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Standard Test Method for

Elevated Temperature Tensile Creep Strain, Creep Strain
Rate, and Creep Time-to-Failure for Advanced Monolithic
Ceramics *

This standard is issued under the fixed designation C 1291; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope E 139 Practice for Conducting Creep, Creep-Rupture, and

1.1 This test method covers the determination of tensile _Stress-Rupture Tests of Metallic Materfals o
creep strain, creep strain rate, and creep time-to-failure for E 177 Practice for Use of the Terms Precision and Bias in
advanced monolithic ceramics at elevated temperatures, typi- ASTM Test Method3 o
cally between 1073 and 2073 K. A variety of specimen E 220 Test Method for Calibration of Thermocouples by
geometries are included. The creep strain at a fixed temperature_Comparison Techniqués _
is evaluated from direct measurements of the gage length E 230 Temperature-Electromotive Force (EMF) Tables for
extension over the time of the test. The minimum creep strain _Standardized Thermocoupfes _ _
rate, which may be invariant with time, is evaluated as a E 380 Practice for Use of the International System of Units

function of temperature and applied stress. Creep time-to- (SIy ) )
failure is also included in this test method. E 639 Test Method for Measuring Total-Radiance Tempera-
1.2 This test method is for use with advanced ceramics that _ture of Heated Surfaces Using a Radiation Pyronfieter
behave as macroscopically isotropic, homogeneous, continu- E 691 Practice for Conducting an Interlaboratory Study to
ous materials. While this test method is intended for use on _Determine the Precision of a Test Metfiod _
monolithic ceramics, whisker- or particle-reinforced composite E 1012 Practice for Verification of Specimen Alignment
ceramics as well as low-volume-fraction discontinuous fiber-  Under Tensile Loadiry
reinforced composite ceramics may also meet these macrg-
scopic behavior assumptions. Continuous fiber-reinforced ce-’ gAY o _
ramic composites (CFCCs) do not behave as macroscopically 3._1 Defln_ltlons—The _def|n|t|(_)ns of terms r_elatmg to creep
isotropic, homogeneous, continuous materials, and applicatioi§Sting, which appear in Section E of Terminology E 6 shall
of this test method to these materials is not recommended. aPPly to the terms used in this test method. For the purpose of
1.3 The values in Sl units are to be regarded as the standafdiS tst method only, some of the more general terms are used
(see Practice E 380). with the r_es_t_rlcted meanings given as fol!ows.
1.4 This standard does not purport to address all of the 3-2 Definitions of Terms Specific to This Standard:
safety concemns, if any, associated with its use. It is the 3-2.1axial strain, e, [nd], n—the average of the strain
responsibility of the user of this standard to establish appro-neasured on diametrically opposed sides and equally distant

priate safety and health practices and determine the applica{rom the specimen axis.

Terminology

bility of regulatory limitations prior to use. 3.2.2 bending straing, [nd], n—the difference between the
strain at the surface and the axial strain.
2. Referenced Documents 3.2.2.1 Discussior—In general, it varies from point to point
2.1 ASTM Standards: around and along the gage length of the specirfteri012]

E 4 Practices for Force Verification of Testing Machfhes ~ 3-2.3 creep-rupture testn— a test in which progressive
E 6 Terminology Relating to Methods of Mechanical Test-SPecimen deformation and the time-to-failure are measured. In

ing? general, deformation is greater than that developed during a
E 83 Practice for Verification and Classification of Exten- C'€€p test. _ _ _
someterd 3.2.4 creep strain,e, [nd], n— the time dependent strain

that occurs after the application of load which is thereafter
maintained constant. Also known as engineering creep strain.

