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Foreword

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

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may‘be the subj¢ct of
patent rightk. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the IS0 list ¢f patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The committtee responsible for this document is ISO/TC 206, Fine cerdmics.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic
composites at high temperature — Determination of
compression properties

1

cope

This|International Standard specifies the conditions for determination of compression properties of

cera
This
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refer

ISO 3
extern
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testimg machines — Verification and calibration of the force-measuring system

EN1

CEN
the d|

IEC 4
IEC 6

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

Lypes of compression are distinguished:
ompression between platens;

ompression using grips.

following documents, in whole or in part,a¥e normatively referenced in this documnj
pensable for its application. For dated-references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

611, Geometrical product specifications (GPS) — Dimensional measuring equipment: Mig
nal measurements — Design and metrological characteristics

500-1, Metallicmaterials—Verificationofstaticuniaxialtestingmachines— Part1: Tension

D002-4, Metallic materials — Tensile test — Part 4: Verification of extensometers used in un

TS 15867:2009,)Advanced technical ceramics — Ceramic composites — Guide to the detd
pgree of misglignment in unixial mechanical tests

0584-1:1995, Thermocouples — Part 1: Reference tables
0584-2:1982, Thermocouples — Part 2: Tolerances

ic matrix composite materials with continuous fibre reinforcement for temperatures up to 2 000 °C.

nhuous fibre
< 3), loaded

ent and are
Ffor undated
es.

rometers for

compression

axial testing

rmination of

IEC 60584-2:1982,Amendment 1:1989

3 Terms and definitions

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

© ISO
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3.2

calibrated length

l

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

34

controlled empet aturezone
part of the galibrated length, including the gauge length, where the temperature is within a ranlge of
50 °C of the test temperature

3.5
initial cross-section area
Ao
initial crosstsection area of the test specimen within the calibrated length, at test temperature

Note 1 to entfy: Two initial cross-section areas of the test specimen can be defined‘as follows.

3.51
apparent cross-section area
total area of the cross section, 4 a

3.5.2
effective crjoss-section area
total area cqrrected by a factor, to account for the presence‘of an antioxidant protection, Ag,e

3.6
longitudindl deformation
AL
decrease in the gauge length L between refefence points under a compression force

3.7
compressiqn strain
€
relative change in the gauge length'defined as the ratio AL/L,

Note 1 to ent}y: Its value corresponding to the maximum force shall be denoted as ¢ m.

3.8
compressign stress
o
compression fofcé supported by the test specimen at any time in the test divided by the initial cfross-
section ared (43)

Note 1 to entry: Two compression stresses can be distinguished:
— apparent compression stress, g;, when the apparent cross-section area (or total cross-section area) is used;
— effective compression stress, ge, when the effective cross-section area is used

3.9

maximum compression force

Fm

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

2 © IS0 2013 - All rights reserved
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3.10
compression strength

Oc,m
ratio of the maximum compression force (F) to the initial cross-section area (4,)

Note 1 to entry: Two compression strengths can be distinguished:
— apparent compression strength, oc m,a, when the apparent cross-section area (or total cross-section area) is used;

— effective compression strength, oc,m,e, when the effective cross-section area is used.

3.11
proportionality ratio or pseudo-elastic modulus, E}
slop¢ of the linear section of the stress-strain curve, if any

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

a) Mpaterial with a linear section in the stress-strain curve.

For deramic matrix composites that have a mechanical behaviour chardetgerized by a linear| section, the
prop¢rtionality ratio is defined as:

0p-04q
p(01:02):£—

Iy

)

27€2
wherg (g1, 01) and (g2, 02) lie near the lower and upper limits ofithe linear section of the stress-strain curve.

The groportionality ratio or pseudo-elastic modulus is terimed the elastic modulus, E, in the single cgse where the
material has a linear behaviour from the origin.

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

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

Two proportionality ratios or pseudo-elastic moduli can be distinguished:
— apparent proportionality ratio-Epz, when the apparent compression stress is used;

— efflective proportionality ratie; Epe, when the effective compression stress is used.

4 Principle

A tedt specimernief specified dimensions is heated to the test temperature, and loaded in cpompression.
The test is performed at constant crosshead displacement rate, or constant deformation rate. Force and
longitudinaldeformation are measured and recorded simultaneously.

