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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.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Mechanical properties of ceramic composites
at room temperature — Determination of compressive

properties

1 $cope

This|document describes procedures for determination of the compressive behaviour] of ceramic
matrfix composite materials with continuous fibre reinforcement at room temperature. This method
applies to all ceramic matrix composites with a continuous fibre reinforcementyuni-directi¢nal (1D), bi-
diregtional (2D) and tri-directional (xD, with 2 < x < 3), tested along one prin¢ipal axis of reinforcement
or offf axis conditions. This method also applies to carbon-fibre-reinforced earbon matrixy composites
(also| known as carbon/carbon or C/C). Two cases of testing are distinguished: compressjon between
platgns and compression using grips.

2 Normative references

The following documents are referred to in the text in¢siich a way that some or all of their content
consfitutes requirements of this document. For dated-references, only the edition cited |applies. For
unddted references, the latest edition of the referenced‘document (including any amendmepts) applies.
ISO 3611, Geometrical product specifications (GPSP~— Dimensional measuring equipment: Midrometers for
extennal measurements — Design and metrological characteristics

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machinles — Part 1:
Tenslon/compression testing machines=<Calibration and verification of the force-measuring Jystem

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

ISO 14744, Welding — Acceptanee inspection of electron beam welding machines

ISO 17161, Fine ceramigs\(advanced ceramics, advanced technical ceramics) — Ceramic cqmposites —
Determination of the degrée of misalignment in uniaxial mechanical tests

3 Terms and-definitions

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

ISO gridJEC maintain terminological databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

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

31

calibrated length

part of the test specimen which has uniform and minimum cross-sectional area

3.2

initial gauge length

LO

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

© IS0 2019 - All rights reserved 1
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3.3

initial cross-sectional area

AO

initial area of specimen cross section in the calibration length

3.4

longitudinal deformation

AL

decrease of the initial gauge length under compressive force

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

3.5
compressive strain
£
relative decfease of the gauge length defined as the ratio AL/L,

Note 1 to entfy: The compressive strain corresponding to the maximum force is denoted ag¢y4,.

3.6
compressivye force
FC
uniaxial forice carried by the test specimen at any time during the-{gstuniaxial compressive force

carried by the test specimen at any time during the test

3.7
maximum ¢ompressive force
Fc’m | - . . . .

greatest uniaxial compressive force applied to the test spécimen when tested to failure

3.8
compressiye stress
o
compressive force supported by the test spécimen at any time in the test divided by the initial cfross-
sectional arpa such that o = F_/A,

3.9
compressive strength
SC,m - 1} . .

greatest comnpressive stress applied to a test specimen when tested to failure

3.10
proportionplity ratio‘or pseudo-elastic modulus

E
slpope of the linearregion of the stress-strain curve, if any

Note 1 to entryZ Examination of the stress-strain curves for ceramic matrix composites allows definition ¢f the
following cases:

— Material with a linear region in the stress-strain curve.

For ceramic matrix composites that have a mechanical behaviour characterised by a linear region, the
proportionality ratio E,is defined using Formula (1).

O,—0
E,(0y,0,)=—2— M
€,—&

where (g4, 04) and (g,, 05) lie near the lower and the upper limits of the linear region of the stress-strain curve
(see Annex A, Figures A.1 and A.2).

— Material with nonlinear region in the stress-strain curve. In this case only, stress-strain couples can be
determined at specified stresses or specified strains.

2 © IS0 2019 - All rights reserved
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3.11

elastic modulus

E

proportionality ratio or pseudo-elastic modulus, in the special case where the linearity starts near
the origin

Note 1 to entry: (see Figure A.2).

4 Principle

A test-specimen of cpnrifipd dimensions is loaded in compression The compression test is usually

perfq
Cons
For ¢

The {

5

5.1

The 1§
shall

5.2

The]
Load|

The
intrg
verif]
bend|

Ther]
1)

1

The use of platens is not recommended for compression testing of 1D and 2D material

rmed at a constant cross-head displacement rate or at a constant deformation rate.

rosshead displacement tests, a constant rate is recommended when the testis conduct

orce and longitudinal deformation are measured and recorded simultaneously.

Apparatus

Test machine

machine shall be equipped with a system for measuring the force applied to the test sg
conform to grade 1 or better in accordance with [SO 7500-1.

Load train

oad train is composed of movable and fixed cross-heads, the loading rods and the grip
train couplers may additionally be used to connect the grips or platens to the loading

load train shall align the test(specimen axis with the direction of force applicat]
ducing bending or torsion in the test specimen. The misalignment of the test specir
jed and documented in aeCordance with the procedure described in ISO 17161. Th
ing shall not exceed 5 % at-an average axial strain of 500 x 10-°.

e are two alternatiyesmeans of force application.