1 This test method is under the jurisdiction of ASTM Committee C-28 on
Advanced Ceramics and is the direct responsibility of Subcommittee C28.01 om———————
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3.2.5 creep test n—a test that has as its objective the creep more rapidly in tension than in compressfon2, 3)7
measurement of creep and creep rates occurring at stressBsis difference results in time-dependent changes in the stress
usually well below those that would result in fast fracture. distribution and the position of the neutral axis when tests are

3.2.5.1 Discussior—Since the maximum deformation is conducted in flexure. As a consequence, deconvolution of
only a few percent, a sensitive extensometer is required.  flexural creep data to obtain the constitutive equations needed

3.2.6 creep time-to-failure,t, [s], n—the time required for for design cannot be achieved without some degree of uncer-
a specimen to fracture under constant load as a result of creeainty concerning the form of the creep equations, and the

3.2.6.1 Discussior—This is also known as creep rupture magnitude of the creep rate in tension vis-a-vis the creep rate
time. in compression. Therefore, creep data for design and life

3.2.7 gage length, I, [m] n—the original distance between prediction should be obtained in both tension and compression,
fiducial markers on or attached to the specimen for determinings well as the expected service stress state.
elongation. 5. Interferences

3.2.8 maximum bending strair, ., [Nd], n—the largest ' . )
value of bending strain along the gage length. It can be 5.1 Time-Dependent Phenomer®ther time-dependent
calculated from measurements of strain at three circumferenti@if®nomena, such as stress corrosion and slow crack growth,
positions at each of two different longitudinal positions. can interfere with determination of the creep behavior.

3.2.9 minimum creep strain rate, .., [s "], —minimum 5.2 Chemlc_al Interactions with _the Testing Em_nronment
value of the strain rate prior to specimen failure as measurefin€ test environment (vacuum, inert gas, ambient air, etc.)
from the strain-time curve. The minimum creep strain rate mayncluding moisture content (for example, % relative humidity
not necessarily correspond to the steady-state creep strain ratBH)) may have a strong influence on both creep strain rate and

3.2.10slow crack growth,v, [m/s], n—subcritical crack Ccreep rupture I|f_e. In pz_irtlcular, materl_als susceptible to slow
growth (extension) which may result from, but is not restrictedcrack growth failure will be strongly influenced by the test
to, such mechanisms as environmentally assisted stress cor@vironment. Surface oxidation may be either active or passive

sion, diffusive crack growth, or other mechanisms. and thus will have a direct effect on creep behavior by
3.2.11 steady-state creep ., [nd], n—a stage of creep _changi_ng the material’'s pro_perties. Testing must be co_nducted

wherein the creep rate is constant with time. in environments that are either representaUVe of service con-
3.2.11.1 Discussior—Also known as secondary creep. ditions or inert to the materials being tested dependir}g on the
3.2.12 stress corrosionn—environmentally induced degra- Performance being evaluated. A controlled gas environment

dation that initiates from the exposed surface. with suitable effluent controls must be provided for any

3.2.12.1 Discussior—-Such environmental effects com- Mmaterial that evolves toxic vapors. _ _
monly include the action of moisture, as well as other corrosive 9-3 Specimen SurfacesSurface preparation of test speci-

species, often with a strong temperature dependence. mens can introduce machining flaws that may affect the test
3.2.13tensile creep straing, [nd], n—creep strain that results. Machining damage imposed during specimen prepara-
occurs as a result of a uniaxial tensile-applied stress. tion will most likely result in premature failure of the specimen
but may also introduce flaws that can grow by slow crack
4. Significance and Use growth. Surface preparation can also lead to residual stresses

4.1 Creep tests measure the time-dependent deformatiohich can be released during the test. Universal or standard-
under load at a given temperature, and, by implication, thézed methods of surface preparation do not exist. It should be
load-carrying capability of the material for limited deforma- understood that final machining steps may or may not negate
tions. Creep-rupture tests, properly interpreted, provide #nachining damage introduced during earlier phases of machin-
measure of the load-carrying capability of the material as ang which tend to be rougher.
function of time and temperature. The two tests compliment 5.4 Specimen/Extensometer Chemical Incompatib#itihe
each other in defining the load-carrying capability of a materiatrain measurement techniques described herein generally rely
for a given period of time. In selecting materials and designingPn physical contact between extensometer components (con-
parts for service at elevated temperatures, the type of test dat@cting probes or optical method flags) and the specimen so as
used will depend on the criteria for load-carrying capabilityto measure changes in the gage section as a function of time.
that best defines the service usefulness of the material. Flag attachment methods and extensometer contact materials

4.2 This test method may be used for material developmentnust be chosen with care to ensure that no adverse chemical
quality assurance, characterization, and design data generatigeactions occur during testing. Normally, this is not a problem

