International
Standard

ISO 14544

Fine cer
advance
Mechan
compos

amics (advanced ceramics,
d technical ceramics) —
ical properties of ceramic
ites at high temperature

— Determination of compressive

propert

Céramiques te
a matrice céra
caractéristiqu

€S

rhniques — Propriétés mécaniques des composites
mique a haute température — Détermination des
Ps en compression

Second edition
2025-01

Reference number
ISO 14544:2025(en)

© ISO 2025


https://standardsiso.com/api/?name=96b7037071356bf8cecf6e4553c3a4c8

ISO 14544:2025(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2025

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2025 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=96b7037071356bf8cecf6e4553c3a4c8

ISO 14544:2025(en)

Contents Page
FOT@WOT. ... 1111111111111 eeeeeeeeeeeeeseereereeeeeeeseeeeeeees \'4
1 SCOPI@ ...t 1
2 Normative references
3 Terms and definitions
4 Principle
5 APPATATULS ... 4
5.1 B ST o 0 002 (63 0 1 U< 0000000000000 000000000 4
5.2 Load-train -
5.3 Gastight test Chamber ..o )
5.4 Set-UP fOr NEATINE ..oy o

10
11

5.5 Strain measurement............
5.5.1 General ...,
5.5.2  Strain gauges. ...
5.5.3 Extensometer........
5.6| Temperature measurement devices .
5.7 Data reCording SYSEOIM ...y S
5.8 Dimension measuring devices

Test specimens
6.1 GeNETal...oooooooooeceeeeeee e

6.2 Compression between platens .
6.3| Testspecimen used With GIriPsS ... e | 9
Test Specimen PrePATATION ... H e eseee bt 11
7.1 Machining and PreParation. ... e 11
7.2 NUMDET Of £EST SPECIIMENS ..o S| 12
TESE PIOCEAUIES ..o Bttt

8.1 Test set-up: temperature considerations... .

811 GEINETAL ..o Tt

8.1.2  Controlled-teMPEIratiEE ZOTE ...

8.1.3 Temperature calibration.......
8.2 Test set-up: other considerations........

8.2.1 Displacement pate...........en

8.2.2 Measurenient of test-specimen dimensions.....

8.2.3  BUCKIRGD o .
8.3 TeSTING LECAIIGUE ...t

8.3.1  SPROHMNEN MOUNTINE ...ooioioieiiiiie et

8.3.2 _ Setting of extensometer .

8.3.30. Setting of iNert atMOSPRETe. ...

8.3:4  Heating of teSt SPECIMEN ..o

B23.5  MEASUIEIMIEIIES ..o s s s
8.4 Test validity
CalCUIATION OF TE@SUIES ........ooooooee oo 15
9.1 TEST SPECIIMIEIT OTIZITN ..ok 15
9.2 COMPIESSIVE STIEIMGEI ..o 15
9.3 Strain at Maximum COMPIESSIVE FOTCE ... 16
9.4 COMPIESSIVE TMIOAULIUS ..o 16

9.4.1 Calculation of cOMPresSive MOAUIUS ... 16

9.4.2 Calculation of compressive modulus with linear behaviour at the origin................ 17

9.4.3 Calculation of compressive modulus with non-linear behaviour ..., 17
TESTETE@POTT ...ttt 17
L1003 0= o 7= 00 L= OO 18

© IS0 2025 - All rights reserved
iii


https://standardsiso.com/api/?name=96b7037071356bf8cecf6e4553c3a4c8

ISO 14544:2025(en)

Annex A (informative) Illustration of compressive MOAUIUS..............coe e 19

Annex B (informative) Calibration method of the test temperature using a cartographic
specimen equipped with thermocouples

Bibliography ...

© IS0 2025 - All rights reserved
iv


https://standardsiso.com/api/?name=96b7037071356bf8cecf6e4553c3a4c8

ISO 14544:2025(en)

Foreword

[SO (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 described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites
at high temperature — Determination of compressive
properties

1 Scop

This docu
composite
inert gas 3
reinforcem
one princif
to carbon-
testing are

2 Norm

The follow
requireme
the latest e

ISO 3611,
metrologic

[SO 7500-1
Tension/co

ISO 9513, A

[SO 19634,
and symbo

ISO 20507,
IEC 60584

3 Term

Iwnt specifies procedures for determination of the compressive behaviour ef\cera

materials with continuous fibre reinforcement at elevated temperature in .dir, vz
tmospheres. This document applies to all ceramic matrix composites with a contir
ent, uni-directional (1D), bidirectional (2D) and multi-directional (xD, with x > 2), te
al axis of reinforcement or off axis conditions for 2D and xD materials..This document g
ibre-reinforced carbon matrix composites (also known as carbonjc¢arbon or C/C). Ty
distinguished: compression between platens and compression using grips.

ative references

ng documents are referred to in the text in such a way that some or all of their content
hts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including anyxamendments) applies.

