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Standard Practice for 

TENSION TESTS OF METALLIC MATERIALS 'AT 
ELEVATED TEMPERATURES WITH RAPID 
HEATING AND CONVENTIONAL OR RAPID 
STRAIN RATES 1 

., Tin~ ~•.anda.rd is is.~ucd under lhc ll xcd Jc~G!Ialiun E 151: 1h.c nurnhcr •mmcJmlcly li•llow111g I he: dc:~ lj;llilll~•u indk:.lc:., I he 
yea r ul u ngmal :u.lnpllt~n ur. 1111hc co+'c nl rcvi,Sitlll. ll~c year ol 1.1M rcvlslun. i\ n umhcr 111 parcnl hc~c~ indic:;uc' I he year uf la•l 
rcapprtl\'<11. A supcr~cnpl c:p>Jin•• (<) IDUICOIIC' un cdunnul chaugc 'uu:c I he laM rcv1s1 un nr rcapprnv:.l. 

1. Scope 

1.1 This recommended practice covers pro· 
ccdurcs, and equipment requi rements for 
conducting tension tests on metallic materials 
under conditions of(/) rapid ra tes or heating 
and normal rates of strain ing , and (.?) rapid 
rates of heating and straini n~ . 

1.2 This recommended practice covers ten
sion tests using faster hea ting rates or faster 
heat ing rates in combination with faster 
struinmg rates than those covered by ASTM 
Recommended Practice E 21, for Elevated 
Temperature Tension Tests of Met<~llic Ma
terials. 2 

I.J Preferred cond itions of testing arc rec
ommended fu r the purpose or promoting di
rectly comparable data from laboratories 
conducting the tests. 

NnTt: 1-Tbe values stated in inch-pound units 
are to be regarded as the standard. 

2. ·rension Tesl Apparatus 

2.1 The type of testing machine lO he used 
for the louding of the specimen is not speci
Jied but should be made part of the report of 
the lest results. The accuracy or the testing 
machine should be within the permissible 
va riations specified in ASTM Methods E 4, 
Verification of T esting Machines.' 

2.2 The testing machine must be capable 
of smoothly a pplying the load to the speci
men at the strain rates specified in Section 7. 
T he speed of response of the load indicator 
sha ll be higher than the max imum rate of 
load increase in the test. The calibration of 

the testing machine should lake into account 
the accurate measurement of loads under the 
dynamic conditions existing for tests requir
ing rapid strain rates. 

2.3 Precaution!. sha ll be taken to assure 
that the load on the specimen is applied as 
nearly a xial as possible. It is dillicu llt to ob
tain axial alignment. Nonaxiality shall not ex
ceed that which will produce a difference of 15 
percent in clast ic strain readings on opposite 
sides or the specimen when an cxtensomctcr 
is positioned to measure the maximum clfcct 
of nonaxiality as described in 2.4. Brilllc· ma
teria ls may require considerably better align
ment than that which would produce a 15 
percent variation in clastic strain. 

2.4 Eccentricity of loading can often be 
detected by elastic extension measurements 
taken at room temperature. Apparatus pro
vided with extensometers affording separate 
measurements on opposite sides will reveal 
unsatisfactory a lignment in respect to one 
plane when unequal strain is shown by the 
readings on opposite sides. Repeating th b 
procedure with the points of attachment to 
tht: specimen al 90 dcg to the first eccentric
ity test will help define the extent and orien
tation of any eccentricity. Such eccentricity 
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mca~urcments shall be taken periodically at 
room temperature to check axial alignment. 
Devices which measure extension on only 
one side of the specimen will not detect ec
ccntrk loading. 

3. llcllting Appuratus 

3.1 The apparatus for and method of heat
ing the specimen arc not specified. Present 
practice nwinly uses: 

J.l.l The resis tance of the specimen gage 
length to the passage or lin electric current, 

3.1.2 Resistance heating supplemented by 
~radiant heating, 

3.1 .3 Radiant heating, and 
3. 1.4 Induction heating to maintain the 

specimen gage length at temperature. 
3.1.5 The apparatus must be suitable for 

heating the specimen under the conditions 
specified in Section 5. 

