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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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International Standard

ISO 14574:

2025(en)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites at
high temperature — Determination of tensile properties

1 Scope

This docurent specifies procedures for determination of the tensile behaviour of ceramic mattiy composite
materials with continuous fibre reinforcement at elevated temperature in air, vacuum-and inert gas
atmosphergs.

This methqd applies to all ceramic matrix composites with a continuous fibre reinfor¢ement, uni-firectional
(1D), bidirgctional (2D) and multi-directional (xD, with x> 2), tested along one pringipal axis of reinforcement
or off axis |conditions for 2D and xD materials. This method also applies to carbon-fibre-reinforfed carbon
matrix con[-lposites (also known as carbon/carbon or C/C).

NOTE In most cases, ceramic matrix composites to be used at high temper@ture in air are coated with an anti-
oxidation cqating.

2 Normative references

The follow|ng documents are referred to in the text in such.@way that some or all of their content fonstitutes
requirements of this document. For dated references, only, the edition cited applies. For undated feferences,
the latest gdition of the referenced document (includingany amendments) applies.

ISO 3611, |Geometrical product specifications (GPS) — Dimensional measuring equipment — Design and
metrologicql characteristics of micrometers for external measurements

ISO 7500-1, Metallic materials — Calibratien and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines —Calibration and verification of the force-measuring system

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

ISO 19634,|Fine ceramics (advanced ceramics, advanced technical ceramics) — Ceramic composites —+ Notations
and symbols

ISO 20507,|Fine ceramies){advanced ceramics, advanced technical ceramics) — Vocabulary

IEC 6058411, Therniogouples — Part 1: EMF specifications and tolerances

3 Termis‘and definitions

For the purposes of this document, the terms and definitions given in ISO 20507, ISO 19634 and the
following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

3.1

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

[EC 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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3.2

calibrated length

[

part of the test specimen that has uniform and minimum cross-section area

[SOURCE: ISO 20504:2022, 3.1]

3.3

gauge length

Ly

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

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

3.4
controlled-temperature zone
part of the|calibrated length, including the gauge length, where the temperature is within-airangg of 50 °C of
the test tethperature

3.5

initial crogs-section area

SO

cross-section area of the test specimen within the calibrated length, at rooin temperature before|testing
3.51

apparent ¢ross-section area

So app .

area of the|cross section

3.5.2

effective dross-section area

So eff .
area corre¢ted by a factor, to account for the presenge of a coating
3.6

longitudinal deformation

A

increase in the gauge length under a ténsile force in the load direction

Note 1 to entry: The longitudinal deformation corresponding to the maximum tensile force is denoted as 4,,.

3.7
tensile strfain
€
ratio of deformationt@’initial gauge length defined as the ratio 4/L,,

Note 1 to entry: Thefensile strain corresponding to the maximum tensile force is denoted as ¢,,,.

3.8
tensile force

F

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

39

tensile stress

o

tensile 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,

© IS0 2025 - All rights reserved
2


https://standardsiso.com/api/?name=01e8c4c6c79daae01841f2c4107008f9

3.9.1

ISO 14574:2025(en)

apparent tensile stress

Tap
rat{)o of the

3.9.2

tensile force (3.8) supported by the test piece to the apparent cross-section area (3.5.1)

effective tensile stress

Oeff
ratio of the

3.10
maximum
F,

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

tensile force

m
highest for]

3.11
tensile str
Gm
greatest te

3.11.1
apparent {
Om app
ratio of thed

3.11.2
effective t

Om gff
ratio of thd

3.13
tensile md
E
slope of th¢

Noteltoe
then descr

3.13.1
apparent {
Eapp

slope of th
(39.1)isu
3.13.2
effective t

Eefs
slope of th

irﬂfed in the Annex A.

ce recorded or force at failure during a tensile test

ength

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

ensile strength

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

ensile strength

maximum tensile force (3.10) to the effective cross=section area (3.5.2)

dulus

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

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

ensile modulus

e linear part of¢thé stress-strain curve at or near the origin when the apparent te
bed

ensilenodulus

eclinear part of the stress-strain curve at or near the origin, when the effective te|

tuations are

nsile stress

nsile stress

(3.9.2) isu

o

4 Princ

STTr

iple

A test specimen of specified dimensions is heated to the test temperature, and loaded in tension. The test is
performed at constant crosshead displacement rate, or constant deformation rate (or constant loading rate).