Geometrical product specifications (GPS) --&, Dimensional measuring equipment —
1l characteristics of micrometers for external measurements

, Metallic materials — Calibration and verification of static uniaxial testing machineg
mpression testing machines — Calibration and verification of the force-measuring system

letallic materials — Calibration of extensometer systems used in uniaxial testing

Fine ceramics (advanced-ceramics, advanced technical ceramics) — Ceramic composites —
s

Fine ceramics (advanced ceramics, advanced technical ceramics) — Vocabulary

1, Thermocotiples — Part 1: EMF specifications and tolerances

s and definitions

mic matrix
icuum and
juous fibre
sted along
Iso applies
vo cases of

ronstitutes
references,

Design and

— Part 1:

- Notations

For the pu

rposes of this document, the terms and definitions given in ISO 20507 and ISO 196

B4 and the

following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

test temperature

T

temperature of the test piece at the centre of the gauge length

© IS0 2025 - All rights reserved
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calibrated length

[
part of the

[SOURCE: I
3.3

test specimen that has uniform and minimum cross-section area

SO 20504:2022, 3.1]

gauge length

Lo

initial distance between reference points on the test specimen in the calibrated length

[SOURCE: ISO 20504:2022, 3.2, modified — term and definition, words before initiation of the test deleted.]

3.4

controlled
part of the
the test tej]

3.5

initial cro
So '
cross-secti

3.5.1
apparent ¢
So app
area of the

3.5.2
effective d

So eff
drea corre

3.6
longitudin
A

decrease i the gauge length under a-compressive force in the load direction

Note 1 to en

3.7
compressi
£

ratio of deformationte’initial gauge length defined as the ratio 4/L,,

Note 1 to en

3.8

-temperature zone
calibrated length, including the gauge length, where the temperature is within-alrange
nperature

ks-section area

on area of the test specimen within the calibrated length, at room temperature before

‘'ross-section area

Ccross section

ross-section area

‘ted by a factor, to account for the presenge of a coating

1al deformation

try: The longitudinal deformation corresponding to the maximum compressive force is denotg

ve strain

try: The.compressive strain corresponding to the maximum compressive force is denoted as &,

of 50 °C of

testing

dasd;y,.

compressi
F,

c

ve force

uniaxial force carried by the test specimen at any time during the compression test

[SOURCE: I
39

SO 20504:2022, 3.6, modified — word "compression" added.]

compressive stress

o

compressive force (3.8) supported by the test specimen at any time in the test divided by the initial cross-
sectional area (3.5) such that o = F /S,

[SOURCE: I

S0 20504:2022, 3.8]

© IS0 2025 - All rights reserved
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apparent compressive stress

O'ap

3.9.2
effective c

Oeff

ompressive stress

rat{)o of the compressive force (3.8) supported by the test piece to the apparent cross-section area (3.5.1)

ratio of the compressive force (3.8) carried by the test piece to the effective cross-section area (3.5.2)

3.10
maximum
F

compressive force

c,m
highest for]

3.11
compressi

Ocm
greatest cq

[SOURCE: ]

3.11.1
apparent ¢
Ocm app
ratio of thd

3.11.2
effective d

0c,rr_1 eff
ratio of thd

3.12
compressi
E

slope of th¢

Noteltoe
then descr

3.12.1
apparent ¢
Eapp

slope of th
(3.9.1) is u
3.12.2
effective @

irIed in the Annex A.

ce recorded or force at failure during a compressive test

ve strength

mpressive stress (3.9) applied to a test specimen when tested to failure

S0 20504:2022, 3.9]

compressive strength

maximum compressive force (3.10) to the apparent cross-section area (3.5.1)

ompressive strength

maximum compressive force (3.10) to the effective cross-section area (3.5.2)

ve modulus

 linear section of the stress-strain curve at or near the origin

ry: Itis possible that a linear-part does not exist or does not start at the origin. The different si

fompressive modulus

e linear partéof-the stress-strain curve at or near the origin when the apparent comprg
ed

ompressive modulus

tuations are

ssive stress

Eoff

slope of the linear part of the stress-strain curve at or near the origin, when the effective compressive stress
(3.9.2) is used

4 Principle

A test specimen of specified dimensions is heated to the test temperature, and loaded in compression. The
testis performed at constant crosshead displacement rate or constant deformation rate (or constant loading
rate). Force and longitudinal deformation are measured and recorded simultaneously.

NOTE

The test duration is limited to reduce creep effects.

© IS0 2025 - All rights reserved
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When constant loading rate is used in the nonlinear region of the compressive curve, only the compressive
strength can be obtained from the test. In this region, constant crosshead displacement rate or constant
deformation rate is recommended to obtain the complete curve.

