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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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Introduction

This document is based on a testing protocol developed by the European Structural Integrity Society
(ESIS), Technical Committee 4, Polymers, Polymer Composites and Adhesives, who carried out the
preliminary enabling research through a series of round-robin exercises which covered a range of
material samples, specimen geometries, test instruments and operational conditions. This activity
involved nearly 10 laboratories from different countries. See References [1] and [3].
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Plastics — Determination of fracture toughness (G;c and
Kic) — Linear elastic fracture mechanics (LEFM) approach

1 Scope

This document specifies the principles for determining the fracture toughness of plastics in the crack-

Ope]lllllg mode |l|lUdE‘ ” umder—defited conditions.— Twotest methods withrtracked Sp
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therinoplastic or thermosetting plastics containing such short fibres.

Certqin restrictions on the linearity of the load-displacement diagram, on the specimen W
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ed, namely three-point-bending tests and compact-specimen tensile tests in orderjto-s
5 of equipment available or different types of material.

methods are suitable for use with the following range of materials, including their
nining short fibres of the length < 7,5 mm:

igid and semi-rigid thermoplastic moulding, extrusion and casting materials;
igid and semi-rigid thermosetting moulding and casting materials:

neral, short fibre lengths of 0,1 mm to 7,5 mm are known-{e  cause heterogeneity anc

Normative references

e crack tip fracture process zone. Therefore, where relevant, Annex B offers some g
d the application of the same testing procedure, withisome reservations, to rigid an

ickness are imposed to ensure validity (se&6.4) since the scheme used assumes I
iour of the cracked material and a state ofplane strain at the crack tip. Finally, the
sharp enough so that an even sharper-crack does not result in significantly lower ¥
ured properties.

following documents are(referred to in the text in such a way that some or all of 4
fitutes requirements of.this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

27-1, Plastics —=Determination of tensile properties — Part 1: General principles
04, Plastics== Determination of compressive properties
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IS0 9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

3 Terms and definitions

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

f‘nl b,vnf- on-a nnrl mwf‘mnf-lnn oftho an-nn mnnm,wng ‘ystem

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

G

change in the external work 8§Uext and strain energy 6Us of a deformed body due to enlargement of the
cracked area 64

U
0A

ext

o,

S

0A

Note 1 to entry: It is expressed in joules per square metre, J/m2.

3.2
critical ene
Gic
value of the
when the cr

Note 1 to ent

3.3

stress intensity factor

K

limiting valjie of the product of the stress o(r) perpendicular to the crack area at a distance r fror

crack tip an

K=lim¢

r
Note 1 to ent
Note 2 to ent

3.4
critical stre
Kic

value of the
plane-strain

Note 1 to ent

Note 2 to ent
by the formu

2
Gic =K

where E is th|

rgy release rate

energy release rate (3.1) in a precracked specimen under plane-strain loading.condit
hck starts to grow

Fy: It is expressed in joules per square metre, |/m2.

1 of the square root of 21tr, for small values of r

(r)x~2mr
— 0

y: Itis expressed in Pa x Vm.

Fy: The term factor is used here because it"is-common usage, even though the value has dimens

ss intensity factor

stress intensity factor (33)ywhen the crack under load actually starts to enlarge un
loading condition around the crack tip

y: Itis expressed in®a % Vm.

a.

JE

ions,

n the

ions.

Her a

'y: The critical stress intensity factor Kjc of a material is related to its critical energy release rafe Gic

e modulus of elasticity, determined under similar conditions of loading time (up to crack initi

tion)

and temperature.

In the case of plane-strain conditions:

is the tensile modulus (see ISO 527-1);

E
E=—1!
1—u2
where
Ey
u

is Poisson’s ratio (see ISO 527-1).
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3.5
displacement
displacement of the loading device

Note 1 to entry: It is expressed in metres, m.