4. Test Specimens 

4.1 The size and shape of the test specimen 
shall be based on two requirements: 

4.1.1 The specimen shall be representa
tive of the material being investigated and 
shall be taken from the material produced in 
the form and condition in which it will be 
used, and 

4. 1.2 The specimen should be adapted to 
meet the requirements on temperature con
trol and rates or heating and straining. 

4.1.3 The usc or small specimens is dis
couraged because of the di fficulties of ma
chining and testing. When subsize specimens 
arc used, they should be as large as is prac
tical. 

4.2 Method of manufacture, type and size 
or product, and other pertinent processing in
formation as well as heat treatment, micro
structure, and chemical composition of the 
material being tested shall be reported. It 
has been found that all these factors can have 
pronounced innuence on tensile properties 
of materials. 

4.3 Test specimens with the dimension:-. of 
the gage section shown by Figs. I and 2 are 
preferred when these specimens meet the 
requirements of 4 . I. When the dimensions of 
the material permit. except for sheet, str ip. 
and plute. the gage length or the specimens 
shall have u circular cross section. The largest 
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diameter specimen consistent with the re
quirements of 4.1 shall he used except that 
the dtameter need not he larger than O.SOO 
in. (12.7 mm). 

4.4 The minimum diameter of round spec
imens or the minimum width of strip speci
mens shu11 be at the center uf the gage 
length. A tapcr facilitates control of the test. 
For such tapered specimens the variation at 
the ends shu11 be not more than -1-ll.S per
cent of the minimum diameter or width ul' the 
specimen . In those cases where a t<lper is not 
desirable, the variation in diameter of the 
gage length of round specimens or the width 
of the gage length of strip specimens shull not 
be more than :t:O.OOI in. (0.025 mm). 

4.5 The ratio of guge length to diumeter 
for round specimens shall be 4 . For sheet, 
strip. or plate specimens the preferred gage 
length is 2 in. (25.4 mm). When the dimen· 
sions of the material being tested require the 
use of specimens of sheet, strip, or plate 
with a gage length of less than 2 in., the ratio 
of gage length to width should be maintained 
at 4 to I. 

Non 2 In conducting the tes ts the attainment 
of ~pccilieu temperature variation and distribution 
may be faci litated by short gage lengths. When it 
is necc~~ary to usc a ~a~c length le~s th;an 2 in. 
(25.4 mm) (for either round or llat specimens). 
duc to tempcr.&ture gradients or other problems, 
preferred ~age length-; a rc '/~ ( 12.7 mm) or I in. 
(25.4 mm). The u ~c of o;hort sage length specimens 
which do not have a ratio of gage leng th to width 
of 4 to I ~hould he limited to tests, such as those 
using clectrical-rcsb tuncc healing, where it is 
known that tempera ture d istribution cannot he 
maintained after the ma ximum load is attained 
during the tcsl. Such conditions make the ductility 
va lues questionable a nd eliminate the ncccs~ity for 
maintaining sta nda rd gage length~ to provide com
parable duct ility value\. 

4.6 The form and d imension~ of the ends 
of the specimen-; beyond the gage length are 
not specified. Making the reduced section 
three times the gage length, or prolongation 
of the ends with only slightly larger dimen
sion~ than the gage section is recommended 
to facilitate the attainment of satisfactory 
temperature uniformity when using the re
sistance-healing method. Any method of grip
ping the speci men that meets the require
ments of Section 2 for alignment of the 
specimen may be used. 