5 Appa

ratus

5.1 Test machine

The machine shall be equipped with a system for measuring the force applied to the test specimen that
shall conform to grade 1 or better in accordance with ISO 7500-1. This should prevail during actual test

conditions

5.2 Loacll train

The load ty
the test sp

The load t
change beq

The load t
bending or
and docuni
described 1

There are 1

a)

Compr
have a

of, e.g. gas pressure and temperature.

ain configuration shall ensure that the load indicated by the load cell and the load expé¢
pcimen are the same.

ause of heating.

rain shall align the specimen axis with the direction of load‘application without i
torsion in the specimen. The misalignment of the specimen shall'be verified at room te
ented. Several standards address this topic but it is recommended to comply with the
n ISO 17161. The percent bending strain shall not exceed 5 % at an average strain of 5

wo alternative means of load application:

ession platens are connected to the load cell and on the moving crosshead. The plat
larger diameter than the specimen base. Thetparallelism of these platens should be |

rienced by

Fain performance including the alignment system and the force transmiitting system shall not

ntroducing
mperature
procedure
DO x 10-6.

ens should
better than

0,01 mim, in the loading area, at room temperature.ahd they shall be perpendicular to the load direction.

The uj
thickn
in ISO
recom

A com
macro
chemi
b) Grips 3

The gif
axisw

Conformity

e of platens is not recommended forcompression testing of 1D and 2D material
bss due to buckling. For high temperature tests set-up, the platens parallelism valu
20504 is sometimes difficult to"be determined by dimensional controls but remains
mendation.

pliant interlayer material )between the test specimen and platens can be used
scopically inhomogeneous materials to ensure even contact pressure. This material
ally compatible with.both test specimen and platen materials.

re used to clampand load the test specimen.

ip design shall prevent the test specimen from slipping. The grips shall align the tes
th that gf the applied force.

r to4his requirement should be verified and documented according to, for example, the

5 with low
e specified
a suitable

for testing

should be

L specimen

procedure

described 1}

nReference [1].

The grips or the platens may either be in the hot zone of the furnace or outside the furnace.

NOTE

When grips or platens are outside the furnace, a temperature gradient exists between the centre of the

specimen, which is at the prescribed temperature, and the ends that are at the same temperature as the grips or

platens.

5.3 Gastight test chamber

The gastight chamber shall allow proper control of the test specimen environment in the vicinity of the test
specimen during the test. The installation shall be such that the variation of load due to the variation of

pressure is

less than 1 % of the scale of the load cell being used.

© IS0 2025 - All rights reserved
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Where a gas atmosphere is used, the gas atmosphere shall be chosen depending on the material to be tested
and on test temperature. The level of pressure shall be chosen depending: on the material to be tested, on
temperature, on the type of gas, and on the type of extensometer.

Where a vacuum chamber is used, the level of vacuum shall not induce chemical and/or physical instabilities
of the test specimen material, and of extensometer rods, when applicable. Primary vacuum (typically 1 Pa

pressure) i

s recommended.

5.4 Set-up for heating

The set-up

for heating shall be constructed in such a way that:

the test coupon maximal temperature will never exceed the desired test temperature by more than 5 °C;

— the ga||1ge length is actually included in the controlled temperature zone.

NOTE1 Y
in the contr
the gauge l¢

NOTEZ2 ]

especially f
temperatur

If the tests

degradation, the test duration and the controlled temperature zonejthermal gradient parameter

set at the
degradati
chemical

within the

NOTE 3
described i

5.5 Stra

5.5.1 Ge

For contin
temperatu
longitudin

test specinjen is recommended.

5.5.2 St

Strain gaug
are not reg

glggradation, it is recommended to not exceed +5.2G below 500 °C for the temperatu

blled temperature zone is considered to be low enough to avoid large discrepancy, df material
ngth and then to bias the material properties determination.

'his value of 50 °C is a maximum value of the temperature gradient of the controlled tempe
pbr very high temperature test in cold grip configuration. If tests are_peyformed at lower t
e gradient lower than 50 °C can be easily achieved.

are performed under oxidative environment, for CMC materials which are sensitive t

owest values possible in order to limit the impact onthe material properties of th
. For instance, for material such as CMC including<a’carbon interphase which are s

controlled temperature zone.

An example of calibration method of test tefiperature and temperature gradient deter
the Annex B.

in measurement

neral

llous measurement of the longitudinal deformation as a function of the applied fo

il deformation over a length as long as possible within the controlled-temperature }

ain gauges

res areused for the verification of the alignment on the test specimen at room temper;
ommended to determine longitudinal deformation during testing at high temperature

Vhen tests are performed in vacuum or inert gas atmospheres, this maximal temperaturé gradjient of 50 °C

ehaviour in

rature zone
pmperature,

p oxidative
s are to be
b oxidative
ensitive to
'e gradient

mination is

'ce at high

Fe, either suitable contacting or non-contacting extensometer may be used. Measfirement of

rone of the

iture. They

5.5.3

Extensometer

5.5.3.1 General

The extensometer shall be capable of continuously recording the longitudinal deformation at test
temperature. The use of an extensometer with the greatest possible gauge length is preferable.