4.3 High-strength, monolithic ceramic materials, generallyif specimen/probe materials that are mutually chemically inert
characterized by small grain sizes (<50 um) and bulk densitiegre employed (for example, SiC probes og IS} specimens).
near their theoretical density, are candidates for load-bearin§jhe user must be aware that impurities or second phases in the
structural applications at elevated temperatures. These appflags or specimens may be mutually chemically reactive and
cations involve components such as turbine blades which argould influence the results.
subjected to stress gradients and multiaxial stresses. 5.5 Specimen BendirgBending in uniaxial tensile tests

4.4 Data obtained for design and predictive purposes shoulgan cause extraneous strains or promote accelerated rupture
be obtained using any appropriate combination of test methods
that provide the most relevant information for the applications ’ The boldface numbers in parentheses refer to the list of references at the end of
being considered. It is noted here that ceramic materials tend tais test method.
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times. Since maximum or minimum stresses will occur at thenonuniform pressure can produce Hertzian-type stresses lead-
surface where strain measurements are made, bending meng to crack initiation and fracture of the specimen in the
introduce either an over or under measurement of axial strairgripped section. Gripping devices can be classed generally as
if the measurement is made only on one side of the tensilthose employing active and those employing passive grip
specimen. Similarly, bending stresses may accentuate surfaggerfaces as discussed in the following sections. Regardless of
oxidation and may also accentuate the severity of surfacthe type of gripping device chosen, it must be consistent with
flaws. the thermal requirements imposed on it by the elevated

5.6 Temperature Variations-Creep strain is often related to temperature nature of creep testing. This requirement may
temperature through an exponential function. Thus fluctuationpreclude the use of some material combinations and gripping
in test temperature or change in temperature profile along tha@esigns.
length of the specimen in real time can cause fluctuations in 6.2.1.1 Active Grip Interfaces-Active grip interfaces re-
strain measurements or changes in creep rate. quire a continuous application of a mechanical, hydraulic, or
6. A pneumatic force to transmit the load applied by the test
. Apparatus . ; .

. . machine to the test specimen. Generally, these types of grip

6.1 Load Testing Machine _ _ _ interfaces cause a load to be applied normal to the surface of

6.1.1 Specimens may be loaded in any suitable testing,o gripped section of the specimen. Transmission of the
machine provided that uniform, direct loading can be mainyniayial load applied by the test machine is then accomplished
tained. The testmg machine must malnta!n the desired gonstqu friction between the specimen and the grip faces. Thus,
load on the specimen regardless of specimen deformation with 5o rtant aspects of active grip interfaces are uniform contact
time, either through dead-weight loading or through active loaq,etween the gripped section of the specimen and the grip faces,

control. The force measuring system can be equipped with gy constant coefficient of friction over the grip/specimen
means for retaining readout of the force, or the force can b ierface.

recorded manually. The accuracy of the testing machine must

be in accordance with Practice E 4. L
. . , . rangement acts as the grip interfa@e 5). Generally, close
6.1.2 Allowable Bending-Allowable bending, as defined in tolerances are required for concentricity of both the grip and

; 0 27
Practice E 1012, should not exceed 5 %. This is based on thchimen diameters. In addition, the diameter of the gripped

same assumptions as those for tensile strength testing (see ‘gction of the specimen and the unclamped, open diameter of

4, for example). It should be noted that unless percent bendlrg‘e grip faces must be within similarly close tolerances to

Lﬁ;‘:%ﬁfg r?gt:LE:T)er deg?—cg;éeesgtcg)enndé?:n fgfrisé:fﬁ 2 rggi:‘: romote uniform contact at the specimen/grip interface. Toler-
P 9 b ances will vary depending on the exact configuration used.