Force and 1

NOTE

ongitudinal deformation are measured and recorded simultaneously.

The test duration is limited to reduce creep effects.

When constant loading rate is used in the nonlinear region of the tensile curve, only the tensile 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.

© IS0 2025 - All rights reserved
3


https://standardsiso.com/api/?name=01e8c4c6c79daae01841f2c4107008f9

ISO 14574:2025(en)

5 Apparatus

5.1 Test

machine

The test 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 [SO 7500-1.

This should prevail during actual test conditions of, e.g. gas pressure and temperature.

5.2 Load train

The load train configuration shall ensure that the load indicated by the load cell and the load experienced by

the test specinremrarethresame:

The load train performance, including the alignment system and the force transmitting system, shall not
change bedause of heating.

The load train shall align the specimen axis with the direction of load applicationywithout iptroducing
bending or{torsion in the specimen. The misalignment of the specimen shall be verifi€éd at room tgmperature
and docunlented. Several standards address this topic but it is recommended tocomply with the|procedure
described In ISO 17161. The percent bending strain shall not exceed 5 % at anaverage strain of 500x 107°.
The attachment fixtures shall align the test specimen axis with the applied‘force direction.

The grip d¢sign shall prevent the test specimen from slipping.

There are {wo types of gripping systems:

— hot grips where the grips are in the hot zone of the furnace;

— cold gifips where the grips are outside the hot zone

The choice of gripping system will depend on‘inaterial, on test specimen design and on|alignment
requirements.

The hot grjp technique is limited in temperature because of the nature and strength of the materials that
can be used for grips.

In the cold grip technique, a temperature gradient exists between the centre which is at the [prescribed
temperatufe and the ends which-are at the same temperature as the grips.

5.3 Testichamber

The test chamber shall\be as gas-tight as possible and shall allow proper control of the test specimen
environment in the&icinity of the test specimen during the test.

The installption ‘'shall be such that the variation of the load due to the variation of pressure is less than 1 % of
the scale of the load cell being used.

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.

© IS0 2025 - All rights reserved
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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 of more than 5 °C,

— the gauge length is actually included in the controlled temperature zone.

NOTE 1

When tests are performed in vacuum or inert gas atmospheres, this maximal temperature gradient of 50 °C

in the controlled temperature zone is considered to be low enough to avoid large discrepancy of material behaviour in

the gauge le

NOTE 2

ngth and then to bias the material properties determination.

This value of 50 °C is a maximum value of the temperature gradient of the controlled temperature zone

especially for very high temperature test in cold grip configuration. If tests are performed at lower temperature,

temperatur

If the tests

degradation, the test duration and the controlled temperature zone thermal gradient parameter

set at the |
degradati
chemical

within the

NOTE3 4
in the Anne

5.5 Stra

5.5.1 Ge

For contin
temperatu
longitudin

test specinjen is recommended.

5.5.2 St

Strain gaug
are not red

5.5.3 Ex

5.5.3.1 (

The exten|
temperatu

de

e gradient lower than 50 °C can be easily achieved.

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

pwest values as possible in order to limit the impact on the material propérties of th
. For instance, for material such as CMC including a carbon interphase.which are s
gradation it is recommended to not exceed +5 °C below 500 °C for the temperatul
controlled temperature zone.

A\n example of calibration method of test temperature and temperaturegradient determination
K B.

in measurement

neral

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

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

ain gauges

ves are used for the verifigation of the alignment on the test specimen at room temper;
ommended to determine longitudinal deformation during testing at high temperature

fensometer

teneral

someteinshall be capable of continuously recording the longitudinal deformati
Fe. The-use of an extensometer with the greatest gauge length is preferable.