ISO 13586:2018(E)

Note 2 to entry: In the fracture test, the displacement of the loading device is designated as s;. The displacement

of the loading device corrected as specified in 5.4, is designated as s.

Note 3 to entry: In the indentation test, the displacement of the loading device is designated as s,;j.

3.6

stiffness
S
initigl slope of the force-displacement diagram

| _[d_FJ
ds s—0

Note|l to entry: It is expressed in newtons per metre, N/m.

Lo

3.7
force
Fq
applied load at the initiation of crack growth

Note [l to entry: It is expressed in newtons, N.
Note |2 to entry: See also 6.1.

3.8
energy
Wg
input energy when crack growth initiates

Note|l to entry: It is expressed in joules;].

Note P to entry: Wp is based upen.the corrected load-displacement curve.

3.9
crack length
a
crack length up tothe tip of the initial crack

Note [l to entrys Jt is expressed in metres, m.

Note 2 te‘ernitry: The initial crack is prepared as specified in 4.3.

Note 3toemtryr For thTee-point-bending test SPECIMENS, the crack [engtiT IS Measured {TOmT the not

hed face. For

compact tensile-test specimens, the crack length is measured from the load line, i.e. from the line through the

centres of the holes for the loading pins (see Figures 1 and 2).

Note 4 to entry: The crack length a is normalized by the width w of the test specimen (a = a/w).

3.10
energy calibration factor

¢

factor to account for the crack length dependent stiffness of the test specimen, given by the formula:

ooy 22]"
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where
S is the stiffness of the specimen;
a(=a/w) isthe normalized crack length (see 3.9).

Note 1 to entry: Values of ¢ (a/w) are given in Annex A for both types of specimen.

3.11

geometry calibration factor

f

Al ol o atact caacioaa
IIIICIr

factor to acg
Note 1 to ent

3.12
characteris
r

size of the p

Note 1 to ent

4 Test specimens

4.1 Shap

Test specim
compact ter|
It is usually
sample and
the range gi

4.2 Prepq

Test specim
the materia
care to indid

£+l
UIlo UL LIIC LU oLl Q}Jbb

Fy: Values of f (a/w) are given in Annex A for both types of specimen.

tic length

astic deformation zone around the crack tip

Fy: It is required for checking fulfilment of the size criteria (see 6.4).

b and size

sile (CT) tests shall be prepared in accordance with Figure 1 and Figure 2, respect
convenient to make the thickness h of the\test specimens equal to the thickness of a

to make the test specimen width w equal to 2h. The crack length a should preferably
ven by 0,45 < a/w < 0,55.

Aration

ens shall be prepared in acgordance with the relevant material International Standary
under test and in accérdance with ISO 2818. In the case of anisotropic specimens,
ate the reference direction on each test specimen.

ens for three-point-bending tests [also called, single-edge-notch bending (SENB)] and for

vely.
theet
be in

d for
take
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2
W S
0,51 0,51 h
Key
w  width
I gverall length [> 42w
h  thickness w/4d<h<w/2
a dracklength 0,45w<a<0,55w
Figure 1 — Three-point-bending (SENB) test specimen
o
[\l
O
a h
w
w
Key
w  Width
W  gverall width W=1,25w+0,01lw
I1 length 1=12w+0,01w
I  distance between centres of two holes located I =0,55w+ 0,005w
Jymmetrically to the crack plane

R  1adius R=0,125w +0,005w
h MICRNESS 04w =T 0,6Ww
a cracklength 0,45w<a<0,55w

(The loading pins and holes shall be smooth and a loose fit to minimize friction.)
Figure 2 — Compact tensile (CT) test specimen
4.3 Notching

Method a), b) or c) can be used for notching.

a) Machine a sharp notch into the test specimen and then generate a natural crack by tapping on a
new razor blade placed in the notch (it is essential to practice this since, in brittle test specimens,

© IS0 2018 - All rights reserved 5
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a natural crack can be generated by this process, but some skill is required in avoiding too long
a crack or local damage). The length of the crack thus created shall be more than four times the
original notch tip radius.

b) Ifanatural crack cannot be generated, as in tough test specimens, then sharpen the notch by sliding
arazor blade across the notch. Use a new razor blade for each test specimen. The length of the crack
thus created shall be more than four times the original notch tip radius.

c¢) Cooling tough test specimens and then performing razor tapping is sometimes successful.