[ompression platens are connected to the force transducer and the moving crog
arallelism af’these platens shall be better than 0,01 mm, in the loading area and the
latens shalPbe perpendicular to the force application direction.

hicknesses because of buckling.

tant force rate is only allowed in the case of linear stress-strain behaviour up té failure.

h

bd to failure.

ecimen that

s or platens.
rods.

ion without
nen shall be
e maximum

s-head. The
faces of the

5 with small

NOTE

A compliant interlayer material (composed only of paper or cardboard) between the test

specimen and platens can be used for testing macroscopically inhomogeneous materials to ensure uniform
contact pressure.

When the dimensions of the test specimen are such that buckling can occur, it is recommended that
antibuckling devices are used similar to those described in ISO 14126. These devices should not

i

ntroduce parasitic stresses during loading of the test specimen.

2) Grips are used to clamp and load the test specimen. The grip design shall prevent the test specimen
from slipping and the grips shall align the test specimen axis with that of the applied force.
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5.3 Strain measurement

5.3.1 Gen

eral

For continuous measurement of the longitudinal deformation as a function of the applied force, either
strain gauges or a suitable extensometer may be used. Use an extensometer that meets the requirements
of atleast class 1in ISO 9513. Measurement of longitudinal deformation over a length as long as possible

within the g

auge section length of the test specimen is recommended.

5.3.2 Strain gauges

Strain gaugd
to determin

shall be such that the readings are not affected by local features on the surface of the specimen, su

fibre crosso
surface pregj

5.3.3 Ext{

5.3.3.1 G

The linearit|
Extensomet

Types of cor]

5332 M

s are used for the verification of the alignment on the test specimen. They may also be
e longitudinal deformation during testing. In both cases, the length of the strainga

vers. Care shall be taken to ensure that the strain gauge readings are not influenced b
aration and the adhesive used.

Pnsometry

tneral

y tolerance of the extensometer shall be less than 0,15 %,ef the extensometer range
ers shall meet the requirements of at least class 1 in aceordance with ISO 9513.

hmonly used extensometers are described in 5.3.32 and 5.3.3.3.

pchanical extensometer

For a mech

n
two locatioZ:I\s where the extensometer contacts the test specimen. Mounting of the extensomet

the test spe
failure undd

than that aljowed in 5.2.

5.3.3.3 El

Electro-opti

purpose, fiducial marks sucliasrods or flags are attached to the test specimen surface perpendi

to the longit
between thd

The use of i

concentratigns induced by such features.

ical extensometer, the gauge length corresponds to the longitudinal distance betwee

F[imen shall prevent slippage of the ektensometer at the contact points and shall not in
r the contact points. Any extensometer contact forces shall not introduce bending gr

ectro-optical extensomieter

cal measurements_of’ strain require reference marks on the test specimen. For

udinal axis of the test specimen. The gauge length corresponds to the longitudinal dist
two fiducialdmnarks.

ntegral-flags as part of the test specimen geometry is not recommended, because of s

used
uges
ch as
[y the

hsed.

n the
er to
tiate
bater

this
rular
ance

tress

5.4 Datarecording system

A calibrated recorder may be used to record force-deformation curves. The use of a digital data
recording system is recommended.

5.5 Dimension-measuring devices

Devices use

+

d for measuring linear dimensions of the test specimen shall be accurate to + 0,1

Micrometers shall be in accordance with ISO 3611.

mim.
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6 Test specimens

6.1

General

The choice of test specimen geometry depends on several parameters:

the nature of the material and of the reinforcement structure;

— the type of testing system;

— fibre orientation with respect to loading direction.

The
spec
to by

If bu
to ug
allo

The
mini

In th

Fatio between the length of the test specimen subject to buckling and the thicknes
men, in addition to the stiffness of the material, will influence the resistance of the'td
ckling.

ckling occurs, it can be necessary to modify the dimensions of the test specimen or §
e an antibuckling device (e.g. fixed lateral guides pressed against the test-specimen sa
I longitudinal motion while simultaneously suppressing transverse mation).

volume in the gauge length shall be representative of the material. Volume represq
mum of five representative volume elements is recommended.

e case of off-axis loading conditions, results can depend-on/the cross-sectional area g

due o scale effect. Two types of test specimens can be distingtished.

a)

1

q

b) 1

q

Toler
spec
gaug

6.2
The

\s-fabricated test specimens, where only the length and the width are machined to t
ize. In this case, two faces of the test specimen ean present irregular surfaces.