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

is described

'ce at high

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

rone of the

iture. They

pn at test

Extensomsd

ters shall meet the requirements of class 1 orless (class 0,5) in accordance with ISO 9

513. Types

of commonly used extensometers are described in 5.5.3.2 and 5.5.3.3.

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 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.

© IS0 2025 - All rights reserved
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Care should be taken to correct for changes in calibration of the extensometer that may occur as a result of
operating under conditions different from calibration. Verification may be done by measuring the tensile
modulus on a well-known material specimen.

Rod pressure onto the test specimen should be the minimum necessary to prevent slipping of the

extensome

ter rods.

5.5.3.3 Electro-optical extensometer

Electro-optical measurements in transmission require reference marks on the test specimen. For this
purpose, rods or flags shall be attached to the surface perpendicularly to its axis. The gauge length shall be
the distance between the two reference marks. The material used for marks (and adhesive if used) shall be

compatibl

with the test specimen material and the test temperature and shall not modify the st

ess field in

the specim

NOTE1 1
concentrati

NOTE2 |
of the referd

5,534 I

Digital im4
to improvg
might be u

NOTE (
documentaf]

Stress-stra|

c1.

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

lectro-optical extensometer is not appropriate in the case where it’s impossiblé\te’/distinguish
nce marks and the test specimen.

pigital image correlation

e of stress

the colours

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

the measurement accuracy, the size of furnace window-may be minimized and an o
sed to get high contrast random patterns at elevated temperatures [31,

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 tensile tes

DIC techn
Full-field

1ue, as well as for tensile tests on SiC/SiC EMCs up to 1 316 °C 31,

formation output procedure and calibration data shall be annexed to the test report.

5.6 Temperature measurement deviees

For tempe
thermoco
the testr

5.7 Dat{

A calibratd
system is 1

NOTE ]

el:ﬁ)rt.

fature measurement, either‘thermocouples conforming to IEC 60584-1 shall be use
les not conforming to [EC 60584-1 or pyrometers are used, calibration data shall be

| recording system

d recorder\may be used to record force-deformation curve. The use of a digital datg
ecommehded.

orédetailed information is available in ISO 6892-1:2019, Annex A (Informative) [4].

btical filter

little or no

ts by using

d or, when
hnnexed to

recording

5.8 Dim

ension-measuring devices

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

© IS0 2025 - All rights reserved
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6 Test specimens

6.1 General

The choice

of specimen geometry depends on:

nature of the material and of the reinforcement structure;

— type of heating system;

— type of gripping system.

The volume in the gauge length shall be representative for the material.

NOTE ]

A test piec
off-axis loa

Two types

a) As-fab
this ca

b)
have b

Tolerance
specimens
length) shd

6.2 Test
Several tyj

sections off
system, eit

'he total length L depends on furnace and gripping system. Generally, L is greater than 150,

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

of test specimens can be distinguished:

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

Machined test specimens, where the length and the width, as well @s the two faces of the tes{

een machined and present regular machined surfaces.

on the thickness dimension only applies to machined test specimens. For as-fabr
uld not exceed 5 % of the average of the three méasurements.

specimens commonly used

bes of test specimens may be used, .as indicated in Figures 1 to 6 and Tables 1 to 6.
the recommended test specimens@ay be cylindrical, square or rectangular. For co

her type 4 or 5 shall be used to feduce thermal gradient in calibrated length.
A
. I

I

.

the case of
ale effect.

fied size. In

specimen,

icated test

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

The cross-
d gripping

A\ - A

|
|
if
i

—_—
A

[

L

Figure 1 — Type 1 test specimen

© IS0 2025 - All rights reserved
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Table 1 — Recommended dimensions for a Type 1 test specimen

