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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
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Introduction

Creep is the phenomenon exhibited by materials which slowly deform when subjected to loading at
elevated temperature. This document is concerned with the method used to measure such material
behaviour.

Annexes are included concerning temperature measurement using thermocouples and their
calibration, creep testing test pieces with circumferential V and blunt (Bridgman) notches, estimation
of measurement uncertainty, methods of extrapolation of creep rupture life and information about
computer compatible representation of standards.

| on the creep
mightbe given
h procedure be

ies of various materials. Based on the future availability of quantitative data, consideration|
as to whether the maximum amount of bending should be specified and an appropriate calibratio
recominended. The decision will need to be based on the availability of quantitative datal43]

NOTE 2 Information concerning the benefit of standards being produced in a computer comp4tible format is
given i Annex F.

This flocument incorporates many recommendations developed «through the Eurppean Creep
Collabprative Committee (ECCC).

NOTE § Several different gauge lengths and reference lengths ar€)specified in this document{ These lengths
reflect|custom and practice used in different laboratories throughout the world. In some cases, the lengths are
physicqlly marked on the test piece as lines or ridges; in other eases, the length can be a virtugl length based
upon cplculations to determine an appropriate length to be used for the determination of creep glongation. For
some tpst pieces, Ly, Lo and Le are the same length (see 3.1,\3:2 and 3.3). “Extension” is used for|uninterrupted
creep test with continuous measurement of the increase ¢f the length of the test piece by using anj extensometer.
“Elongation” is mainly used for interrupted creep test with the manual measurement of the increage of the length
of the tlest piece.

NOTE4 For many applications, the term “strain” is synonymous with extension.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD ISO 204:2018(E)

Metallic materials — Uniaxial creep testing in tension —
Method of test

1 Scope

This document specifies the methods for

a) urinterrupted creep tests with continuous monitoring of extension,
b) inferrupted creep tests with periodic measurement of elongation,
c) stressrupture tests where normally only the time to fracture is measured;

d) atestto verify that a predetermined time can be exceeded under a given force, with the elongation
or]extension not necessarily being reported.

NOTE A creep test can be continued until fracture has occurred or itzcawbe stopped before frjacture.

2 Nprmative references

The fdllowing documents are referred to in the text inZsuch a way that some or all of|their content
constifutes requirements of this document. For dated references, only the edition citel applies. For
undat¢d references, the latest edition of the referenced document (including any amendmjents) applies.

ISO 6892-1, Metallic materials — Tensile testing.— Part 1: Method of test at room temperatire
IS0 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperfature

ISO 7500-2, Metallic materials — Verifieation of static uniaxial testing machines — Part 2:|Tension creep
testing machines — Verification of the applied force

[SO 9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

3 Terms and definitions

For the purposes ofithis document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

3.1

reference length

Ly

base length used for the calculation of either percentage elongation or percentage extension

Note 1 to entry: A method to calculate this value is given in 7.5.

3.2

original gauge length

Lo

length between gauge length marks on the test piece measured at ambient temperature before the test

Note 1 to entry: In general, Ly 2 5D.

© ISO 2018 - All rights reserved 1
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3.3

extensometer gauge length

Le

distance between the measuring points of the extensometer

3.4
parallel leng
Lc

th

length of the parallel reduced section of the test piece

3.5

final gauge length after fracture

Lu
length betwe
with the piec{

3.6

original crog
So
cross-section

3.7
minimum cr
Su

bn gauge length marks on the test piece measured after fracture, at ambient tempel
s carefully fitted back together with their axes in a straight line

s-sectional area

bl area of the parallel length as determined at ambient temperature prior to testing

pss-sectional area after fracture

minimum cr¢ss-sectional area of the parallel length as determined at ambient temperaturg

fracture, with

3.8

initial stress
Ro

applied force

3.9
extension
ALe

the pieces carefully fitted back together with theifaxes in a straight line

divided by the original cross-section area, S, of the test piece

increase of extensometer gauge lengthLg, at time t and at test temperature

Note 1 to entry

3.10
elongation
ALy

increase of or

Note 1 to entry

: For further information), see 6.2.

iginal gauge length, L, at time ¢

: Fort further information, see 6.2.

3.11

fature,

after

percentage extension

e

extension at test temperature expressed as a percentage of the reference length, L, as given in Formula (1)

AL
e=—2x100
L

r

Note 1 to entry: See Figure 1.

(0
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3.12

percentage elongation

A

elongation expressed as a percentage of the reference length, L, as given in Formula (2)

AL
A=—2x100 (2)
L,
3.13
percentage elastic extension
€e
extengiomattesttemperatureexpressedas apercentage of theTeferencetengtiy, 5 which g proportional
to thelinitial stress, R,

Note 1 fo entry: This value can be calculated from the stress/percentage extension values duriing logding. See 8.4.2.
Note 2[to entry: See Figure 1.

3.14
perceptage initial total extension
€ti
extengion at test temperature expressed as a percentage of the/reference length, Ly, at ¢nd of loading
with the initial stress, R,

Note 1[to entry: See Figure 1.

3.15
percentage initial plastic extension
€
extendion at end of loading and at test temperature with the initial stress, R, expressed ag a percentage
of the| reference length, L, and determined“as the difference between the percentagp initial total
extengion, ey, and the percentage elastic €xtension, ee, as given in Formula (3)

€i T eti ~ €e 3)

Note 1[to entry: See Figure 1.
Note 2|to entry: This value tepresents the plastic extension during the loading phase.

3.16
percentage total extension
et
extendion atthe'test force at time ¢t and at test temperature, expressed as a percentage of|the reference
length| L,

Note 1lkoeptmy See o oo |

3.17
percentage plastic extension

e
p

extension at time t and at test temperature determined as the difference between the percentage total

extension, e, and the percentage elastic extension, e, expressed as a percentage of the reference length,

Ly, as given in Formula (4)

ep=et—€e 4)

Note 1 to entry: See Figure 1.

© ISO 2018 - All rights reserved 3
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3.18

percentage total ultimate extension

€u

total extension at rupture and at test temperature, expressed as a percentage of the reference length, L,

3.19

percentage creep extension

ef

extension at loading determined and at test temperature as the difference between the percentage
plastic extension, ep, and the percentage initial plastic extension, e;j, expressed as a percentage of the
reference length, L, as given in Formula (5)

ef=ep—e

Note 1 to entry
Note 2 to entry

3.20
percentage 3
€k

negative exte
length, L,

Note 1 to entry

3.21
percentage
€per
extension at
percentage t
anelastic extd

€per = €t —

Note 1 to entry
Note 2 to entry

3.22
percentage [
Aper
elongation eX
temperature

: See Figure 1.

» o«

: Suffix f originates from “fluage”, “creep” in French.

nelastic extension

nsion at end of unloading at test temperature, expressed as'a percentage of the ref

: See Figure 1 and 8.4.

ermanent extension

end of unloading and at test temperature determined as the difference betwe
tal extension, e, and the sum of percentage elastic extension, e, plus the perc
nsion, e, expressed as a percentagé.of the reference length, Ly, as given in Formula

(ee + ex)

: In the case of e » 0, the following relationship may be used: eper » ey,

: See Figure 1.

ermanent élongation

pressed>ds a percentage of the reference length, Ly, at end of unloading and at

6)

crence

bn the
bntage

(6)
(6)

room

3.23

percentage elongation after creep fracture

Ay

permanent elongation after fracture, Ly — Lo, expressed as a percentage of the reference length, L, as

given in Formula (7)

A u

u

L
4 9%100
L

r

(7)

Note 1 to entry: Ay may have the specified temperature, 7, in degrees Celsius as superscript and the initial stress,
R,, in megapascals as subscript; see the example in Table 1.

© ISO 2018 - All rights reserved
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3.24

percentage reduction of area after creep fracture

Zy

maximum change in cross-sectional area measured after fracture, S, — Sy, expressed as a percentage of
the original cross-sectional area, Sy, as given in Formula (8)

S
Z =%x100 (8)

u
[}

Note 1 to entry: Z, may have the specified temperature, T, in degrees Celsius as superscript and the initial stress,
R,, in megapascals as subscript; see the example in Table 1.

3.25
creeplextension time
tx
time 1lequired for a strained test piece to obtain a specified percentage creep extengion, x, at the
specified temperature, T, and the initial stress, R,

EXAMPLE tro,2

3.26
plastif extension time
tpx
time required to obtain a specified percentage plastic extensien, x, at the specified tempgrature, 7, and
the initial stress, R,

Note 1] to entry: An example for tp1 is given in Figure Ei2 a) (tp1 = 100 000 h corresponds fo ep = 1 % at
R, =120 MPa).

3.27
creep|rupture time
tu
time tp rupture for a test piece maintained at the specified temperature, 7, and the initialstress, R,

Note 1|to entry: The symbol ¢, can have as superscript the specified temperature, T, in degrees|Celsius and as
subscrpt the initial stress, R,, in mlegapascals; see the example in Table 1.