Machined test specimens, where the lengtliZzand the width, as well as the two facej
pecimen, have been machined and present'regular machined surfaces.

ance on the thickness dimension only applies to machined test specimens. For as-fal
mens, the difference in thickness*out of three measurements (at the centre and at eag
e section length) should not exceed 5 % of the average of the three measurements.

Compression between platens

fest specimen geometry and/or compliant interlayers may be adapted in order to av

and damage at the edges-due to contact forces.

Type
supp|

supp
plate

NOTH

1 is commonlyvused and is illustrated in Figure 1. Fixture guides [(3) in Figure 1] pr
ort for thé specimen while minimizing the contact area. The fixtures (5) are bolt
orting the/specimen (2). The specimen and fixtures are located between a pair of
ns (4)-Recommended dimensions are given in Table 1.

Other systems are available.

5 of the test
st specimen

Iternatively
as to freely

ntative of a

f specimens

he specified

of the test

ricated test
h end of the

bid buckling

vide lateral
ed together
ompression
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b) Example of anti-buckling guides

unsupported length

calibrated length

total length

cylinder diameter or side length

Figure 1 — Compression test specimen (type 1) used between platens and anti-buckling gujides

Tabl¢ 1 — Diniensions for compression test specimen (type 1) used between platens

Dimensions in millimetres

Parameter 1B;2D;xb Foterance

I, calibrated length >15 +0,5
I, total length >1,5 x Imm +0,5
d, cylinder diameter or side length >8 +0,2
Parallelism of machined parts 0,05 N/A
Perpendicularity of machined parts 0,05 N/A
Concentricity of machined parts 0,05 N/A
Radius of shoulder >10 >2

Type 2 is cylindrical in shape and is not used as frequently as type 1. It is illustrated in Figure 2 and

recommended dimensions are given in Table 2.

© ISO 2019 - All rights reserved
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Figure 2 — Compression test specimen (type 2) used between platens$

Table 2 — Dimensions for compression test specimen (type 2) used between platens

Dimensions in millimetres

Parameter 1D, 2D, xD Tol|erance
I, caljbrated length =210 0,5
d, cylinder diameter or side length =210 0,2
Parallelism of machined parts 0,05 IN/A
Perpendicularity of machined parts 0,05 N/A
NOTI This test specimen is mainly used when the thickness of the partis not sufficient to machine a test specimen of type 1.

6.3 | Test specimen used with grips

For these types of test specimens, the total length, /,, depends on the gripping system. These types of
test §pecimens allow testing of thin test specimens without using an anti-buckling device. I{is, however,
necepsary to verify that the chosen I/h ratio does not lead to buckling.

Type 3 is represented in Figure 3 and.recommended dimensions are given in Table 3.

A

g

\

by

A—]

/

b>

I

I,  total test specimen length

h  thickness

b; width in the gauge section length
b, width

r  radius of shoulder

Figure 3 — Compression test specimen (type 3) for use with grips
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Table 3 — Dimensions of compression test specimen (type 3) for use with grips?

Dimensions in millimetres

Parameter 1D, 2D, xD | Tolerance
Long length
[, total test specimen length 21,5 x Imm N/A
I, calibrated length >15 +0,5
h, thickness >3 +0,2
by, width in the gauge section length =8 +0,2
b,, width br=—ebrwith-a2-te2 02
r, radius of shoulder >30 +2
Parallelism ¢f machined parts 0,05 N/A
Shortlength
I, total test ypecimen length >1,5 x Imm +0,5
I, calibrated |ength <15 +0,5
h, thickness >3 +0,2
by, width in the gauge section length >8 +0,2
b,, width b, = ab; with@: 1,2 to 2 +0,2
r, radius of shoulder =30 +2
Parallelism ¢f machined parts 0,05 N/A
2 This typq of test specimen is recommended, if buckling occurs, using.type 3 test specimen dimensions given if this
table (for long lengths). With this type of test specimen, it is very difficultte‘obtain strain measurements.

Type 4 is a $traight-sided test specimen. It is representediin Figure 4 and the dimensions are given in
Table 4.

A—>]

e
A—»‘
L

Key
b  width

Figure 4 — Compression test specimen for use with grips (straight-sided, without tabs)

Table 4 — Dimensions of compression test specimen (type 4) for use with grips (straight-sided,

without tabs)?
Dimensions in millimetres
Parameter 1D, 2D, xD Tolerance
I, total length >100 N/A

a  This test specimen is easy to machine and, although its use allows the determination of elastic modulus, it should not
be used for strength measurement.

