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Foreword

ISO 14129:1997(E)

ISO (the International Organization for Standardization) /s
federation of national standards bodies (ISO member bodies)
preparing International Standards is normally carried -out
technical committees. Each member body intereste@in a sub
a technical committee has been established has thewright to bq
on that committee. International organizations;: governmen
governmental, in liaison with ISO, also~take part in thg
collaborates closely with the International~Electrotechnical
(IEC) on all matters of electrotechnicalstandardization.

a worldwide
The work of
through 1SO
ect for which
represented
al and non-
work. 1SO
Commission

Draft International Standards adopted by the technical cofnmittees are

circulated to the member bodies\for voting. Publication as an
Standard requires approval.by at least 75 % of the member b
a vote.

International
pbdies casting

International Standard\1SO 14129 was prepared by Technical Committee

ISO/TC 61, Plastics, Subcommittee SC 13, Composites and |
fibres.

Annex A forms an integral part of this International Standard.

einforcement
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Introduction

This International Standard covers all current and future fibre-reinforced
plastic comppsites which fail in the required manner. Harmonisation with
the new tengile standard, ISO 527-5:1997, Plastics — Determination of
rties — Part5: Test conditions for unidirectional fibre-
reinforced plastic composites, has been achieved where relevant (e.g.
document fprmat, specimen size and related strains for modulus
measuremertt).

The test is agceptable for modulus but there is concern over its use for the
ultimate shear strength for high shear-elongation materials due to the high
strain at failure with only a small further increase in load, fibre rotation and
associated temperature rise. Therefore, the stress at a maximum shear
strain of 5 % or less is used as the failure criterion. This failure criterian IS
also used in ASTM D 3518 (1995).
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Fibre-reinforced plastic composites — Determination of the
in-plane shear stress/shear strain response, including the in-plane

shear

1 Scop

1.1 This
response,
+ 45° tens

1.2 The
layers and
lay-up is s

NOTE —

1.3 As the test has been shown to be sensitive’to the number and distribution of layers, compariso

undertake

2 Norm

The follow
Internation

modulus and strength, by the £ 45° tension test methog

D

International Standard specifies a procedure for determining/the in-plane shear stresg
including the in-plane shear modulus and shear strength, oflfibre-reinforced plastic comp
on test method.

method is suitable for use with thermoset and therm@plastic matrix laminates made from
or fabrics including unidirectional fabrics, with the fibres oriented at £ 45° to the specimen ax
ymmetrical and balanced about the specimen mid:plane.

he method is not suitable for coarse fabrics.

n using the same number of layersywhich must be well distributed.

ative references

ing standards coentain provisions which, through reference in this text, constitute provi
al Standard. At\the time of publication, the editions indicated were valid. All standards &

revision,

possibility jof applying)the most recent editions of the standards indicated below. Members of IEC and
registers df currently valid International Standards.

ISO 291:1Pp97) Plastics — Standard atmospheres for conditioning and testing.

nd partiesti0- agreements based on this International Standard are encouraged to in

shear strain
Dsites by the

Lnidirectional
is, where the

hs should be

Sions of this
e subject to
estigate the
ISO maintain

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

panels for
ISO 2602:

ISO 2818:

test purposes.t)
1980, Statistical interpretation of test results — Estimation of the mean — Confidence interval.

1994, Plastics — Preparation of test specimens by machining.

ISO 5893:1993, Rubber and plastics test equipment — Tensile, flexural and compression types (constant rate of
traverse) — Description.

1) Underr

evision.
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3 Principle

A test specimen consisting of a strip of rectangular cross-section with the fibres oriented at + 45° to the specimen
axis is loaded in tension. To determine the shear modulus the strains parallel and perpendicular to the specimen
axis are measured. The test is terminated at y;, = 0,05 if failure (excluding premature failure at or within the grip)
has not occurred.

NOTE — Although this test method can establish shear stress/shear strain response well into the nonlinear region, the
ultimate stress and strain values so obtained should be evaluated with the following caution. The material in the gauge section
of this specimen is not in a state of pure shear, as normal stress components are present, even in the rotated ply coordinate
system. It has been established that when a + 45° laminate is loaded in tension, normal stress components, though small,
generally decrease the calculated ultimate stress and strain values of the material below the actual capability of the material,
thus resulting in_lower values of ultimate strength and strain than those obtained by more ideal methods. such as the tube
torsion test.

4 Definitipns

For the purpgses of this International Standard, the following definitions apply:

4.1 in-plang¢ shear stress, 1t;,: The shear stress obtained by dividing the ‘inStantaneous load by| twice the
specimen crgss-sectional area.

It is expressgd in megapascals (MPa).