3.28
single test piece machine
testing machine that permits straining of a single test piece

3.29
multiple test piece machine
testing machine that permits straining of more than one test piece simultaneously|at the same
tempefrature

© IS0 2018 - All rights reserved 5
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4 Symbols and designations

The symbols and corresponding designations are given in Table 1.

Table 1 — Symbols and designations

Symbola Unit Designation
D mm Diameter of gauge length of a cylindrical test piece
Dy mm Diameter of gauge length containing a notch
d mm Diameter of gauge length without a notch in a combined notched/unnotched
test piece (see Figure C.1)
dn mm Diameter across root of circumferential notch
For a combined notched/unnotched test piece d = dy,
b mm Width of the cross-section of the parallel length of a test piece ofisquare o1 rec-
tangular cross-section
Ly mm Reference length
a mm Thickness of a test piece of square or rectangular cross=section [see Figure 2 b)]
ALegt Increase of extensometer gauge length at time ¢
ALot mm Increase of original gauge length at time ¢
Lo mm Original gauge length
Ly mm Parallel gauge length containing a notch
Ly mm Final gauge length after fracture
L¢ mm Parallel length
Le mm Extensometer gauge length
It mm Transition radius
n mm Notch root radius
So mm? Original cross-sectional area of the parallel length
Su mm?2 Minimum cross-sectional area after fracture
R, MPa Initial stress
e % Percentagejextension
€e % Percentage elastic extension
ef % Percentage creep extension:
AL,
e, = ——x100
r
NOTE As an example, the symbol can be completed as follows:
ef35705 < goo * Percentage creep extension with an initial stress of 50 MPa aftpr

5000 h at the specified temperature of 375 °C.

efu % Percentage creep extension at creep rupture time
ei % Percentage initial plastic extension
ek % Percentage anelastic extension

a2 The main subscripts (r, 0 and u) of the symbols are used as follows:
r corresponds to reference;

o corresponds to original;

u corresponds to ultimate (after rupture).

NOTE For the purposes of creep testing in this document, the terms “fracture” and “rupture” are interchangeable and are
used to describe when a test piece breaks.

6 © ISO 2018 - All rights reserved
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Table 1 (continued)
Symbol2 Unit Designation
ep % Percentage plastic extension
€per % Percentage permanent extension
€pu % Percentage plastic extension at creep rupture time
et % Percentage total extension
ey % Percentage total extension at creep rupture time
Aper % Percentage permanent elongation

NOTE Asan example, the symbol can be completed as follows:

A375 : percen
per50/5 000 - P

after 5 000 h at the specified temperature of 375 °C.

tage permanent elongation with an initialstrg¢ss of 50 MPa

Ay % Percentage elongation after creep fracture:

L —L
A =-—"1—2x100

u
r

NOTE As an example, the symbol can belecompleted as follows:

Ajﬁ) : percentage elongation after creep fracture with an initial stjress of

50 MPa at the specified temperatupe of 375 °C.

Zy % Percentage reduction of area-after creep fracture:

SO B Su
Z =———x100
u SO
NOTE As an example, the symbol can be completed as follows:

7375 .
us0"
50 MRaat the specified temperature of 375 °C.

percentage reduction of area after creep fracture with an initial stress of

t h Elapsed time from end of loading
tix h Creep extension time
tpx h Plastic extension time
tu h Creep rupture time
NOTE As an example, the symbol can be completed as follows:
tiﬁ) : creep rupture time with an initial stress of 50 MPa at the spgcified
temperature of 375 °C.
tun h Creep rupture time of a notched test piece
T °C Specified temperature
Tc °C Corrected measured temperature
X % Specified percentage creep or plastic extension
n Norton creep exponent

a  The main subscripts (r, 0 and u) of the symbols are used as follows:
r corresponds to reference;

o corresponds to original;

u corresponds to ultimate (after rupture).

NOTE For the purposes of creep testing in this document, the terms “fracture” and “rupture” are interchangeable and are
used to describe when a test piece breaks.

© ISO 2018 - All rights reserved 7
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5 Principle

The test consists of heating a test piece to the specified temperature and of straining it by means of
a constant tensile force or constant tensile stress (see Note) applied along its longitudinal axis for a
period of time to obtain any of the following:

— aspecified creep extension (uninterrupted test) with continuous extension measurement;
— values of permanent elongation at suitable intervals throughout the test (interrupted test);
— the creep rupture time (uninterrupted and interrupted test).

NOTE “Co
remains const

staptstress’ o Hestress” means the atio-6 S o-the-instantaneocus-eross-section
hnt throughout the test. The results obtained with constant stress are generally diffefent from

those obtained

6 Appara

6.1 Testing

The testing m|
or torsion of
ensure that Id

The force sha

The machine
with a device

NOTE
influence of be
forward it to IS

The machine
6.2 Extensi

6.2.1 Exten

At present, there appears to be insufficient_quantitative data in the literature demonstrat

with constant forcel4Z].

tus

machine.

chine shall apply a force along the axis of the test piece while’keeping inadvertentb
the test piece to a minimum. Prior to test, the machine_should be visually exami
ading bars, grips, universal joints and associated equipmént are in a good state of 1

1 be applied to the test piece without shock.

ending
ned to
epair.

should be isolated from external vibration and‘shock. The machine should be eqliipped

which minimizes shock when the test piece fractures.

hding upon creep and stress rupture life. Ahy organization with such information is encour
0/TC 164[43].

chall be verified and shall meet the requirements of at least class 1 in ISO 7500-2.
on and elongation measuring devices.

sion measuring device.

In uninterru
performance
accuracy wit
piece or be ng

It is recomm

I‘equirements of class 1 or better of ISO 9513 or by other means which ensure thg

ted tests, thé extension shall be measured using an extensometer which mee

out interTuption of the test. The extensometer can either be directly attached to t
n-contacting (e.g. a non-contacting optical or laser extensometer).

epded that the extensometer be calibrated over an appropriate range based up

ng the
hged to

ts the
b same
he test

bn the

expected cre

A .
P Stidlll.

The extensometer shall be calibrated at intervals not exceeding 3 years, unless the test duration
is longer than 3 years. If the predicted test duration exceeds the date of the expiry of the calibration
certificate then the extensometer shall be recalibrated prior to commencement of the creep test.

The extensometer gauge length shall not be less than 10 mm.

The extensometer shall be capable of measuring extension of one side of the test piece or, preferably, on
opposite sides of the test piece.

The type of extensometer used (e.g. single-sided, double-sided, axial, diametral) should be reported.
When the extension is measured on the opposite sides, the average extension should be reported.

© ISO 2018 - All rights reserved
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When the extension is measured with an extensometer attached to the grip ends of the test piece, the
ends shall be of such shape and size that it can be assumed that the observed extension has occurred
completely within the reference length of the test piece. Percentage creep extension is measured over L.

The extensometer gauge length should normally be as near as possible to the reference length. In the
case of accurate creep measurements, a gauge length as long as possible should be used to improve the
accuracy of measurements.

Care should be taken to avoid spurious negative creep when using nickel base alloy extensometers. See
the Code of Practicel42].

For low creep strain measurements, e.g. <1 % strain, on test pleces w1th short gauge lengths, careful
consider ' ’ i fesolution and
accurdcy over the range of use.

NOTE]1 Information on the long-term stability of transducers used for creep testing.and/accrgditation issues
is givem in References [40] and [41].

NOTE 2 If only the percentage elongation after creep fracture or the percentage creep elpngation for a
specifipd test duration is determined, the use of an extensometer is not necessary

6.2.2 | Elongation measuring device.

In intdrrupted tests, periodically unload the test piece, cool it telambient temperature andl measure the
permgnent elongation on the gauge length with an appropriate device. The precision of this device shall
be 0,0l ALy or 0,01 mm, whichever is the greater. After this measurement, the test piec¢ may be first
reheatied and then reloaded.

6.3 Heating device, temperature measuring equipment and calibration.

6.3.1 | Permissible temperature deviations.

The he¢ating device shall heat the test(piece to the specified temperature, T. The permitted deviations
betwepn the corrected measured temperature, T, and the specified temperature, 7, and the permitted
maxinium temperature variation-along the test piece shall be as given in Table 2.

Table 2 — Permitted deviations between T; and 7T and maximum permissible temiperature
variation along the test piece

Specified temperature Permitted deviation between Maximum permissible|temperature
T Tcand T variation along the|test piece
o °C °C
T<600 *3 3
600 < T<800 +4 4
800<T=<1000 *5 5
1000<T=<1100 *6 6

For specified temperatures greater than 1 100 °C, the permitted values, including drift, shall be defined
by agreement between the parties concerned.

The corrected measured temperatures, T, are the temperatures measured at the surface of the parallel
length of the test piece, errors from all sources, including drift (see Annex A), being taken into account
and any systematic errors having been corrected.

Itis permitted to carry out indirect measurement of the temperature of each heating zone of the furnace
provided that it is demonstrated that the tolerance defined above is fulfilled on the test piece instead of
measuring the temperature at the surface of each individual test piece.