NOTH ¥ The test duration is limited to reduce creep effects.

NOTE 2 Constantloading rate is only allowed in the case of linear stress-strain behaviour up to failure.

NOTE 3 Inorder to protect fixtures, it is recommended to use constant crosshead displacement rate when the
test is carried out until rupture.

© IS0 2013 - All rights reserved 3
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5 Apparatus

5.1 Test machine

The machine shall be equipped with a system for measuring the force applied to the test specimen which
shall conform to grade 1 or better according to ISO 7500-1.

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

5.2 Load train

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

The load trafin performance including the alignment system and the force transmitting system shall not
change becguse of heating.

The load trgin shall align the specimen axis with the direction of load application without introdiicing
bending or torsion in the specimen. The misalignment of the specimen shall be yerified and documgnted
according tqg the procedure described in CEN/TS 15867:2009 The maximum pefrcent bending shall not

exceed 5 at an average strain of 500x107°.

NOTE1 The alignment should be verified and documented in accordasnige/with, for example, the proc¢dure
described in LEN/TS 15867:2009.

There are two alternative means of load application.

a) Compression platens are connected to the load cell and\on the moving crosshead. The paralleli$m of
these platens shall be better than 0,01 mm, in the loading area, at room temperature and they|shall
be perpendicular to the load direction.

NOTE 1| The use of platens is not recommended-for compression testing of 1D and 2D materials with low
thicknegs due to buckling.

NOTE 2| A compliant interlayer mategial-between the test specimen and platens may be used for tgsting
macroscppically inhomogeneous materials to ensure even contact pressure. This material shou|d be
chemically compatible with both testspecimen and platen materials.

b) Grips arje used to clamp and load the test specimen.

The grip degign shall preventithe test specimen from slipping. The grips shall align the test specimen
axis with that of the applied/force.

NOTE3  Conformitywith this requirement should be verified and documented according to, for examplg, the
procedure dgscribedin Reference.[1]

NOTE 4 Tllle grips or the platens may either be in the hot zone of the furnace or outside the furnace.

NOTE 5 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
A gastight chamber could be used in this case.

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.

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
Thee
NOTH
The ]
The

Extensometer
xtensometer shallbe capable of continuouslyrecordingthelongitudinal deformationattestt

1 The use of an extensometer with the greatest possible gauge length is recomimended.

extiI
Ifa

thet

Ther
envii
meaq

NOTH
resul

NOTH
exter]

If an
refen
perp
matg
the t

NOTH
concy

NOT]H
the c

extensometer shall conform to class 1 or better of EN 10002:4. Two commonly ug
someter are the mechanical extensometer and the electro-aptical extensometer.

echanical extensometer is used, the gauge length shall bethe initial longitudinal distai
ivo locations where the extensometer rods contact thetest specimen.

ods may be exposed to temperatures higher than théfest specimen temperature. Temper
onment induced structural changes in the rod material shall not affect the accuracy of
urement. The material used for the rods shall:be compatible with the test specimen ma

2 Care should be taken to correct for_changes in calibration of the extensometer that m
[ of operating under conditions different from calibration.

3
someter rods.

electro-optical extensometer is used, electro-optical measurements in transmiss
ence marks on the testispecimen. For this purpose rods or flags shall be attached to
endicular to its axis. Thé gauge length shall be the distance between the two referencg

bst temperature.and shall not modify the stress field in the specimen.

4  Theuseofintegral flags as parts of the test specimen geometry is not recommended bec
ntrationdnduced by such features.

5 « An electro-optical extensometer is not recommended in the case where it’s impossible t
lour of the reference marks and the test specimen.

inearity tolerance shall be less than or equal to 0,15 % of the extensameter range used.

emperature.

ed types of

hce between

hture and/or
deformation
ferial.

Ay OCCur as a

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

ion require
the surface
marks. The

rial used for marks{and adhesive if used) shall be compatible with the test specimen faterial and

huse of stress

o distinguish

5.6

Temperature measurement

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,

5.7

calibration data shall be annexed to the test report.

