
Designation: F1473 − 24a

Standard Test Method for

Notch Tensile Test to Measure the Resistance to Slow Crack
Growth of Polyethylene Pipes and Resins1

This standard is issued under the fixed designation F1473; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method determines the resistance of polyeth-

ylene materials to slow crack growth under conditions speci-

fied within.

NOTE 1—This test method is known as PENT (Pennsylvania Notch
Test) test.

1.2 The standard test is performed at 80 °C and at 2.4 MPa,

but it shall be acceptable to conduct tests at a temperature

below 80 °C and with other stresses low enough to preclude

ductile failure and thereby eventually induce brittle type of

failure. The standard test is conducted in an air environment;

however, it shall be acceptable to immerse test specimens in an

alternate environment such as water or a water/detergent

solution, or other liquid or a different environment such as an

inert gas to evaluate slow crack growth performance in

different environments. Generally, polyethylenes will ulti-

mately fail in a brittle manner by slow crack growth at 80 °C

if the stress is at or below 2.4 MPa

NOTE 2—When testing in environments other than air, it is recom-
mended to consider maintaining the efficacy of the test media (for
example, a detergent solution) to minimize any effect of aging.

1.3 The test method is for specimens cut from compression

molded plaques.2 See Appendix X1 for information relating to

specimens from pipe.

1.4 The values stated in SI units are to be regarded as

standard. The values given in parentheses after SI units are

provided for information only and are not considered standard.

1.5 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:3

D1600 Terminology for Abbreviated Terms Relating to Plas-

tics (Withdrawn 2024)4

D4703 Practice for Compression Molding Thermoplastic

Materials into Test Specimens, Plaques, or Sheets

D5596 Test Method for Microscopic Evaluation of the

Dispersion of Carbon Black in Polyolefin Geosynthetics

F412 Terminology Relating to Plastic Piping Systems

E177 Practice for Use of the Terms Precision and Bias in

ASTM Test Methods

E691 Practice for Conducting an Interlaboratory Study to

Determine the Precision of a Test Method

2.2 ISO Standard:5

ISO 18553 Method for the assessment of the degree of

pigment or carbon black dispersion in polyolefin pipes,

fittings and compounds

3. Terminology

3.1 Definitions are in accordance with Terminology F412.

Abbreviations are in accordance with Terminology D1600,

unless otherwise indicated.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 brittle failure, n—a failure mode which exhibits no

visible (to the naked eye) permanent material deformation

(stretching, elongation, or necking down) in the area of the

break.

1 This test method is under the jurisdiction of ASTM Committee F17 on Plastic

Piping Systems and is the direct responsibility of Subcommittee F17.40 on Test

Methods.
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3.2.2 slow crack growth, n—the slow extension of the crack

with time.

4. Summary of Test Method

4.1 Specimens are prepared from compression molded

plaques, precisely notched and then exposed to a constant

tensile stress at elevated temperatures in air. Time on test is

recorded for tests conducted against a minimum time before

failure requirement or the time to complete failure is recorded.

NOTE 3—Minimum time before failure requirements are found in
material or product specifications, codes, etc.

5. Significance and Use

5.1 This test method is useful to measure the slow crack

growth resistance of molded plaques of polyethylene materials

at accelerated conditions such as 80 °C, 2.4 MPa stress, and

with a sharp notch.

5.2 The testing time or time to failure depends on the

following test parameters: temperature; stress; notch depth; and

specimen geometry. Increasing temperature, stress, and notch

depth decrease the time to failure. Material parameters, not

controlled by the laboratory, that could impact the test results

(time to failure) are: pigment (color or carbon black) and the

carrier resin for the pigment, or both. Thus, in reporting the test

time or time to failure, all the conditions of the test shall be

specified.

NOTE 4—Time to failure can also be affected by the degree of pigment
(color or carbon black) dispersion and distribution within the test
specimen. Test Method D5596 and ISO 18553 provide methods for
assessing the degree of dispersion and distribution of the pigment

6. Apparatus

6.1 Lever Loading Machine, with a lever arm ratio of about

5:1 to produce a constant tensile load on the specimen. The

tensile load may also be applied directly using dead weights or

any other method for producing a constant load. The pull rods

on the grips shall have universal action to prevent bending. The

grips shall be serrated to prevent slippage. The load on the

specimen shall be accurate to 60.5 %.

6.2 Furnace, a chamber of sufficient size to house one or

more samples for testing and heated by ordinary incandescent

light bulbs covered with aluminum foil or any other suitable

heating element.

6.3 Temperature Controller, shall be able to control the

temperature within 6 0.5 °C with respect to the set point.

6.4 Temperature-Measuring Device, a thermometer or a

thermocouple which can measure the temperature with an

accuracy of 6 0.1 °C.

6.5 Timer, shall have an accuracy of at least 1 % and shall

automatically stop when the specimen fails.

6.6 Alignment Jig, as shown in Fig. 1, which aligns the grips

and the specimen when the specimen is being tightened in the

grips. Alternate alignment jigs which produce the same func-

tion may be used.

6.7 Notching Machine, for notching the specimen is shown

in Fig. 2 or other machines which produce the same results

shall be acceptable. The notching machine presses a razor

blade into the specimen at a speed less than 0.25 mm/min. The

depth of the notch is controlled within 60.01 mm. The

machine is designed so that the main notch and the side notches

will be coplanar and the plane of the notching is perpendicular

to the tensile axis of the specimen. The thickness of the razor

blade is approximately 0.2 mm.

7. Precautions

7.1 The load shall be carefully added to avoid shocking the

specimen. When the specimen is inserted in the grips, bending

and twisting shall be avoided in order to prevent the premature

activation of the notch. For standard testing in air, avoid

exposure to fluids such as detergents.

8. Test Specimens

8.1 Specimens are machined from a compression molded

plaque of the polyethylene material.

8.2 Specimen Geometry—A representative geometry for

compression molded plaque specimens is shown in Fig. 3.

FIG. 1 Alignment Jig
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