Pressing the blade into the notch is not recommended because of induced residual stresses.

4.4 Condjtioning

Condition te
otherwise 3
atmosphere
are known

5 Testin

5.1 Testi}

The machin

5.2 Load

The load mgq
shall show t
lag at the te

5.3 Displ

The displac
shall be essg¢
displacemer
load measul

5.4 Loadj]

A rig with moving rellers is used for three-point-bending (SENB) tests, as shown in Figure 3. Indent

into the test|
of the displg

st specimens as specified in the International Standard for the material under test, u
greed upon by the interested parties. In the absence of this informatiom)-the prefg
is (23 = 2) °Cand (50 £ 10) % relative humidity, except when the properti€s of the mat
0 be insensitive to moisture, in which case humidity control is unnecessary.

g

hg machine

e shall comply with ISO 7500-1 and ISO 9513, and megetithe specifications given in 5.2 t

indicator

asurement system shall comply with class\® as defined in ISO 7500-1. The load indi

5t speeds used. It shall indicate the load'with an accuracy of at least 1 % of the actual vj

@acement transducer

ement is recorded during-the test. The continuously measuring displacement transg
ntially free from inertia’lag at the test speeds used. It shall be able to measure the relg
It within class 1 of ISQ 9513 or better. The effects of the displacement transducer o
ement shall be < 196 of the load reading or they shall be corrected.

Ing rigs

specimen is minimized by the use of rollers with a large diameter (>w/2). The measure
cement shall be taken at the centre of the span L (see Figure 3).

nless
erred
erial

rator

he total load carried by the test specimen. This device shall be essentially free from inertia

alue.

lucer
vant
h the

htion
ment

For the compact tensile test, the test specimen is loaded by means of two pins in holes in the specimen.
The displacement of the load points during the test is measured, for example by a clip gauge near the
pins (see 5.3).
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2R
A
—>’ A-A
\/
S - = .
| rP |
A
L
SH
>w
Key
L  dpanbetweenrollers L=4wz*0,1w 1 distance monitored by displacement transducer
fadius w/8<R<w/2 2 bosses for rubber bands
h  thickness
KFigure 3 — Rig with.twe rollers and displacement transducer for three-point-hending
(SENB) tests

5.5 | Displacement correction
The measuredvdisplacement s, shall be corrected for the indentation of the loading pins, gompression
of thle test’specimen and the machine compliance in order to determine properly the stiffness S of
the gpecimen and the work Wpg at crack growth initiation. The calibration of the test system shall be

perforfredasfeHows:

The load-displacement correction curve (see Figure 4) is generated by analogy with the fracture test
but by using unnotched test specimens, as indicated in Figure 5 and Figure 6. The rollers of the three-
point-bending rig are moved together to reduce even further the small flexing of the unnotched test
specimen under load. The displacement correction shall be performed for each material and at each
different temperature and test speed since polymers are generally sensitive to temperature and test
speed. The degree of loading-pin penetration and specimen compression can vary with changes in
these variables. The indentation tests shall be performed such that the loading times are the same as
in the fracture tests. This will involve lower test speeds to reach the same load in the same time, for
example about half the speed.

In practice, a linear correction curve is usually obtained up to loads even exceeding the fracture load
of cracked test specimens (see Figure 4). Any initial nonlinearity due to penetration of the loading pins

© ISO 2018 - All rights reserved 7
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into the specimen is observed during both the calibration test and the actual fracture test. Therefore,
the initial nonlinearity is effectively corrected for by the following proposed method.