4.2 in-plang shear strength, 7y5,: The maximum in the shear, stress prior to or at termination of fhe test at
ylz = 0,05
It is expressgd in megapascals (MPa).
4.3 shear dtrain, y;,: The sum total of strain in the direction parallel and perpendicular to the specimen axis, i.e.
(e — ey).
NOTE — ¢y Ihas an negative sign when ¢, is positive.

4.4 in-plang shear (chord) modulus,( ;G;,: The shear stress difference (z;,” — 7;,") divided by the corfesponding
shear strain dlifference (y;,” = 0,005 9;," = 0,001) [see 10.3, equation (3)].

It is expressgd in megapascals(MPa).

4.5 specimen coordinate axes: For the specimen shown in figure 1, the direction parallel to the| specimen
longitudinal gxis is the X" direction and the direction perpendicular to it is the “y” direction. The fibres are priented at
+ 45° to thege directions. The coordinate axes for a unidirectional reinforced composite material plate element are
shown in figyre-2:

5 Apparatus

5.1 Test machine
5.1.1 General

The machine shall conform to ISO 5893 as appropriate to the requirements given in 5.1.2 and 5.1.3.

5.1.2 Speed of testing

The speed of testing v shall be kept constant in accordance with ISO 5893.
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Dimensions in millimetres

50 50

Key

T—Stramgauges
Tab
6 Fibre angle (= 45°)
Specimen thickness h=2 mm

N

Figure 1 — Fibre-reinforced plastic composite specimen
showing fibre axes

Figure 2— Unidirectional reinforced composite
plate element showing symmetry axes

5.1.3 Lodd indicator

The load ipdicator shall be such that the error in the indicated force is less than £ 1 % of the full-scale|reading (see
ISO 5893)

5.2 Strain measurement

The procedure requires the strain to be measured both parallel and perpendicular to the specimen axis. Strain
gauges, applied as in figure 2, or extensometers shall be accurate to + 1 % of the full scale. The gauges, surface
preparation and bonding agents shall be chosen to give adequate performance on the subject materials, and
suitable strain-recording equipment shall be employed.

5.3 Micrometer , or equivalent, capable of reading to 0,01 mm or less, and suitable for measuring the thickness h
and width b of the test specimen.

The micrometer shall have contact faces appropriate to the surface being measured (i.e. flat faces for flat, polished
surfaces and hemispherical faces for irregular surfaces).
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6 Test specimens

6.1 Shape

and dimensions

©1SO

The specimen shall have a width of 25 mm = 0,5 mm and a length of 250 mm. Unless otherwise specified, the
thickness shall be 2 mm + 0,2 mm. The longitudinal edges of individual specimens shall be parallel to within 0,2 mm.
The dimensions of the specimen are shown in figure 1.

For materials made with layers thicker than 0,125 mm, the laminate shall consist of 16 layers.

6.2 Prepa

6.2.1 Gene

A panel sha

ation of Specimens

al

be prepared in accordance with 1ISO 1268 or another specified/agreed procedure with th

balanced ang symmetrical + 45° fibre orientation.

Cut individua
in 1ISO 2818.

6.2.2 End t3

Providing fai
shall be con
with the fibre
0,5 mm and

6.2.3 Applig
Bonded end

NOTE — AS

6.2.4 Machi

The test spe

6.3 Check

The specimg

| specimens or groups of specimens to the required size. Some parameters)for machining ar
Further guidance on cutting specimens is given in annex A.

\b material

ure does not occur at or within the grip, unbonded tabs orxio tabs may be used. If tabs are
structed from a cross-ply or fabric laminate made of glass-fibre/resin, or from the material

axes of the fabric set at + 45° to the specimen axis! The tab material thickness shall b
P mm, with a tab angle of 90° (i.e. not tapered).

ation of end tabs

fabs, if used, shall be applied to the spetimen with a high-elongation adhesive, as shown in 3

imilar procedure can be used for individual specimens or for a group of specimens.

ning the specimens

timens shall be cut.with their axis at 45° to the fibre directions.

ng the.test specimens

ns.shall be flat and free of twist. The surfaces and edges shall be free from scratches, pits,

e required

b specified

used, they
inder test,
b between

nnex A.

bink marks

and flashes.

The specimens shall be checked for conformity to these requirements by visual observati

pn against

straight-edges, squares and flat plates, and by measuring with micrometer callipers. Specimens showing
measurable or observable departure from one or more of these requirements shall be rejected or machined to the

required size

and shape before testing.

7 Number of test specimens

7.1 At least five test specimens 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 % probability, see 1SO 2602).
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7.2 The results from test specimens that rupture at or inside the grips or end tabs shall be discarded and new
specimens tested in their place.