© ISO 2018 - All rights reserved 9
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If an extensometer is used, the parts of this instrument outside the furnace shall be designed and
protected in such a way that the temperature variations in the air around the furnace do not significantly
affect the measurements of the variations in length.

Variations in temperature of the air surrounding the test machine should not exceed #3 °C.

In the interrupted test, the variation of the room temperature during all measurements of the gauge
length should not exceed +2 °C. If this range is exceeded, corrections for ambient temperature variations

shall be applied.

6.3.2 Temperature measurement.

6.3.2.1 GeIJeral.

The tempera
equipment sh|

For thermocd
junction temy

Many laborat
it shall rema
measured by

NOTE Infd
thermocouples

For indirect
techniques, if
measurement

fure indicator shall have a resolution of at least 0,5 °C. The temperature,mea
all have an accuracy equal to or better than +1 °C.

uples, in the absence of measuring instruments with cold junction compensatio
eratures, normally at 0°C, shall be measured to within 0,5 °C.

pries maintain the cold junction above ambient temperature. Whatever its tempel
n stable and appropriate compensation shall be applied#e determine the tempe]
the thermocouple.

rmation concerning drift of thermocouples is given in*Annex A and methods of calibrg
are given in Annex B.

methods of temperature measurement e.g. pyrometry, thermal cameras or resi
shall be demonstrated that traceability is”provided to the SI System of tempe
and that the above criteria for accuracy-and resolution can be achieved.

6.3.2.2 Calibration of the temperature measuring equipment.

The calibratid
junction, the
the internatid

If practicable

ndicator or the recorder, tlie‘data line, etc.) shall be carried out by a method trace
nal unit (SI) of temperature.

this calibration sheuld be carried out annually over the range of temperatures me

by the equipmient and the readings shall be given in the calibration report.

6.3.2.3 Single test pieceimachines.

In single test]
thermocouplg
pieces with a

piecesmachines, with thermocouples used for temperature measurement, at lea
s should be used for test pieces with a parallel length less than or equal to 50 mm. K
pazallel length greater than 50 mm, at least three thermocouples should be used

suring

h, cold

[ature,
rature

tion of

Ktivity
rature

n of the temperature measuring equipment (including the cable, the connection, the cold

hble to

isured

5t two
or test
In all

cases, a therr

1 1 1311 1 h 1 R | 1111 +1 A Y TR RS IR |
10COUpIC SIIOUIU DE pPIdicU dt €4lIl ©IIU U1 UIC pPdl dlICT ICITZ UL 411U, 1T a4 ULIT U UICTITIIOT

used, it should be placed in the middle region of the parallel length.

pleis

The number of thermocouples may be reduced to one if it can be demonstrated that the conditions
of the furnace and the test piece are such that the variation of temperature of the test piece does not
exceed the values specified in 6.3.1.

6.3.2.4 Multiple test piece machines.

In multiple test piece machines, with thermocouples used for temperature measurement, at least one
thermocouple should be used for each test piece. If only one thermocouple is used, it shall be positioned
at the middle of the parallel length. Three thermocouples may only be used if located at appropriate
positions within the furnace, and if there is supporting data to demonstrate that for all test pieces the
temperature conforms to the requirements of 6.3.1.
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In the case of indirect temperature measurement, regular control measurements are required to
determine differences between the thermocouple(s) of each heating zone and a significant number of
test pieces within a given zone. The non-systematic components of the temperature differences shall

not exceed +2 °C up to 800 °C and %3 °C above 800 °C.

6.3.2.5 Notched test pieces.

Temperature measurement of notched test pieces shall be in accordance with either 6.3.2.

3o0r6.3.2.4.1t

is recommended that one thermocouple be placed close to the notch.

NOTE Details about testing notched test pieces are given in Annex C.

6.3.3 | Thermocouples.

The termocouple junctions shall make good thermal contact with the surface of the t
shall He screened from direct radiation from the heating source. The remaining’portion
within] the furnace shall be thermally shielded and electrically insulated.

Precaytions shall be taken to minimize contamination and physical)damage of tH

est piece and
5 of the wires

ermocouples.

Insulafors and/or insulation shall be maintained in a clean state to also minimise contamination and

prevent conduction.
Information concerning different types of thermocouples is given'in [EC 60584-1[Z].

The uge of rare metal thermocouples, preferentially of type-S or R, is recommended for
equal fo or greater than 400 °C[44],

Base mpetal thermocouples of type K should only be‘used either for temperatures lowe
or for times less than 1 000 h at higher temperatifes and should not be re-used withou
expos¢d wire and re-calibrating.

Base mpetal thermocouples of type N may be used either for temperatures lower than
times |ess than 3 000 h at higher temperatures and should not be re-used. The use of typs
thermpcouples is not permitted at temperatures above 760 °Cl[44].

femperatures

" than 400 °C
cutting back

600 °C or for
N base metal

Wherg¢ the drift exceeds the following values within the calibration period, either npore frequent

calibrgtions should be carriedJout or a correction be applied to the temperature ind
thermpcouple. See Annex A and References [48] to [52].

— #*1°Cfor T<600°€;
— *1,5°Cfor 600<°C < T<800 °C;
— 2°Cfor800°C<T<1100°C.

Rec0r1is of\drift shall be recorded and available on request.

jcated by the

NOTE1 Thermocouple drift is dependent on the type of thermocouple used and the exposure duration at

temperature; see Annex A.
NOTE2 Reference can be made to ASTM E633I[8l.
NOTE 3  This clause is not applicable in the case of indirect temperature measurement.

NOTE 4  Other types of thermocouples are available but their suitability will be demonstrated.

6.3.4 Calibration of the thermocouples.

NOTE1  Further information relating to thermocouples calibration is given in Annex B.

© ISO 2018 - All rights reserved
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The calibration period for rare metal thermocouples in repeated use for short duration tests (typically
500 h or less) shall not exceed 13 months. Otherwise the period for calibration shall be as follows:

— 4years for T< 600 °C;

2 years for 600 °C < T < 800 °C;

1 year for T > 800 °C.

The re-use of base metal thermocouples is not permitted without re-calibration after each test unless
experience has shown that errors due to drift do not exceed the limits in 6.3.3 for the test conditions in
question, in which case they may be calibrated at intervals not exceeding 500 h use.

If the test du
completion of

It shall be dd
temperature
in excess of 1

If a thermoco

ration exceeds the above calibration periods, the thermocouple shall be calibratedl upon

the test.

monstrated that the error of the thermocouple used has been established at the test

br is typical for a range containing the test temperature. Thermocouples-showing
°C may be used provided the appropriate corrections are made.

iple is rewelded, the thermocouple shall be recalibrated before use.

Eerrors

NOTE 2  Basge metal thermocouples can be cut back removing any exposedvire and will be re-caljbrated
before use.

7 Test pigces

7.1 Shapepnd dimensions

7.1.1 Shapg and dimension of smooth test pieces

Normally tes{ pieces with circular cross-sections:shall be used; see Figure 2.

In general, the smooth (unnotched) test piece is a machined proportional cylindrical tesf] piece
(Ly = k\/SO) with a circular cross-section(see Figure 2). The value k should be equal to or greatdr than
5,65. The valye used shall be recorded in'the test report, i.e. Ly = 5D.

In special casfs, the cross-section-of the test piece may be square, rectangular or of some other [shape.
For these specific test pieces,thé provisions specified for cylindrical test pieces with a circulay cross
section shall be applied.

In general, L;|should noet'ekceed L. by more than 10 % for circular test pieces, or by more than 1§ % for
square or recfangulantest pieces.

The parallel lIength 'shall be joined by transition curves to the gripped ends, which may be of any|shape
to suit the grips-of the testing machine. The transition radius (R) should be between 0,25D andl1D for

the cylindrical test pieces, or 0,25b and 1b in the case of rectangular or square test pieces.

Unless the sample size does not permit it, the original cross-sectional area (S,) shall be greater than or
equal to 7 mm?2,

NOTE In some cases, especially for brittle materials, the transition radius can be greater than 1D.

When a test piece having extensometer attachment ridges (collars) in the parallel length is used, the
transition radius of the collars may be less than 0,25d; this should be selected to minimize stress
concentrations and there should be no evidence of undercut when inspected. For test pieces with
collars, the diameter between the collar and the grip end may be up to 10 % larger than the diameter of
the original gauge length; this should ensure that fracture will occur within the gauge length.
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The grip ends of test pieces shall have the same axis as the parallel length with a coaxiality tolerance of
— 0,005D or 0,03 mm, whichever is greater, for cylindrical test pieces, and
— 0,005b or 0,03 mm, whichever is greater, for rectangular or square test pieces.

When oxidation is a significant factor, test pieces with a larger original cross-sectional area (S,) should
be used.

The original reference length shall be determined to a measurement uncertainty of 1 %. The final
reference length should be determined to a measurement uncertainty of +1 %.