Extensometers shall meet the requirements of class 1 or less (class 0,5) in accordance with ISO 9513. Types
of commonly used extensometers are described in 5.5.3.2 and 5.5.3.3.

© IS0 2025 - All rights reserved
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5.5.3.2 Mechanical extensometer

For a mechanical extensometer, the gauge length shall be the initial longitudinal distance between the two
locations where the extensometer rods contact the test specimen.

The rods may be exposed to temperatures higher than the test specimen temperature. Temperature and/
or environment induced structural changes in the rod material shall not affect the accuracy of deformation
measurement. The material used for the rods shall be compatible with the test specimen material.

Any extensometer contact forces shall not introduce bending greater than that allowed in 5.2.

Care should be taken to correct for changes in calibration of the extensometer that may occur as a result
of operating under condltlons different from calibration. Verification may be done by measuring the

Tz oot nei o] o n e Ao

COI‘I’IpI’ESSl‘ -e-1116

Rod press
extensome

5.5.3.3 HK

Electro-op
purpose, r
the distang
compatible
the specim|

NOTE 1
concentrati

NOTE2 4

colours of the reference marks and the test specimen.

5.5.3.4 I

Digital im4
to improvg
might be u

NOTE
documentat

Stress-stra
using DIC ¢

Full-field deformationieutput procedure and calibration data shall be annexed to the test report.

5.6 Temperdture measurement devices

T

ure onto the test specimen should be the minimum necessary to preventcslipp
ter rods.

lectro-optical extensometer

Fical measurements in transmission require reference marks on(the test specime
hds or flags shall be attached to the surface perpendicular to its\agis. The gauge leng
e between the two reference marks. The material used for marks (and adhesive if use
with the test specimen material and the test temperature and shall not modify the stj
en.

he use of integral flags as parts of the test specimen geometry is not preferred becau
bn induced by such features.

An electro-optical extensometer is not appropriatein the case where it’s impossible to disf

pigital image correlation

the measurement accuracy, thé.size of furnace window may be minimized and an o
sed to get high contrast randem-patterns at elevated temperatures!2l,

reating a flyspeck that can‘be used at high temperature is a major technical challenge with
ion to date.

in response of ceramic composites can be determined for on-axis or off-axis compress
echnique, as wellds for tensile tests on SiC/SiC CMCs up to 1 316 °CI2l,

For tempe

ing of the

n. For this
th shall be
d) shall be
ess field in

e of stress

inguish the

ge correlation (DIC) method can-besed for non-contacting strain field measurement. In order

btical filter

little or no

ve tests by

fatiire measurement_either fhprmnrmlp]pc r‘nnfnrming to IEC 60584-1 shall be use

or, when

thermocouples not conforming to IEC 60584-1 or pyrometers are used, calibration data shall be annexed to
the test report.

5.7 Datarecording system

A calibrated recorder may be used to record the force-deformation curve. The use of a digital data recording

systemisr

NOTE

ecommended.

More detailed information is available in ISO 6892-1:2019, Annex Al3l.

© IS0 2025 - All rights reserved
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ension measuring devices

Devices used for measuring linear dimensions of the test specimen shall be accurate to +0,01 mm.
Micrometres shall conform to ISO 3611.

6 Test specimens

6.1 General

The choice

of specimen geometry depends on several factors, such as:

nature of the material and of the reinforcement structure;

type o

type o

The volum
such as to
specimen.

A test piec
off-axis loa

Two types
a) as-fabi
this ca
b) machil
have b
Tolerance
specimens

length) sha

6.2 Com

The cross-

F heating system;
Floading system.

e in the gauge length shall be representative of the material and calibratedlength shal
void buckling failure. If buckling occurs, it can be necessary to modifytlre dimensiong

e volume of a minimum of five representative volume elements. is recommended. In
ding conditions, results can depend on the cross-sectional apea-ef specimens due to sc

of test specimens can be distinguished:

icated test specimens, where only the length and theswidth are machined to the speci
se, two faces of the test specimen can present irregular surfaces;

ned test specimens, where the length and the_ width, as well as the two faces of the test
een machined and present regular machined’surfaces.

on the thickness dimension only applies to machined test specimens. For as-fabr

| be chosen
of the test

the case of
ale effect.

ied size. In

specimen,

icated test

the difference in thickness out of thitee measurements (at the centre and at each end df the gauge

uld not exceed 5 % of the average'ef the three measurements.

pression between platens

sections of the recommended test specimens may be cylindrical, square or rectangular.

