large enough body of data, and for

12.1.5.2 For Procedure B, report the test duration, théest results that were averages from testing 6 specimens:
number of replicate tests conducted, the results of each, the 13.2.1 Repeatability (r)—Comparing two test results for
average critical crazing stress and standard deviation, and tfiee same material, obtained by the same operator using the
test chemical. Minimum crazing stress as a function of timesame equipment on the same day. The two test results should
may also be reported in tabular or graphical form. If a controloe judged not equivalent if they differ by more than thealue
test was conducted with no chemical applied, the results of thder that material.
test should be reported. 13.2.2 Reproducibility (R—Comparing two test results for

12.1.6 Description (no effect, crazing, cracking, distortion,the same material, obtained by different operators using differ-
stain, or etch) of the observed test surface after each test, th@it equipment on different days. The two test results should be

is, at or above the critical load. judged not equivalent if they differ by more than tRealue of
12.1.7 The date of the test. that material.
o _ 13.2.3 Any judgment per 13.2.1 and 13.2.2 would have an
13. Precision and Bias approximate 95 % (0.95) probability of being correct.

13.1 Table 1 is based on an interlaboratory study using 13.3 This test method is undergoing significant revision.
Procedure B and conducted in 1995 in accordance witihe task force in charge of this test method feels that
Practice E 691. Six laboratories participated. Each laboratorgppropriate changes to the test procedures would significantly
obtained a minimum of six test results (individual craze beams)jmprove repeatability and reproducibility. The task force is
for each of four combinations of materials and chemical craz&vorking to implement these changes and will make further
agents. For each material, all samples were prepared at ofievision to this test method as soon as possible.
source, but the individual specimens were prepared at the 13.4 The precision of Procedure A has not been determined.
laboratories that tested them. Each laboratory provided its own 13.5 Bias—The procedure in this test method for measuring
chemicals for testing. stress crazing of transparent plastics has no bias because the

_ _ value for chemical stress crazing is defined only in terms of
Note 6—The following explanations af andR (13.2-13.2.3) are only Procedure B of this test method
intended to present a meaningful way of considering the approximate ’
precision of this test method. The data in Table 1 should not be appliege4 Kevwords
rigorously to the acceptance or rejection of material, as those data are ™" yw
specific to the round robin and may not be representative of other lots, 14.1 chemicals; plastics; solvents; stress crazing

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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