Parameter 2D and xD Tolerance
I, calibrated length 30 mm to 80 mm 0,5 mm
L, total length
h, thickness >2 mm +0,2 mm
a, angle 10°to 30° -
b, width of the calibrated length 8 mm to 20 mm +0,2 mm
R, radius > 30 mm +2 mm
Parallelism of machined parts 0,05 -
. A o
- o4 T ] I F Y NP dAY_._ U I B
{
L
Figure 2 — Type 2 test'specimen
Table 2 — Recommended dimensions for a Type 2 test specimen
Dimensions inf millimetres
Parameter xD Tolerance
I, calibrated length 30 to 80 +0,5
L, total length
d;, diametelr in calibrated length 8to 20 i
d,, diametdr dy=ad; (a=1,2to02) i
d;, diameter d;=£d, (8=1,2to02) +0,
R, radius > 30 +2
Parallelism| of machine@parts 0,05 -

© IS0 2025 - All rights reserved
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—
b
A
{
L
Figure 3 — Type 3 test specimen
Table 3 — Recommended dimensions for a Type 3 test specimen
Parameter xD Tolerance
I, calibrated length 30 mm toB80unm +0,5 mm
L, total length
b, width anf thickness in the calibrated length 3 mm to 8 mm +0,2 mm
a, angle 7°to 30° *2P
Parallelism| of machined parts 0,05 mm -
A
_ A-A

Figure 4 — Type 4 test specimen

© IS0 2025 - All rights reserved
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Table 4 — Recommended dimensions for a Type 4 test specimen

Dimensions in millimetres

Parameter 2D and xD Tolerance
I, calibrated length 30 to 80 +0,5

L, total length

h, thickness >2 ,2
by, width in the calibrated length 8to 20 ,2

b,, width b, =ab; witha=1,2 to 2 k

R, radius > 30 +2
Parallelism of machined parts 0,05 -

Variation ¢f material properties with temperature can lead to a multi-section test specimén-([Type 5) as
represented in Figure 5. When used with cold grips, this multi-section specimen allows-rupture in the

controlled temperature zone. Recommended dimensions are given in Table 5.

IS8

A
I
Q~ —
Q.
e /__/
! <
] ._._._._._._._._._._._._._._._._._._._.|_ .................................
-
A
L
L

A-A

Figure 5 — Type 5 test specimen

Table 5 <~“Recommended dimensions for a Type 5 test specimen

Dimensions inf millimetres
Parameter 2D and xD Tolerance
L, calibrated length 30 to 80 +0,5
L, total length
h, thicknes{ >2 +0,2
by, width in the calibrated length 8to 20 +0,2
b,, width b, =ab; witha=1,2 to 2 +0,2
b,, width by =pb, with f=1,2 to 2 +0,2
R, radius > 30 +2
Parallelism of machined parts 0,05 -

A Type 6 specimen as represented in Figure 6 is easy to machine and its use allows mainly the determination
of modulus, as rupture may not happen in the controlled temperature zone. Type 6 specimen cannot be used

for strength measurement and for cold gripping systems.

© IS0 2025 - All rights reserved
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A-A

A
.
|
|
|
|
|
|
i
.
|
A
L

Figure 6 — Type 6 test specimen

Table 6 — Recommended dimensions for a Typé 6 test specimen

Dimensions in millimetres

Parameter 1D, 2D and xD Tolerance
L, total length

h, thicknes; =2 )

b, width 8)to 20 +0,
Parallelism| of machined parts 0,05 -

7 Test4{

7.1 Mac

During cut
axis. For of

Machining
be traceab

These pars

e.

pecimen preparation

hining and preparation

metef’s shall be adhered to during test specimen preparation.

Ling out, care shall.be taken to align the test specimen axis with the desired fibre-related loading
-axis tests, careshall be taken to determine the angle between main reinforcement and lgading axis.

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

When spec

s A 1c h IR R | h] 4 PR | : N IR +1 4
HIICILS dI'€ IIIAUIIICU ITUIT d PI1diC UIdU IIdS DETIT PIOLCCLCU dgdIIIST UXIUdLIULL, LT CUL SUl aces Ofthe

specimen are unprotected. These surfaces should be protected to prevent possible oxidation under air test.

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

7.2 Number of tests 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.

© IS0 2025 - All rights reserved
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8 Test procedures

8.1 Test

set-up: Temperature considerations

8.1.1 General

The following determinations shall be carried out under conditions representative of the tests, and shall be
repeated every time there is a change, e.g. in material, in specimen geometry, in gripping configuration. In
establishing them, time shall be allowed for temperature stabilization.