The testing system alignment including the test machine, , .
gripping devices (as described in 6.2), and load train couplers (2) For flat specimens, flat-face, wedge-grip faces act as the

(as described in 6.3), must be verified using the procedurgrip interface. Generally, close tolerances are required for the

detailed in the appendix such that the percent bending does npgtness and parallelism as well as wedge angle of the grip

exceed 5 at a mean stress equal to one half the anticipated t&&f€S- In addition, the thickness, flatness, and parallelism of the
stress. This verification must be conducted at a minimum at th8PPed section of the specimen must be within similarly close

beginning and the end of each test series. An additionafplerances to promote.uniform contact at the specimen/grip
verification of alignment is recommended, although not relnterface. Tolerances will vary depending on the exact configu-

quired, at the middle of the test series. Either a dummy of@tion used.
actual test specimen may be used. Tensile specimens used fo6.2.1.2 Passive Grip Interfaces-Passive grip interfaces
alignment verification should be equipped with a recom-transmit the load applied by the test machine to the test
mended eight separate longitudinal strain gages to determiri@ecimen through a direct mechanical link. Generally, these
bending contributions from both eccentric and angular mismechanical links transmit the test loads to the specimen by
alignment of the grip heads. (Although it is possible to use gneans of geometrical features of the specimens such as
minimum of six separate longitudinal strain gages for specibutton-head fillets, shank shoulders, or holes in the gripped
mens with circular cross sections, eight strain gages arBead. Thus, the important aspect of passive grip interfaces is
recommended here for simplicity and consistency in describingniform contact between the gripped section of the specimen
the technique for both circular and rectangular cross sectionsand the grip faces.
If dummy specimens are used for alignment verification, they (1) For cylindrical specimens, a multi-piece split collet
should have the same geometry and dimensions as the actwatangement acts as the grip interface at button-head fillets of
test specimens as well as an elastic modulus that closelhe specimer(6). Because of the limited contact area at the
matches that of the test material to ensure similar axial andpecimen/grip interface, soft, deformable metallic collets may
bending stiffness characteristics. be used to transfer the axial load to the exact geometry of the
6.2 Gripping Devices specimen. In some cases, tapered collets may be used to
6.2.1 Various types of gripping devices may be used tdransfer the axial load to the shank of the specimen rather than
transmit the measured load applied by the testing machine tato the button-head radi$). Generally, moderate tolerances
the test specimens. The brittle nature of advanced ceramias the collet height must be maintained to promote uniform
requires a uniform interface between the grip components analxial-loading at the specimen/grip interface. Tolerances will
the gripped section of the specimen. Line or point contacts andary depending on the exact configuration used.

(1) For cylindrical specimens, a one-piece split collet ar-
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(2) For flat specimens, pins or pivots act as grip interfaces at K or less. The furnace system must be such that thermal
either the shoulders of the specimen shéhk8) or at holes in  gradients are minimal in the tensile specimen so that no more
the gripped specimen hed8, 10) Generally, close tolerances than a 5-K differential exists in the specimen gage length at
of shoulder radii and grip interfaces are required to promotéemperatures up to 1773 K.
uniform contact along the entire specimen/grip interface as 6.4.3 Environment—The furnace may have an air, inert, or
well as to provide for non-eccentric loading. Generally, veryvacuum environment as required. If an inert or vacuum
close tolerances are required for longitudinal coincidence oEhamber is used, and it is necessary to direct load through
the pin and the hole centerlines. bellows, fittings, or seal, then it must be verified that force

6.3 Load Couplers losses or errors do not exceed 1 % of the applied force.

6.3.1 Various types of devices (load train couplers) may be 6.5 Temperature Measuring Devices
used to attach the active or passive grip interface assemblies to6-5-1 The method of temperature measurement must be
the testing machine. The load train couplers, in conjunctiorsufficiently sensitive and reliable to ensure that the temperature
with the type of gripping device, play major roles in the _of the specimen is within the I|m|t§ specified in 6.4.2. Depend-
alignment of the load train and thus subsequent bendin§!d on the temperature range being used, this can be accom-
imposed on the specimen. Load train couplers can be classifigdished with either calibrated thermocouples or pyrometers.
generally as fixed or non-fixed as discussed in the following 6-5.2 Thermocouples _
sections. Note that the use of well-aligned fixed or self-aligned 6-5.2.1 Calibration—The thermocouple(s) must be cali-
non-fixed couplers does not automatically guarantee low benderated in accordance with Method E 220 and Tables E®230.
ing in the gage section of the tensile specimen. Generally;Or longer tests at higher temperatures, this must be done both
well-aligned fixed or self-aligning non-fixed couplers provide before the test is initiated and after the test is completed in
for well-aligned load trains, but the type and operation of griporder_ to determine t_he extent of thermocouple degradation and
interfaces as well as the as-fabricated dimensions of the tensiRoSsible thermal drift during the test.
specimen can add significantly to the final bending imposed on 6-5.2.2 Accuracy—The measurement of temperature must
the gage section of the specimen. Regardless of the type of lo&¥¢ accurate to within 5 K. This mclgdes the error mhergnt to
couplers chosen, they must be consistent with the thermdhe thermocouple and any error in the measuring instru-
requirements imposed on them by the elevated temperatuf8ents:*° _ _ _
nature of creep testing. These requirements may preclude the6.5.2.3 Extension Wire-The appropriate thermocouple ex-
use of some material combinations and load train designs. tension wire must be used to connect a thermocouple to the