7.1.2 Shmapeanddimensiomof motched testpieces

When|a notched test piece is used, the geometry and the position of this notch should pe defined by
agreemnent and in accordance with Annex C.

7.2 Preparation

The tgst piece shall be machined in such a way as to minimize any ¢esidual deformatipn or surface
defects.

The shape tolerances shall conform to Table 3 for test pieces with.¢ircular cross-sections and to Table 4
for tesft pieces with square or rectangular cross-sections.

Table 3 — Shape tolerances of test piecés with circular cross-sections

Dimensions in millimetres

Nominal dimension Shape tolerances2
D
3<D<6 0,02
6<D<10 0,03
10<D <18 0,04
18 «P'<'30 0,05
a  Maximum deviation between the measurements of a transverse dimension
determined along the entire parallel length of the test piecel3].

Table 4 — Shape’tolerances of test pieces with square or rectangular cross-sections

Dimensions in millimetres

Nominal dimension Shape tolerances2
b
3<b<b 0,02
6<b=10 6,63
10<b<18 0,04
18<b <30 0,05
a  Maximum deviation between the measurements of a transverse dimension
determined along the entire parallel length of the test piecel3.

The minimum original cross-sectional area should occur within the middle two thirds of the parallel
length or of the reference length, whichever is smaller.

NOTE To avoid the fracture position too near to the end of gauge length, it can be sensible to exploit half the
shape tolerance for a tapering of the test piece towards the centre of the gauge length.

When the test piece has a notch, its profile shall be checked to ensure that it conforms with the tolerances
specified in the relevant product standard and the procedures given in Annex C shall be used.
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7.3 Determination of the original cross-sectional area

The original cross-sectional area, Sy, shall be calculated from measurement of appropriate dimensions
within the parallel length. Each appropriate dimension shall be measured to a measurement uncertainty
of 0,1 % or 0,01 mm, whichever is greater.

The size of the test piece shall be determined at three positions along the gauge length and the
minimum calculated value of the cross-sectional area shall be used for determining the applied force

corresponding to the specified stress.

7.4 Marking of the original gauge length, L,

Each end of the original gauge length shall be marked by means of fine marks or scribed lines¢o}

means, but ndg
Where marke

NOTE In
longitudinal a3
small collars id

7.5 Deterrn

Within this ¢
3.22) are expl
on the test pi

distinguished.

Case 1 — Ori
This case is il
original gaug
gauge length
The reference

Ly=Lo

Similarly, the
Ly=Le

Case 2 — Ori

This case is i

t by notches which could result in premature fracture.
d, the original gauge length shall be marked to an accuracy of +1 %.

ome cases, it can be helpful to draw, on the surface of the test piecea lihe parallel
is, along which the gauge length is drawn. Marking of L, is not necessary.when a test pie
used [see Figures 2 c) and d)].

hination of the reference length, L

ocument, the various percentage extension/percentage elongation values (see 3
essed as percentages of the reference length, L. Thealue of the reference length de
ece geometry and the type of extensometer that-is’used. Two different cases neeg

binal gauge length, Ly, and/or extensometeirgauge length, Le, inside the parallel leng

e length and the extensometer gauge length (e.g. due to a respective positioning of o
marks or an extensometer that(is'attached only to the parallel length of the test
length, Ly, for calculation of percentage elongations is then given by Formula (9):

reference length, L{for calculation of percentage extensions is expressed by Formul

pinal gauge length, Ly, and/or extensometer gauge length, Le, outside the parallel len

lustrated in Figure 2 c) and d), where test piece sections with diameter variation

other

to the
e with

3.11 to

pends
| to be

rth, L.

ustrated in Figure 2 a) and b), where, the diameter of the test piece is constant within the

Figinal
piece).

(9)

a (10):
(10

bth, L.
s (like

shoulders of

the)test piece or ridges for extensometer application) form part of the original

gauge

length and the extensometer gauge length. The reference length, L, for calculation of percentage
extensions/elongations should be calculated using Formula (11) to consider the strain contributions of

the shoulders

14

/ridges (see Figure 2 d):

2n

(11)
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n isthe stress exponent at the test temperature for the material under investigation (if this is
not known, use n = 5);

I; isthelength increment in the transition region (experience has shown a value of 0,1 mm to be
suitable for these calculations);

d; isthe test piece diameter in the central cross section of the respective length increment, /;.

In the case of e.g. rectangular or hollow cross section, Formula (12) should be used:

(5], ]

Lr—fc_l.')z LSJ : (12)
i i
where
So| s the original cross-sectional area of the parallel length;
Si| is the test piece cross-sectional area of the respective length inctement /;.
This cplculation shall be performed for each test piece design; providing the test piede dimensions

remai
design
the sty
range

NOTE
the ori

8 T

8.1

The tq
exteng

This c
the pr
is held
this ti
not ex

Durin
tempe

1 within the limits defined in 7.1 and 7.2, a recalculatiop{6r each test piece pro

ess exponent, n, occur either due to testing of a differehtimaterial or due to testing i
pf initial stresses and test temperatures.

If the difference between the calculated reference length and the extensometer gaug
binal gauge length, Lo, is less than 0,5 % then L, cali‘be chosen as equal to L, or Le .

st procedure

Heating of the test piece

st piece shall be heated tosthe specified temperature, T. The test piece, grippiry
ometer shall be at thermalequilibrium.

bndition shall be maintained for at least 1 h before application of the force to the tes
pduct standard states otherwise. In the uninterrupted test, the maximum time that
at the test temiperature before applying the force shall not exceed 24 h. In the int
me should notexceed 3 h; the time under test temperature without force after unl
ceed 1 h.

r the lieating period, the temperature of the test piece should not, at any time, exceed
rature, T, with its tolerances. If these tolerances are exceeded, it shall be reported.

Huced to that

is not required. On the contrary, a recalculation becomes'necessary when relevant changes of

n an extended

e length, Le, or

g device and

f piece, unless
the test piece
errupted test,
pading should

the specified

A small preload (less than 10 % of the test force) may be applied to the test piece in order to keep the
loading train in alignment whilst heating up the test piece (i.e. before t = 0).

8.2 Application of the test force

The test force shall be applied along the test axis in such a manner to minimize bending and torsion of
the test piece.

The applied force shall be known to an accuracy of at least +1 %. The application of the test force shall
be made without shock and should be as rapid as possible.

Special care should be taken during the loading of soft and face centred cubic (FCC) materials since they
may exhibit creep at very low force or at room temperature.
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The beginning of the creep test and measurement of creep elongation is the time (¢t = 0) when the full
force of the initial stress is applied to the test piece (see Figure 1).

8.3 Test interruptions

8.3.1 Planned interruptions of the test
The number of planned periodic interruptions should be sufficient to obtain the elongation data.

NOTE An example is given in 8.4.2.

8.3.2 Multjple test piece machine with several test pieces in [ine

After a test plece has fractured, the string of test pieces shall be removed from the testing.machine to
allow replacement. Resume testing in accordance with 8.1 and 8.2.

8.3.3 Combined test

The test shall be performed initially with continuous strain measurement uiitil the completion of
primary creep. If desired, the test piece may then be moved to another machine for continuation as an
interrupted t¢st. See also 8.4.2 and Annex E[45][46],

8.3.4 Accidental interruption of the test

For any accidental interruption of the test due to, for example;interruption of heating or currept, the
conditions of resumption of the test after each interruption shall be recorded in the test report. Ensure
that overload|ng of the test piece due to contraction of theforce assembly is prevented.

NOTE Thq initial applied force can be maintained duning these interruptions to minimize disturbance to
the extensomefry. If necessary the load can be reduced during a power interruption and the test re-loadefl when
power is resurped and the test temperature achieved(Itis prudent to maintain a force of at least 10 % tolensure
the loading strjng remains aligned.

8.4 Recording of temperature and elongation or extension

8.4.1 Temperature

Throughout the test, it is impartant that sufficient recordings of the temperature of the test pidce are
made to demg@nstrate thatthe’temperature conditions comply with the requirements of 6.3.1.

8.4.2 Elongation and extension

Either a continuous record of extension or a sufficient number of recordings of the elongation shall be

made throug -

When only a determination of a percentage creep extension for a specified test duration is made,
the drawing of the creep-time diagram is not necessary. Only the initial and final measurements are
required.

In the interrupted test, the number of periodic interruptions for elongation measurement shall be
chosen in order to make it possible to interpolate the creep-time curve with sufficient accuracy to
determine times to percentage permanent elongation.

In the uninterrupted test, the percentage initial plastic extension, ej, shall be determined.

For the determination of the initial plastic extension, the elastic extension has to be subtracted. The
elastic extension should be determined from a stepwise measurement procedure during loading, or
it can be taken over from a tensile test at elevated temperature in accordance with ISO 6892-2. The
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elastic extension can alternatively be determined from a partial unloading procedure immediately
after loading if the plastic extension is lower than 1 %.