© ISO 2019 - All rights reserved
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Table 4 (continued)
Parameter 1D, 2D, xD Tolerance
I, calibrated length (ungripped) 240 +0,2
h, thickness >3 +0,2
b, width >10 +0,2
Parallelism of machined part 0,05 N/A

a  This test specimen is easy to machine and, although its use allows the determination of elastic modulus, it should not
be used for strength measurement.

sht-sided-tes sped-with-end-tabs—thata te-qr polymeric
composite, and bonded or cured onto the test specimen. The dimensions are given in,Table 5 and the
test gpecimen is illustrated in Figure 5. This type of test specimen is mainly used foy 10, 2D and xD
(with 2 < x < 3) materials.

Tablle 5 — Dimensions of compression test specimen (type 5) for use with-grips (strgight-sided

with end tabs)
Dimensions 1n millimetres
Parameter 1D;2D, xD Tol|erance
[, tofal length =100 IN/A
1, caljbrated length >40 0,2
End fab length 230 0,2
h, thickness >3 0,2
b, width 210 t+0,2
Parajllelism of machined parts and of tab faces 0,05 N/A
NOTIE The thickness of the end tabs is generally between 1 mm and 3 mm.
A—>
A-A
~
h
A—>|

It

a  End-tab length
Figure 5 — Straight-sided test specimen with end tabs

All test specimens designed for elevated temperature testing can be used for room temperature testing.
NOTE Itis customary to obtain results at room temperature when testing a material at elevated temperature

and, to do so, the same type of test specimen is used. However, the cost of test specimens for elevated temperature
tests is generally much greater than that of test specimens for room temperature tests.

© IS0 2019 - All rights reserved 9
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7 Test specimen preparation

7.1 Mach

ining and preparation

When extracting test specimens from as-fabricated plates of material, care shall be taken to align the
test specimen axis with the desired fibre-related loading axis.

Machining parameters that avoid damage to the material shall be established and documented. These

parameters

7.2 Num

avalal
A

shall be adhered to during test specimen preparation.

oftest snecimens
o+-te

At least five

If statistical
using accepf

8 Testp

8.1 Testmode and rate

Test modes

within 1 min. However, various test rates may also be selected to.evaluate rate effects. In all @

report the tq

8.2 Meas

The cross-sg
end of the c{

Necessary diimensions to calculate cross-sectional area shall be measured with an accuracy of 0,1

8.3 Buck

During a compression test, the test specimen can be susceptible to buckling. To be sure of the valid

the test, it i

This verificd
geometry ol
instance, th

The degree
the calibrat
in the linear

testspecunens
valid test results (see 8.5) are required.
evaluation of the test results is required, the number of test specimens should be ch

ed statistical procedures and guidelines.

rocedure

may involve force, displacement or strain control. Use testrates that allow specimen f4

bst mode and rate.

urement of test specimen dimensions

ctional area shall be determined at the longitudinal centre of the test specimen and at

ling

necessary to verify that no buckling occurs for the conditions of the test.

tion shall be carried out every time there is a change in, for example, material, test spec
gripping configiration. Alignment can be verified and documented in accordance wit
e proceduresdescribed in ISO 17161.

of buckling is acceptable if the difference between the strains measured in the midg
onAdenigth on the opposite width faces of the verification test specimen, for values of s

osen

ilure
ases,

each

llibrated length. The arithmetic means«0f'the measurements shall be used for calculations.

mim.

ty of

imen
h, for

lle of
tress

), is

region of the stress-strain response (typically, this can be chosenas 0,1 5., to 09 S|

such that [Formula (2]]:

8,_8,,
e'+e”

where

sl

n

&

<0,05

is the compressive strain measured on the width face;

is the compressive strain measured on the opposite face for the same strain for the same

cross-section.

(2)

In the case of circular-cross-section test specimens, the strain measurements shall be taken at opposite
circumferential positions of cross-section.

10
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If the acceptable degree of buckling is not met, another test specimen shall be defined with a different
ratio I/h.

NOTE

Another method is to place extensometers on opposite sides of the test specimen and conduct a

compression test according to 8.4. Differences in deformations will indicate buckling. Formula 2 can be used to
determine the degree of buckling for the actual compression test.

8.4 Testing technique

8.4.1 Testspecimen mounting

Instqll the test specimen in the gripping system or loading system with its longitudinal axi
with|that of the test machine. If an anti-buckling device is used, then it should be clampe
speclmen before it is installed in the test machine.

Care|shall be taken not to induce flexural or torsional loads.

8.4.27 Extensometers

Instdll the extensometer longitudinally centred within the calibration length.