A Type 1 specimen is commonly used and is represented on Figure 1, where d and d, represent th

side and sh

Recommer

ort side respegtiveély of the three specimen geometries.

ded dimensions are given in Table 1.

e diameter,

© IS0 2025 - All rights reserved
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0,05 A

/7

0,05 B

Figure 1 — Type 1 specimen geometry

_4—tt———— -t ——— - - —

Table 1 — Recommended-dimensions for a Type 1 specimen

Dimensions inf millimetres
2D and xD Tolerance

I, calibrated length >15 10,5
I, total length >1,51 10,5
d, circular ¢r square section dianieter or side length >8 10,2
d,, circularjor square sectiomdiameter or side length at the specimen base > d+0,8r 10,5
r, radius of phoulder >10 > 2
Parallelism| of machified parts 0,05

Perpendicylarity-ofimachined parts 0,05

Concentriclty-of'machined parts 0,05

A Type 2 specimen is sometimes used and is represented in Figure 2. This specimen is mainly used when the
thickness of the part is not sufficient to machine a specimen of type 1.

Recommended dimensions are given in Table 2.

© IS0 2025 - All rights reserved
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Figure 2 — Type 2 specimen geometry

od

Table 2 — Recommended dimensions for a Type 2 specimen

Dimensions inl millimetres

1D, 2D and xD Tolenance
I, calibrated length >10 +(,5
d, circular ¢r square section diameter or side length >10 +(,2
Parallelism| of machined parts 0,05
Perpendicylarity of machined parts 0,05

6.3 Test

For these types of specimens, the total length I, depends on furiiace and gripping system.

specimen used with grips

A Type 3 specimen is represented in Figure 3. This type of'specimen is recommended in the case pf buckling

with the specimen of Table 3. With this type of specimengit is very difficult to obtain strain measpjirements.
Recommerjded dimensions are given in Tables 3 and %
A
el b
< ‘ / 1 / A-A
\Z ! / [
S H 7
| %
< - RN ||
—J h
A
l
[‘r

Figure 3 — Type 3 specimen geometry

© IS0 2025 - All rights reserved
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Table 3 — Recommended dimensions for a Type 3 specimen

ISO 14544:2025(en)

Dimensions in millimetres

2D and xD Tolerance
I, calibrated length >15 +0,5
h, thickness >2 +0,2
by, width in the calibrated length =28 +0,2
b,, width b, =ab; witha=1,2to 2 +0,2
r, radius of shoulder >30 +2
Parallelism of machined parts 0,05

Table 4 — Alternative recommended dimensions for a Type 3 specimen

Dimensionsinf millimetres
2D and xD Tolenance

I, calibrated length <15 +(,5

h, thicknes;j >1 +(,2

by, width inf the calibrated length >8 +(,2

b,, width b, = ab; with a = 1,202 +(,2

r, radius of phoulder > 30 P
Parallelism| of machined parts 0,05

A Type 4 i$ sometimes used and is represented in Figure 4. When used with cold grips, this miilti-section

specimen gllows rupture within the controlled-temperature zone.

Recommernjded dimensions are given in Table 5.

A-A

[

Figure 4 — Type 4 specimen geometry
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Table 5 — Recommended dimensions for a Type 4 specimen

Dimensions in millimetres

2D and xD Tolerance

I, calibrated length >15 +0,2

h, thickness 3 +0,2

by, width in the calibrated length 8to 20 £0,2
b,, width b, =ab; witha=1,2to 2 +0,2
b;, width by =pb, with f=1,2to 2 +0,2

r, radius of shoulder >30 +2
Parallelism of machined parts 0,05

A Type 5 i$ sometimes used and is represented in Figure 5. This test specimen is easy to machiine and its
use allows|mainly the determination of modulus, as rupture may not happen in the controelled-tgmperature
zone; it shquld not be used for strength measurement

Recommerjded dimensions are given in Table 6.

A-A

A
i
|
|
!
A
[f

Figure 5 — Type 5 specimen geometry

Table 6—=—Recommended dimensions for a Type 5 specimen

Dimensions inf millimetres

1D, 2D and xD Tolenance
h, thicknes; >2 +(,2
b, width 8to 20 +(,2
Parallelism| of machined parts 0,05

7 Test specimen preparation

7.1 Machining and preparation

During cutting out, care shall be taken to align the test specimen axis with the desired fibre related loading
axis. For off-axis tests, care shall be taken to determine the angle between main reinforcement and loading axis.

Machining methods that do not cause damage to material are recommended. Machining parameters should
be traceable.

© IS0 2025 - All rights reserved
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When specimens are machined from a plate which has been protected against oxidation, the cut surfaces of the
specimen are unprotected. These surfaces should be protected to prevent a possible oxidation under air test.

When a cold gripping system is used, the surface of the part of specimen which is at a temperature between
the test temperature and the grips temperature can need appropriate antioxidant protection.

7.2 Number of test specimens

At least three valid test results, as specified in 8.4 are recommended for any condition.