8 Cond

itioning

Where applicable, condition the test specimens as specified in the standard for the material under test. In the
absence of such information, select the most appropriate conditions from ISO 291, unless agreed otherwise by the

interested

parties.

9 Proce

9.1 Test

Where ap
informatio
(e.g. for te|

9.2 Mea

Measure,
to the neal

9.3 Spe

Apply extd
longituding

9.4 Spe

Where ap
this inform|

9.5 Data

Monitor th

bdure

atmosphere

plicable, test the specimen as specified in the standard for the material undet\test. In the abs

Sting at elevated or reduced temperatures).

surement of specimen dimensions

ht the mid-point of each test specimen, the width of the spécimen to the nearest 0,1 mm and
est 0,02 mm.

cimen strain measurement

nsometers or strain gauges along and perpendicular to the specimen axis (see figure 2) to
1l (¢,) and transverse (sy) strains, respectively.

bd of testing

plicable, set the speed,of testing as given in the standard for the material being tested. In th
ation, the speed of testing v shall be 2 mm/min.

L collection

b load and'both of the strain values throughout the test.

ence of such

N, select the most appropriate conditions from ISO 291, unless agreed otherwise by the interested parties

he thickness

measure the

e absence of

9.6 Test termination

Terminate

9.7 Max

the test at y;, = 0,05 if failure has not occurred.

imum load

Record the failure load or the load at y;, = 0,05.

9.8 Mod

e of failure

Check and record the mode of failure (see also 7.2).


https://standardsiso.com/api/?name=9de812aa719716cd9bd65166d81a7a3b

ISO 14129:1997(E)

10 Calculation and expression of results

10.1 Calcul

ate the in-plane shear stress 7,,, expressed in megapascals, using the following equation:

F

71
where
F isth

b

2~ 2bh

e instantaneous load, in newtons;

PAEIE

ist
h isth

10.2 Calcu

TioMm =

where F is {

10.3 Calcu
Y12 = &

where

is th

€

g Is th

10.4 Calcu

(see figure 3):

1
G2 =

o

where

HZWEZCNH | 2N oot cnaciael-
T T

aan trac of tho
CVICtT i et e ST OT e tC ST SPTTTICTT,

e thickness, in millimetres, of the test specimen.

ate the in-plane shear strength 7,5, expressed in megapascals, using the following equatio

Fim

Pbh

he load, in newtons, at failure, or at y;, = 0,05 if the test was.:terminated prior to failure.

ate the shear strain y;, using the following equation:

_gy

e strain in the direction parallel to the'specimen axis;

e strain in the direction perpendicular to the specimen axis.

ate the in-plane shear (chord) modulus G;,, expressed in megapascals, using the followin

12" — 712
12" "o

©1SO

(1)

(2

-(3)

J equation

- (4)

75 is th

7
715" is th

e shear stress at a shear strain y;,” = 0,001,

e shear stress at a shear strain y;,” = 0,005.

10.5 Calculate the arithmetic mean of the individual determinations and, if required, the standard deviation and the

95 % confide

10.6 Calcu

nce interval of the mean value using the procedure given in ISO 2602.

late the stresses and the modulus to three significant figures.
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terlaboratory
e suitable for

anufacturer's

©1SO
<
2 . T - Toy
< P
T12
T2’ Slope = G4
¥12'=0,001 ¥12”=0,005
Shear strain, y 1,
Figure 3 — Shear stress/shear strain diagram
11 Pregision
The precidion of this test method is not known because interlaboratary data are not available. When ir
data are optained, a precision statement will be added at the following revision. This method may not b
use in spegifications or in the case of disputed results as long asihese data are not available.
12 Testreport
The test r@port shall include the following information:
a) arefefence to this International Standard (j.e. ISO 14129);
b) all details necessary for complete<identification of the material tested, including type, source, m
code pumber, form and previous history, where these are known;
c) the agcuracy grading of the test machine (see 1ISO 5893);
d) the mgthod of preparing.the test specimens;
e) the dimensions of the-test specimens;
f)  the nymber of\specimens tested;
g) the tept conditions and the conditioning procedures, if applicable;
h) the type of Strailm MEaSUTEMENt USET;
i) theindividual determinations, including shear stress/shear strain diagrams, if required;
j) the mean values of the individual determinations;
k) the standard deviations and the 95 % confidence intervals of the mean values, if required;
[) the type(s) of failure obtained;
m) a statement as to whether any test specimens were rejected and, if so, the reasons;
n) any operation not specified in this International Standard, as well as any incident likely to have affected the results;
0) the date of the test.
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