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reword

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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Introduction

Through-thickness properties and the methods specified in this document for their measurement are of
interest for engineering specifications and design use. The test geometries recommended are suitable
for testing thermoset and thermoplastic-based fibre-reinforced composites, although some materials
can be difficult to bond to the loading bars when loaded in tension. A through-thickness dimension of
40 mm is recommended.

For the tension method, consideration has been given to the possibility of out-of-plane bending and
end effects influencing the measured tensile properties. Specimen geometries have therefore been
specified on the basis of minimising these effects, promoting failure away from the specimen endsf|(i.e.
type Il and|1II) and ease of handling (i.e. machining and testing).

For the corppression method, consideration has been given to the possibility of Euler buckling and fend
effects influencing the measured compressive properties. Specimen geometries have¢herefore Heen
specified on the basis of minimising these effects, promoting failure away from the specimen ends|(i.e.
type III) anjd ease of handling (i.e. machining and testing).
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Fibre-reinforced plastic composites — Determination of
laminate through-thickness properties —

Part 1:

Di

rect tension and compression tests
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Scope

er rectangular prism and/or waisted block specimens. The methods are’suitable for
ety of aligned and non-aligned, continuous, and discontinuous fibre formats, with both
thermoplastic matrices, ranging from 20 mm to 40 mm in thickness.

ee specimen types are described in this document. These are:

Type I - fixed rectangular cross-section along length of specimen. It is the preferred sp
determining elastic properties.

Type Il - waisted rectangular cross-section, variableé cross-section along length of sj
is only suitable for determining tensile strength@alues and is the preferred specimen
anisotropic and thermoplastic materials.

Type III - waisted rectangular cross-section,fixed cross-section along the gauge-length o
It is used to provide both elastic and strength property data and is the preferred sp
generating a full stress-strain response.

cimen types I and II are also suitable for use with unreinforced plastics but are unsuit4
n rigid cellular materials and, sandwich structures containing cellular materials.

testing modes are coveréd;
Method A - Tension

Method B - Compression

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3

5 document specifies methods for determining the through-thickness properties (i.g.
modlulus of elasticity, Poisson’s ratio and strain-to-failure) of fibre-reinforced plastic compa

strength,
sites using
use with a
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ecimen for

pbecimen. It
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291, Plastics — Standard atmospheres for conditioning and testing

1268 (all parts), Fibre-reinforced plastics — Methods of producing test plates

s) applies.

[SO 2602, Statistical interpretation of test results — Estimation of the mean — Confidence interval

ISO 5893, Rubber and plastics test equipment — Tensile, flexural and compression types (constant rate of
traverse) — Specification

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

s and definitions

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

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

31

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

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

oc

tensile str;

03371
tensile for

sectional

i[
Noteltoe

3.2
tensile fai

033TM
tensile stre,

Did

Ce, carried by the test specimen at any particular moment, divided by the initial “cr
ea of the specimen at the specimen mid-length

ry: It is expressed in megapascals, MPa.

Jure stress or strength

5s (3.1) at the moment of failure, or when the load reaches a maximum value

Note 1 to enftry: It is expressed in megapascals, MPa.

3.3
tensile fai

€33T™
through-th

Jure strain

ickness strain at the tensile failure stress or strength, o337 (3.2)

Note 1 to enftry: It is expressed as a dimensionless ratio orin‘percent, %.

3.4
modulus d

E33r

f elasticity (chord) in tension

chord modulus obtained from the ratio of'the stress difference (¢” minus ¢') and the corresponc

strain diffq

rence (¢” = 0,002 5 minus £.=0,000 5)

Note 1 to enftry: It is expressed in megapascals, MPa.

Note 2 to ej]
€') may be uj
of ¢”, should
strain respd

3.5
compressi

033¢

try: A ratio of the sttess difference (¢” minus ¢') and the corresponding strain difference (¢” m
sed if failure straifiy£3;37y, is less than 0,002 5. Where this is the case, £”, and the corresponding v
be taken as thé maximum values of strain and stress, respectively, in the linear region of the sty
nse.

ve stress

compressi

DSS-

ling

nus
hlue
ess-

o force carried hyv the test specimen at anv narticular moment divided bv the initial cr
Y " ' A 7 o4

sectional area of the specimen at the specimen mid-length

Note 1 to entry: It is expressed in megapascals, MPa.