If statistical evaluation of the test results is required, the number of test specimens should be chosen
according to accepted statistical procedures and guidelines.

8 Test ]]Lrocedures

8.1 Test

8.1.1 Ge

The follow
repeated e
establishin

8.1.2 Co

Prior to teq
over the tdg
done if po
temperatu

points and
NOTE1 4

NOTE 2

set-up: temperature considerations

neral

very time there is a change, e.g. in material, in specimen geometry, in gripping config
g them, time shall be allowed for temperature stabilization.

ntrolled-temperature zone

ting, the temperature gradient within the calibrated length inside the furnace shall be §
mperature range of interest in order to definethe controlled temperature zone. Th
5sible at test temperature (especially for very high temperature), by measuring thg
e at a minimum of three locations of the gauge length, which shall be the extensomete
midway between the two, and at least to.other points outside the gauge length.

An example of thermal cartography test-specimen is described in the Figure B.1.

ontrolled temperature zone is defined as per 3.4.

Temperatures shall be measured jnjaccordance with 5.6. If thermocouples are used to m

temperatu
a dummy
insertion.

813 Te

During a s
specimen i

In the lattq

Fe at different locationgof-the specimen, they shall be embedded (and sealed if nece
specimen to a depthapproximately equal to half the specimen dimension in the d

mperature calibration

eries of.fests, the test temperature may be determined either directly by measuren;
Lself, orindirectly from the temperature indicated by the temperature control device.

ng determinations shall be carried out under conditions representative of the tests, ajnd shall be

uration. In

pstablished
is shall be

specimen
I reference

pasure the
ssary) into
irection of

ent on the

rlease, calibration will be necessary. The relationship between the control temperatufre and test
specimen t—ﬁﬁh_t_f'th—]_fh_h_ﬂ‘b_t_m_h_d‘b_f_h_d—?ilempera Ure at the centre of the gauge length shall be established beforehand on a dummy test

specimen over the range of temperature of interest.

NOTE

temperature is usually established simultaneously with the controlled-temperature zone.
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8.2 Test

ISO 14544:2025(en)

set-up: other considerations

8.2.1 Displacement rate

Displacement rate that allows specimen rupture within 1 min shall be used. The displacement rate and the
loading mode shall be reported. If the material to be tested is sensitive to creep at the temperature of test,

the displac

ement rate shall be significantly increased but impact loading shall be avoided.

8.2.2 Measurement of test-specimen dimensions

The cross-section area is determined at the centre of the specimen and at each end of the gauge length. The

arithmetic

means of the measurements shall be used for calculations.

The necess

The cross-{
cross-secti

If the test
known wit
is less than
temperatu
account.

8.2.3

During a
increased 4
temperatu
the use of {
used for th
occursint

One possiljility is to place two extensometers.on opposite sides of the specimen during the test.

of buckling
length on t
of the stres

g’ —¢’
g’ +e’

where

Buckling

ary dimensions to calculate cross-section area are measured with an accuracy of £0;0

ection area varies with temperature and the variation is very difficult to measufre, for 4
on area is measured at room temperature.

specimen is equipped with marks, the gauge length measured at room:temperatul
h an accuracy of 1 %. If thermal expansion between room temperature and the test td
the tolerance on the gauge length measurement, then the gauge length may be measuf
Fe. If this is not the case, the gauge length shall be corrected toitake the thermal exp

ompression test, the test specimen may be subje¢ted to buckling. This phenomer
it high temperature due to the use of a longer size sample and compression using grips.
re, this can be handled using anti-buckling system according to ISO 20504. At high te
hese systems is limited by the size of the furitace and the temperature resistance of

he conditions of the test.

b is acceptable if the difference\between the strains measured in the middle of the

s-strain response (typically;this can be chosen as 0,1 o, to 0,9 0. ,)), is such that For1

<0,05

the compressive strain measured on the width face;

theCompressive strain measured on the opposite face for the same stress for the same cr

1 mm.

his reason,

e, shall be
mperature
ed at room
hnsion into

on can be
At ambient
mperature,
e material

t
e system. Otherwise, to be sure of the validity of the test, it is necessary to verify that Io buckling

[he degree
calibrated

he opposite width faces of the verification test specimen, for values of stress in the linear region

mula (1):
(1)

ss-section.

If it is not

ussible to place twoextensometers o the specimen unmdertest tonditions, ome of th

procedures shall be used.

a) Preliminary room-temperature test

e following

If it is assumed that mechanical behaviour at high-temperature and at room temperature are similar,
then resistance to buckling of the high-temperature test specimen may be verified by a test at room
temperature with two extensometers.l1l If buckling occurs, it is necessary to modify the test specimen

geome

try.
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b)

ISO 14544:2025(en)

Test with two different specimens

If two specimens of different thickness can be prepared, then a test with two different specimens (of
thickness h and 2 h) shall be carried out. It shall be considered that there are no buckling problems, if
results are identical up to rupture. If not, the thicknesses shall be changed to 2 h and 4 h, respectively.