Data recording system

A calibrated recorder may be used to record the force-deformation curve. However, the use of a digital

data

© ISO

recording system combined with an analogue recorder is recommended.
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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 several factors, such as:

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

— type of
— type of

The volume

chosen such|

NOTE A

6.2 Comy
A Type 1 sp¢

Recommend

heating system;

oading system.

Lest piece volume of a minimum of 5 representative volume elements is recommended

Jression between platens

bcimen is commonly used and is represented on Figured,

ed dimensions are given in Table 1.

in the gauge length shall be representative of the material and calibrated length shgll be
as to avoid buckling failure.

] 005 |A
/| 005 | B
=~ ~ d

Figure 1 — Type 1 specimen geometry
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Table 1 — Recommended dimensions for a Type 1 specimen

Dimensions in millimetres

2D and xD Tolerance
I, calibrated length >15 +0,5
Iy, total length >1,51 +0,5
d, circular or square section diameter or side length >8 +0,2
r, radius of shoulder >10 >2
Parallelism of machined parts 0,05
Perpendicularity of machined parts 0,05
Congdentricity of machined parts 0,05

A Type 2 specimen is sometimes used and is represented in Figure 2.

Recommended dimensions are given in Table 2.

d dd

Figure 2 — Type'2 specimen geometry

Table 2 — Recomménded dimensions for a Type 2 specimen

Dimensions In millimetres

1D, 2D and xD Tolterance
I, callbrated length >10 0,5
d, cifjcular or square section diameter or side length >10 0,2
Parallelism of machined.parts 0,05
Perpendicularity ofymachined parts 0,05
NOTH This specimen is mainly used when the thickness of the part is not sufficient to machine 4 specimen of
type [L.
6.3 LTest specimen used with grips

For these types of specimens, the total length /; depends on furnace and gripping system.

A Type 3 specimen is represented in Figure 3.

Recommended dimensions are given in Tables 3 and 4.

© ISO
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L1/

/

]

A

N\

1

L

Figure 3 — Type 3 specimen geometry

Table 3 — Recommended dimensions for a Type 3 specimen

Dimensions in millimetres

2D andxD Tolerance
I, calibrated Jength >15 *0,5
h, thickness >2 +0,2
b1, width in the calibrated length >8 +0,2
by, width by = abqwitha=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

Dimensions in millimetres

2D and xD Tolerance
I, calibrated lgngth <15 +0,5
h, thickness >1 +0,2
b1, width in tHe calibratéd length >8 +0,2
by, width by =abi witha=1,2to 2 +0,2
r, radius of shoulder >30 +2
Parallelism of machined parts 0,05

NOTE

type of specimen, it is very difficult to obtain strain measurements.

A Type 4 is sometimes used and is represented in Figure 4.

Recommended dimensions are given in Table 5.

This type of specimen is recommended in the case of buckling with the specimen of Table 3. With this

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=4f442bcffdc473866618e526d90fc28e

ISO 14544:2013(E)

A-A

INZZA

L

Figure 4 — Type 4 specimen geometry.

Table 5 — Recommended dimensions for.a Type 4 specimen

Dimensions 1n millimetres

2D and xD Tolerance

I, callbrated length >15 0,2

h, thickness 3 0,2
b1, w{idth in the calibrated length 81to 20 0,2
by, Width by = abiwitha=1,2to 2 0,2
b3, Width b3z = by withf=1,2to0 2 0,2

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

NOTH
tempgrature zone.

A Type 5 is sometimes used and is represented in Figure 5.

Recommended.dimensions are given in Table 6.

When used with™cooled grips, this multi-section specimen allows rupture within thle controlled-

© IS0 2013 - All rights reserved
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A

— b
A
I

Figure 5 — Type 5 specimen geometry

Table 6 — Recommended dimensions for a Type 5 specimen

Dimensions in millimetres

1D, 2D and%D Tolerance
h, thickness =2 +0,2
b, width 8to 20 +0,2
Parallelism ¢f machined parts 0,05
NOTE This test specimen is easy to machine and its use allows mainly the determination of modul{s, as

rupture may not happen in the controlled-temperature zone; it should not be used for strength measurement.

7 Test specimen preparation

7.1 Machining and preparation

During cuttfng out, care 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 trpceable.

NOTE1 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 oxidatipn.

