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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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INTERNATIONAL STANDARD ISO 527-5:2021(E)

Plastics — Determination of tensile properties —

Part 5:
Test conditions for unidirectional fibre-reinforced plastic
composites

1 Scope

This |document specifies the test conditions for the determination of the tensile ppoperties of
unidirectional fibre-reinforced plastic composites, based upon the general princ¢iples given|in ISO 527-1.

NOTE Isotropic and orthotropic reinforced materials are covered by ISO 527-4.

The methods are used to investigate the tensile behaviour of the test\specimens and for determining
the tpnsile strength, tensile modulus, Poisson's ratios and other aspects of the tensile $tress-strain
relatjonship under the conditions defined.

The fest method is suitable for all polymer matrix systems reinforced with unidirectiongl fibres and
which meet the requirements, including failure mode, set.ouitin this document.

The ethod is suitable for composites with either thermoplastic or thermosetting matrices, including
preimpregnated materials (prepregs). The reinforcenients covered include carbon fibres,|glass fibres,
aramjid fibres and other similar fibres. The reinforcement geometries covered include upidirectional
(i.e. dompletely aligned) fibres and rovings andunidirectional fabrics and tapes.

The method is not normally suitable for multidirectional materials composed of several upidirectional
layerp at different angles (see 1SO 527-4).

2 ormative references

The following documents-are referred to in the text in such a way that some or all of their content
constitutes requirements,of this document. For dated references, only the edition cited|applies. For
undated references, the latest edition of the referenced document (including any amendmejnts) applies.

[SO 527-1:2019, Plastics — Determination of tensile properties — Part 1: General principles
SO 1268 (all\parts), Fibre-reinforced plastics — Methods of producing test plates

ISO 2818;.Plastics — Preparation of test specimens by machining

[SO 16017, Plastics — Determination of linear dimensions of test specimens

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

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

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

©1S0 2021 - All rights reserved 1
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31

gauge length

Ly

initial distance between the gauge marks on the central part of the test specimen

Note 1 to entry: It is expressed in millimetres (mm).

Note 2 to entry: The values of the gauge length that are indicated for the specimen types in the different parts of
[SO 527 represent the maximum relevant gauge length.

[SOURCE: ISO 527-1:2019, 3.1]

3.2
thickness
h

smaller initipl dimension of the rectangular cross-section in the central part of a test spe¢inten

Note 1 to entyy: It is expressed in millimetres (mm).
[SOURCE: ISP 527-1:2019, 3.2]

3.3
width
b,
larger initial dimension of the rectangular cross-section in the central part of a test specimen

Note 1 to entyy: It is expressed in millimetres (mm).
[SOURCE: ISP 527-1:2019, 3.3]

3.4

test speed
1%

rate of sepaifation of the gripping jaws

Note 1 to entyy: It is expressed in millimetres per minute (mm/min).
[SOURCE: ISP 527-1:2019, 3.5]

3.5
stress
o
normal forc¢ per unit area of the original cross-section within the gauge length (3.1)

Note 1 to entty: It is expressed in megapascals (MPa).

Note 2 to entfy: In arder to differentiate from the true stress related to the actual cross-section of the spedimen,
this stress is fréquently called “engineering stress”.

Note 3 to entry: o for type A specimens is defined as o, and for type B specimens as o, (see 3.9, Figure 2 and
Clause 6 for definitions of these directions).

[SOURCE: IS0 527-1:2019, 3.6, modified — Domain “<engineering>" and Note 3 to entry has been added.]

3.5.1
strength

Om

maximum stress observed during a tensile test
Note 1 to entry: It is expressed in megapascals (MPa).

Note 2 to entry: o, for type A specimens is defined as o,,; and for type B specimens as o,,,.

2 © IS0 2021 - All rights reserved
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[SOURCE: ISO 527-1:2019, 3.6.2]

3.6
strai
£
incre

n

ase in length per unit original length of the gauge

Note 1 to entry: For type A specimens, ¢ is defined as &; and for type B specimens as &,.

Note 2 to entry: It is expressed as a dimensionless ratio, or as a percentage (%).

[SOURCE: ISO 527-1:2019, 3.7]

3.6.1

strain at strength

failu
Em

strai
Note
Note
[SOU

3.7
tensi
modj
E
slope
(seel

Note

Note
regre

Note
Note

[SOU

re strain

h at which the strength (3.5.1) is reached
[ to entry: For type A specimens, €, is defined as €,,; and for type B specimens as €,.

