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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.

Internationg-Standards-are-draftedinracecordanece-with-theridesgiveninthe ISOHECDreetives;Part 2.
The main thsk of technical committees is to prepare International Standards. Draft Internatjonal
Standards 4dopted by the technical committees are circulated to the member bodies for vqting.
Publication [as an International Standard requires approval by at least 75 % of the .member bpdies
casting a voge.

Attention is|drawn to the possibility that some of the elements of this document-may be the subjéct of
patent rightg. ISO shall not be held responsible for identifying any or all such patent rights.

[SO 14574 was prepared by Technical Committee ISO/TC 206, Fine ceramics.

iv © ISO 2013 - All rights reserved
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INTERNATIONAL STANDARD

ISO 14574:2013(E)

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

1 Scope

This
mati]

NOTH
antio|

NOTH
is pla|

This
reinf
along

2 Normative references

The
refer

docujment (including any amendments) applies.

International Standard specifies the conditions for determination of tensile propertig
ix composite materials with continuous fibre reinforcement for temperatures upto'2

1 In most cases, ceramic matrix composites to be used at high temperature in \air are cd
kidation coating.
ced under an oxidizing environment but not to measure material oxidation.

International Standard applies to all ceramic matrix composites with a conti
orcement, unidirectional (1D), bi-directional (2D), and tri-directional (xD, with 2 < x
b one principal axis of reinforcement.

'ollowing referenced documents are indispensable for the application of this documer
ences, only the edition cited applies. For undated references, the latest edition of the

s of ceramic
00 °C.

ated with an

2 The purpose of this International Standard is to determine the tensile properties of a maferial when it

nhuous fibre
< 3), loaded

1t. For dated
b referenced

rometers for

— Part 1:
ystem

ISO 3611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Mic
extennal measurements — Design and metrological characteristics

[SO [7500-1:2004, Metallic materials — Verification of static uniaxial testing machines
Tension/compression testing machines — Verification and calibration of the force-measuring s
IEC §0584-1:1995, Thermocouples — Part 1: Reference tables

[EC §0584-2:1982+ Amehdment 1:1989, Thermocouples — Part 2: Tolerances

3 Terms, definitions and symbols

For the purposes of this document, the following terms and definitions apply.

3.1

test temperature

T

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

3.2

calibrated length

I

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

3.3

gauge length

Lo

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

© ISO

2013 - All rights reserved
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controlled temperature zone
part of the calibrated length including the gauge length where the temperature is controlled to within
50 °C of the test temperature

3.5

initial cross-section area

So

initial cross-section areas of the test specimen within the calibrated length, at test temperature

3.6

apparent c

SO app
total area of

3.7
effective cr

So eff
total area c(

3.8
longituding
A

increase in {

39
longituding
Am
increase in {

3.10
tensile stra
£

relative cha

3.11
tensile stra
€m

relative cha

3.12
tensile stre
o

tensile forc
section areg

"
Uosos otliliuvildiTd

the cross-section

0ss-section area

rrected by a factor, to account for the presence of an anti-oxidative protection

11 deformation

he gauge length between reference points under a tensile’force

11 deformation under maximum tensile force

he gauge length between reference points ugder maximum tensile force
in
hge in the gauge length defined as the ratio A/L,

in under maximum force

hge in the gauge length defined as the ratio A/L, under the maximum force

SS

e supported by the test specimen at any time in the test divided by the initial c
 (So)

3.13

OSS-

apparent tensile stress

Oapp

tensile force supported by the test specimen at any time in the test divided by the apparent cross-section
area (or total cross-section area)

3.14

effective tensile stress

Oeff

tensile force supported by the test specimen at any time in the test divided by the effective cross-section

area (So eff)

© ISO 2013 - All rights reserved
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3.15

maximum tensile force

Fn

highest recorded tensile force in a tensile test on the test specimen when tested to failure

3.16

tensile strength

Om

ratio of the maximum tensile force to the initial cross-section area (So )

3.17

5 | 'y 1
app4grencrenshe-strengen

Om aglp
ratio| of the maximum tensile force to the apparent cross-section area (or total cross-section area)

3.18
effedtive tensile strength

Om eff
ratiofof the maximum tensile force to the effective cross-section area

3.19
proportionality ratio or pseudo-elastic modulus
EP
slopé of the linear section of the stress-strain curve, if any

Note|l to entry: Examination of the stress-strain curves for céramic matrix composites allows deflinition of the
following cases:

a) mjaterial with a linear section in the stress-strain.curve;
For deramic matrix composites that have~a~mechanical behaviour characterized by a linear| section, the
prop¢rtionality ratio is defined as:

(02-04)

o), me)

wherg (e1,01) and (€ 2,02) lieTear the lower and the upper limits of the linear section of the stress-sfrain curve.