NOTE 2 hen a cooled gripping system 1s used, the surface of the part of specimen which 1s at a temperature
between the test temperature and the grips temperature may need appropriate antioxidant protection.

7.2 Number of test 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
be repeated every time there is a change in material, specimen geometry, gripping configuration, etc. In
establishing them, time shall be allowed for temperature stabilization.

8.1.2

Prior

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

temp
midy

Toes
the g
The

Tem
temp
into

of in

8.1.3

Duri
spec

In th
testd
test 4

NOTH
temp

8.2

8.2.1

A dis
thel

Controlled-temperature zone

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

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

fablish thelength ofthe controlled-temperaturezone,itisnecessarytoméasuretemperaturg

mperature in the controlled-temperature zone shall be within 50-%C of the test temperat

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

Temperature calibration

hg a series of tests, the test temperature may 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 necéssary. The relationship between the control temp
pecimen temperature at the centre of the gauge length shall be established beforehand
pecimen over the range of temperature of interest.

erature is usually established simultaneously with the controlled-temperature zone.
Test set-up;-ether considerations

Displacement rate

placement rate that allows specimen rupture within 1 min shall be used. The displacen
pading mode shall be reported. If the material to be tested is sensitive to creep at the {

hce shall be
le specimen
» points and

balsooutside

auge length. The temperature variation in the gauge length shall be.within 20 °C at test femperature.

i

eratures shall be measured in accordance with 5.6. If thérmocouples are used to feasure the

Lre.

[ necessary)
he direction

ment on the
bvice.

erature and
on a dummy

The relationship between the temperature indicated by the temperature control system and the test

ent rate and
emperature

of te

+ Yha cnoaad chall ]me Sir\'}’\!‘FI‘I"\“fl‘Y innva-‘\nar‘ butimnact lo~dinachall ha avunidad

ot o p T oSt o THTICOItry rhrcT Coo T oot i pat o ioautiTgSTo oty oot or

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 calibrated
length. The arithmetic means of the measurements shall be used for calculations.

The necessary dimensions to calculate cross-section area are measured with an accuracy of + 0,01 mm.

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.

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 is less than the tolerance on the gauge length measurement, then the gauge length may be
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measured at room temperature. If this is not the case, the gauge length shall be corrected to take the

thermal exp

ansion into account, or shall be measured at room temperature.

8.2.3 Buckling

During a compression test, the test specimen may be subjected to buckling. To be sure of the validity of
the test, it is necessary to verify that no buckling occurs in the conditions of the test.

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

Differenceinextensometerresponseswillindicatebuckling.Ifitisnotpossible to place two extensometers

on the speci
Absence of |

8.3 Testi)

8.3.1 Speq

Install the t
with that of]

Careshallb

In some case

uckling shall be verified every time there is a change in material or specimen geomef
ng technique

[imen mounting

bst specimen in the gripping system or loading system with its longitudinal axis coinc
the test machine.

b taken not to induce flexural or torsional loads.

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

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

8.3.2 Sett
Install the e

Where a cor
be adjusted

NOTE W
preset the ex

8.3.3 Sett

ing of extensometer
ktensometer longitudinally centred with axis’of the test specimen and adjust to zero.

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

here the material has a high thermal expansion coefficient, it is recommended to mechan
fensometer taking expansion inte account in order to be close to zero when at test temperatur

ing of inert atmosphere

Whentestinjginaninertgas, anyair or water vapour shall be removed before setting the inertatmosp

This can be

When testin

8.3.4 Hea

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

g under vacuum, the vacuum level shall be in accordance with 5.3.

ting af-test specimen

Raise the te

st specimen temperature to the required test temperature, and maintain this temper

nsed.
y.

ding

ment
ent.

shall

ically
e.

here.

iture

for a period to allow for temperature stabilization and when applicable, for stabilization of the
extensometer readout.

Two ways are possible.

shall be

used to control the furnace.

Ifthe test specimen temperature is measured during the test on the specimen itself, this temperature

If it is not possible to measure the test specimen temperature directly during the test, then it is

necessary to use the relationship between the test specimen temperature and furnace temperature

which h

Ensure that

12

as been established in 8.1.

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

If any; beforeopemning the testchamber; coot dowm umder imert atmosphere dowm toa temperature at
which there is no further risk of material degradation.