6.3.2 Fixed Load Train Couplers-Fixed couplers may furnape contr.oller or temperature readout d_ewce, or bot_h.
incorporate devices that require either a one-time, preteépec'al attention must be accorded to connecting the extension

alignment adjustment of the load train which remains constanf/ir® With the correct polarity.
for all subsequent tests or an in-situ, pretest alignment of the 6-5-2-4 Degradatior—The integrity and degree of degrada-

load train which is conducted separately for each specimen arftP" Of used bare thermocouples must be verified before each
each test. Such devicél, 12)usually employ angularity and test. At certain temperatures, oxidation and elemental diffusion
concentricity adjusters to accommodate inherent load traiff the thermocouple alloys will affect the electromotive force

misalignments. Regardless of which method is used, alignmetEMF) Of the thermocouple junctions. As a consequence, the
verification must be performed as discussed in 6.1.2. EMF of a bare, used thermocouple will no longer correspond to

6.3.3 Non-Fixed Load Train Couples- Non-fixed couplers Fhe calibration values determined in the pristine condition. The

may incorporate devices that promote self-alignment of th gcrir;caet;(:utrimg%riguge awmatrrt]i?:ﬁ;?re rgiléﬁsvcﬂzrq tt?]i antx]ael
load train during the movement of the crosshead or actuato P ‘ P P

Generally, such devices rely upon freely moving linkages tohermocouple IS qsed for both monitoring and control of
tgmperature. Previously used bare thermocouples must be

eliminate applied moments as the load train components areplaced (with newly welded and annealed, or cut-back,

. . .. . I;
loaded. Knife edges, universal joints, hydraulic couplers, and L
air bearings are examplé, 11, 13, 14, 15pf such devices. rewelded, and annealed thermocouples) when calibration at the

Although non-fixed load couplers are intended to be self st temperature reveals an error of >2K. Itis preferable to use

aligning and thus eliminate the need to evaluate the bending ifi ”3’ sheathed thermocouples in order to minimize degrada-
the specimen for each test, the operation of the couplers mu pn-

o . ; 6.5.3 Pyrometers
be verified as discussed in 6.1.2. 6.5.3.1 Calibration—The pyrometer(s) must be calibrated

6.4 Heating Apparatus ) in accordance with Test Method E 639.
6.4.1 The apparatus for and method of heating the speci- g 5 3 2 Accuracy—The measurement of temperature must

mens ml_’ISt prowde the_ Fem_perature (FOI’ItI’Ol ”ecessarY to Sa“SBé accurate to within 5 K. This shall include the error inherent
the requirements specified in 6.4.2 without manual adjustments
mor(_e fr.equent than Once. in_each 24 h perIOd after Io.ad 8 Thermocouples should be periodically checked since calibration may drift with
application. It must also satisfy the requirements of the testingsage or contamination.
environment in 6.4.3. 9 Resolutions should not be confused with accuracy. Beware of instruments that
6.4.2 Temperature—The furnace must be capable of main- readout to 1°C (resolution), but have an accuracy of only 10 K86 of full scale
L . . . . 8/2% of 1200 K is 6 K).
taining the tensile specimen temperature constant with time t 1% Temperature measuring instruments typically approximate the temperature-