8.4.3 Measurements

Zero|the force transducer.

Zero|the extensometer (or strain gauges, if used).

Initiate recording the force versus longitudinal defermation (or strain).

Initiate loading the test specimen and terminate loading of the test specimen at the end of t

Ternjinate recording the force versus longitudinal deformation (or strain).

Record the temperature as ambient temperature.

Detefmine the position of fracture location relative to the longitudinal mid-point and
locatfion to the nearest 1 mny

8.5

Test validity

The following circimstances invalidate a test:

9

9.1

failure tosspecify and record test conditions;

failureto meet specified test conditions;

s coincident
1 to the test

he test.

record this

ailure to meet buckling criteria according to 8.3;

test specimen slippage in the grips or crushing (brooming) at the ends;
extensometer slippage or strain gauge failure;

fracture in an area outside the gauge section length.

Calculation of results

Test specimen origin

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

© IS0 2019 - All rights reserved
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9.2 Compressive strength

Calculate the compressive strength according to Formula (3).

~

_m
c,m_A
0

S (3)

where

S,

.m iSthe compressive strength, in megapascals (MPa);

the maximum compressive force, in newtons (N);

the initial cross-sectional area of the test specimen, in square millimetres (mm?)

9.3 Strain at maximum compressive force

e strain using Formula (4).

AL

Calculate th

&

(4)
where

£ is the strain at the maximum compressive force;

c,m

AL

em Is thelongitudinal deformation at the maximuin compressive force, in millimetres (mn

measured by the extensometer;

=

L is the initial gauge length, in millimetres{mm).

o

9.4 Prop

9.4.1 Calc
F;) and (AL

prtionality ratio or pseudo-€élastic modulus, elastic modulus

late the proportionality ratio or pseudo-elastic modulus E,, defined between two points
, F;) measured near thé lower and upper limits of the linear part of the force-deform

(AL,
ation

record, acco

rding to Formula (5).

Z)ZALO<F2_F1)

—)(10_3
o (ALz=AL;)

(5)

E,(01,p

where

E,

is tllle pseudo-elastic modulus, in gigapascals (GPa);

F  is the compressive force at the defined point on the force-longitudinal deformation curve, in

newtons (N);
is the initial cross-sectional area of the test specimen, in square millimetres (mm?2);
is the initial gauge length, in millimetres (mm);

is the longitudinal deformation corresponding to F, in millimetres (mm).
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9.4.2 If the material has linear behaviour at the origin, calculate the elastic modulus according to
Formula (6).
FL _
E=—2x1073 (6)
A AL
where
E  isthe elastic modulus, in gigapascals (GPa);
F__isthe compressive force ata pointin the linear part of the force-longitudinal deformation
curve, in newtons (N);
4, isthe initial cross-sectional area of the test specimen, in square millimetres (m?];
L, isthe initial gauge length, in millimetres (mm);
AL isthe longitudinal deformation corresponding to F, in millimetres.(mm).
Any point (AL, F) on the linear section of the force-deformation record may be used for its defermination.
9.4.3 For materials with no linear section in the force-deformatién curve, it is recommendgd that force
and (leformation values are used corresponding to forces of),¥F_, and 0,5 S_ .., unless ¢ther stress-
strain values are fixed by agreement between the parties conicerned.

itions, the calculation procedure of ISO 14744 shall be used. Two cross-sections

effective cross-section and apparent cross-section.

10
The

a)
b)

)
d)

e)
f)

g)

h)

j)
k)

L

[est report

test report shall contain at least the following information:

Iame and address of the tésting establishment;

ate of the test, unique, identification of the report and of each page, customer name
gnd signatory;

3 reference to.this document, for example “determined in accordance with ISO 20504”;

tlest specimen drawing or reference;

In thle case where a type 5 test specimen intended forpuse at elevated temperature is tedted at room
temperature and where the test specimen is protect&d-by a coating intended for specific en
cond

yironmental
hre defined:

hnd address

Iescription of test material (material type, manufacturing code, batch number);

eseription of test specimen fabrication process (if a material removal process is §ised, report

surface roughness/finish on cut or ground surfaces);

description of test set-up (gripping system or loading system, extensometer or gauge type, force

transducer);
displacement rate or deformation rate or force rate;
number of tests carried out and the number of valid results obtained;

force-longitudinal deformation (or strain or time) record;

valid results, mean value and standard deviations of the compressive strength, the compressive
strain at maximum compressive force, the (pseudo-)elastic modulus and proportionality ratio (if

applicable);

© IS0 2019 - All rights reserved
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