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Plastics — Determination of tensile properties —

Part 4:

Test conditions for isotropic and orthotropic fibre-reinforced plasti

compos

1 Scope

1.1 This pat of ISO 527 specifies the test conditions for the determination of tHe'tensile properties of ig

orthotropic fi

Unidirections

1.2 See IS(

1.3 Theteg

— fibre-reipforced thermosetting and thermoplastic composites incorporating non-unidirectional rein

such as
rovings,
see spe
combing

construg
or mainl

finished

The reinforcgement fibres covered include glass fibres, carbon fibres, aramid fibres and other similar fibreg.

1.4 The meg
by equivalen

ites

pre-reinforced plastic composites, based upon the general pringiples given in part 1.

lly reinforced materials are covered by part 5.
D 527-1, subclause 1.2.

t method is suitable for use with the following materials:

mats, woven fabrics, woven rovings;.chopped strands, combinations of such reinforcemen
short or milled fibres or preimpreghated materials (prepregs) (for directly injection-moulded
timen 1A in 1ISO 527-2:1993);

tions of the above with(‘unidirectional reinforcements and multidirectional reinforceg
ted from unidirectional layers, provided such laminates are symmetrical (for materials with
y, unidirectional reinforcements, see ISO 527-5);

products made from.these materials.

thod is performed using specimens machined from a test panel made in accordance with |
t methods, or from finished and semi-finished products with suitable flat areas.

C

otropic and

forcements
ts, hybrids,
specimens,

materials
completely,

50 1268 or

1.5 See ISO 527-1, subclause 1.5.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this part of
ISO 527. At the time of publication, the editions indicated were valid. All standards are subject to revision, and
parties to agreements based on this part of ISO 527 are encouraged to investigate the possibility of applying the
most recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid

International

Standards.

ISO 527-1:1993, Plastics — Determination of tensile properties — Part 1: General principles.
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ISO 527-2:1993, Plastics — Determination of tensile properties — Part2: Test conditions for moulding and
extrusion plastics.

ISO 527-5:1997, Plastics — Determination of tensile properties — Part 5: Test conditions for unidirectional fibre-
reinforced plastic composites.

ISO 1268:1974, Plastics — Preparation of glass fibre reinforced, resin bonded, low-pressure laminated plates or
panels for test purposes.

ISO 2818:1994, Plastics — Preparation of test specimens by machining.

ISO 3534-1:1993, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms.

3 Principle

See ISO 527-1, clause 3.

4 Definitions

For the purpgses of this part of ISO 527, the following definitions apply.

4.1 gauge jength: See ISO 527-1, subclause 4.1.
4.2 speed pf testing: See ISO 527-1, subclause 4.2.

4.3 tensile|stress, o (engineering): See 1SO 527-1, subclause 4.3, except that o for “1”-direction sgecimens is
defined as oy and for “2”-direction specimens as o> (see 4.8for definitions of these directions).

4.3.1 tensile strength, oy: See ISO 527-1, subclause 4.3.3, except that oy for “1”-direction specimens is defined
as o1 and for “2”-direction specimens as opo.

4.4 tensile|strain, & See ISO 527-1, subclause 4.4, except that ¢ for “1”-direction specimens is definefl as &1 and
for “2”-directjon specimens as &.

It is express¢d as a dimensionless ratio-or in percent.

45 tensilj strain at tensile strength; tensile failure strain, gy: The tensile strain at the point corresponding to
the tensile sfrength of the specimen.

For “1”-direction specimens, gy is defined as gy and for “2”-direction specimens as gs.

It is expressed as ‘a-dimensionless ratio or in percent.

4.6 modulus-of elasticity in tension; Young's modulus, F: See I1SO 527-1_subclause 4.6, except that E for
“1”-direction specimens is defined as E¢ and for “2”-direction specimens as Es.

The strain values used are as given in ISO 527-1, subclause 4.6, i.e. ¢’ =0,0005 and £” = 0,002 5 (see figure 1),
unless alternative values are given in the material or technical specifications.

4.7 Poisson's ratio, u: See ISO 527-1, subclause 4.7, except that for “1”-direction specimens py, is defined as 1o
and up, as 1143, using the coordinates shown in figure 2. For “2”-direction specimens, p,, is defined as up¢ and gy, as
Hes.
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4.8 specimen coordinate axes: The “1”-direction is normally defined in terms of a feature associated with the
material structure or the production process, such as the length direction in continuous-sheet processes (see
figure 2). The “2”-direction is perpendicular to the “1”-direction.