3.6

compressive failure stress or strength

033cM

compressive stress (3.5) at the moment of failure, or when the compressive load reaches a maximum

value

Note 1 to entry: It is expressed in megapascals, MPa.
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compressive failure strain

€33¢

M

through-thickness strain at the compressive failure stress or strength, o33¢y (3.6)

Note 1 to entry: It is expressed as a dimensionless ratio or in percent, %.

3.8

modulus of elasticity (chord) in compression

E33c
chord modulus obtained from the ratio of the stress difference (¢” minus ¢') and the corresponding

strg
Not
Not

')
of o

strajin response.

in difference (¢” = 0,002 5 minus €' = 0,000 5),
e 1 to entry: It is expressed in megapascals, MPa.
e 2 to entry: A ratio of the stress difference (¢” minus ¢') and the corresponding strain differen

hay be used if failure strain, €35y, is less than 0,002 5. Where this is the case, £”, and the correspg
', should be taken as the maximum values of strain and stress, respectively, in theldinear region 9

3.9

Poisson’s ratio

%

negptive ratio of the strain, ¢, in one of the two axes normal to the direction of load
corresponding strain ¢, in the direction of loading, within the initial linear portion of the I
ver$us normal strain curve

Note 1 to entry: It is expressed as a dimensionless ratio.

3.1

specimen coordinate axes

1,2}3

coofdinate axes for the material with the fibres preferentially aligned in one direction

Not¢ 1 to entry: The direction parallelNwith the fibre axes is defined as the “1” direction, th
perpendicular and in the same plane as the “2” direction, and the direction perpendicular to the 1-2
“3” flirection. For other materialsythe “1” direction is normally defined in terms of a feature associa

pro
to t
spe
Not
dirdg
plar]

Not

uction process, such as the(lohg direction for continuous sheet processes. The “2” direction is pe
he “1” direction in the same plane, and the “3” direction is perpendicular to the 1-2 plane.
imens cut parallel with the “3” direction are identified by the subscript “33” (e.g. E337). See Figul

b 2 to entry: TheC4™ direction is also referred to as the 0 degree (0°) or longitudinal directid
ction as the 90.degree (90°) or transverse direction, and the “3” direction as the through-thickne
e direction,

b 3 to entry” The specimen height corresponds to the through-thickness or out-of-plane direction

Ce (¢” minus
nding value
f the stress-

ing, to the
ngitudinal

e direction
plane as the
ed with the
rpendicular
Results for
e 1.

nal, the “2”
ss or out-of-

dimension.
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Figure 1

axes

4 Prim]‘ilple

Test specimens are loaded along their major axis at\€onstant speed in tension or compression y

the specim
specified s
on the met|

In tension,
adhesively

In compres
specimens

The proce

en fractures [for type II (tension only) and III specimens], or for type I specimens until
[rain limit or load is reached. The load.ahd strain (or displacement) are measured depeng
hod used.

the specimens are end-loaded via two metallic (aluminium or stainless steel) loading b
bonded to the end of the spgcimen.

sion, specimens are end-loaded between two hardened steel parallel platens. Failure of]
(type Il only) occurs-in local shear.

Hures are performed using specimens, which can be either machined from flat area

products,
sheet, or

The methods specify preferred dimensions for each type of specimen. Tests which are carried ou
specimens|of/other dimensions or on specimens which are prepared under different conditions
produce regults which are not comparable. Other factors, such as the speed of testing and the condi

achined frem Semi-finished products such as mouldings, laminates and extruded or
ade from.test panels manufactured in accordance with ISO 1268.

— Aligned fibre-reinforced composite plate element.showing specimen coordinate

ntil
the
ling

ars,

the

5 of
Cast

[ on
can

fion

of the specimens can influence results. Consequently, when comparative data are required, these

factors sha

1l be carefully controlled and recorded.

5 Apparatus

5.1 Test

machine

5.1.1 General

The test machine shall be in accordance with ISO 5893 as appropriate. The testing machine shall be
capable of maintaining the required speed of testing (see 9.6).

© IS0 2023 - All rights reserved
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2 Indicators for load and strain

The error for the indicated load shall not exceed +1 % of applied full load, according to ISO 7500-1, and

the

5.2

error for the indicated strains shall not exceed +2 %.

Strain gauges and strain acquisition

Strain shall only be determined by means of strain gauges. For maximum accuracy, the strain shall be
measured on all four faces of the specimen (types I and III only). The active length of the strain gauge

emjy
med
on t

5.3

Mic
cro

The

shall not be more than 2 mm. The gauges, surface preparation and bonding agents shall b

]

oyed. Strain-recording equipment should have 8 channels, of which 4 channels should
)sure the axial strain on 4 surfaces and 4 channels should be used to measure the transv
hose surfaces.

