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Fibre-reinforced plastic composites — Determination of apparent
interlaminar shear strength by short-beam method
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D

rced plastic composites by the short-beam method.

method is suitable for use with fibre-reinforced plastic composites with a thermoset or a
viding interlaminar shear failure is obtained.

WVhen using other than laminated materials which are not.symmetrical and balanced, the results may

plings such as extension/bending, bending/twisting, efc:

method is not suitable for the determination of design parameters, but may be used f
or as a quality-control test.

ative references

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

of applyingthe most recent editions of the standards indicated below. Members of IEC and
f currently valid International Standards.

D97 \Plastics — Standard atmospheres for conditioning and testing.

International Standard specifies a procedure for determining the apparent interlaminar shear strength of

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

panels for

test purposes.t)

ISO 2602:1980, Statistical interpretation of test results — Estimation of the mean — Confidence interval.

ISO 2818:1994, 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) Under revision.
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3 Principle
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A bar of rectangular cross-section is loaded as a simple beam in flexure so that interlaminar shear failure occurs.
The bar rests on two supports and the load is applied by means of a loading member midway between the supports.

NOTES

1 The test is similar in nature to the three-point loading method used to determine the flexural properties of plastics
(ISO 14125, Fibre-reinforced plastic composites — Determination of flexural properties). However, a smaller test span/specimen
thickness ratio is adopted to increase the level of shear stress relative to the flexural stress in the test specimen to encourage
interlaminar shear failure.

2

It is emphasized that the result obtained is not an absolute value. For this reason the term “apparent interlaminar shear

strength” is u
different condi

4 Definitig

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

4.1 appare
specimen.

It is calculatg

4.2 appare
when the loa

It is expresss

4.3 span, L

It is expresss

4.4 specim
defined in fi
perpendicula

For other ma|

NOTES

1 The “1” dirg
or transverse
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tions, are not directly comparable.

DNS

Nt interlaminar shear stress,

d from the relationship given in 10.1 and is expressed in. megapascals (MPa).

nt interlaminar shear strength,
1 reaches a maximum value.

7\1: The value of'the apparent interlaminar shear stress g

d in megapascals (MPa).

: The distance between the two specimmen supports in the test machine.

d in millimetres (mm).

bn coordinate axes A(for“aligned materials): The coordinate axes for the material unde
gure 1. The directionparallel to the fibre axes is defined as the “1” direction and the
I to it the “2” direction:

terials, the 1,2-and 3 directions are generally described by the x, y, z system of coordinates.

ction.is also referred to as the 0 degree (0°) or longitudinal direction, and the “2” direction as the 90 d
jirection.

psted under

7: The interlaminar shear stress acting on the neutral plane of the

t failure or

r test are
direction

egree (90°)

2 A similar definition can be used for material with a preferred fibre lay-up or in cases where a direction (e.g. the lengthwise

direction) can

be related to the production process (i.e. directions A and B in figure 3).

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.
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Figure 1 — Unidirectional reinforced composite

ISO 14130:1997(E)

5.1.2 Speed of testing

plate element showing symmetry axes

The spee( of testing v shall be kept constant in accordance with ISO 5893.

5.1.3 Lodd indicator

The load ipdicator shall be such that the error in the indicated load is less than(z1 % of full scale (see 150 5893).

5.2 Loagling member and supports

The radiug of the loading member r; shall be 5 mm + 0,2 mm and that of the supports r, shall be 2 nm + 0,2 mm

(see figurg 2).

The width| of the loading member and the supports shall be greater than the test specimen width. The loading
member shall apply the load mid-way between the supports. The span (distance between the supp¢rts) shall be

adjustable

Loading member

-~

K % Specimen

/

>\ S

! |
|

Support

Figure 2

— Loading configuration

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

thickness h 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

6.1.1 Standard specimen size

©1SO

Unless 6.1.2 applies, test specimens shall comprise rectangular bars of uniform thickness with the dimensions
given in table 1.

6.1.2 Other
When it is no

1

b=

NOTE —|
compresy
increaseq
failure d¢g
that will G

6.2 Prepar

Machine the
specified/agr

6.3 Check

The specime
along the wih
constant to W

the length and the thickness of the test specimen shall be in the same ratio as\n the standard specim

the width shall be chosen in the same ratio to the thickness as in the\standard specimen, i.e.