NOTES

1 The “1”-direction is also referred to as the 0° or longitudinal direction and the “2”-direction as the 90° or transverse direction-

2 For unidirectional materials covered by part 5 of this International Standard, the direction parallel to the fibres is defined as
the “1”-direction and the direction perpendicular to the fibres (in the plane of the fibres) as the “2”-direction.
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Figure @ — Stress-strain curve

Figure 2 — Fibre-reinforced plastic composite showing axes of symmetry

5 Apparatus

See I1SO 527-1, clause 5, except for the following: The micrometer or its equivalent (see 5.2.1) shall read to
0,01 mm or better. It shall have a suitable-size ball-ended anvil if used on irregular surfaces and a flat anvil if used
on flat, smooth (e.g. machined) surfaces.

Subclause 5.2.2 does not apply.

NOTE — Itis recommended that alignment of the specimen and loading train be checked as described in annex B.
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6 Test specimens

6.1 Shape and dimensions

Three types of test specimen are specified for use with this part of ISO 527, as detailed and illustrated in figure 3
(type 1B) and figure 4 (types 2 and 3).

Type 1B is for testing fibre-reinforced thermoplastics. Type 1B specimens may also be used for fibre-reinforced
thermosets if they break within the gauge length. Type 1B shall not be used for multidirectional, continuous-fibre-
reinforced materials.

Type 2 (rectangular without end tabs) and type 3 (rectangular with bonded end tabs) are for testing fibre-reinforced
thermosets and thermoplastics. Specimens with unbonded end tabs are considered as type 2.

The preferreq width of type 2 and type 3 specimens is 25 mm, but widths of 50 mm or greater may.be pised if the
tensile strength is low due to the particular type of reinforcement used.

The thicknes$ of type 2 and type 3 specimens shall be between 2 mm and 10 mm.

To decide whether to use type 2 or type 3 specimens, first carry out tests with type 2/specimens and, if|the test is
not possible ¢r not satisfactory, i.e. if the specimen slips or breaks in the grips (see {SO'527-1, subclausg 5.1), use
type 3 specimens.

For comprespion-moulded materials, the thickness between the end-pieces.¢of any type of specimen shall at no
point deviate ffrom the mean by more than 2 %.

Dimensions in millimetres

Ly Overall length =1501)
Ly Length of narrow-parallel-sided portion 60+0,5
R Radius =602
bo Width_atends 20+0,2
by \Width of narrow portion 10+£0,2
h Thickness 21010
Lo Gauge length (recommended for extensometers) 50+ 0,5
L Initial distance between grips 115+ 1

NOTE — Requirements on specimen quality and parallelism are given in clause 6.

1) For some materials, the length of the tabs may need to be extended (e.g. so that I3 =200 mm) to prevent breakage or slippage of the
specimen in the jaws.

2) It should be noted that a thickness of 4 mm gives a specimen which is identical to the type 1B specimen specified in ISO 527-2 and
ISO 3167:1993, Plastics — Multipurpose test specimens.

Figure 3 — Type 1B specimen
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b) Type 3 specimen
Dimensions in millimetres
Type 2 Type 3
Overall léngth = 250 = 250
Distance between end tabs — 150 ¢ 1
Width 25+0,50r50+0,5 25+0,50150+0,5
Thickness 24010 21010
Gauge length (recommended for extensometers) 50+ 1 50+ 1
Initial distance between grips 150 +1 136 (nominal)
Length of end tabs — =50
Thickness of end tabs — 1t03
Diameter of centring holes 310,25 310,25

NOTE — Requirements on specimen quality and parallelism are given in clause 6.

Figure 4 — Type 2 and type 3 specimens
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6.2 Preparation of specimens

6.2.1 General

©1S0

In the case of moulding and lamination materials, prepare a panel in accordance with ISO 1268 or another
specified/agreed procedure. Cut individual specimens, or groups of specimens in the case of type 3 specimens (see
annex A), from the panel.

In the case of finished products (for example, for quality control during manufacture or on delivery), take specimens
from flat areas.

Parameters for machining specimens are specified in ISO 2818. Further guidance on cutting specimens is given in

annex A.

6.2.2 End tabs (for type 3 specimens)

The ends of

laminate with

tab angle of

Alternative tT
a

and no gre
tabs. Possib
tabs made o

6.2.3 Appli

Bond the endl tabs to the specimen with a high-stretch adhesive as described in annex A.