4.7 Caution should be exercised in prepar-



ing the surface of the test spcdmcns since 
many materials may exhibit properties which 
arc sensitive to the conditions of machining. 
Machining methods or conditions which lead 
to high residual stresses and cold-worked 
surface layers can innuence properties us 
much or more than surface roughness. 1\ sur
face llnish of 16 to 32 ~'in. rms is recom
mended when testing materials whose prop
erties arc known to be significantly affected 
by variations in surface finish . When this rec
ommended practice is used in conjunction 
with a product specification, the specimens 
shall meet the surface finish requirements of 
(he product specification. 

4.8 Specimen dimensions above 0.100 in. 
(2.54 mm) shall be measured to the neurcst 
0.001 in., dimensions under 0.100 in. shall be 
measured at least to the nearest I percent. In 
testing material under 0.010 in. (0.254 mm), 
measurement to within 1 percent may be im
possible with available instruments, in which 
case the closest practical measurement should 
be made and so slated in the report The 
minimum cross-sectional area shall be used 
for the calculation of stress. 

5. Temperature Control 

5.1 The preferred conditions for heating 
the gage length of the specimen ure as lol
lows: 60 s or less to heat to the indicated 
nominal test temperature, and holding time 
at the indicated nominal lest temperature, be
fore applying the load, equal to the heating 
time. 

5.2 The indicated control temperature of 
the specimen shall not vary more than :±: 10 
F (5 .5 C) from the nominal test temperature 
up to and including 1000 F (538 C) and not 
more than :±: 1.0 percent of the nominal test 
temperature above 1000 F. The uniformity of 
temperature within the specimen gage length 
shall be within + 10 F and -20 F (-II C) of 
the nominal test temperature up to and in
cluding 1000 F and within + 1.0 and -2.0 
percent of the nominal test temperature 
above 1000 F. 

5.3 The maximum permissible overshoot 
in indicated temperature during the heating 
and holding period is 10 F. or 2 percent of 
the nominal test temperature, whichever is. 
greater, for a time not exceeding 5 s. Higher 
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temperatures or longer periods of over tem
perature shall re4uire a retest. The overshoot 
requirement permits a larger temperature 
variation for a 5-s period than is permitted 
under 5.2. 

5.4 The conditions of heating to and holding 
at the nominal test temperature specified in 
5.1 arc preferred to facilitate comparison of 
data between laboratories. /\ny deviation from 
the requirements or this paragraph should be 
permitted only for the purpose or simulating. 
special service requirements with the test. 
Such deviation when used shall be clearly 
reported with the test results. 

5.5 The "indicated nominal temperature" 
designated in 5.1 and the ••indicated tem
perature" of 5.2 arc the temperatures indi
cated by the temperature measuring instru
ment using good pyrometric practice. 

Nun: 4 It is recognized thut actual '>pccimcn 
temperatures may vary more thuo the indicated 
temperatures. The permissible indicated tempera
ture variations specified in 5. 1 :~nd 5.2 arc not to 
he construed as minimizing the importance of good 
pyromctric practice" and precise tempera ture con· 
trol in tests covered by this pract ice. All labora
tories arc obligated to keep both indicated and 
actual specimen temperature va riation~ as small 
as practicable. II is rccognii'cd that dose tem
perature control is necessary in view of the clt
trcmc dependency or strength of malcriab un tem
perature. The limits prescribed reprc..cnt ranges 
which arc common practice. 

6. Temperature Measurement 

6.1 The method of temperature measure
ment must be sufliciently :-;ensitive and re
liable to ensure that the temperature of the 
specimen is within the limits spccilied in Sec
tion 5. 

6.2 The usual methods of measuring tem
peratures utilize thermocouples. Care must 
be exercised to prevent conduction of heat 
along the thermocouple wires from cooling 
the specimen at the poi nt of attaching the 
thermocouple thereby result ing in low indi
cated temperature. Small diameter thermo
couple wires should be used ." Wires larger 
than 28-gage should not be used and 36-gage 
is preferred. Fastening the thermocouple 
wires parallel to the heated gage section re· 
duces the cooling effect of conduction at the 
bead. 

6.3 Other methods of tem perature meas-