Micrometer

rometer, or equivalent, reading to less than or equal to 0,01 mm, shall’be used to det
bs-sectional dimensions of the specimen at the specimen mid-length:

hemispherical faces for irregular surfaces).

5.4

5.4
Thd

Loading fixtures

1 General

loading arrangement shall load the specimen so that the requirement on allowablg

bending in 9.10 is achieved. For tensile tests the use of hydraulic grips is recommended. Th

use

Thd
the

NO1T
repé

5.4

The

ap
be
par

shall be identified in accordance with Clause 12.

main design points for all test methods and specimen types are alignment (initial and 1
test) and the prevention of failutesat the end of the specimen.

E The use of hydraulic%grips has been shown [l to provide a means of achieving acc
atable alignment (see 9.10)!

2 Method A - Tenision loading

tensile loading)bars shall be in accordance with, or similar to, that shown in Figure

pll‘ied direct tothe end of the specimen via adhesively bonded loading bars. The loading

anufacturéed from either aluminium or stainless steel and the contact surfaces shall
hllel toswsithin 0,01 mm.

e chosen to

nt shall be
be used to
erse strain

brmine the

shape of the anvils shall be suitable for the surface being measured (i.e. flat faces for flat, and

specimen
b fixture in

hroughout

bptable and

| 2. Load is
bars shall
be flat and

N

\7

5.4.

B

Figure 2 — Schematic of Method A — Tension loading arrangement

3 Method B - Compression loading

Compression loading shall be between hardened surfaces on the test machine platens, or a die set (see
Figure 3). The contact surfaces shall be flat and parallel to within £0,01 mm.
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Key
1 dieset
2 hardengd and ground loading plate

Figure 3 — Schematic of Method B — Compression loading

6 Test §pecimens

6.1 Shape and dimensions

6.1.1 Typelspecimens

The specimens shall besstraight sided and of rectangular cross-section (see Figure 4) with [the
dimension$ given in Table1.

© IS0 2023 - All rights reserved
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Dimensions in millimetres

40

16

16

Figure 4 — Schematic of typel specimen

Table 1 — Dimensions fer type I specimens

Dimensions in millimetres

Overall height, h Width, a Depth, b
40+1 16 +0,1 16 +0,1
NOTE Requirements for specimen quality and parallelism of specimen are given in 6.2.2.

6.12 Type Il specimens

The specimens shall have a-gircular profile extending along the entire gauge-length of thg
(sed Figure 5). The radius.of curvature, R, of the gauge-length shall be 30 mm. The cross-se
the|entire specimen length is square but varies in cross-sectional area. The dimensions a

Table 2.

P sSpecimen
Ction along
re given in

© IS0 2023 - All rights reserved
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Dimensions in millimetres
4,51 16

40

2 X 4.2
7/

i

|

|

|

4

25

Figure 5 — Schematic of type Iispecimen

Table 2 — Dimensions for.type Il specimens

Dimensions in millimetres

Parameter Dimensions

Overall height;h 40+1

Gauge-lengthyL 32+0,25

Mid-sectienwidth, a 16 +0,1

Mid-section depth, b 16 +0,1

Base-section width 25+0,1

Base-section depth 25+0,1

NOTE The reduction i cross-sectional area promotes failure at the specimen mid-thickness and away firom

the specimgn ends.

6.1.3 Type Ill.specimens

The specinpens shall have a constant rectangular cross-section extending along the entire gauge-lerjgth
of the specimen (see Figure 6). The dimensions are given in Table 3.

8 © IS0 2023 - All rights reserved
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Dimensions in millimetres

12,5
Y| &
N |
A
25
N 0 N 16
= ' < 3

4 ] A
™~ ™~
S| & 129 e L5t
9 : M 449
~ -
< 12,5
o
Yol
QD }
e '
s A

o

Figure 6 — Schematic of type III specimen

Table 3'= Dimensions for type III specimens

Dimensions in millimetres

Parameter Dimensions
Overall height, h 40+1
Gauge-length, L 12 £0,05

Mid-section width, a 16 £ 0,025
Mid-section depth, b 10 £ 0,025
Base-section width 25+0,-0,015
Base-section depth 25+0,-0,015

6.1.4 Non-standard test specimens

Specimens less than 40 mm thick may be used, provided that all the linear dimensions are scaled in
accordance with h/40.

