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Creep, Stress-Rupture, and
Stress-Relaxation Testing

USE OF TESTS that measure creep,
stress-rupture, and stress-relaxation proper-
ties has grown due to the design and applica-
tion of metal parts that must withstand high
loads at high temperatures for long periods of
time. Many parts are designed for a given
expected life span. To determine that life
span, accurate data are needed to predict
expected deformation under the conditions of
stress and temperature to be encountered in
service. These data can be obtained under
tension, compression, combined tension and
compression (bending), or torsion.

This article discusses testing equipment
and procedures for constant-load testing,
constant-stress testing, and stress-relaxation
testing. For more information on creep and
stress-rupture data presentation, assessment,
and analysis, see the articles ‘‘Assessment
and Use of Creep-Rupture Properties’’ and
“‘Analysis of Creep and Creep-Rupture
Data’’ in this Volume.

The creep test measures the deformation
of a metal as a function of time at constant
temperature. In an engineering creep test, the
load is usually maintained constant through-
out the test. Thus, as the specimen elongates
and decreases in cross-sectional area, the ax-
ial stress increases. The initial stress that was
applied to the specimen is usually the re-
ported value of stress. Curve A in Fig. 1
illustrates a typical creep curve for a con-
stant-load test.

Methods of compensating for the change
in dimensions of the specimen so as to carry
out the creep test under constant-stress con-
ditions have been developed. When con-
stant-stress tests are made, no region of
accelerated creep rate occurs (region II, Fig.
1), and a creep curve similar to B in Fig. 1
frequently is obtained.

The stress-rupture test determines the
tendencies of materials that may break under
an overload. It is used widely in the selection
of materials for applications in which dimen-
sioned tolerances are not critical, but in
which rupture cannot be tolerated. The
stress-rupture test is similar to a constant-

load creep test, using the same type of spec-
imen and apparatus. However, no strain
measurements are made during the test. The
specimen is stressed under a constant load at
constant temperature, as in the creep test,
and the time to fracture is measured. If, how-
ever an adequate strain-measuring system is
employed, and the test is run to fracture, a
creep-rupture experiment results. A compar-
ison between stress-rupture and creep-rup-
ture experiments is given in the Introduction
to this Section. Because of their similarities
with regard to test specimens and test appa-
ratus, constant-load creep and stress-rupture
test methods will be discussed together in
this article.

The stress-relaxation test is somewhat
similar to the creep test, but the load contin-
ually decreases instead of remaining con-
stant. In a stress-relaxation test, the load is
reduced at intervals to maintain a constant
strain. The y axis in a stress-relaxation curve
is stress or load rather than strain (elonga-
tion) as in the creep curve.

Creep and
Stress-Rupture
Testing Equipment

By Robert McDemus

Assistant Supervisor

Production Testing Laboratory
Carpenter Technology Corporation

DETERMINATION OF CREEP CHAR-
ACTERISTICS of metals at high tempera-
tures requires the use of a loading device or
test stand, an electric furnace with suitable
temperature control, and an extensometer.
Equipment discussed in this section is for
uniaxially loaded specimens in tension.
More information on creep and stress-rupture
testing equipment can be found in Ref 1.

Test Stands

The test stand is designed to apply static
stress to a test specimen for an extended
period of time at a constant elevated temper-
ature. Typical test stands have a balance
beam that connects the test specimen to a
weight pan, as shown in Fig. 2. Ratios of 3 to
1 up to 20 to 1 are commonly used between
the weight pan and the specimen. The lower
ratios are used to provide optimum accuracy
at lower loads. The weight pan is part of the
overall weights and frequently is suspended
with a chain to prevent bending moments on
the load train.

On the specimen side of the machine, a
balance beam leveling motor is recom-
mended to compensate for elongation of the
test specimen. If this is not available, the bal-
ance beam may become unlevel, thus chang-
ing the calibration of the weight system.
However, properly designed creep testing
machines will maintain load accuracy well
within ASTM requirements, even when out
of level by as much as =10°.

The procedure for calibration of weights is
given in Ref 2. The weights should be veri-
fied within a limit of 1% at least every 5

Fig. 1 Typical creep curve
showing the three stages of
creep

Curve A, constant-load test; curve B,
constant-stress test
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Fig. 2 Schematic of a test stand used for creep and stress-rupture
testing

or shock is minimal. Additionally, the test
stand should be isolated from the floor with a
- vibration-damping material such as cork or
rubber. The leveling motor can introduce vi-
bration that may affect long-term creep tests,
or shorter tests if the vibration is significant.

A timer is also included on most test
stands that automatically records the time to
rupture. During creep tests, the time must be
recorded with the creep values.
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Upper pull rod
' Furnaces

Furnaces used in creep and stress-rupture
testing generally are tubular, with an electri-
cal-resistance winding that heats the test
specimen through radiation in an air atmo-
sphere (Fig. 3). These furnaces can have
single or multiple heating zones. The tube is
located in a vertical position, with the pull
rods connected to the specimen. Care must
be taken to seal the opening of the furnace
without interfering with the alignment of the
load train or the action of the linkage for

. creep tests.

Extensometer E'apsef timer Temperature Control and Measure-
7 . ment. Material properties frequently are
. affected by temperature. The requirement for
temperature control of creep and stress-rup-
ture tests is 1.7 °C (=3 °F) when testing at
982 °C (1800 °F) and below, and +2.8 °C
(£5 °F) above that value. Maintaining con-
trol requires practice.

Temperature measurement systems re-
o L quire a transducer to convert a temperature
Clutch handle EE Zzzoy g e differential to an electrical signal. The trans-

AT ducer typically is a thermocouple that is
Drawhead R attached directly to the specimen (Fig. 4).
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years. Additionally, the weight of the overall
load train system should be verified within a
limit of 1% at least once a year, except for
test stands for long-term tests that last more
than 1 year.

The test specimen is connected to the bal-
ance beam through the load train, a system of
pull rods and couplings manufactured from
high-temperature alloys that are capable of
maintaining strength and corrosion resistance
at the test temperatures encountered. The
load train should be machined and assembled

Levelers (4) with
isolation mount

such that minimum bending moments are
imposed on the test specimen. ASTM recom-
mends a maximum of 10% bending strain,
compared to the axial strain due to misalign-
ment of the load train. To overcome this
problem, alignment couplings (such as ball
and socket or knife-edge systems) are used in
the load train to facilitate self-alignment.
Vibration and shock loads can have a sig-
nificant effect on the end results in creep and
stress-rupture testing. Care must be taken in
selecting the test site to ensure that vibration

Specimens with a gage length 25.4 mm (1.0
in.) or greater require two thermocouples;
specimens with gage lengths 50.8 mm (2.0
in.) or greater require a third thermocouple.

The thermocouple should maintain inti-
mate contact with the test specimen during
the entire test. Inherent errors are associated
with thermocouples, including calibration er-
ror, drift due to metallurgical changes to the
thermocouple junction during the test, lead
wire error, attachment gap error, radiation
error, and conduction error.

The present trend in temperature control
incorporates computers with two basic con-
trol schemes. Stand-alone control systems
are available that control only one test stand.
This type of control was used for many years
with analog controllers and is now used with
digital controllers. One advantage of a stand-
alone controller is that if it fails only one test
is lost. One disadvantage is the cost of dedi-
cating a computer to each test stand.

The second control scheme utilizes a mi-
cro- or minicomputer to control multiple test
stands. The loss of multiple tests through
computer failure can be overcome by using a