2 K. The temperature readout device must have a resolution @&MvF tables, but with a few degrees of error.
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to the pyrometer and any error in the measuring instruntentsary machining procedure has been developed that is completely
10 satisfactory for a class of materials (that is, it induces no
6.6 Extensometers unwanted surface damage or residual stresses), then this
6.6.1 The strain measuring equipment must be capable gfrocedure shall be used. It shall be fully specified in the report.
being used at elevated temperatures. The sensitivity and 7.2.3 Standard Procedure-ln instances where 7.2.1 or
accuracy of the strain-measuring equipment must be suitable 2.2 are not appropriate, then 7.2.3 will apply. This procedure
define the creep characteristics with the precision required fowill serve as the minimum requirements, but a more stringent

the application of the data. procedure may be necessary.
6.6.2 Calibration—Extensometers must be calibrated in 7231 Grinding Process-All grinding using diamond_grit
accordance with Practice E 83. wheels must be done with an ample supply of appropriate

6.6.3 Accuracy—Extensometers with accuracies equivalentfiitered coolant to keep workpiece and wheel constantly
to the B-1 classification of extensometer systems specified iflooded and particles flushed. Grinding must be done in at least
Practice E 83 are suitable for use in hlgh-temperature testing %VO stages, ranging from coarse to fine rates of material
ceramics. Results of analytical and empirical evaluations atemoval. All machining must be done in the surface grinding
elevated temperatures show that mechanical extensometgffpde, and be parallel to the specimen long axis (several
(16) can meet these requirements. Optical extensometers usiRgecimens are shown in the appendix). Do not use Blanchard
flags have gage length uncertainties that will generally preveng, rotary grinding.
them from achieving class B-1 accura¢y8). Empirical 7.2.3.2 Material Removal Rate-The material removal rate
evaluations at elevated temperatuf®9) show that these st not exceed 0.03 mm (0.001 in.) per pass to the last 0.06
extensometers can yield highly repeatable creep data, howevekm (0.002 in.) per face. Final and intermediate finishing must

6.7 Timing Apparatus-For creep rupture tests, a timing pe performed with a resinoid-bonded diamond grit wheel that
apparatus capable of measuring the elapsed time betwe@hpenyeen 320 and 600 grit. No less than 0.06 mm per face
complete application of the load and the time at which fracturey 51 pe removed during the final finishing phase, and at a rate
of the specimen occurs to within 1 % of the elapsed time shalls ,ot more than 0.002 mm (0.0001 in.) per pass. Remove
be employed. approximately equal stock from opposite faces.

7. Test Specimens and Sample 7.2.3.3 Precautior—Materials with low fracture toughness
and a high susceptibility to grinding damage may require finer

7.1.1 Description—The size and shape of test specimensgrlndlng wheels at very low removal rates.
must be based on the requirements necessary to obtain repre” -2-3-4 Chamfers—Chamfers on the edges of the gage
sentative samples of the material being investigated. Th&ection are preferred in _order to minimize premature failures
specimen geometry shall be such that there is no more than®y/€ {0 stress concentrations or slow crack growth. The use of
5 % elastic stress concentration at the ends of the gage sectidijiamfers and their geometry must be clearly indicated in the
Typical shapes include square or rectangular cross-sectidfiSt report (see 10.1.1). B
dogbones and cylindrical button-head geometries, and are 7-2.4 Button-head Specimen-Specific ProceduBecause
shown in Appendix X1. It is recommended, in accordance witof the axial symmetry of the button-head tensile specimen,
Practice E 139 and in the absence of additional information téabrication of the specimens is generally conducted on a
the contrary, that the grip section be at least four times large@the-type apparatus. The bulk of the material is removed in a
than the larger dimension of either width or thickness of thecircumferential grinding operation with a final, longitudinal
gage section. grinding operation performed in the gage section to ensure that
7.1.2 Dimensions-Suggested dimensions for tensile creep@ny residual grinding marks are parallel to the applied stress.
specimens that have been successfully used in previous invedeyond the guidelines stated here, more specific details of
tigations are given in Appendix X1. Cross-sectional tolerance§ecommended fabrication methods for cylindrical tensile speci-
are 0.05 mm. Parallelism tolerances on the faces of th&ens can be found elsewhe(e).
specimen are 0.03 mm. Various radii of curvature may be used 7.2.4.1 Computer Numerical Control (CNC) Precautien
to adjust the gage section or change the mounting configurgsenerally CNC fabrication methods are necessary to obtain
tion. Although these radii are expected to be larger, resulting igonsistent specimens with the proper dimensions within the
a smaller stress concentration, wherever possible, resort shoutequired tolerances. A necessary condition for this consistency
be made to a finite element analysis to determine the locatiori§ the complete fabrication of the specimen without removing
and intensities of stress concentrations in the new geometryit from the grinding apparatus, thereby avoiding building
7.2 Specimen PreparatieaDepending on the intended ap- unacceptable tolerances into the finished specimen.
plication of the data, use one of the following specimen 7.2.4.2 Grinding Wheels-Formed, resinoid-bonded,
preparation procedures: diamond-impregnated wheels (minimum 320 grit in a resinoid
7.2.1 Application-matched Machinirge The specimen bond) are necessary to fabricate critical shapes (for example,
must have the same surface preparation as that specified fobatton-head radius) and to minimize grinding vibrations and
component. Unless the process is proprietary, the report mustibsurface damage in the test material. The formed, resin-
be specified about the stages of material removal, wheel gritbonded wheels require periodic dressing and shaping (truing),
wheel bonding, and the amount of material removed per passthich can be done dynamically, to maintain the cutting and
7.2.2 Customary Procedure-In instances where a custom- dimensional integrity.