The groportionality fatio or pseudo-elastic modulus is termed the elastic modulus, E, in the single cgse where the
linearity starts nearthe origin.

b) mlaterjalbwith no-linear section in the stress-strain curve.

In this case only stress-strain couples can be fixed.

3.20
apparent proportionality ratio
slope of the linear section of the stress-strain curve, if any, when the apparent tensile stress is used

3.21

effective proportionality ratio

EPest

slope of the linear section of the stress-strain curve, if any, when the effective tensile stress is used

© IS0 2013 - All rights reserved 3
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4 Principle

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 longitudinal deformation are measured and recorded simultaneously.

NOTE1 The testduration is limited to reduce creep effects.
NOTE 2  When constantloadingrateisused 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.

5 Apparatus

5.1 Test machine

The test mafhine shall be equipped with a system for measuring the force applied to'the test specimen
conforming|to grade 1 or better according to ISO 7500-1.

5.2 Load|train

The load trajn configuration shall ensure that the load indicated by theload cell and the load experignced
by the test specimen are the same.

The load trajin performance, including the alignment system and the force transmitting system, shajl not
change becduse of heating.

The load trgin shall align the specimen axis with the direction of load application without introdiicing
bending or tprsion in the specimen. The misalignment-of the specimen shall be verified and documepted.

The maximym percent bending shall not exceed 5 at-an average strain of 500x 107°.
The attachr:[ent fixtures shall align the test specimen axis with the applied force direction.

NOTE1 Tle alignment should be verified and documented in accordance with, for example, the proce¢dure
described in CEN/TS 15867.

The grip degign shall prevent the test’specimen from slipping.
There are two types of grippihg-systems:

— hot grigs where the grips are in the hot zone of the furnace;
— cooled grips wheére'the grips are outside the hot zone.

NOTE 2  The choice of gripping system will depend on material, on test specimen design and on aligrment
requirements.

NOTE3  The hot grip technique is limited in temperature because of the nature and strength of the materials
that can be used for grips.

NOTE4 In the cooled grip technique, a temperature gradient exists between the centre which is at the
prescribed temperature and the ends which are at the same temperature as the grips.

5.3 Test chamber

The test chamber shall be gastight and 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 the load due to the variation of pressure is less than
1 % of the scale of the load cell being used.

4 © IS0 2013 - 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 extensometry.

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.

5.4 Set-up for heating

The set-up for heating shall be constructed in such a way that the temperature gradient within the gauge
length is less than 20 °C at test temperature.

5.5 | Extensometer
The gxtensometer shallbe capable of continuously recordingthelongitudinal deformationattestfemperature.
NOTE1 The use of an extensometer with the greatest gauge length is recommended:

The linearity tolerances shall be lower than 0,05 % of the extensometerrange used.

Two [commonly used types of extensometer are the mechanical exténsometer and the eldctro-optical
extensometer.

If a mechanical extensometer is used, the gauge length shall‘bethe longitudinal distance between the
two Jocations where the extensometer rods contact the test'specimen.

The rods may be exposed to temperatures higher thanthe test specimen temperature. Temperature
indu¢ed structural changes in the rod material shall notaffect the accuracy of deformation measurement.
The material used for the rods shall be compatible;with the test specimen material.

NOTE 2  Care should be taken to correct for_changes in calibration of the extensometer that mpy occur as a
resulf of operating under conditions different from calibration.

NOTE 3  Rod pressure onto the test speeimen should be the minimum necessary to prevent slipping of the
exterjsometer rods.

If ar| electro-optical extensometer is used, electro-optical measurements in transmisgion require
reference marks on the testispecimen. For this purpose rods or flags shall be attached tol the surface
perpendicularly to its axis.)The gauge length shall be the distance between the two refergnce marks.
The inaterial used for marks (and adhesive if used) shall be compatible with the test specinien material
and the test temperattre and shall not modify the stress field in the specimen.

NOTE 4  The usevofintegral flags as parts of the test specimen geometry is not recommended bechuse of stress
concgntrationdnduced by such features.

NOTE 5 « ‘electro-optical extensometer is not recommended in the case where it’s impossible to distinguish the
coloulr of-the reference marks and the test specimen.

5.6 Temperature measurement devices

For temperature measurement, either thermocouples conforming to IEC 60584-1 and [EC 60584 -2 shall
be used or, where thermocouples not conforming to IEC 60584-1 and IEC 60584-2 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 force-deformation curve. The use of a digital data recording
system combined with an analogue recorder is recommended.

© IS0 2013 - All rights reserved 5
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5.8 Micrometers

Micrometers used for the measurement of the dimensions of the test specimen shall conform to ISO 3611.