P to entry: Itis expressed as a dimensionless ratio, or as a percentage{%).

RCE: [SO 527-1:2019, 3.7.3]

le modulus
hlus of elasticity in tension

of the stress-strain curve co(g) in the interval;between the two strains € = 0,05 % and
Figure 1)

| to entry: It is expressed in megapascals (MPa).

2 to entry: It may be calculated éither as the chord modulus or as the slope of a linear
5sion line in this interval.

B to entry: This definition dées hot apply to films.
L to entry: E for type A(specimens is defined as E; and for type B specimens as E,.

RCE: [SO 527-1:2049, 3.9.]

1”=0,25%

least-squares
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Figure 1 — Stress-strain curve

3.8
Poisson's rdtio
U
negative ratjio of the strain change 4¢,, in one of the two axes normal to the direction of extension,
to the correpponding strain cliange 4¢; in the direction of extension, within the linear portion ¢f the
longitudinallversus normalstfain curve.

Note 1 to entry: Itis expressed as a dimensionless ratio.

Note 2 to entry: Since-thé lateral strain change Ag, is a negative number and the longitudinal strain change Ag, is
positive, the Poisson’s ratio as defined in ISO 527-1:2019, 3.10 is a positive number.

Note 3 to enltry” y., is the major Poisson’s ratio of a UD composite, describing the dimensional change in
2-direction as a result of a load applied in 1-direction for type A specimens (see 3.9 and Figure 2).

Note 4 to entry: u,; is the minor Poisson’s ratio of a UD composite, describing the dimensional change in
1-direction as a result of a load applied in 2-direction for type B specimens (see 3.9 and Figure 2).

[SOURCE: ISO 527-1:2019, 3.10]

3.9

specimen coordinate axes

coordinate axes for the material under test, as shown in Figure 2, the direction parallel to the fibres
being defined as the “1”-direction and the direction perpendicular to them (in the plane of the fibres) as
the “2”-direction

Note 1 to entry: The “1”-direction is also referred to as the 0° or longitudinal direction and the “2”-direction as
the 90° or transverse direction. See Figure 2.

4 © IS0 2021 - All rights reserved
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4 Principle
According to ISO 527-1:2019, Clause 4.

5 Apparatus

The 4

The micrometre or its equivalent (in accordance>with ISO 16012:2015, 5.5) shall read to
better. It shall have a suitable-size ball ended anvil if used on irregular surfaces and a flat

on fl4

Care
is on
press

Hydrpulic grips which can be setjat a constant grip pressure are preferred.

If strpin gauges bonded to-the specimen are used, the errors produced by the transverse

trang

isotrppic. Accurate méasurement of Poisson's ratio requires correction for this effect.

[tis recommended/that alignment of the specimen and loading train be checked as describe

6 Testspecimens

Figure 2 — Unidirectionally reinforced plastic composite showing axes of symmetry

pparatus shall conform to ISO 527-1:2019, Clausg5; except for the following:.

t, smooth (e.g. machined) surfaces.

shall be exercised to ensure that:the pressure exerted by the grips (see ISO 527-1
y sufficient to prevent the specimen slipping in the grip when loaded to failure. Ex
ure may cause crushing of thespecimen due to the low transverse strength of theg

verse gauge will génerally be much larger for anisotropic composites than for metal

0,01 mm or
anvil if used

12019, 5.1.3)
cessive grip
e materials.

bffect on the
s, which are

lin AnnexA.

6.1

6.1.1

Sirape and dimensions

General

The method is performed using one of two different types of test specimen, depending on the direction
of the applied stress relative to the fibre direction. Two types of test specimen are specified for use
with this document, depending on the direction of test relative to the fibre direction, as detailed and
illustrated in Figure 3. Type A is used for testing in direction parallel to the fibres with end tabs. Type
B is used for testing in direction transverse to the fibres with end tabs. Type A and B can also be used
with unbonded tabs or without tabs using fine grip faces and careful control of the gripping force (see
Annex B).

©ISO
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To decide whether to use specimens with or without bonded tabs, initially carry out tests without using
bonded tabs. If these tests are unsuccessful, i.e. if almost all specimens break in the grips (see Clause 7),
perform tests on specimens with bonded end tabs.

In the following paragraphs, the specimen thicknesses are defined. If materials cannot be manufactured
in the appropriate thickness because of unavoidable reasons, such as a higher area weight or
manufacturing from pultrusion in a different thickness, the nearest possible thickness shall be chosen.