If preparation of different test specimens is not possible, then two types of tests may be carried out
independently. The first test shall be performed for the measurement of the modulus (test specimen
with extensometer) and the second test with a short test specimen shall be performed to give only the

compressive strength.

Absence of buckling shall be verified every time there is a change in material or specimen geometry.

8.3 Test

83.1 Sp

Install the
that of the

Care shall
topic but it

In some ca
from being

8.3.2 Se
Install the

Where a c
adjusted ta

Where the
extensome

8.3.3 Se

When test]
This can b¢

When testing under vacuuin,/the vacuum pressure is recommended as per 5.3.

8.3.4 He

Raise the t
a period td

ing technique

pcimen mounting

test specimen in the gripping system or loading system with its longitudina}axis coin
test machine.

be taken not to induce flexural or torsional loads. For this purpose,sevéeral standards a
is recommended to comply with the procedure described in ISO,17161.

ses, it is necessary to apply a preload during the whole heating period to prevent the
lost. The preload shall not increase beyond 5 % of the expected failure load at any mo

[ting of extensometer
extensometer longitudinally centred with axis of'the test specimen and adjust to zero.

ntacting extensometer is positioned at ambient temperature, the extensometer outy
read zero after the stabilization period.at the test temperature.

material has a high thermal expansion coefficient, it is recommended to mechanically

[ting of inert atmosphere

ng in an inert gas, any. air'or water vapour shall be removed before setting the inert a
e achieved by establishing vacuum (<10 Pa) in the enclosure, or by circulating the gas.

ating of test specimen

est sfjecimen temperature to the required test temperature, and maintain this temp
allow for temperature stabilization and when applicable, for stabilization of the exf

ter taking expansion into account jn order to be close to zero when at test temperatur¢.

riding with

ddress this

alignment
ment.

ut shall be

preset the

h

mosphere.

erature for
ensometer

readout.

Two ways are possible:

a) if the test specimen temperature is measured during the test on the specimen itself, this temperature
shall be used to control the furnace;
b) ifitis notpossible to measure the test specimen temperature directly during the test, then itis necessary

to use the relationship between the test specimen temperature and furnace temperature which has

been e

stablished in 8.1.

Ensure that the test specimen stays at the initial state of stress during heating.

Ensure that the test specimen stays at the required temperature during the test (see Annex B).
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8.3.5 Measurements

Zero the load cell;

zero the extensometer;

record the force versus longitudinal deformation;

register temperature, environment conditions (gas and pressure);

load the test specimen;

there is no further risk of material degradation;

if any, before opening the test chamber, cool down under inert atmosphere to a temperature at which

note the position of fracture location relative to the mid-point of the specimen to the nearest

8.4 Testvalidity

The follow|ng circumstances invalidate a test:

failure
failure
specin
extens
ruptui
buckli
— changg

The follow

in the
of the

in casdq

NOTE )i
maximum f

9 Calcu

9.1 Test

to specify and record test conditions;
to meet specified test conditions;
len slippage;
ometer slippage;
e in an area outside of the controlled-temperature@Zone;
hg of the specimen;
in atmosphere.
ng circumstances partially validate’seme compressive properties measurements:

Case of extensometer slippage, the/strength is valid and the deformation remains valid
Cfurve before the slip appears;

of rupture outside of the gauge length, the compressive modulus remains valid.
or some specific materials, the rupture outside gauge length can invalidate the compressi

rce.

lation of'results

specimen origin

A diagram

A ctprating tha vt ot Aty nbi o aftha matertal-withrespeette +h

of 1 mm.

in the part

lve strain at

axis of the

P

oSt atrg cHe T o oT et T T o TaoTr S o oot

specimen shall accompany the test results.

9.2 Compressive strength

Calculate the compressive strength using one of the following formulae:

F

_ m
O-c,m,app - S
0,app
— Fm
Gc,m,eff - S
o,eff
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where
Ocm,app 1Sthecompressive strength attemperature T, using the apparentareaS,, ., in megapascals (MPa);
Ocmeff 1S the compressive strength at temperature T, using the effective area S, ¢, in megapascals (MPa);
F, is the maximum compressive force, in newtons (N);
Soapp IS the apparent cross-section area of the specimen, in square millimetres (mm?2);
Soeff  istheeffective cross-section area of the specimen corrected to take account of the environmental

barrier coating, in square millimetres (mm?2).
9.3 Strajn at maximum compressive force

Calculate t

he strain using Formula (4):

AC m
Eem =1 (4)
Ly

where

€ m [is the strain at the maximum compressive force;

A [isthelongitudinal deformation at the maximum compressive force in millimetres (mm), measured

by the extensometer;