Table 1
Thickness, h Overall length, | Width, b
mm mm mm
2+0,2 20+1 10+0,2

test specimens

Oh

bh

Depending upon the material being tested, specimens of 2 mm thickness may fail by shear or
ion failure under load or exhibit extreme deflection without shear failure. As specimen thicknesg
, the probability of compression failure under load increases and the probability of extreme deflec
creases. As specimen thickness is decreased, \the reverse is true. It is important to select a specimg
ause specimens to fail by horizontal shear(see 9.7).

ation of specimens

test specimens from a moulded blank or sheet, prepared in accordance with ISO 1268
ped procedure. Some parameters for machining are given in ISO 2818.

ng the test specimens

ns shalkbe' flat and free of twist. The surfaces and edges shall be free from defects. The
ole length shall be within £5 % of the mean thickness. The width of individual specimer
ithim0,2 mm.

t possible or not desirable to use the standard specimen, the following rulesishall be observe(d:

en, i.e.

experience
(height) is
ion with no
n thickness

br another

thickness
s shall be

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 Atleast five test specimens shall be tested.

7.2 When the fibre orientation and distribution in the material to be tested does not differ significantly between the
two principal directions, shear specimens shall be taken in each of these two directions (see figure 3, specimens A
and B). When the material has a preferred orientation, the specimens shall be taken in this direction.
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Figure 3 — Location of specimens
8 Condjtioning
Where applicable, condition the test specimens as specified in the standard for the material unde

absence df such information, select the most appropriate conditions fromvSO 291, unless agreed oth

interested

parties.

9 Procedure

9.1 Tes{atmosphere

Conduct the test in the same atmosphere as that used for conditioning unless agreed otherwise by t

parties (e.

. for testing at elevated or reduced temperatures).

9.2 Medsurement of specimen dimensions

Measure,
thickness

9.3 Spa
Set the sp

NOTE —

at the mid-point of ,each test specimen, the width of the specimen to the nearest 0,02
o the nearest 0,05. mm.

H

bn L te,5h = 0,3 mm, where h is the mean thickness of the set of specimens (see figure 2).

I test. In the
brwise by the

he interested

mm and the

For.some materials, a shorter span may be necessary to produce interlaminar shear failure (see 9.7).

9.4 Speed of testing

Where applicable, set the speed of testing as given in the standard for the material being tested. In the absence of
this information, the speed of testing v shall be 1 mm/min £ 0,2 mm/min.

9.5 Actual testing

Place the test specimen symmetrically across the two parallel supports with an unmachined surface in contact with
the supports (see figure 2). Apply the force uniformly across the width of the test piece by means of the loading
member, parallel to and midway between the supports.
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9.6 Data collection

Record the force throughout the test.

9.7 Mode of failure

Record the mode of failure using the following classification:

Acceptable interlaminar shear failure modes:

a) single shear, multiple shear [see figure 4a)].

Unacceptable failure modes:
b) |mixed modes of failure [see figure 4b)]: shear and tension, shear and compression;
¢) |non-shear modes of failure [see figure 4c)]: tension, compression;
d) |plastic shear [see figure 4d)].

NOTE —| There are two possible failure cases:

— for failure by mode “a”, approximately in the plane of the neutral axis, the apparént interlaminar shear strehgth can be
calcplated as shown in 10.1;

— for fhilure by modes “b” and “c”, the result calculated in accordance with 10.1 is not an interlaminar shear strength
and |may only be used to compare test specimens taken from the saméumnaterial.

10 Calculation and expression of results
10.1 Calculate the apparent interlaminar shear strength.z, expressed in megapascals, using the following gquation:

F

bh

(-."
1

Alw
X

where
F is tHe failure or maximum load, in newtons;
b is tHe width, in millimetres, of the test specimen;

h s the thickness, inmillimetres, of the test specimen.

10.2 Calcufate the arithmetic mean of the individual determinations and, if required, the standard deviT\tion using
the procedure-given in ISQ 2602

10.3 Calculate the apparent interlaminar shear stress to three significant figures.

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 at the following revision. This method may not be suitable for
use in specifications or in the case of disputed results as long as these data are not available.
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Single shear Multiple shear

3) Shear modes of failure - Acceptable interlaminar shear failure

= & & ]

Shear and fension Shear and compression

b) Mixed modes of failure - Unacceptable interlaminar shear failure

] A & ]

Tension Comphession

¢) Non-shear modes of failure - Unacceptable interldminar shear failure

d) Plastic shear - Unacceptable interlaminar shear failure

Figure 4 — Modes of failure

12 Testreport

The test r@port shalkinclude the following information:

a) arefefence 1o this International Standard and the test speed (e.g. ISO 14130/1);

b) all details necessary for complete identification of the material tested, including type, source, manufacturer's
code number, form and previous history, where these are known;

c) the accuracy grading of the test machine (see ISO 5893);
d) the radius of the loading member and that of the supports;

e) all relevant information on the preparation of the test specimens, including information on the direction of
cutting/testing (e.g. specimen A or B in figure 3, or direction 1 or 2);

f)  the dimensions of the test specimens;

g) the number of specimens tested,;
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