Dimensions in millimetres

- Ly .
a Lo
s | . — &=
2 N 2 \
d 1 d
|
> fr——
X x ] 3
‘ Ls -
Key
1 specimeif
2  tab
3  jaws
3 Tab-fibreg orientation.
b Fibre dirgction in type B specimen.
¢ Fibre direction in type A specimen)
d  Zone covpred by jaws.
Dimensions in millimetres
Type A Type B
L; Overall lgngth =250 > 250 (see Note R)
L, Distancebetwegn'end tabs 1501 1501
b; Width 15+£0,5 25+0,5
h  Thickness 1+0,2 2+0,2
Ly, Gauge length (recommended for extensometers) 50+1 501
L Initial distance between grips (nominal) 136 136
Ly Length of end tabs > 50 > 50 (see NOTE 2)
hy  Thickness of end tabs 0,5to2 0,5to 2

NOTE1 Requirements on specimen quality and parallelism are given in ISO 527-1:2019, 6.4.

NOTE 2  For specimens taken from filament-wound plates prepared using ISO 1268-5, an overall specimen
length of 200 mm is acceptable, with an end-tab length of 25 mm.

Figure 3 — Type A and type B specimens

6 © IS0 2021 - All rights reserved
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Type A specimen (for longitudinal direction)

Type A specimens shall have a width of 15 mm * 0,5 mm, an overall length of 250 mm and a thickness
of 1 mm # 0,2 mm or, for specimens from filament-wound test plates, a thickness of 2 mm # 0,2 mm. The

sides

6.1.3

of each individual specimen shall be parallel to within 0,2 mm.

Type B specimen (for transverse direction)

Type B specimens shall have a width of 25 mm #* 0,5 mm, an overall length of 250 mm and a thickness of
2 mm * 0,2 mm. The sides of each individual specimen shall be parallel to within 0,2 mm.

1CO 240
Yo AW O Jd

For t
lengt]

6.2

6.2.1

In th
part

specimens (see Annex C), from the test plate.

In th
take

Take

Paral

specimens is given in Annex C.

6.2.2
The 4

or falpric glass-fibre/resin laminate with the fibres at +45° to the specimen axis. The tab th

be bd

Alter

strength and no greatep-coeefficient of variation (see ISO 527-1:2019, 10.5 and ISO 3534-1

recof
faste

of royighened gripd{aces), and fine grip faces without tabs as described in Annex B.

If the
that |
faces

I g

d

D 3 £al £. £31 4, o los . H
lJC D DPCLIIAICIID CANUIT TTUIIT TTIdIICTHIUVVUUuIIu lJlaLCD lJl CHQI U bl.)llls )

h of 200 mm is acceptable.
Preparation of specimens

General
b case of moulding and lamination materials, prepare a test plate iipaccordance with
of ISO 1268 or another specified/agreed procedure. Cut individual specimens,
e case of finished products (for example, for quality control during manufacture or
specimens from flat areas.
all specimens with their axis within 0,5° of the me@n fibre axis.

meters for machining specimens shall be as specified in ISO 2818. Further guidance o

End tabs

nds of the specimen type A and\Bjshall be reinforced with end tabs, preferably mads

tween 0,5 mm and 2 mm,with a tab angle of 90° (i.e. not tapered).
native tabbing arrangements are permissible, but shall be shown, before use, to give g
hmended tabs. Possible alternatives include tabs made from the material under test, 1

hed tabs, unbended tabs made of rough materials (such as emery paper or sandpaper

test isearried out on untabbed specimens, the distance between the grips shall be
petwéen the tabs of tabbed specimens. Care should be given to the contact part at the|

st specimen

the relevant
r groups of

bn delivery),

L cutting out

of cross-ply
ckness shall

t least equal
(1) than the
nechanically
and the use

the same as
edge of grip

6.2.3

Application of end tabs

Bond the end tabs to the specimen with a high-stretch adhesive in accordance with Annex C.

NOTE

6.3

The same procedure can be used for individual specimens and for a group of specimens.

Gauge marks

Gauge marks shall be in accordance with ISO 527-1:2019, 6.3.

6.4

Checking the specimens

Checking of specimens shall conform to ISO 527-1:2019, 6.4.

©ISO

2021 - All rights reserved


https://standardsiso.com/api/?name=2c15d02033df1499b7e2ce6cb2af188c

ISO 527-5:2021(E)

7 Number of specimens

According to [SO 527-1:2019, Clause 7, except the following.

Specimens of type B that break inside the grips or at grips edge regions are invalid. Those specimens
shall be discarded and further specimens shall be tested.