At corresponding load, the displacement s; taken from the correction curve is subtracted from the
displacement s, in the actual fracture test with a notched test specimen. In this way, the corrected load-
displacement curve is constructed. The stiffness S and the energy Wpg at crack growth initiation are
derived from this curve (see Figure 7). The corrections sj of the displacements usually amount to less
than 20 % of the measured displacement s,.

FA

ai
Key
Sai indentatjon displacement
F  load

Figure 4 — Load-indentation curve determined on an unnotched test specimen

(©C]

Figure 5 — Arrangement for determining the indentation displacement of a bending-test
specimen

/

8 © ISO 2018 - All rights reserved
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|

|
o

A

b

|

Figure 6 — Arrangement for determining the indentation displacément of a compaict tensile

specimen

s displacement
F load
S stiffness

Fq is theload at crack growth initiation

Wg is the energy to break

Figure 7 — Load-displacement curve for a notched test specimen (the displacement has been

© ISO 2018 - All rights reserved
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5.6 Test atmosphere

Conduct the test in the same atmosphere as used for conditioning, unless otherwise agreed upon by the

interested p

arties, for example for testing at elevated or low temperatures.

5.7 Thickness, width and crack length of test specimens

Measure the thlckness h and width w of each test spec1men to the nearest 0,02 mm. Record an

approximate

crack tip lin]
the crack le
half way be
differences

which is bei

5.8 Test¢

It is recomn
conditions.
than 0,1 m/

cause errorg.

Carry out at
(see 6.4), it

temperatur¢

fractures m
the testrep

6 Expre

6.1 Deter

In an ideal 1
instant of cr]

In most cas{
crack tip, ndg
to instabilit
and the fou
circumvent
drawn to th

fween. The crack length shall differ by no more than 10 % over the entire crack fro
arger than 10 % are found, reject the test. Care shall be taken that it is the original cra
hg observed since slow growth can occur.

onditions

nended that (23 + 2) °C and a test speed of (10 + 20 %) mm/mih be used as the basi¢

n all cases, the loading time and the test temperature shall.be measured. Speeds gr
and loading times less than 10 ms should preferably be aoided since dynamic effects

least three tests for each set of conditions. If it is not possible to obtain valid results at
is often possible to do so by decreasing the temiperature. Usually, a reduction in the
e does not change Kjc greatly but increases the yield stress of the polymer, renderin
pre brittle. If this procedure is used, both témperature and loading time shall be stat
rt.

s5sion of results

mination of F

haterial, the load-displaeement curve is a linear one with an abrupt drop in the load 4
pack growth initiation.In such rather rare cases, Fq can be identified with the maximum

s, there is someénlinearity in the curve and this can be due to plastic deformation 3
nlinear elasticity, general visco-elasticity or stable crack growth after initiation but
. The firstithree effects violate the linear elastic fracture mechanics (LEFM) assum
rth onesmeans that the true initiation load is not defined by the maximum. In ord
p doubtful definition of initiation, an arbitrary rule is used here. The zero-point tangg
e clrve in Figure 7 to determine the initial stiffness S. This stiffness is reduced by 5 %

further line

test
pater
may

P3°C

test
o the
ed in

t the
load.

t the
prior
btion
er to
ent is
ind a

 two

is drawn ;\r(‘nrding]v Ifthe maximnm of the load-displacement curve falls within thes

lines, then Fnax shall be called Fg (the load at crack growth initiation). If the second line intersects the
load curve at Fs prior to the maximum, then Fs shall be called Fq. Referring to Figure 7, the conditions of
LEFM are assumed to be met if:

F,

_max 11

Fs

If this condition of 10 % nonlinearity is violated, the test shall be rejected.