Note|the position of fracture location relative to the mid-point of the specimen to the nearest of 1 mm:.

8.4 | Test validity

The following circumstances invalidate a test:

— flailure to specify and record test conditions;

— flailure to meet specified test conditions;

— gpecimen slippage;

— ¢xtensometer slippage;

— TJupture in an area outside of the controlled-temperature zone;

— lbuckling of the specimen.

9 (alculation of results

9.1 | Test specimen origin

A didgram illustrating the reinforcement directions of the material with respect to the longitudinal axis
of the specimen shall accompany the test results.

9.2 | Compression)strength

Calcylate the eempression strength using one of the following equations:

F

gema™ A_m (2)

0,a
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F
O-c,m,e = Kn‘;
where

(3)

Ocm,a 1S the compression strength at temperature T, using the apparent area 4, 5, in megapascals
(MPa);

Oc,m,e iS the compression strength at temperature T, using the effective area 4, ¢, in megapascals
(MPa);

i
ig
ig
p

9.3 Straij
Calculate th

A

SC,m

where
€,m 19

ALcm is
1]

Lo i

9.4 Prop

9.4.1 Calc
(AL1,F1) and
record, acco

Epa(()'l,

Fotection, in square millimetres (mm?2).

1 at maximum compression force
e strain using the following equation:

[
.

prtionality ratio or-pseudo-elastic modulus, elastic modulus

ulate the proportionality ratio or pseudo-elastic modulus Ep defined between two p

rding to the-following equations:

the maximuim COmpression force, in newtons (INJ;
the apparent cross-section area of the specimen, in square millimetres (mm?2);

the effective cross-section area of the specimen corrected to take account of the oxid3

c,m

(0]

the strain at the maximum compression for'ce;

the longitudinal deformation at the maximum compression force in millimetres (mm)
easured by the extensometer;

the gauge length, in millimetres{mm).

(AL 2,F2) measured near the lower and upper limits of the linear part of the force-deform

L, (F,—Fy)
A, q(AL, —ALq)

1073

0;,)~

tive

(4)

oints
htion

(5)

14
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Lo(Fo~F1)

1073 (6)
A, (AL, —ALy)

Epe(61,62)=

where
Ep, is the apparent pseudo-elastic modulus, in gigapascals (GPa);
Epe is the effective pseudo-elastic modulus, in gigapascals (GPa);

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

] - b £ : . 1l - L fahY
10,0 15 LIIC AP PAITIHLULTUSSTSTLLIUIT AI'C4 U1 LT SPTUIHITITIIT SYUAdl © IITIIHIHICLI TS ITHIIZ §,

LN

lo,¢ is the effective cross-section area of the specimen corrected to take account ¢fithe joxidation
protection, in square millimetres (mm2);

1, isthe gauge length at temperature 7, in millimetres (mm);

AL is the longitudinal deformation, in millimetres (mm) measured omthe curve corregponding to
F.

9.4.2 Where the material has a linear behaviour at the origin§.calculate the elastic modulyis according
to the following equation:

FL

g, =—22 %1073 7

T Ay.AL (7
FL _

H,=—2°_x1073 (8)
Ay AL

wherre
k., isthe apparent compression €lastic modulus, in gigapascals (GPa);
Ee is the effective compreéssion elastic modulus, in gigapascals (GPa);
F  is the compressian force acting on the specimen, in newtons (N);

lo,a is the apparént cross-section area of the specimen, in square millimetres (mm?2);

N

Ao,e is the effective cross-section area of the specimen corrected to take account of the joxidation
protection, in square millimetres (mm?2);

1, As'the gauge length at temperature 7, in millimetres (mm);

L ratl 1 LR 1 daf iy 4 1l i L Y | +] d'
AL IS UIT IUITgItuUuIIiar UCiul tiiduull, T HIIITIHIIITCTTN TS (T, TTITdSUT TU UIT LIIT TUIr vo Lul I pOl’l lng tO

F.

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

9.4.3 For materials with no linear section in the stress-strain curve, it is recommended to use the
couples of stress-strain values corresponding to stresses of 0,10, and 0,50¢,m unless other couples are
fixed by agreement between parties.
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