To determine the percentage initial plastic extension, ej, in the case of the interrupted creep test, a
tensile test at elevated temperature in accordance with ISO 6892-2 and ISO 6892-1 shall additionally
be performed at each creep test temperature with the exception from ISO 6892-2 that the strain rate
should be similar to the loading rate used in the creep test.

EXAMPLE

An example of a sequence of time intervals for interruption strain measurements for long-term

testingis: 100 h, 250 h, 500 h, 1000 h, 2500 h, 5000 h, every 5 000 h until 40 000 h then every 10 000 h thereafter.

Tests of 3 000 h duration or less should have an additional interruption at 50 h; for tests of 1 000 h or

less a

8.4.3
On the

time djiagram, respectively, can be drawn (see Figure 3).

9 D

The te

10 T¢
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percer]
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11 A

11.1
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Elongation-time diagram or extension-time diagram

basis of records of time and elongation or extension, an elongation-tinie\diagram

ptermination of results

st validity

the results meet the requirements of the product standard or the customer spe
tage elongation after fracture shall be considered invalid if the test piece fracture
bl length, L, or outside the extensometer gauge length, Le.

ccuracy of the results

Expression of the results

or extension-

5t results are determined from the preceding recordingsising the definitions given in Clause 3.

rification, the
bs outside the

bncerning the

The rgsulting values shall be eéxpressed in accordance with the following requirements c
round|ng rules:

— spkcified temperature (T): to1°GC;

— diameter (D): to 0,01 mm;

— rafio (Ly/D): to one decimal place;

— reference length (Ly): to 0,1 mm;

— initial stress (Ry): 3 significant figures;

— time (tey, tpx): 3 significant figures;

— tlme ( tu, tun):

— percentage extension (ee, €j, ef, efy, ek, €p, eper, €pu): 3 significant figures;

— percentage permanent elongation (Aper): 3 significant figures;
— percentage elongation after creep fracture (Ay): 2 significant figures;
— percentage reduction of area after creep frac- 2 significant figures.
ture (Zy):
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11.2 Final uncertainty

Because the uncertainty of measurement of the results depends on the nature of the tested material
and the testing conditions, it is not possible to give precise values for the uncertainty.

Examples of estimated uncertainty for some materials are given in Annex D.

12 Test report

12.1 Information on materials not covered by a product specification shall be reported in accordance
with 12.2, or both 12.2 and 12.3. For a representation of results and graphical extrapolation, see Annex E.

12.2 Informs
— referencd
— type of tq
— material

— typeand
the referg

— specified
— initial ap

— constant

tion to be reported in the test report shall include, when applicable:
to this document, i.e. ISO 204:2018;

st (uninterrupted or interrupted);

hnd test piece identification;

dimensions of the test piece (value of the proportionality coéfficient k included), ing
bnce length used;

temperature and corrected measured temperature,ifit is outside the permitted lix
blied stress;

hpplied force or constant applied stress;

— test resuIs;

— position
— percenta
— condition

— any occul

12.3 Informd
— machine

— force app

f the fracture (when outside of central two thirds of the parallel length);
be initial plastic elongation or extension;
s of accidental interruptiéns'and resumptions of the test;

rence which can affect the results, for example, deviations from the specified toler

tion to be avajlable on request (made at the time of order) may include, when applig
fype (singlétest piece machine, multiple test piece machine, etc.);

lication time;

— elongatioln respectively extension-time diagram with sufficient recordings to accurately con

luding

hits;

HNCES.

able:

struct

the diagram;

— percentage elastic elongation or extension due to the application of the force (see 8.4.2);

— percentage elastic and anelastic elongation or extension due to unloading and the unloading time
(see 8.4.2);

— information concerning the recorded values of any indicated temperature excursions outside the
permitted temperature limits defined in 6.3.1;

— type of extensometer;

— value of the drift of the thermocouples over the test period;

— see also E.6 for recommended additional information regarding the sample material.

18
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12.4 The test conditions and limits defined in this document shall not be adjusted to take account of
uncertainties of measurement, unless specifically instructed otherwise by the customer (see Annex D).

12.5 The estimated measurement uncertainties shall not be combined with test results to assess
compliance with product specifications, unless specifically instructed otherwise by the customer (see
Annex D).

| Eti

€p

€e er

|
0 7 /

| o e
€per ek €e
| |
€t
Key
R dtress
Ro ipitial stress
e ercentage extension
et ercentage total‘extension
€e ercentage elastic extension (after loading with initial stress)
ep ercentageplastic extension
ef ercentage creep extension
e ercentage initial total extension
6 percentage initial plastic extension

ek percentage anelastic extension
eper percentage permanent extension
a Start of loading.

b End of loading.

¢ Start of unloading.

d End of unloading.

Figure 1 — Schematic stress — Extension diagram
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Lo;Le

b) Test piece

Lec

L

Le

Lo

with shoulders and gauge length inside parallel length and rectangular cross s

tion

pction

20

c) Test piece with shoulders and gauge length outside parallel length
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Lo’Le
| LI‘ |
Lc
N\
Q
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\/

d) Test piece with collars
Key
v Vnotch (angle between 55° and 90°, depth 0,15 mm)

NOTE1 Lrisdetermined in accordance with Formula (11) or Formulaq12); as appropriate.

NOTE2  The shape of the grip ends is given for information only.

Figure 2 — Examples of test pieces
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b) Elongation-time diagram

Figure 3 — Creep curves
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Annex A
(informative)

Information concerning drift of thermocouples

A.1 General

The elgctromotive force (emf) produced by a thermocouple can change with long term exﬂnosure at high
tempefature; this behaviour is colloquially known as “drift”.

If the dirift characteristics of the particular type of thermocouple at a specified ¢seep test temperature
are knpwn then that information may be used to adjust furnace temperature on'a@'creep tefting machine
as timle elapses to ensure that the test remains within the limits given im Table 2. It shpuld be noted
that there are several contributions to the uncertainty budget, of whichtdrift may be ong¢ of the larger
compdnents.

A.2 Consequences of drift

Until gbout twenty years ago, many creep laboratories controlled the temperature of cteep furnaces
using [platinum resistances thermometers (PRTs) whilst monitoring the temperature of the test
piece yith thermocouples. In general, PRTs are not proene to drift and thus the creep test temperature
remainhed stable within the specified tolerances given'in the testing standards.

In mopt creep tests undertaken today, the furnace temperature is controlled by a thermocouple
attached to the test piece. Thus if the emf of the control thermocouple drops off dug to drift, the
icplly increases
bquence, if the
ystematically
bst tolerances

ep life will be
15, in general,
Uill err on the

¢ the . . ] Fesult in tests
not complylng with the temperature tolerances spec1f1ed in the standards and thus it became common
practice to recalibrate intact thermocouples after a creep test was completed. In Europe, the use of
type K (Chromel/Alumel) thermocouples was largely discouraged for long term creep testing during
the 1960s because it was recognised that they were prone to significant drift[55][60],

Post creep test calibration data was reported in the UK for type R thermocouples[53] over a range of
creep test temperatures from 400 °C to 850 °C. Although the data shows a large amount of scatter, a
downward drift trend was indicated with approximately a drift of -3 °C + 2 °C at 600 °C. In addition, in
Japan, similar data was recorded for type R & S thermocouples.[611[64][65][69] The Japanese NRIM/NIMS
Creep Data sheet (CDS) project is still ongoing and an update of the changes in thermal electromotive
force of type PR thermocouples (Pt-Pt 12,8 %Rh ) and type R after service for creep between 500 °C to
900 °C was presented at the ECCC conference in 2005[64]. An example graph is shown in Figure A.1, and
it can be seen that several results are now available for lives exceeding 100 000 h. Drift values of up to
12 °C were reported.
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Figure A.1 — Type PR thermocouple drift data measured after creep testing (Miyazaki, H and
Kimura, K, 2005)164]

In addition, some limited data has been published for drift data after recalibration of type R
thermocouples following creep test at NPLI63]. See Figure A.2.
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running for about 25 000 h indicate that drift of ~2 °C can be encountered which is not sig
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Figure A.2 — Type R thermocouple drift data measured after creep testing

[ thermocouples are now being widely used for plant monitoring and creep testing
natic drift data has been published in the temperature range used for creep testing. T

athed type N thermocouples, initially at650 °C at EDF, Gloucestershire and at 750 °

linary results from the isothermal fmeasurements undertaken at EDF Energy wh

hat measured in type K thermocouples.

[63]

but as yet no
p address this

ncy, the High Temperature Mechanical Testing Committee instigated some drift njeasurements

C at NPL.

ch have been
hificantly less

Information on the performangcé.of thermocouples used in creep testing is also given in othfer sources[37]

[58][59

A4

[67][68].