10
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6.2 Provisional result Gq

Calculate the critical energy release rate from the energy Wpg up to the instant of crack growth initiation,
where the load is Fg and the original crack length is a:

714
G = mf(a/w) (1)
where
Wpg is the energy to break;
1 is the test specimen thickness;
W is the test specimen width;

¢ (a/w) isthe energy calibration factor, depending on the crack length a

Calc;tlate ¢ as shown in Annex A. Tables with values of ¢ (a/w) for both types of test specimen are also
given in Annex A.

6.3 | Provisional result K

Calcylate the critical stress intensity factor Kq from the load Fq at crack growth initiafion and the
original crack length a:

. Fq
I‘sz(a/W)m (2)
wherre
Iq is the load at crack growth:ihitiation;
1 is the test specimen thickness;
W is the test specimenwidth;

fi(a/w) isthe geometry calibration factor, depending on the crack length a.

Calc:tlatefas shown.ity Annex A. Tables with values of f (a/w) for both types of test specithen are also
given in Annex A,

6.4 | Size criteria and validation of results

The test is valid only if the dimensions of the test specimen are significantly larger than the|plastic zone

arouhd=the crack tip, characterized ]’\y the ]pngfh rAppropriate test specimens for blane-strain
fracture tests shall meet the following size criteria:

— thickness h >25x%xr
— crack length a >25x%xr
— ligament width (w - a) >25%xr

With the specimen dimensions proposed in this document, all the criteria are usually satisfied
simultaneously. The criteria cover two limitations in that h must be sufficient to ensure plane strain
but (w - a) has to be sufficient to avoid excessive plasticity in the ligament. If (w - a) is too small, the
test will usually violate the linearity criterion, but will not necessarily do so. If the linearity criterion is
violated, a possible option is to increase w for the same h. Values of w/h of up to 4 are permitted.

© ISO 2018 - All rights reserved 11
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Calculate the characteristic length r from either of the two provisional results Gq or Kq:

2
_ 2f°¢SG
ho,
or
2
_ K
62
y
where
h  is the test specimen thickness;
[ istle geometry calibration factor;
¢ isthe energy calibration factor;
S isthe test specimen stiffness, derived from the corrected curve (see 5.5);

oy isthe uniaxial tensile yield stress (determined in accordance with ISO 527-1) or, alternatiyely,
0,7 times the compressive yield stress (determined in accorddnge with ISO 604).

If the criteria are met, the results of the test are valid, and thus

Gq = Gicland Kq = Kic

6.5 Cross-check of results

A cross-chegk on the accuracy of the results can'be made since the modulus of elasticity E is relatgd to
the stiffnes4 S and to the mechanical fractureproperties Gic and Kjc as follows:

2F20S
Esir =1 ()
2
Kic
Efract = G (6)
IC
where

is tIe modulus of elasticity (see 3.4);

is th&égeometry calibration factor (see Annex A);

E
f
¢ isthe energy calibration factor (see Annex A);
h  isthe test specimen thickness;

S is the test specimen stiffness;

Kic is the critical stress intensity factor;

Gic is the critical energy release rate.

Usually, Estifr is slightly larger than Efract. If the difference exceeds 15 %, the results obtained for Gjc
and Kjc shall be examined for possible errors.

12 © ISO 2018 - All rights reserved
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7 Precision

Table 1 gives a set of data obtained by nine groups on a nylon. Most of the data was obtained in SENB
testing, and two forms of notching were used: razor sliding and razor tapping. The means of five tests
are given together with the standard deviations. The average standard deviations are 5 % for Kjc and
12 % for Gic.