6 Test specimens

6.1 General

The choice of specimen geometry depends on:

L. 1 L} 1 1 L. 1 L3 L
— nature gitmeTmaterTar ana of te TeoT CenTent Structurse,

— type of
— type of

The volume

NOTE1 Tle total length L depends on furnace and gripping system. Generally, L is greater than 150 mm

NOTEZ2 A

6.2 Tests

Several typg

]

heating system;

bripping system.

in the gauge length shall be representative for the material.

Lest piece volume of a minimum of 5 representative volume elementsissrecommended

pecimens commonly used

s of test specimens may be used, as indicated in Figuxes 1 to 6 and Tables 1 to 6.

I T I

A-A

Figure 1 — Type 1 test specimen

© ISO 2013 - 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
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 -
Q.
& < <
l
L

Figure 2 — Type 2 test specimen

Table 2 — Recommended dimeénsions for a Type 2 test specimen

Dimensions jn millimetres

Parameter xD Tolerance|
I, callibrated length 30 to 80 +0,5
@1, diameter in calibrated length 8to 20 +0,2
@2, diameter p2=ap1 (@=1,2to 2) +0,2
@3, diameter @©3=¢p2 (=1,2t02) +0,2

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

© IS0 2013 - All rights reserved
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A A-A
g '
‘ |
|
| —
I
A
1 b
L
Figure 3 — Type 3 test specimen
Table 3 — Recommended dimensions for a Type 3 test specimen
Parameter xD Tolerance
I, calibrated length 30umm to 80 mm + 0,5 mm
b, width andl thickness in the calibrated length 3 mm to 8 mm + 0,2 mm
a, angle 7°to 30° +2°
Parallelism|of machined parts 0,05 mm -
A A-A
& -
| <
| S
| 3 "
~
A
1 h
L
Figure 4 — Type 4 test specimen
8 © IS0 2013 - 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

h, thickness >2 +0,2
b1, width in the calibrated length 8to 20 +0,2
by, width by =ab1 witha=1,2to 2 +0,2

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

Variation of material properties with temperature may lead to a multi-section test speeimen (Type 5) as

represented in Figure 5. Recommended dimensions are given in Table 5.

A
—

|
|
I,
A
I
L

_/_
S
N2

A-A

bs

U741

Figure 5 — Type 5 test specimen

Table 5 — Recommended dimensions for a Type 5 test specimen

Dimensions in millimetres

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

h, thlickness >2 0,2
b1, width in the calibrated length 8to 20 +0,2
by, width by =abi witha=1,2 to 2 +0,2
b3, width b3 =fby with f=1,2 to 2 +0,2
R, radius > 30 +2
Parallelism of machined parts 0,05 -

NOTE1 When used with cooled grips, this multi-section specimen allows rupture in the controlled

temperature zone.

© IS0 2013 - All rights reserved
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A-A

%,

I B

Figure 6 — Type 6 test specimen

NOTE 2 Thistestspecimeniseasytomachine anditsuse allows mainly the determination of modulus, asrupture
may not hapgen all the time in the controlled temperature zone; it should nothe used for strength measurenjent.
NOTE 3  This kind of specimen cannot be used for cold gripping systems:

Table 6 — Recommended dimensions forla Type 6 test specimen

Dimensions in millimetres

Parameter 1D, 2D and xD Tolerance
h, thicknes{ >2 +0,2

b, width 8 to 20 +0,2
Parallelism|of machined parts 0,05 -

7 Test specimen preparation

7.1 Machining and preparation

During cuttjng out, cate-shall be taken to align the test specimen axis with the desired fibre-re]ated
loading axis

Machining methods that do not cause damage to material are recommended. Machining paramgters
should be trpteable.

These parameters shall be adhered to during test specimen preparation.

NOTE1 When specimens are machined from a plate that has been protected against oxidation, the cut surfaces
of the specimen are unprotected. These surfaces should be protected to prevent possible oxidation.

NOTE 2  When a cooled gripping system is used, the surface of the part of specimen that is at a temperature
between the test temperature and the grips temperature may need appropriate anti-oxidant protection.

7.2 Number of tests of specimens

At least five valid test results, as specified in 8.4, are required for any condition.

10 © IS0 2013 - 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
berepeated every time thereisachange, e.g.in material, in specimen geometry, in gripping configuration.

Ines

tablishing them, time shall be allowed for temperature stabilization.