Specimens greater than 40 mm thickness may be used, provided that the specimen is not scaled by
keeping to the gauge-section geometry of the 40 mm specimen and extending the length of the 16 mm
or 25 mm square sections for type I, and type Il and III specimens, respectively.

Due to difficulties in handling (machining and testing) a minimum thickness of 20 mm should be used.

©1S0 2023 - All rights reserved 9
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6.2 Preparation of test specimens

6.2.1 General

A panel from which specimens are to be extracted shall be prepared in accordance with the relevant
part of ISO 1268 or other specified/agreed procedure. Individual specimens or groups of specimens
shall be machined to the required size. Some parameters for machining are specified in ISO 2818. For
further guidance on cutting specimens, see ISO 527-4:2021, Annex Al2], ISO 2818(3] and Reference [4].

Pre-formed diamond grlndlng wheels or WA 60 grlt wheels formed usmg a wheel dressmg attachment,
h e itable

Machine the loading ends of each specimen to be parallel to one another and perpendicular to|the
loading axls of the specimen. The allowed deviation in the parallelism of the loading-areas is 0,1 % of
the overalllbase width. The tolerance on the parallelism along the specimen length|shall be a maximum
of 1 % of the initial length. For laminated composites, the “apparent” plane of.individual layers shall be
parallel with the loading faces.

Avoid working under conditions that can create a large build-up of heat in the test specimen. [t is
recommenfed that a coolant is used, dry the test specimens immedjately after machining.

NOTE heck that cut surfaces of the test specimen are free from machining defects.

6.2.3 Application of end-loading blocks for Method A.*~Tension only

The end-ldading blocks shall be bonded to the specimén using a fixture that allows for good axial
alignment pf the end-tabs to the specimen. Adhesive manufacturer’s instructions (when available) nust
be followed for the surface preparation and bonding.

The use of|metallic loading bars with spigots:that align with circular recesses machined in the ends of
all specimén types is permitted (see Figure/6). This provides a means by which alignment of bonded
loading bars can be improved. Howeverjithe use of loading bars with spigots and hence specimens with
correspondling recesses, is not mandated and should only be used for tensile measurements.

6.3 Che¢king

The specimens shall be freg-of twist and shall have mutually perpendicular pairs of parallel surfaces.
The surfades and edgeS-shall be free from scratches, pits, sink marks and flashes. The specinjens
shall be checked for-conformity with these requirements as a minimum by visual observation agajnst
straight-edges, squares and flat plates, and by measuring with micrometer callipers. Specimen showing
measurablg or,observable departure from one or more requirements shall be rejected or machinef to
the proper|size'and shape before testing.

7 Test specimens

At least five test specimens, giving valid modulus of elasticity measurements and/or failures, shall be
tested. The number of measurements may be more than five if greater precision of the mean value is
required. It is possible to evaluate this by means of the confidence interval (95 % confidence interval,
see [SO 2602).

The results of specimens that do not fail within the gauge-section in accordance with 9.10 shall be
discarded and new specimens tested in their place.

10 © IS0 2023 - All rights reserved
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8 Conditioning

The test specimens shall be conditioned as specified in the International Standard for the material
tested. In the absence of this information, select the most appropriate condition from ISO 291, unless
otherwise agreed upon by the interested parties, e.g. for testing at elevated or low temperatures. The

preferred set of conditions in ISO 291 is standard atmosphere 23/50.

9 Test procedure

9.1—Testatmosphere

Conduct the test in the atmosphere which is specified in the International Standard fer’tlhe material
tested. In the absence of this information, select the most appropriate condition fromvISO 291, unless
otherwise agreed upon by the interested parties, e.g. for testing at elevated or low temperatures. The
preferred set of conditions in ISO 291 is standard atmosphere 23/50.

9.2] Specimen dimensions

Megsure the width, a, and depth, b, of each test specimen to the nearest 0,01 mm at the mid-length of
the[specimen.

9.3| Specimen preparation Method A — Tension only

Bond the metallic loading bars to the specimen ensuring-good axial alignment between sp¢cimen and
the|loading bars. Ensure there is no spew fillet at the Bond-line between the specimen and the loading
barf.

An
axig

9.4

Att
(on
acti

hlignment jig is recommended for bonding-the loading bars to the specimen and for ch
1l alignment of the test equipment.

Strain recording

ich strain gauges and employithe necessary strain-recording equipment. Four strain me3
e on each face of the specimen) are required to ascertain that column bending is not occ
ve length of the strain gauge, which shall be centrally bonded on the specimen, shall be 2

ecking the

surements
irring. The
mm or less.