7.1 Specimen Size
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7.2.4.3 Subsurface DamageThe most serious concern is where the ranges of applied stress or temperature, or both, are
not necessarily the surface finish (on the ordeRgf 0.2t0 0.4  more narrow.
pum) which is the result of the final machining steps. Instead,
the subsurface damage is critically important although thi$- Procedures
damage is not readily observed or measured, and therefore,8.1 General
must be inferred as the result of the grinding history. More 8.1.1 Specimen DimensiorsDetermine the thickness, di-
details of this aspect have been discussed in Ref 4. In all casemneter, and width of the gage section of each specimen to
the final grinding operation (“spark out”) performed in the gagewithin 1 % of its absolute value. In order to avoid damage in a
section must be along the longitudinal axis of the specimen taritical area, carefully make the measurement using a flat,
ensure that any residual grinding marks are parallel to thanvil-type micrometre. Ball-tipped or sharp anvil micrometres
applied stress. are not recommended because they can cause localized crack-

7.2.5 Handling Precautions-Care must be exercised in ing. Use the measured dimensions to calculate the force
storing and handling of specimens to avoid the introduction ofequired to achieve the desired stress in the gage section.
random and severe flaws, such as might occur if the specimens8.1.2 Determination of Gage LengthDetermine the gage
were allowed to impact or scratch each other. Specimenkength of the specimen by points of attachment of the exten-
should be stored separately in cushioned containers to minsometer system being used. It should be as close to the length
mize the occurrence of these problems. of the uniform cross section of the specimen as possible within

7.3 Specimen Sampling and NumbeBamples of the ma- the temperature variations stated in 6.4.2. It can be determined
terial to provide test specimens must be taken from suclby any suitable optical or contact extensometry method. A
locations so as to be representative of the billet or lot froonmumber of such systems are available commercially. Make
which it was taken. Although each testing scenario will vary,calibrations according to the appropriate manufacturer’s in-
generally, a minimum of 24 specimens is required for thestructions and check periodically using independent means.
purpose of completely determining the creep and creep rupture 8.1.2.1 Mounting Flags to the Specimen
behavior across a significant temperature and stress range.(1) Optical Method—Attach two or four flags of dimen-
Typically, six specimens are run at each temperature of interesions, suitable for the gage width and thickness chosen, to the
over the entire range of applied stresses of interest. Initial tespecimen gage length. Typical flag dimensions for the flat
are used to define the range of temperature where creep is tepecimen shown in the appendix are shown in Fig. 1. The flags
dominant deformation mechanism, and the remainder are usede made by cutting an angled slot at one end of a rectangular
to acquire more precise creep and creep-time-to-failure datpiece of a suitable high-temperature material (preferably the
Variations from this number are permitted as necessary to mesame material as the test specimen, or sintered SiC, if the test
limitations on the amount of material or other mitigating material is not available), with an opening the size of the
factors. A smaller number of specimens is permissible in casegpecimen cross section. Place the slotted end of each flag
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Note 1—Dimensions shown are in millimetres.
FIG. 1 Schematic of Flags for Flat Dogbone Specimens of Dimensions as Shown in the Appendix
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