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Standard Test Method for
Time-to-Failure of Plastics Using Plane Strain Tensile
Specimens1

This standard is issued under the fixed designation F2018; 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 covers the requirements to determine
the time-to-failure of thermoplastic resins for piping applica-
tions by uniaxial loading of a grooved tensile test specimen.
This grooved tensile specimen achieves a multi-axial stress
condition, which mimics the stress condition found in pressur-
ized solid-wall plastic pipe. The ratio of the stress in the axial
direction to the transverse direction approximates that for a
pressurized solid-wall pipe specimen.

1.2 It is intended that the data generated on these specimens
be analyzed according to the methodology set forth in Test
Method D2837 to generate a long-term strength design value
for the material.

1.3 The values stated in SI units are to be regarded as the
standard. The values given in parentheses are for information
only.

1.4 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 and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D1598 Test Method for Time-to-Failure of Plastic Pipe
Under Constant Internal Pressure

D1600 Terminology for Abbreviated Terms Relating to Plas-
tics

D2837 Test Method for Obtaining Hydrostatic Design Basis
for Thermoplastic Pipe Materials or Pressure Design Basis
for Thermoplastic Pipe Products

D2990 Test Methods for Tensile, Compressive, and Flexural
Creep and Creep-Rupture of Plastics

D1928 Practice for Preparation of Compression-Molded
Polyethylene Test Sheets and Test Specimens (Withdrawn
2001)3

D4703 Practice for Compression Molding Thermoplastic
Materials into Test Specimens, Plaques, or Sheets

F412 Terminology Relating to Plastic Piping Systems
2.2 Other Document:
PPI TR-4 HDB Listed Materials4

3. Terminology

3.1 Definitions:
3.1.1 Definitions are in accordance with Terminology F412,

and abbreviations are in accordance with Terminology D1600.
3.1.2 long-term strength (LTS)—the estimated tensile stress

in the test specimen that when applied continuously will cause
failure of the specimen at 100 000 h. This is the intercept of the
stress regression line with the 100 000-h coordinate.

4. Summary of Test Method

4.1 This test method consists of a description of the grooved
tensile test specimen and its use in various environments to
obtain the long-term strength capacity for piping materials.
Such a controlled environment may be accomplished by, but is
not limited to, immersing the specimens in a controlled-
temperature water bath or circulating-air oven.

5. Significance and Use

5.1 The data obtained by this test method are useful for
establishing stress versus failure-time relationships in a con-
trolled environment. The long-term strength (LTS) is deter-
mined primarily for materials used in molding applications.
The LTS categorized in accordance with Table 1 of ASTM
D2837 is known as the SDB (strength design basis).

NOTE 1—These SDB values will be published in PPI TR-4 for materials
used in molding applications only.

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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5.2 The test method can also be used on an experimental
basis for pipe-grade materials as an indicator of stress-rupture
performance. The long-term strength or SDB values obtained
by this test method are not intended to replace the HDB
determined for pressure pipe tested in accordance with Test
Method D1598.

5.3 In order to determine how plastics will perform in pipe
fitting applications, it is necessary to establish the stress-failure
time relationships over four or more decades of time (hours) in
a controlled environment. Because of the nature of the test and
specimens employed, no single line can adequately represent
the data, and therefore the confidence limits should be estab-
lished.

NOTE 2—Some materials may exhibit a nonlinear relationship between
log-stress and log-failure time, usually at short failure-times. In such
cases, the 105 - hour stress value computed on the basis of short-term test
data may be significantly different than the value obtained when a
distribution of data points in accordance with Test Method D2837 is
evaluated. However, these data may still be useful for quality control or
other applications, provided correlation with long-term data has been
established.

6. Apparatus

6.1 Constant-Temperature System—A reservoir capable of
maintaining a fluid bath at a uniform temperature shall be used.
If water or other liquid medium is used, agitation is permitted
to stabilize the temperature throughout the fluid bath. If an air
or other gaseous environment is used, provision shall be made
for adequate circulation. The test may be conducted at 23°C
(73°F) or other selected temperatures as required and the
temperature tolerance requirements shall be 6 2°C (6 3.6°F).
A typical test setup is shown in Fig. 1.

6.2 Loading System—Any device that is capable of continu-
ously applying constant load on the specimen may be used.
The device shall be capable of reaching the test load without
exceeding it and of holding it within the tolerances shown in

6.5 for the duration of the test. A typical loading system is
shown in Fig. 2, which utilizes a pressurized cylinder to apply
load to the specimen. Other creep load frames can be used,
such as those described in Test Methods D2990 for tensile
creep. The loading system shall be checked with a load cell that
has a calibration certificate traceable to National Institute for
Standards and Technology (NIST).

6.3 Load or Pressure Gage—A load gage or, for use with an
air cylinder, a pressure gage that meets the tolerance require-
ments in 6.5 is required.

6.4 Timing Device—The timing device shall be capable of
measuring the time-to-failure with sufficient accuracy to meet
the requirements listed in 6.5.

6.5 Time and Force Tolerance—When added together, the
tolerance for the timing device and the tolerance for the force
measuring device shall not exceed 62 %.

7. Test Specimen

7.1 Test Specimen Dimensions—The shape of the test speci-
men is shown in Fig. 3. A round groove is produced along the
full width of the specimen on both sides. The opposing grooves
should be parallel and centered in the specimen to within6

0.127 mm (0.005 in.). A specimen that has been used success-
fully for polyethylene is shown in Fig. 3. The critical dimen-
sions of this specimen are shown below in Table 1.

7.1.1 The reduced thickness in the groove shall be measured
at three locations, the center of the groove, and at the edges of
the specimen. All three measurements must conform to the
dimensions specified in Table 1.

7.2 Measurements—Dimensions shall be determined in ac-
cordance with Test Method D4703.

7.3 Specimen Fabrication—Plane-strain specimens may be
fabricated from plaques of materials which are injection-
molded, extruded, or compression-molded (for example, in

FIG. 1 Schematic Diagram of Typical Experimental Setup
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