8.1.2 Controlled-temperature zone

Prior to teg
over the té
done if po
temperatu

points and
NOTE1 4

NOTE 2

Temperatures shall be measured in accordance with 5.6. If thermOcouples are used to m

temperatu
a dummy
insertion.

813 Te

During a s
specimen i

In the lattg
specimen f{
specimen (

NOTE ’
temperatur

8.2 Test

8.2.1 Di

Displacemj
loading md
the displag

ting, the temperature gradient within the calibrated length inside the furnace shall be g
mperature range of interest in order to define the controlled temperature zoné.| T
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 lefigth.

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

ontrolled-temperature zone is defined as per 3.4.

e at different locations of the specimen, they shall be embedded (and sealed if nece
specimen to a depth approximately equal to half the specimen dimension in the d

mperature calibration

eries of tests, the test temperature may bedetermined either directly by measuren;
Eself, or indirectly from the temperature.indicated by the temperature control device.

r case, calibration will be necessary:The relationship between the control temperat
emperature at the centre of the-gauge length shall be established beforehand on a
ver the range of temperature of iriterest.

d

'he relationship between the,‘temperature indicated by the temperature control system
b is usually established sithultaneously with the controlled-temperature zone.

set-up: Other considerations

splacement rate

bnt rate-that allows specimen rupture within 1 min shall be used. The displacement r
de shall be reported. If the material to be tested is sensitive to creep at the temperat]
ement rate shall be significantly increased but impact loading shall be avoided.

pstablished
is shall be

specimen
I reference

basure the
ssary) into
irection of

ent on the

glre and test

ummy test

nd the test

hte and the
ure of test,

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 cross-section area varies with temperature and the variation is very difficult to measure, for this reason,

cross-secti

on area is measured at room temperature.

Dimensions shall be measured to an accuracy of #0,01 mm. The arithmetic means of the measurements shall
be used for calculations.

If the test specimen is equipped with marks, the gauge length measured at room temperature, shall be
known with an accuracy of +1 %. If thermal expansion between room temperature and the test temperature

© IS0 2025 - All rights reserved
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is less than the tolerance on the gauge length measurement, then the gauge length may be measured at room
temperature. If this is not the case, the gauge length shall be corrected to take the thermal expansion into

account or

shall be measured at the test temperature.

8.3 Testing technique

8.3.1 Specimen mounting

The test specimen shall be installed in the gripping system with its longitudinal axis coinciding with that of
the test machine.

Care shall be taken not to induce flexural or torsional loads. For this purpose, several standards address this

topic but i

In some ca|
from being

8.3.2 Se
Install the

Where a ¢
adjusted tg

Where the
extensome

8.3.3 Se

- PR PR IS 1 L P ) | | 2l o 1CO 17411
IS TTLUIITITUTU TU LUTHTPTYy WILIT UIT PIULTUUI T UCSUTNTUCTU TITN ToU 1710 1.

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

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

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

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

ter taking expansion into account in order to be close to.zero when at test temperature.

[ting of inert atmosphere

When testing in an inert gas, any air or water vapour shall be removed before setting the inert at

This can b¢

e achieved by establishing vacuum (< 10cBa) in the enclosure, or by circulating the gas.

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

8.3.4 He

The test sp

ating of test specimen

ecimen temperature shall-be raised to the required test temperature, and this temper

alignment
ment.

ut shall be

preset the

h

mosphere.

ature shall

be maintained for a period to allow for temperature stabilization and when applicable, for stabjilization of

the extens
Two ways

a) If thet

shall b

b) If it is

bmeter readout.
Wre possible:

est specimen temperature is measured during the test on the specimen itself, this te
e used. te'control the furnace.

not, possible to directly measure the test specimen temperature during the test

necess

mperature

then it is

ary’to use the relationship between test specimen temperature and furnace temperatu

re that has

been established 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).