8 Conditioning

Conditioning shall be in accordance with ISO 527-1:2019, Clause 8.

9 Proced

9.1 Testd

Test atmosp

9.2 Meas

The measur
measured tg

9.3 C(Clamj
Clamping sh
Insert the er
NOTE In
often be avoid

system used)
canalsobea

9.4 Prest

The prestres

9.5 Settin

jure

tmosphere

here shall be in accordance with ISO 527-1:2019, 9.1.

irement of specimen dimensions

ement shall conform to ISO 527-1:2019, 9.2, except for the following: The thickness sh
the nearest 0,01 mm.

Ding
pll conform to ISO 527-1:2019, 9.3, except for theé\following.

d tabs so that they are 7 mm inside the gripi@s shown in Figure 3.

balid failure (see Clause 7) of the test spécimen inside the grip or at the grips edge regior

so that it does not cause fracture pr'¢rushing of the test specimen. Misalignment of the spe
Feason for the invalid failures described.

Fesses

s shall conform to ISQ527-1:2019, 9.4.

g of extensomiéeters and strain gauges and placing of gauge marks

The strain
accuracy of

9.6 Test speed

easurement setting shall conform to ISO 527-1:2019, 9.5. Measure the gauge length
% orbetter.

ed by adjusting the gripping force or pressure (e.g. via torque or manometer depending on grip

a1l be

s can
ping
rimen

to an

The test speed for type A specimens shall be 2 mm/min and for type B specimens 1 mm/min.

9.7 Recording of data

The recording of data shall conform to ISO 527-1:2019, 9.7.

10 Calculation and expression of results

10.1 Calcu

lation of all properties for parallel sided specimens (Type A and B)

The property calculation shall conform to ISO 527-1:2019, Clause 10, except that the definitions given in
Clause 3 apply and strain values shall be reported to three significant figures.

8
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11 Precision

See Annex B.

12 Test report
The test report shall include the following information:

a) a reference to this document, including the type of specimen and the test speed, written in the
following format:

Temsitetest ISO527-57A72

Type of specimen ] T

Test speed in millimetres per minute

b) tp q) see ISO 527-1:2019, Clause 12, b) to q), including fibre type, fibre content and fibre geometry

(p-g. unidirectional tape) in 12 b);

t

r) fpilure mode and location of failure for each specimen.

© IS0 2021 - All rights reserved 9
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Annex A
(informative)

Alignment of specimens

It is recommended that the alignment of the tensile-testing machine be checked in accordance with
ASTM E 1012[2] or ISO 23788I3], using a thin rectangular alignment gauge, instrumented with strain

gauges appli

The result o
the position
expected sit
reinforced p
to serve as 1
approximatg

Inordertoa
being used f
alignment g
Criteria AC7
Bending and
gauges prod

ed at 5 planes (A, B and C) and 4 strain gauges per plane.

[ the alignment verification depends on the dimensions of the alignment gauge-being
5 of the strain gauges and their stiffness. Therefore, the alignment gauge only réflect
lation when testing with a specimen, if it is similar in shape, dimensions and material.
olymer composites normally show localized deformations and are therefore not ad
haterial for alignment gauges. Steel of a yield stress of >800 MPa and.a-tensile modu
ly 200 GPa, free of significant internal stresses, is considered to bezaeceptable.

oid multiple alignment verifications related to each of the specimen shapes and dimen|
or testing, it is acceptable to verify the testing machine and<ts loading train by usin
huge shown in Figure A.1. This alignment gauge is in accerdance with the Nadcap
122-1 and -R[4], Appendix A which is broadly used in:the aerospace industry. Resul
Percent Bending obtained using this gauge are higherthan results obtained with align
liced in accordance with the specimen dimensions@hown in this document.

used,
s the
Fibre
ipted
us of

sions
g the
Audit
ts for
ment
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L
g
c —83 c
4 100 O-0
/I:I —3 -
g
1 n, n, ny
. . < o
| \NEN| [ N [ <~
LRI IR |
Ly
Key
1  sfrain gauge
Symbol Name Dimensions in millimetres
I Overall length 254
H Height 3,2
H Width 25,4
I Tab length 64
hy, Tab height 4,5
. Strain gauge distance from specimen’s edge in 5
transverse direction
Strain gauge distance from tab in specimen’s
njy longitudi . . 25
ongitudinal direction
Distance between strain gauges in specimen’s
nj, . . A ; 38
Z longitudinal direction
Figure A.1 — Example of a standard alignment gauge equipped with 12 strain gayges and
exchangeable protection tabs
Verify the alignment situation in at least two positions of the gauge, normally turned by [180° around
the centre axis of the alignment gauge. Optionally, measurements in top-down position of the alignment
gauge may bedequired.
In acfordance with ASTM E 1012 and ISO 23788 it is important to:
— Zero-all strain gauges in a free hanging position of the alicnment gauge and note the remaining

residual bending;

— measure bending (um/m) in clamped position at zero load or a small preload.