Concluding remarks

In genferal, the higher the creep test temperature, the greater the drift and it is clear that, unless an

allowd

A nun
inforn

nce is made for drift, many creep tests will not comply with the tolerances specifie

ber{ of laboratories have measured drift data after creep testing but have not

 in Table 2.
published the

ation. It would be helpful if such information were to be made publicly available.
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Annex B
(informative)

Information concerning methods of calibration of thermocouples

For the thermocouple calibration, two strategies can be recommended. The objective of both is to ensure

that the electromagnetic force (EMF) 1nd1cated by the thermocouple at the callbratlon tempe
(corrected, Where-hecesss 2 o he

separately or|during the thermocouple calibration.

Strategy 1 is based on in situ calibration of the thermocouple, i.e. thermocouple.calibration either
actual furnack or in a calibration furnace with the same depth of immersion.dnd temperature gy
along the thefmocouple wires. The error determined during in situ calibpation is used to corrg
specified temperature of the thermocouple. If the error exceeds the limitassociated with the uncej
relating to thie immersion depth, the thermocouple is scrapped. Reference thermocouple drift
variable immersion depth during active and passive service should be surveyed and minimized.

Strategy 2 injvolves calibration of the thermocouple in a calibration furnace in which the dd
immersion is|similar to that in the testing furnace. If, on calibration, the laboratory’s tolerance,
needs to inclyde the effect due to depth of immersion, is-exceeded, the thermocouple is cut back 4
welded at the hot junction and/or annealed and calibration repeated. If after repeated calibrati
laboratory’s dalibration tolerance remains exceededsthe thermocouple is scrapped.

rature
defined
he use
is that
5s 1 or

iled out

in the
adient
pct the
tainty
due to

pth of
which
nd re-
bn, the
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Annex C
(normative)

Creep testing using test pieces with V or blunt circumferential

notches

C1

Circun

eneral

nferentially notched test pieces may be employed in tensile creep testing to providg

either

a) thle material response to a feature that introduces a significant stress coneentratiof, e.g. a sharp

ch

ange in section of a component such as the root of a thread, or

b) t

The former (a) may be evaluated using a V notch geometry as discussed in C.2, whilst the

achie

C.2

The uge of circumferential V-notched test pieces has long been used to determine a mater
to feafures such a threads in components, both in-tensile and creep testing. Frequentl]
test pilece geometry was employed having a parallel shank region with the same cross-{

as tha
(see H
streng
theno
from t
test se

Tab

response of the material under a multi-axial stress state.
d using blunt or semi-circular circumferential notches as{discussed in C.3.

-notched test pieces

across the throat of a notch machined)into a larger diameter portion of the sa
igure C.1). Such test pieces were primarily used to determine whether the m{
thened”, i.e. fractured in the plain:shank region first, or “notch weakened”, i.e. fra
Lch. Clearly, the magnitude of the.notch strengthening or weakening effect could not
he use of the combined test piece geometry and if such information is required it is
parately plain and notched+test pieces under the same net section stress.

latter may be

ial’'s response
, a combined
ectional area
me test piece
iterial “notch
rtured across
be quantified
necessary to

le C.1 — Examples 0f dimensions of notched test pieces with circular cross-sefctions and
withan elastic stress concentration factor K; = 4,5 + 0,5[10]
Dimensions in millimetres

Rootdiameter, d, Shaft diameter, D, Notch radius. r Tolerances
Tolerances +0,02 Tolerances 0,1 rn onry
3<dh<6 4<D,<8 0,07 <rp<0,14 +0,02
6<d,<10 8<Dp<13,3 0,14 <rp 0,24 +0,03
10<d, <18 13,3<Dp <239 0,24<rp,<0,43 +0,05
18 <dy <30 239<D,<40 043<ry<0,72 +0,09

For dimensions deviating from Table C.1, the test piece can be produced with a ratio Dy /d,, within the
limits of 1,33 to 1,34, ratio dp/ry within the limits of 38 to 46 and additionally with an allowance of

radius

rnt 12,5 %.

Additional information about stress concentration factors can be found in References [11] and [12].
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Figure C.1 — Combined notched and unnotched testpiece

Earlier natiopal standards had differences in the detailed notch geometry; however, following a
research investigation carried out under the auspices of the Eurgpean Creep Collaborative Committee
(ECCCQ), it is gonsidered that the notch geometry, type E, shown on Figure C.2, is suitable for asgessing
whether a mdterial notch strengthens or weakens[13],

60° Type DIN BS E

D/dn 1,25 1,41 J1,25%1,41 =1,33

/ Dy/fn 50 35 5035 = 43

Figure C.2->=Geometry of the test pieces type DIN, BS and E

The elastic stfess concentration factorl10] is calculated using Formula (C.1):

\4 2
Ky =1+|= ==xXrt+2 C1
t + 2)« -1-Axd )«LL-rL)& HJJ (C.1)

28 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=7103e77089f0e755fcfb2672f6a65a6d

ISO 204:2018(E)

60°
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Figure C.3 — Schematic diagram of a notched test piece with a circular cross-section

C3

The m|
means
encou
firsta
was p
in the
projec

Blunt circumferential notches

chining of blunt circumferential notches into tensile creep test pieces is\a‘simple
of evaluating a material’s behaviour under a multi-axial stress state,|which is s
htered by many industrial components under service conditions. Such notched tes
lvocated in 1952 by Bridgmanl[14l. A Code of Testing Practice for Not¢hed Bar Creep R
roduced by a Working Group of the High Temperature Mechanical Testing Commit
early 1990s[15]. This latter document was subsequently %evised[16], based on 4
t[17],

The Code of Practice has additionally been updated to covericreep strain measurement,

under
relatir
diame

There
range
how ¢
straig]
states
notch

faken using axial, or diametral extensometers[18] Further information has also b
g to diametral strain measurement on notchéd creep test pieces[19][20] and
fral extensometers(21].

is an industry-driven need to investigate-the creep properties of materials over
of tri-axial tensile stress states than‘is-provided by V notches and to give some
reep strain accumulates under these-circumstances. The notched bar tensile tes
ntforward experimental procedure to achieve this aim, especially since a wide rz
can be generated across the notch throat by altering the notch profile. Three geng
profiles are shown in Figure. C:4.

The interpretation of the data generated using such notches is complex and is discusse

Webst]

er, et ql.[18],

——

SN

cost-effective
milar to that
t pieces were
ipture Testing
tee (HTMTC)
in EU-funded

which may be
pen published
calibration of

h much wider
indication of
t is the most
nge of stress
bral classes of

d in detail by
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@D

5

Pdn

b) Semi-circular

c) Parallel-sided

Figure C.4 — Three possible types of Bridgman notchl18]
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Annex D
(informative)

Method of estimating the uncertainty of the measurement in
accordance with the Guide to the expression of uncertainty in

measurement (GUM)

D.1

Measu
result
Intern|
inappy
compl
are foi

D.2

This annex gives guidance on how to estimate the uncértainty of the measurements u

accord
an abg
and m
prior K
the me

It is al
Europ

D.3

D.3.1

Custommers using aecredited testing laboratories sometimes request an overall estimate ¢

of the
Organ
that al

eneral

rement uncertainty analysis is useful for identifying major sources of inconsistencie,
5. Product standards and material property databases based on this and-earlier ve
ptional Standard have an inherent contribution from measurement tncertainty. |
opriate to apply further adjustments for measurement uncertaiiity and thereb
ant products. For this reason, the estimates of uncertainty derived by following t
information only, unless specifically instructed otherwise by the customer.

Purpose

ance with this document using a material with known creep properties. It is not p
olute statement of uncertainty for this testanethod because there are both mater
pterial independent contributions to the uncertainty statement. Hence, it is necess
fnowledge of a material's creep responsé to temperature and stress before being ab!
asurement uncertainty.

50 shown how the estimation ofunieasurement uncertainty may be used in conjung
pan Creep Certified Reference Material, BCR425[32], to assess conformance with thi

btatements of uncertainty

Background

accuracyof tests results. This is in accordance with the declared policy of the
jzation-for Standardization (ISO) and the European standards organizations (CE
| newystandards concerned with testing techniques should contain a “statement of

ora

ethod of calculating the accuracy of the test method based upon the tolerances s
relevaLﬁTS‘_‘i_l—ﬁ‘eﬁHr_r‘_fn Standard. Similarty, most quality assurance SyStems call for an estimation of U

5 of measured
rsions of this
t is therefore
y risk failing
his procedure

ndertaken in
ssible to give
jal dependent
ary to have a
e to calculate

tion with the
s document.

f uncertainty
International
N and ECISS)
uncertainty”
ecified in the

measurement (see ISO/IEC 17025l6]).

ncertainty of

In addition, two important documents have emerged from ISO Standards Committees, i.e. the ISO 5725
series [5] and the Guide to the expression of uncertainty in measurement. Such documents largely use the
terms and vocabulary given in VIM, 1993[2]1),

In 1995, the Guide to the expression of uncertainty in measurement (hereafter, “GUM”) was published
jointly by several authoritative standards bodies, namely BIPM, IEC, IFCC, ISO, IUPAC, IUPAP and OIML.
In 2008, the GUM was reissued with minor corrections as ISO/IEC Guide 98-3[1l. It is a comprehensive
document based upon rigorous statistical methods for the summation of uncertainties from various
sources. Its complexity has provided the driving force for a number of organizations to produce

1)  The 1993 edition of the VIM has since been revised by ISO/IEC Guide 99:2007, International vocabulary of
metrology — Basic and general concepts and associated terms (VIM).
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simplified versions of the GUM, e.g. the National Institute of Standards and Technology (NIST) in the
USAI22], the United Kingdom Accreditation Service (UKAS) in the UKI23] and the British Measurement
and Testing Association (BMTAI24]), also in the UK. These various documents all give guidance on
how to estimate uncertainty of measurement based upon an “uncertainty budget” concept. Further
information can be obtained by reference to A Beginners Guidel25] and Estimating Uncertainties in Testing
[26], The approach adopted here for the Tensile Uncertainty Budget[2Z] is similar to that proposed for a
creep testing uncertainty budget used in association with the Creep Certified Reference Material, CRM
BCR425[28],[31]. Comprehensive statements of uncertainty have also now been published as part of the
EU-funded project Uncert [29] and an additional document was issued covering creep uncertainty as a
CEN-endorsed Technical Workshop Agreement, CWA 15261-3[9], which will shortly be available as ISO
TR 15264[9]2).