8.1.2

Prior

Controlled temperature zone

to testing, the temperature gradient within the calibrated length inside the\furn

established over the temperature range of interest. This shall be done by measuring tt

temp
midy

To eq

erature at a minimum of three locations, which shall be the extensometeéen reference
yay between the two.

tablish the length of the controlled temperature zone, it is necessary to measure temp

outside the gauge length. The temperature variation in the gauge length shall be within

temp
shall

erature. The temperature variation in the part of the calibratedlength, including the g
be within 50 °C of the test temperature.

hce shall be
le specimen
» points and

erature also
PO °C at test
Auge length,

Temperatures shall be measured in accordance with 5.5. If\thermocouples are used to measure the

temp
into
of in

8.1.3

Duri
spec

In th
test
test

erature at different locations of the specimen, they shall be embedded (and sealed i
h dummy specimen to a depth approximately equaltohalf the specimen dimension in 4
bertion.

Temperature calibration

hg a series of tests, the test temperaturemay be determined either directly by measurg
men itself, or indirectly from the temperature indicated by the temperature control d¢

e latter case, calibration will be hecessary. The relationship between the control temp
pecimen temperature at the ¢entre of the gauge length shall be established beforehand
pecimen over the range df temperature of interest.

[ necessary)
he direction

ment on the
bvice.

erature and
on a dummy

NOTH The relationship(between the temperature indicated by the temperature control systen and the test
tempgrature is usually established simultaneously with the controlled temperature zone.

8.2 | Test set-up=0ther considerations

8.2.1 Displacementrate

A displacement rate that allows specimen rupture within 1 min shall be used. The displacenent rate and
the 16adinsmedeshall bereportedtthe material to-betestedissensitive to-ereepat-thetemperature

of test, the speed shall be significantly increased but impact loading shall be avoided.

8.2.2 Measurement of test specimens 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-section 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

© IS0 2013 - All rights reserved 11
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temperature 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 shallb

In some casé
from being lost. The preload shall not increase beyond 5 % of the expected failure load at'any mon

8.3.2 Sett

Install the ¢

Where a coq

be adjusted

NOTE
account in or

8.3.3 Sett
When testin|

This can be

When testin

8.3.4 Hea

The test spd
shall be m{
stabilizatior

Two ways al

Ifthete
shall be

If it is 1
necessa

W

b taken not to induce flexural or torsional loads.

s,itis necessary to apply a preload during the whole heating period to prevent the align

ing of extensometer
ktensometer longitudinally centred with axis of the test specimen@nd adjust to zero.

tacting extensometer is positioned at ambient temperature, the)éxtensometer output
to read zero after the stabilization period at test temperature.

here the material has a high thermal expansion coefficient,the'extensometer taking expansio
der to be close to zero when at test temperature should beanechanically pre-set.

ing of inert atmosphere

lginaninertgas, any air or water vapour shallbe removed before settingthe inertatmosp

g under vacuum, the vacuum levelshall be in accordance with 5.3.

ting of test specimen

cimen temperature shallbe raised to the required test temperature, and this temper
intained for a periad to allow for temperature stabilization and when applicablg
of the extensometer readout.

‘e possible.

bt specimien temperature is measured during the test on the specimen itself, this temper
used.to control the furnace.

ofpossible to directly measure the test specimen temperature during the test, then

hchieved by establishing a vacuum (<10.Pa) in the enclosure, or by circulating inert gas.

ment
ent.

shall

h into

here.

iture
, for

iture

it is

Yy 1o USe the Terationship between test Specimen teMperature and furnace telmper

that has been established in 8.1.

Ensure that

the test specimen stays in the initial state of stress during heating.

8.3.5 Measurements

Zero the loa

d cell.

Zero the extensometer.

Record the force versus longitudinal deformation.

Register the temperature.

12

ture

© ISO 2013 - All rights reserved
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If any, cool down under inert atmosphere down to a temperature where there is no more risk of material

degradation of specimen and equipment before opening the test chamber.

8.4 Test validity
The following circumstances invalidate a test:

— failure to specify and record test conditions;

J— naciman clinnagn.
e€

JPCTTIIITIToTT PP*EST

— ¢xtensometer slippage;
— Tupture in an area outside of the controlled temperature zone;

— ¢hange in atmosphere.

9 (Calculation of results

9.1 | Test specimen origin

A diagram illustrating the reinforcement directions of the niaterial with respect to the long

of thg specimen shall accompany the test results.

9.2 | Tensile strength

Calculate the tensile strength using one of the following equations:

g mapp — Soapp
F
c'meff = S n;f
oe,
wherte

gmapp is the tenSile strength at test temperature, T using the apparent area S app, in 11

(MPa);

dmeff is‘the tensile strength at test temperature T using the effective area Sy eff, in me
(MPa) ;

) % is the maximum tensile force in newtons (N);

tudinal axis

)

(2)

hegapascals

gapascal

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

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

tive protection in square millimetres (mm?2).

When using the effective cross-section area, the applied correction factor shall be given and justified in

the test report.

9.3 Strain at maximum tensile force

© IS0 2013 - All rights reserved
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