NOTE — Th

6.3 Gauge marks

See ISO 527%

6.4 Checking the specimens

See I1SO 521

6.5 Anisqtropy

The proper|
(anisotropy)

the specimen shall be reinforced, preferably with end tabs made of cross-ply or fabric glass
the fibres at + 45° to the specimen axis. The tab thickness shall be between|i,'mm and 3
DO° (i.e. not tapered).

bbing arrangements are permissible, but shall be shown, before use; 10 give at least eqy
er coefficient of variation (see ISO 527-1, subclause 10.5, and 1S©-3534-1) than the rec
e alternatives include tabs made from the material under test, mechanically fastened tabs
rough materials (such as emery paper or sandpaper, and the,use of roughened grip faces).

pation of end tabs (for type 3 specimens)

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

-1, subclause 6.3.

/-1, subclause 6.4.

ies <of fibre-reinforced plastic composites frequently vary with direction in the plane of

Eor this reason, it is recommended that two groups of test specimens be prepared with

-fibre/resin
mm, with a

al strength

pommended

unbonded

the sheet
their major

axes parall

and-perpendicutar, Tespectively, tothedirectionof some-feature-which-is-inferred fromai

the structure of the material or its method of manufacture (see subclause 4.8).

7 Number of specimens

See ISO 527-1, clause 7.

8 Condit

ioning

See I1SO 527-1, clause 8.

owledge of
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9 Procedure

9.1 Test atmosphere

See ISO 527-1, subclause 9.1.

9.2 Measurement of specimen dimensions

See ISO 527-1, subclause 9.2.

9.3 Clamping

ISO 527-4:1997(E)

See ISO 527-1, subclause 9.3.

9.4 Prestresses

See ISO 527-1, subclause 9.4.

9.5 Setting of extensometers and strain gauges and placing of gauge.marks

See I1SO 527-1, subclause 9.5. Measure the gauge length to an accuracy of-1% or better.

9.6 Test gpeed

Use the follqwing test speeds:

9.6.1 For type 1B test specimens

a) 10 mm/min for routine quality control;
b) 2 mm/min for qualification tests,
when measuring the maximum elongation,

when determining the tensile'modulus of elasticity.

9.6.2 For type 2 and type 3 test'specimens

a) 5 mm/npin for routine quality control;

b) 2 mm/min for qualification tests,

whenmeasuring the maximum elongation,

when determining the tensile modulus of elasticity.

9.7 Recording of data

See ISO 527-1, subclause 9.7.

10 Calculation and expression of results

See ISO 527-1, clause 10, except that the definitions given in clause 4 of this part of 1SO 527 apply and strain

values shall be reported to three significant figures.

If Poisson's ratio is required, calculate it at the strain values given in 4.6.
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11 Precision

The precision of this test method is not known because interlaboratory data are not available. When interlaboratory
data are obtained, a precision statement will be added with the following revision.

The precision data will be specific to particular combinations of fibre and matrix types.

12 Test report

The test report shall include the following information:

a) a referepee-te-thisparoHHSO-527-irehidingthe-type-of-speeimen-and-thetest-speed—writter—inthe following
format:
Tensile test IS0 52%-4/2/5

Type of specimen

Test speed in millimetres per minute

b) to q) sed SO 527-1, clause 12, b) to q), including fibre type, fibre content and fibre) geometry (e.g. mat) in 12b).
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Annex A
(normative)

Specimen preparation

A.1 Machining the specimens

In all cases take the following precautions:

4:1997(E)

— Avoid working under conditions that would create a large build-up of heat in the specimen (the use of a coolant

is recom|
Check th

A.2 Prep;s

A recommen

Cut out from
the number g

Identify the “

at all cut surfaces of the specimen are free from machining defects.

aration of specimens with bonded end tabs

Hed method is as follows:

the material under test a sheet having the length of the intended specimens and of a width
f specimens required.

"-direction of the material in the sheet.

Cut out rectapgular strips of the required length and width for the tabs.

Attach the st
a)
applied.
b) Remove
c)
the spe
manufag
NOTE —
shear str
greater th
d) Keep th
time rec
e) Cutthe

ips to the sheet as follows:

If requirg¢d, rub with fine abrasive paper or blast with-suitable sand all the surfaces to which adhe

all dust from these surfaces and clean.them with a suitable solvent.

Bond th¢ strips in place along the ends of the sheet, parallel to each other and normal to the length

turer's instructions.

It is recommended that.afilm adhesive with a thin carrier be used. The adhesive should prefer
ength greater than 30 MPRa/ It is desirable that the adhesive used be flexible in nature, with an elonga
an that of the material under test.

e bonded parts‘at the pressure and temperature recommended by the adhesive manufact
bmmended by{the manufacturer.

bheet, together with the strips constituting the end tabs, into test specimens (see figure A.1).

suitable for

sive will be

direction of

fimens, as shown in figure A1, ‘using a high-stretch adhesive and strictly following th¢ adhesive

ably have a
ion at break

irer for the
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Figure A.1 — Tabbed panei for specimen preparation
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