The following analysis is a simplified method for estimating uncertainty in creep testing,|based
upon the conicepts given in the GUM, shown schematically in Figure D.1. The total uncertainfy of a
measurement is determined by summing all the contributing components in an appropriate njanner.
It is necessaily to quantify all the contributions, and, at the preliminary evaluation-stage, to decide
whether some contributions are negligible and therefore not worth including in, the subsg¢quent
calculations. For most practical measurements in the materials field, the definitiofi of negligible fay be
taken as a component smaller than one-fifth of the largest component. The GUM ¢ategorizes tw ways
of evaluating|uncertainties, type A and type B. Type A determination is by-repeat observations and,
provided suffficient readings are available, e.g. more than nine, conventiodal Statistical analysis fan be
used to determine the standard deviations.

2) Under preparation.
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Preliminary evaluation

|
List tolerances, scatter,
uncertainties from all sources

!

EVALUATE
TYPE A TYPE B
Repeat measurements Select distribution model:
and statistics Multiply-by correction factor

N\ L

COMBINED STANDARD
UNCERTAINTY

|
|
¥

EXPANDED UNCERTAINTY
Maltiply by & = 2 for 95 %
confidence level

Figure D.1 =~ Outline procedure for estimation of uncertainty

Type B evaluation is by mieans other than type A and makes use of, for example, tolerancgs specified in
standdqrds, measured.data, manufacturer’s specifications, calibration certificates and, ih most cases,
a knowyledge of a simple model of the relationship between the various components, angl of the likely
distriution mode}-of the components. If, for example, the tolerance specified in a standard is +a, then in
absenge of any‘other knowledge, it may be appropriate to assume a rectangular distribufion model, in
which|case the uncertainty becomes us = a/V3.

If bettpfknowledge is available, it may be that a triangular distribution is more appropifiate, in which
case us = a/V6, (see the GUM). The next step 1s to determine the combined standard uncertainty, uc,
by summing the standard uncertainties, usually by using the root sum square method. The expanded
uncertainty, Ug, is then obtained by multiplying u; by a coverage factor, k, where k = 2 for a 95 %
confidence level; thus, Ug = 2uc. This procedure is shown schematically in Figure D.2.
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Method evaluation

TYPE A

Repeat measurements

TYPE B
Other

Determine s using statistics

Obtain u values from
manufacturer’s specifications

A |

Decide relevant distribution model
then multiplyu by appropriate
factors to'give standard

&

Sum uncertainties to give
combined standard uncertainty

Iy e
Uc= \/S gt

\

Calculated expanded uncertainty
U.=k-u,
(k52 for 95 % confidence level)

Figure D{2 — Detailed procedure for estimating uncertainty in accordance with the GYM

D.3.2 Statement ofuncertainty: creep testing

In the case of|mostymetallic materials, over a limited stress range the minimum creep rate, €,,;} , may

be related to the.applied stress, g, and the temperature, 7, by Formula (D.1):

€min =A0 " exp(—Q /RT)
where

A is a material constant;

n isthe stressindex in the Norton creep law;

is the creep activation energy;

is the universal gas constant.

34

(D.1)
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NOTE For the purpose of Annex D, the above symbols are used and do not have the same definitions as those
listed in Table 1.

Since for most materials, to a first approximation, the creep rupture time, t, is directly proportional to
the inverse of the minimum creep rate, it can be seen that errors in ¢, and émin are due to errors in o
and T in the two separate components of Formula (D.1). Tolerances for ¢ and T are specified in testing

standards; however, the parameters n and Q are material dependent. Thus it is not possible to quote an
overall uncertainty value applicable for all materials which are tested in accordance with this document.

Using Formula (D.1), it has been shown elsewherel28]
Nimorjic 75 (CRM BCR425), with a creep activation energy, Q = 345 k] mol-1, a stress index
with the temperature and stress tolerances as permitted in this document, the expanded
uncerfainty Ug = 20,2 % at the 95 % confidence level.

Similafly, Granacher and Holdsworth[30] have compiled uncertainty budgets including a c
the overall uncertainty due to the precision of the strain measurement system Specifically
the m¢asurement uncertainties for the times to achieve 0,2 % and 1 % (plastic strains fd
and unpinterrupted tests. The materials examined included two ferritiésteels (2%4Cr-1Mo

that for the solid solution nickel base alloy,

= 6, together
measurement

bntribution to
for assessing
r interrupted
bt 500 °C, and

1Cr-1Mlo-0,5 Ni-0,25V at 550 °C), one martensitic steel (12Cr-1Mo-0;3V at 600 °C) and ¢ne austenitic
steel (L7Cr-13Ni-2Mo-0,2N at 600 °C) and times typically in the range of 30 000 h. A sumimary of their
estimgtes of the measurement uncertainties treating the tolerances as rectangular distributions and
expregsed at the 95 % confidence level in accordance with the'GUM is given in Table D.1.

Table D.1 — Range of uncertainties for ;02 and tp;

Interrupted tests
%
27 to 38

Uninterrupted tests
%
27 to 32

In addjition, other factors can affect theyjmeasurement of creep properties such as test fJiece bending,
or methods of gripping the test piece, etc. However, since there is insufficient quantitative data
available on these effects, it is nofipossible to include their influence in uncertainty budgets at present.
This uncertainty budget approaeh only gives an estimate of the uncertainty due to the measurement
technigue and does not make,an allowance for the inherent scatter in experimental results attributable
to maferial inhomogeneity-

The u
uncert

ncertainty budget presented here could be regarded as an upper bound to the measurement

ainty for a laberatory undertaking testing in conformance with this document.

D.4 A reference material for creep testing

4

D.4.1

During recent years, the benefits of the use of Certified Reference Materials (CRM) in the field of
mechanical testing have been recognized. Under the auspices of the Community Bureau of Reference
(BCR), a reference material has been developed for creep testing[31]; see Table D.2.
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Table D.2 — Certified values for the Nimonic 75 Creep Reference Material, BCR425

Propertya Certified valueb Uncertainty¢
Creep rate at 400 h 71,8 x 10-6 h-1 5x10-6 h-1
tp2 278 h 16 h
tp4 557 h 30h

a  Testing conditions: T= 600 °C, o, = 160 MPa.

b This value is the unweighted mean of the means of the results from 9 laboratories each of which
made 5 separate determinations of the certified property.

¢ The uncertainty is taken as half the 95 % confidence interval of the mean defined in b.

The CRM BQR425 is available from BCR Reference Materials, (Community Bureau of Reférence),
Management|of Reference Materials (MRM) Unit, Joint Research Centre, Institute for )Refprence
Materials and Measurement (IRMM), Retieseweg, B-2440, Geel, Belgium.

D.4.2 Using the CRM 425 for assessing uncertainty

For the Nimophic 75 CRM BCR425, a test undertaken in accordance with this document at 600 [°C has
a permissiblg temperature tolerance of +3 °C, and allowing for the tolerance*on the measurenent of
stress (1 %)f the expected total uncertainty is ~ 20,2 % calculated in,aetordance with the GUM (see
D.3.2). If the tlolerance due to testing is added to the uncertainty of thecertified value using a ropt sum
square appropch, then it is possible to calculate the total error band within which data from a|single
test may be expected to lie, as shown in Table D.3.

Table D.3 — Acceptable data range for creep testing using the Creep Reference Material, CRM 425

Testinga Total uncertainty
Certified| Uncertainty 95-% tolerance
Parameter value confidence level ~21%

(20,2 %) Value Rangg
Creep rate at 400 h 72 5 +14,5 +15,3 56,7 to 87,3
(10-6 h-1)
tp2 (h) 278 16 +56,2 +58,4 219,6 to 3B6,4
tpa (h) 557 30 +112,5 +116,4 440,6 to 6]/3,4
a  Assuming AT =+3°C, Ao =1 %, stress.index n = 6 and creep activation energy Q = 345 k] mol-1.