© IS0 2021 - All rights reserved
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Use

Annex B
(informative)

of unbonded tabs and conditions for gripping tab-less
specimens using fine grip faces

B.1 Overview

This annex
fine grip fac
be taken to
specimen ty
gripping reg
of unsatisfa
to the corre
or sand pap¢
specimen.

B.2 Test:

See Clause €
gripping con

B.3 Unbgdg

Tests with u

Appropriate
face and spe
cloth/paper

B.4 Gripping conditieti-without tabs using fine grip faces

Grip fac
— The grip

L'escribes guidance for using specimens (1) with unbonded tabs, or (2) without tabs

es. For the latter case, consideration should be given to the gripping condition) Care s}
ensure that damage to the material in the gripping regions is prevented when te
pes with unbonded tabs or those that are tab-less. Final fracture at the edge or inside

‘tory damage that may occur before and during the tests. Considération should be
ct selection and use of (1) unbonded tabs made of rough matetials (such as emery j
r), or (2) grip faces with fine teeth and appropriate grippingforce, to avoid damage t

specimens

, except for the description about end tabs (6:2:2 and 6.2.3). This annex permits tal
ditions as well as alternative tabbing arrangements according to 6.2.2.

nded tabs
nbonded tabs are carried out as{follows.

ly sized sheets of emery cloth, emery paper or sandpaper are inserted between thg
cimen, with the rough surface in contact with the surface of the specimen. Two layy¢
are recommended.

bs with a fifte'roughness are recommended for this test condition.

ping force should be controlled with care taken not to damage the surface of the spec

Hydrau

ic gkipping should be used for better control over gripping force.

using
hould
sting
bf the

ions, tab-debonding and damage during the tab application process are typical examples

given
baper
o the

h-less

grip
brs of

men.

NOTE

Detailed results are given In References [b] to [Z].

For thermoplastic matrix composite materials, unbonded tabs or gripping without tabs using fine grip
faces give better test results for:

— tests of composite materials made of thermoplastic matrix resin which can be difficult to bond to;

— warpage in laminates is often observed for composite materials made of thermoplastic matrix. In
this case, the process of bonding end tabs can cause unnecessary damage to the specimens.

12
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B.5 Comparison of grip conditions

ISO 527-5:2021(E)

Three test methods are provided which can give equal strength results to tests on specimens with end
tabs. These methods have been selected based on the subtraction of the standard deviation from the
average strength for tests with tabs.

iy

Condition 1 in Table B.2 and Figure B.1.

2)

Two layers of emery papers (#400 to # 600) are inserted between the grip faces and specimen.

Only one layer of emery paper (#400 to #600) is inserted between the grip faces and specimen,
with grip faces having a similar morphology to that of the emery paper.

(ondition 2 in Table B.2 and Figure B.1.

3) Nounbonded tab is used. Grip faces have a similar morphology to that of the emery paper. The pitch

=S O

NOTH

(ondition 3 and 4 in Table B.2 and Figure B.1.

Detailed data are available in References [5] to [Z].

Table B.1 — Material used fox RRT

Fibre PAN bagsed carbon fibre
Matrix Polyamide 6

Fibre volume fraction Car43 %

Tape thickness 0,18 mm

Moulding process Hot press

Number of layers 7

Specimen number 5

fthe grip face serration is less than 0,25 mm, and the gripping force is carefully contrelled so as to
ot damage the specimen.

Thble B.2 — Comparison of:test methods for unbonded tabs (Emery papers), and gripping
condition without tabs using fine grip faces
Gripping condition 1 2 3 4 5 6 7 8 9 10 11
Forcé¢ control :
H = fiydlaulic M M H H m M M
_ :Precise :Precise :Precise :Precise
M = Manual screw,
Roughness of grip face :
L = large ( =1 mm)
M = Middles< 1 mm) M F F F M F M M M L M
F = Hine ("< 0,25 mm or
Carblde)
Abrasive paper? y
Y =Yes N N Y N Y N N N N
:double
N =No
©1S0 2021 - All rights reserved 13
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