8.3.5 Measurements

— record

Zero the load cell;

zero the extensometer;

the force versus longitudinal deformation;
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register the temperature;

load the test specimen;

degradation of specimen and equipment before opening the test chamber;

8.4 Test

validity

The following circumstances invalidate a test:

failur
failure
specin|
extens
ruptuy
— changg

The follow

In the
of the

in the

NOTE )i
maximum f

9 Calcu

9.1 Test

A diagram
specimen §

9.2 Tens

Calculate t

m app| 7

tU b}JCLify aud I'CTCUIL d tCDt LUllditiUllD,
to meet specified test conditions;
len slippage;
ometer slippage;
e in an area outside of the controlled-temperature zone;
in atmosphere.
ng circumstances partially validate some tensile properti€symeasurements:

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

tase of rupture outside of the gauge length the ténsile modulus remains valid.
or some specific materials, the rupture outside gauge length can invalidate the tensi

brce.

lation of results

specimen origin

illustrating the reinforcement directions of the material with respect to the loading
hall accompany the-test results.

jile strength
he tensilestrength using one of the following formulae:

F

m

S

0 app

o

meff_S

Fm

o eff
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note the position of fracture location relative to the mid-point of the specimen to the nearest of 1 mm.
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e strain at

axis of the

)
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where

m app

m eff

F,

m

SO app

So eff

When usin|
test report

9.3 Stra

Calculate t

ISO 14574:2025(en)

is the tensile strength at test temperature T using the apparentarea S,

oapp, I Megapas

cals (MPa);

is the tensile strength at test temperature T using the effective area S, .¢; in megapascal (MPa) ;

is the maximum tensile force in newtons (N);

is the apparent cross-section area of the specimen in square millimetres (mm?2);

is the effective cross-section area of the specimen corrected to take account of the environmental

barrier coating in square millimetres (mm?2).

treeffecti . 4 e ot rratt-beod H

in at maximum tensile force

he strain using Formula (3):

ified in the

A
Lo

where

€, [is the strain at the maximum tensile force;

A, [is the longitudinal deformation at the maximum ténsile force in millimetres (mm) mgasured by

the extensometer;

Ly is the gauge length in millimetres (mm).
9.4 Tengile modulus
9.4.1 Cajculation of tensile modulus
Calculate the tensile modulus E defined between two points (4;, F;) and (4,, F,) measured neaf the lower
and upper [imits of the linear part'of the force-deformation record (see Figure A.1 in Annex A), a¢cording to
the followihg formulae:

Ly £ -F -3
Eapp(q1,02)= <10 4)
So app AZ _Al
Ly (K-F -3
Eef (0,02)= <10 (5)
So eff AZ _Al

where

E,pp s the apparent tensile modulus, in gigapascals (GPa);

E.¢ isthe effective tensile modulus, in gigapascals (GPa);

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

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

S, efr 1s the effective cross-section area of the specimen corrected to take account of the environmental

barrier coating, in square millimetres (mm?2);

© IS0 2025 - All rights reserved
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is the gauge length, at test temperature T; in millimetres (mm);

is the longitudinal deformation, in mm, measured on the curve corresponding to F.

9.4.2 Calculation of tensile modulus with linear behaviour at the origin

When the material has a linear behaviour at the origin (see Figure A.2 in Annex A), calculate the tensile
modulus according to the following formulae:

B, =—10 107 6
app S A X ( )
0 app
Eof =4—2—x1073 (7)
Po eff

where

E,pp [is the apparent tensile modulus, in gigapascals (GPa);

E.¢ [is the effective tensile modulus, in gigapascals (GPa);

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

Soapp [is the apparent cross-section area of the specimen in squaremillimetres (mm?2);

S, efr [is the effective cross-section area of the specimen corréected to take account of the envjronmental
barrier coating, in square millimetres (mm?);

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

A is the longitudinal deformation, in mm, measured on the curve corresponding to, F.

Any point (4, F) on the linear section of the foree-deformation record may be used for its determination.

9.4.3 Ca]culation of tensile modulus with non-linear behaviour

For materipls with no linear sectionefthe stress-strain curve (see Figure A.3 in Annex A), the| couples of

stress-strafin values corresponding fo stresses of 0,10, and 0,50, shall be used unless other ¢ouples are

fixed by agreement between parties.