D.5 Uncertainties increep testing of single crystal nickel-base superalloy at
1100 °C

There is a nged for~an operation of advanced gas turbines at an ultra-high temperature. The| creep
properties of materials used in the gas turbines need to be evaluated and verified at high temperatures.

This means itis important to establish a creep fpcfing method for qpp]ir‘qrinn at temperatures above

1000 °C.

In order to establish a testing method for creep rupture properties of superalloys at temperatures above
1000 °C, a Round Robin test (RRT) was carried out under the programme set up by the Standardization
Committee on High Temperature Creep and Creep Rupture Testing at the New Materials Center (NMC).
Nine groups of research institutes and companies participated in the programme. The samples tested
were of Ni-base single-crystal superalloy (designated name: TMS-82+; see Table D.4), developed in the
High Temperature Materials 21 Project at NIMS. Three repeat creep rupture tests of TMS-82+ were
carried out at five laboratories under test conditions of 137 MPa and 1 100 °C (see Table D.5). The
previously reported rupture time under these test conditions is 340 h. The evaluation of uncertainties
in the determination of the results of creep test at 1 100 °C was carried out according to the GUM.
Guidelines for characterizing the creep and creep rupture properties of single crystal superalloy at
temperatures above 1 000 °C were derived from the RRT reported elsewhere (see References [33], [34]
and [35]).
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Table D.4 — Chemical composition of tested alloy (mass %)

Material

Co

Cr Mo w Al Ti Ta

Hf

Re

Ni

TMS-82+

7,8

49 | 19 | 87 | 53| 05 | 6,0

0,1

2,4

Balance

Solution treatment 1 300 °C, 1h —1 320 °C, 5h Ar Gas Fan Cool

Two-step aging treatment 1 100 °C, 4h Ar GFC 870 °C, 20h Ar Gas Fan Cool

Table D.5 — Summary of the creep rupture tests reported by five laboratories TMS-82+,

137 MPa and 1 100 °C

Properties

Data range Average Totaluhcertainty
Time to rupture (h) 238,6 ~ 460,8 333,9 59
Elongation (%) 6,3~ 13,4 10,3 15,2
Redudtion of area (%) 24,7 ~ 38,9 33,7 18,2
To obfain the usual 95 % confidence level, a coverage factor of 2 should-be applied to[the standard
uncerfainties.
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Annex E
(informative)

Representation of results and extrapolation

E.1 General

This annex su
for their need
developed wi

E.2 Symbgls for strength values and their calculation

E.2.1 Strai

In most cases
ep, and the pg

E.2.2 Cree]

The creep ruj
rupture after

For the creey
rupture time,

EXAMPLE
tu=100000h

E.2.3 Stres

The stress-to
leads to a prg
tpx) under coy

For the stres

mmarizes important information which should help the user to choose a suitablede
[s (i.e. uninterrupted, interrupted or combined) and apply the established metho
thin the European Creep Collaborative Committeel36].

u

the anelastic strain, ey, is negligible and there is no differénce between the plastic
rmanent strain, eper.

b rupture strength

bture strength at a specified test temperature;, T; is the applied stress, Ry, which 1¢
a certain test duration (creep rupture time,¢,) under constant tension force.

rupture strength, the symbol Ry is wuSed, followed by the second index for the|
ty, in hours, and by the third index fer.the test temperature, 7T, in degrees Celsius (°

For the short symbol of the creép)rupture strength determined at a creep rupture f{
hnd a test temperature of T=550°C (100 000 h-creep-rupture strength at 550 °C):

Ry 100 000/550
s-to-specific-plastic-strain

Lspecific-plastje<strain is the applied stress, Ry, at a specified test temperature, T,
determined¢plastic strain, x, after a certain test duration (time-to-specific-plastic-
stant force,

maximum value/of the plastic strain, x, in percent, by the third index for the time-to-strain value

J

the fourth in

5-to-specific-plastic-strain, the symbol Ry, is used, followed by the second index f

5t type
Hology

Ktrain,

ads to

creep
C).

ime of

which
Ktrain,

or the
hnd by

exfor the test temperature.

EXAMPLE
strain of 0,2 %

E.3 Creep
machines

For the short symbol of the stress-to-specific-plastic-strain, with a maximum value of
, a time-to-strain value of 1 000 h and a test temperature of T = 650 °C:

Rp0,21000/650

testing in single test piece machines and/or multiple test piece

plastic

Creep tests on smooth (unnotched) test pieces may be performed in uninterrupted model44], typically
in a single creep test piece machine with continuous extension measurement, or in interrupted

model44] typi
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cally in multiple creep test piece machine.
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In the interrupted mode for elongation measurement, the test piece is removed from testing machine
and cooled down. Subsequently, the test piece is re-mounted, heated and loaded again.

Alternatively, creep tests may be performed in multiple test piece machine with continuous extension
measurement for each test piece.

To obtain sufficient information about primary creep, test pieces may be tested in a single test piece
machine with continuous extension measurement and high resolution up to a certain strain and then be

relocat

ed into a multiple test piece machine to test up to rupture in interrupted mode.

Primary creep information is necessary due to the fact that local stresses in notches cause stress

redistr

ibution due to plastic deformation. At high temperature superimposed creep deformation

contri
arere¢

Ute T0 Stress redistribution. To recalcutate Stress rediStribution i Components, Creep equations
ommended which consider the primary and secondary creep regime.

The ejperimental results of creep tests in uninterrupted mode are typically displayed infa logarithmic
percenptage plastic extension-time diagram [Figure E.1 a)] and/or a logarithimic perdentage creep

extengion-time diagram [Figure E.1 b)].

Experjmental results of creep tests in interrupted mode are typically’ displayed in h logarithmic

percer

tage permanent elongation-time diagram [Figure E.1 c]].

The e¥perimental results of combined testing techniques are displayed according to [Figyre E.1 d)].

The p¢rcentage plastic extension at creep rupture time, epyumay be determined from the continuous
measuyrement at uninterrupted creep tests of the increase of length at creep ruptuge time, t,. A
corregponding value, efy, may be determined from percelitage creep extension at creep rypture time.

NOTE
machir

The test piece will not be moved from a singleitreep test piece machine to a multiple dreep test piece
e until it has been assessed that primary creeplias been completed.
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Figure E.1 — Schematic representation of creep curves generated in non-interrupted creep test
mode (a, b), Interrupted creep test (c) and creep:test to be started in non-interrupted crejp test
mode and continued as'interrupted creep test (d)

E.4 Evaluation

E.4.1 General
ental results of @avindividual material for one test temperature can be displaye
ut the

h number of diagrams (see Figures E.2 and E.3). In these diagrams, extrapolated
hed while extrapolated points should be in parentheses. In E.5, some remarks abg

The experim
evaluated in
should be das
extrapolation|

of data are'given.

d and
rurves
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b) Creep rupture and stress-to-specific-plastic-strain diagram
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c) Creep rupture elongation diagram
Key
1 creep curve o~AG test stopped without rupture¢
2 creep rupture curve o~ test running
3 stregs-to-specific-plastic-strain curve a-AG test stopped without nupture
o smo¢th test pieces (rupture) A test running
A notched test pieces (rupture) _ extrapolated

Points in () are

Horizontal axid:

a Initial stress
b Data from te
¢ AG from the

Figure E.

E.4.2 Loga

In order to d
elongation, A

[see Figure E|

The creep cu
The time to sj

E.4.3 Creej

To determing

based on extrapolated data
t, time (hours); E.2 ¢): ty (hours)
in MPa.
hsile test at elevated temperature.
German “ausgebaut” — test stopped without rupture.

P — Example for the representation of test results for constant test temperatuy
and constant tensile force

rithmic creep diagram

ber, may be plotted vetsus time, ¢, in a diagram with both axes in logarithmic
2 a)].

've can either bé-displayed smooth or as a series of lines connecting the measure
pecific plastieStrain, tpy, can be taken from such a diagram.

b rupture diagram

thé.creep strain diagram, the times to strain corresponding to given strain valu

tpo,2, are plot

re

isplay creep curves, the pércentage plastic extension, ep, or the percentage permanent

scales

1l data.

S, e.g.

tédin dependence of initial stress, Ry, in logarithmic scales [see Figure E.2 b)]. The

curve

should be smooth. From this diagram, the stress-to-strain, Ry ¢, is taken.

To determine the creep rupture diagram, the rupture time, ¢, is plotted in dependence of initial stress,
Ry, in the same diagram and smoothened.

From this curve, the stress-to-rupture, Ry 7, is taken.

The rupture strength and the stresses-to-strain from hot tensile tests can be depicted in this diagram
at a certain time, e.g. £ = 0,1 h. In this case, it has to be properly denoted in the figure.

Furthermore, the rupture times depending on the initial stress, R,, of notched test pieces can be plotted
as a hint in this diagram. Additional judgments of the material behaviour can be achieved in this way.
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