Ly is the gauge length, in millimetres (mm).
9.4 Compressive modulus
9.4.1 Cajculation of compressive modulus
Calculate the compressive modulus E defified between two points (A;,F;) and (A,,F,) measurdd near the
lower and |upper limits of the linear part of the force-deformation record (see Figure A.1), adcording to
Formulae (|5) and (6):

Ly(F, —F ) 3
Eapp(q1,02)=7 1 oan <10 (5)
o,app( 2. 1)
Ly(F557) -3
Ee(0),07)= x 10 (6)
SoarrlAz —41)

where

Eapp i9the apparent compressive modulus, in gigapascals (GPa);

Eot is the effective compressive modulus, in gigapascals (GPa);

F is the compressive force acting on the specimen, in newtons (N);

Soapp IS the apparent cross-section area of the specimen in square millimetres (mm?);

Soeff  istheeffective cross-section area of the specimen corrected to take account of the environmental

barrier coating, in square millimetres (mm?2);
Ly is the gauge length at temperature T, in millimetres (mm);
A is the longitudinal deformation, in millimetres (mm) measured on the curve corresponding to F.
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9.4.2 Calculation of compressive modulus with linear behaviour at the origin

When the material has a linear behaviour at the origin (see Figure A.2), calculate the compressive modulus

according to Formulae (7) and (8):

(7)

(8)

b oxidation

nding to F.

nation.

ress-strain
'e fixed by

ldress and

Eopp = %x 1073

0,app

Eof = Mo 1073

o,effA
where

Eqpp is the apparent compressive elastic modulus, in gigapascals (GPa);

Eq¢ is the effective compressive elastic modulus, in gigapascals (GPa);

F is the compressive force acting on the specimen, in newtons (N);

Soapp | 1S the apparent cross-section area of the specimen, in square millipetres (mm?2);

Soeff | 1s the effective cross-section area of the specimen correctedstotake account of th

protection, in square millimetres (mm?2);

Ly is the gauge length at temperature T, in millimetres (mm);

A is the longitudinal deformation, in millimetres (mmj}), measured on the curve corresp
Any point (A, F) on the linear section of the force-deformatign record may be used for its determi
9.4.3 Calculation of compressive modulus with nen-linear behaviour
For materipls with no linear section of the stress=strain curve (see Figure A.3), the couples of st|
values corfesponding to stresses of 0,10, ...and 0,50, shall be used unless other couples al
agreement/between parties.

10 Test report

The test report shall contain thé following information:

a) name and address of thetesting establishment;

b) date of the test, unique identification of report and of each page, customer name and a
signatory;

c¢) areference to-this document, i.e. determined in accordance with ISO 14544:2025;

d) test piece drm/\ring arreference and orientation of load versus main fibre direction;

e) description of the test material (material type, manufacturing code, batch number);

f) description of the test set up: heating system, temperature measurement device, extensometer, gripping
system, load cell, nature and purity of gas and level of pressure or level of vacuum;

g) temperature gradient over gauge length and controlled-temperature zone;

h) heating rate, test temperature, and load rate, displacement rate, or strain rate as applied;

i) number of tests carried out and the number of valid results obtained;

j) force-longitudinal deformation records;
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k) wvalid results, mean values of the compressive strength, the compressive strain at maximum compressive
force, the compressive modulus;

1) value of correction factor applied when effective cross-section area is used and method to obtain it (for
example metallographic preparation);

m) failure location, of all the specimens used for obtaining the above results;

n) any unusual features observed.

11 Uncertainties

It is recommended to determine the measurement uncertainties. References and information are available

in ISO 6892-1:2019, Annexes ] and K.[3]
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Annex A
(informative)

Illustration of compressive modulus

Figure A.1 shows an example of a stress-strain curve that presents a toe before the first linear region
bounded by 04, £; and 05, &,.

o
0, €,
E
o, €
€
Key
&  comprgssive strain
o  comprgssive stress (apparent or effective)
E  comprgssive modulus/{apparent or effective)
Figure A'1 — Mechanical behaviour with linear region bounded by ¢, £; and 7, 4,
Figure A.2 shews-anotherexample-ofastress—straineurve-where-the Hinearpartstartsatthe-erigin.
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&

0-1’ 1

Key
&  comprd
o

E

compre

comprg

Figure A

Figure A.3

ssive strain
ssive stress (apparent or effective)
ssive modulus (apparent or effective)

.2 — Mechanical behaviour with predominantly linear region bounded by o, £,

origin and o,, &,

shows another example of a Stress-strain curve without linear region. In this case, thg

stress-strajin values corresponding to stresses of 0,10, ,, and 0,50 ,,, shall be used unless other

fixed by ag

reement between parties’

near the

couples of
rouples are
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cm

0,50

cm

/ 0,10‘C'm

Key
&  comprgssive strain

o  comprgssive stress (apparent or effective)

E  comprgssive modulus (apparent or effective)

Figure A.3 — Mechanical behaviour without linear region
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