10 Test report

The test report shall¢ontain the following information:

a) name and address of the testing establishment;

b) date of th ni identification of report and of h mer name and adldress and
signatory;

c¢) areference to this document, i.e. determined in accordance with ISO 14574:2025;

d) testpiece drawing or reference 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, sensors calibration
validity;

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

© IS0 2025 - All rights reserved
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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;

k) wvalid results, mean value of the tensile strength, the tensile strain at maximum tensile force, the tensile
modulus;

1) value of correction factor applied when effective cross-section area is used, and method to obtain it;

m) failure

location of all the specimens used for obtaining the above results;

n) any unusual features observed.

11 Unce

rtainties

It is recommended to determine the measurement uncertainties. References and inforimation ar

in of ISO 64

92-1:2019, Annexes ] and K.[4]

© IS0 2025 - All rights reserved
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Annex A
(informative)

Illustration of tensile modulus

Figure A.1 shows an example of a stress-strain curve that presents a toe before the linear region bounded by
the lower (o4, £1) and the upper (o5, €,) limits.

c
0, ¢,
E
0_1’ S1
€
Key
e  tensilefstrain
o  tensilefstress (apparent or effective)
E  tensileimodulus (apparent or effective)
RigureA.1 — Mechanical behaviour with linear region bounded by 64, £; and 0,, g,

Figure A.2 shows another example of a stress-strain curve where the linear part starts at the origin.

© IS0 2025 - All rights reserved
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€

Gl’ 1

Key
e  tensilefstrain

o tensile stress (apparent or effective)

E  tensilemodulus (apparent or effective)

Figure A.2 — Mechanical behaviour with predominantly linear region bounded by 6,, £, near the
origin and o,, &,

Figure A.3|shows another example of:a\stress-strain curve without linear region. In this case, the couples
of stress-sfrain values corresponding to stresses of 0,10,, and 0,50,, shall be used unless other ¢ouples are
fixed by agreement between parties
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0,10m

0,50

tensile
tensile
tensile

strain

stress (apparent or effective)
modulus (apparent or effective)

Figure A.3 — Mechanical behaviour without linear region
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Annex B
(informative)

Calibration method of test temperature by using a cartographic

specimen equipped with thermocouples

B.1 Principle

To determi
a ceramic 1

athery
at vari

— exploif

— ad
in

tir]
st

B.2 The

In order to
the thermi

material and same geometry.

Depending]

thermocoulples placed on the free length of the specimen in order to indicate the core temperatur

specimen.

For this, th
for the use

Thermocoyples shall be préssed to the bottom of holes, adjustment shall be tight to ensure a go

contact.

If the test
system, th
each end o

ne the heating device regulation temperature that will guarantee along all the test, dui
natrix composite test specimen will be tested at the specified temperature, thisimethg

hal cartography test specimen equipped with thermocouples to measure exattly the ter]
pus points of the specimen according to the device regulation temperature;

ation rules of these temperature measurements versus time, based on;

riterion for the temperature regulation allowing the achievement of the desired test te
every location of the test specimen;

he stability criteria of the test specimen temperature of each/thermocouple, so as to gug
hbility of test temperature during test.

rmal cartography test specimen

use the temperature regulation setting issu€d from this procedure on the specimen t

| cartography test specimen shall be identical at all points. It shall be made out o

on the mechanical test considergdy.the cartography specimen shall be equipped with g

d thermocouples and’'depth equal to the half-width of the specimen.

e gauge-length will be equipped with at least three thermocouples, one in the centre
" the gauge length. Additional thermocouples can be added to the free length of the spe

ration that
d uses:

nperatures

mperature

rantee the

be tested,
the same

ne or more
b of the test

e thermal cartography(test specimen shall be drilled with blind holes, with a suitable diameter

bd thermal

to achieve requires a measure of deformation using an extensometer, or a correlation image

and one at
cimen for a

better kno

NOTE

ivledge of the temperature gradient on the test specimen (see Figure B.1).

cartography test specimen.
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