Berlding can be detectedif the strain on one face reverses (decreases) when the strain on the opposite

face

Bia
use

increases rapidly.

kial strain gauges are required for measurements of Poisson’s ratio. Uniaxial strain gaug
1 if only madulus and strain-to-failure are to be measured.

Cy

oacrylate adhesives are generally suitable for bonding of strain gauges in most test case

other adhesives may be used if the test conditions demand it. Strain gauges should be bonde
installation procedures provided by the strain gauge manufacturer (where available) for the

es shall be

5; however,
d using the
gauge and

b 2H s | 1 ol
(0] jiessss-quaimssssivrican i a e o

9.5

9.5.

Specimen alignment

1 Method A - Tension

Mount the specimen with loading bars in the test machine to be used and check that the strain data in
the elastic region indicate good alignment for the first test in each batch, using the calculations given in
9.10.

©IS

02023 - All rights reserved

11


https://standardsiso.com/api/?name=623887849e239f5511354e7eaeb01203

ISO 20975-1:2023(E)

9.5.2 Method B - Compression

Mount the specimen in the compression fixture to be used and check that the strain data in the elastic

region indi

cate good alignment for the first test in each batch, using the calculations given in 9.10.

9.6 Testing speed, v

Set the speed of testing by adjusting the crosshead displacement rate to 1 mm/min * 0,2 mm/min.

9.7 Data collection

Record lo
system th

9.8 Max

Record th4
should be s

9.9 Failure mode

Record the

9.10 Test

Check that
specimen €

Bending ig
between 1

|

where

€33p 7

€33p 1

5333 an

€33 Al

ii and strain (or deformation) continuously, using, if practicable, an automatic reeprq

yields a complete load/displacement curve for this operation.

imum load

maximum load carried by the specimen during the test. For type [ coupons only, the
topped once a strain of 0,3 % has been reached.

mode of failure.

acceptance

the test was valid. The test is valid only if failureecurs within the gauge-section (not at
nds). End and bond-line failures for Method A (Ténsion) are unacceptable.

acceptable if the difference between strdins recorded on each face of the specimen
) % and 90 % of the failure load is such.that:

(€332 €33d ~€33¢

}SO,lOand[ }30,10

€332 €339 T€33¢

d €55, are one set oflaxial strains on opposite faces of the specimen;

d £33, are the other set of opposing axial strains.

10 Expr

10.1 Methed'A — Tension

ssion . ofiresults

ling

test

the

for

10.1.1 Tensile strength

Calculate the tensile strength, o337, expressed in megapascals, using Formula (1):

O033TM

where

F,

max 1

a i

12

Fmax
axb

s the maximum load, in newtons;

s the width, in millimetres, of the test specimen;
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b is the depth, in millimetres, of the test specimen.

10.1.2 Modulus of elasticity (chord) in tension

Calculate the modulus of elasticity (chord) in tension, E331, expressed in megapascals, using Formula (2)
(see Figure 7):

AFXL _or—07

Ezar = = 2
BT axbx AL ef —€7 (2)
wh¢re
L is the gauge-length, in millimetres;

AL  istheincreasein gauge-length, in millimetres, corresponding to the strain difference (¢’ =0,002 5
minus &'y = 0,000 5);

AF  istheload increment, corresponding to the strain difference, in newtons;
a is the width, in millimetres, of the test specimen;

b is the depth, in millimetres, of the test specimen;

o”r isthe tensile stress at " = 0,002 5, expressed in megapascals;

o’y isthe tensile stress at £’ = 0,000 5, expressedin megapascals.

©1S0 2023 - All rights reserved 13
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Key

X  strain, 4
Y stress,
a  Slope F

10.1.3 Te

Calculate t

10.2 Metl

10.2.1 Co

Om
oo
o T
/ @

o

0 . "

£ £ En X
{= 0,000 5) (= 0,002 5)

<

Figure 7 —Generic tensile stress-strain diagram

nsile failure strain

he tensile failufestrain, €337, from the mean longitudinal strains at failure.
hod B —< Compression

mpressive strength

Calculate the compressive strength, 035y, expressed in megapascals, using Formula (3):

033cM

where

F,

max 1
a i

b i

14

Fmax (3)

axb

s the maximum compressive load, in newtons;
s the width, in millimetres, of the test specimen;

s the depth, in millimetres, of the test specimen.
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