Table 1 — Kjc and Gjc measurements on a nylon

GrowpNo. | SPERCN | Notching | NN | GEIER | e | f
1 SENB RS 4,14+ 0,17 4,76 £ 0,98 3,65 3,65
RT 4,03+0,10 392 +0,15 4,14 4,14

2 SENB RT 3,79+£0,08 4,01+0,17 2,24a 3,58
3 SENB RS 3,84 0,17 4,48 £ 0,70 3532 3,33
RT 4,21 0,26 4,82+0,73 3,64 3,71

4 SENB RT 4,10 £ 0,35 5,14 + 0,67 3,30 3,28
5 SENB RS 3,82+0,21 4,20+ 0,41 3,63 3,32
6 CT RT 4,46 +0,13 5,82 (0,24 3,57 3,42
7 SENB RT 3,99 £0,10 4,80 0,46 — 3,32
8 SENB RT 39+0,3 47 +0,8 3,22 3,21
9 SENB RT 4,10 £ 0,22 6,40 + 0,8b — 2,63b

Mean 4,03+0,19 4,82 0,56

a  Hrror suspected.
b Without indentation correction.

RS Hazor sliding.

RT Razor tapping.

8 Testreport

The test report shall contain the)following:

a) areference to this documenti.e. ISO 13586;
b) 3ll details necessary for complete identification of the material tested, including source pnd history;
c) the test specimen shape (SENB or CT) and dimensions;
d) the notching method used;

e) thetesttemperature and speed;

f) one example of aload-displacement curve;
g) the number of specimens tested;

h) the ratio Fpax/Fs, if relevant (see 6.1), and the loading time;

i) theyield stress determination procedure used and the loading time;

j)  the results of the size criteria assessment;

k) the critical energy release rate Gic and critical stress intensity factor Kjc;
1) the values of Egtiffand Efract;

m) any deviations from the requirements of this document;

© ISO 2018 - All rights reserved 13


https://standardsiso.com/api/?name=474c224df01cdd6c76c210bf8c3b5747

ISO 13586:2018(E)

n) the date of testing.

14 © ISO 2018 - All rights reserved
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Annex A
(normative)

Calibration factors

ISO 13586:2018(E)

Table A.1 — Calibration factors fand ¢ for single-edge-notch bending (SENB) test specimens:

a f ¢
0,05 2,50 1,502
0,10 3,39 0,857
0,15 4,07 0,641
0,20 4,70 0,526
0,25 5,36 0,449
0,30 6,09 0,391
0,35 6,93 0,345
0,40 7,93 0,307
0,45 9,14 0,275
0,50 10,65 0,246
0,55 12,57 0,220
0,60 15,09 0,195
0,65 18,51 0,170
0,70 23,40 0,145
0,75 30,84 0,120
0,80 43,21 0,096
0,85 66,76 0,072
0,90 123,30 0,049
0,95 351,62 0,025
L isthe span
a=a/w
where
a isthe cracklength;
w isthe width.
Interpolation is recommended.
Formulae used for the calculation (SENB): 0 < a < 1:
1,99-0(1-)(2,15-3,930+2,70%
f=6a 1/2
(1+20¢)(1—0¢)3/2
_A+18,64
0= dA/da
1602 2 3 4 5
A:m(8,9—33,717a+79,616a ~112,9520° +84,8150* ~25,6720°

© ISO 2018 - All rights reserved

15


https://standardsiso.com/api/?name=474c224df01cdd6c76c210bf8c3b5747

ISO 13586:2018(E)

2
da _ 16a” (-33,717+159,2320:-338,856r% +339,260r> ~128,360* | +

E_(1—05)2

e 3 (8.9—33,71706+79,616(x2 ~112,952a% +84,8150* —25,672a5)
(1-a)

Table A.2 — Calibration factors fand ¢ for compact tensile (CT) test specimens (values
calculated using Reference [7])

a f ¢
U,25 4,94 0,199
0,30 5,62 0,208
0,35 6,39 0,213
0,40 7,28 0,213
0,45 8,34 0,208
0,50 9,66 0,199
0,55 11,36 0,186
0,60 13,65 0,170
0,65 16,86 0,152
0,70 21,55 0,133
0,75 28,86 05112
a=a/w
where
a isthe cracklength;
w is the width.
Interpolation is recommended:

Formulae uged for the calculation (CT): 0,2 € ¢< 0,8:

2
f:Lﬂ 0,886+4,640.—13(320:% +14,72a.% -5,60.*

A(lta)
B+2A

A:(1,911 8+19,418x —2,512 2a% —23,22603 +2o,54a4)

B=(19,11165,024 4:~69,6780:% +82,160.% |(1- )
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Annex B
(informative)

Testing of plastics containing short fibres

General

document is suitable for plastics that are substantially homogeneous and isotropic ‘at
racture process (characterized by the length r, representing the size of the plastic

that normally develops ahead of the crack tip prior to fracture, as defimed"in 3.]
hining short fibres, i.e. fibres having lengths in the range of about 0,1 mm(to 7,5 mi
ified as ‘short fibre-polymer composites’), do not generally meet these tWo-conditions
erline in respect of the homogeneity requirement [condition a)], as the fracture procq

l

even larger than the scale of the fracture process zone. Nevertheless, while the
pround that underpins this document does not rigorously apply to this class of ma
ned by tests performed according to the same may be usefulunder some limiting conc

fonditions to be met for tests on materials of this class:to'yield data useful for charact

I
q

‘ibre dispersion to be substantially uniform,.i{e: local fibre concentration to be s
onstant throughout the sample (quasi-homogeneity). Should the material under test cq
r fillers of different kinds (‘hybrid’ fibre cdmposites), this requirement is intended #
¢ach of the individual components.

Fibre orientation to be essentially “in=plane” and substantially uniform throughout ¢
the planar test piece (see Note 1} even though orientation varies from layer to layer
thickness of the plate.

Fibre orientation distribution through the thickness of the plate, characterizing

the scale of
Heformation
[2). Plastics
n (currently
they can be
bss zone has

nsions comparable to the length of the fibres, and are generally not“isotropic [condition b)] at a

theoretical
terials, data
litions.

brizing their

ubstantially
ntain fibres
0 be met by

ach layer of
through the

the layered

microstructure of the material, to be substantially symmetrical with respect to the nid-plane of

the planar test piece.

e conditions areCgenerally met in ordinary short fibre-polymer composites that are |}
ounding polymer matrix and fibres and subsequently formed into the final product

ounding and forming, can affect the internal microstructure of the material, in par
lengtli'and orientation, which significantly influence the mechanical properties of the
Note 2). The property determined by the test is therefore intended to be referred to

broduced by
by ordinary
) processes,
ticular as to
se materials
the specific

pStpucture of the material in the sample being tested.

E1l
e dimensions greatly larger than the plate thickness.

E2

sample under test, that is after processing.

© ISO 2018 - All rights reserved

Consideration is limited here to material samples in the form of substantially plane plates with in-

For this, the range of fibre length relevant to this testing, i.e. 0,1 mm to 7,5 mm, refers to the material
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B.2 Test specimens

B.2.1 Shape and size

Both test configurations recommended by this document, namely single-edge notched bending (SENB),
also called three-point-bending (TPB), and compact-tension (CT) can be used, with test specimen shape
and size conforming to the general specifications given in Clause 4.

However, with structured and anisotropic materials of the kind considered in this annex it is
necessary to specify the position of the initial crack (i.e. location of the crack plane and crack front
line and direction of crack growth) in relation to the inner structure of the material in the particular

configuratid

Furthermor]
frontadvan
way. Theref]

n chosen for the test.

e, due to the local heterogeneity and anisotropy of the material, it may occur thatthe
fes unevenly and the fracture plane deviates from the initial crack plane, in angnptedic
pre, toughness shall be determined at fracture initiation only and shall be‘teferred t

initial positjon of the crack (crack plane and crack front line) before any crack growth-has occurre

B.2.2 Con

With plane
extrusion, 14

L Long

T Tran

S Shor

Six main sp
Figure B.1),
letter desig
cut the spec
specimens g

NOTE

figuration

mination) three main, mutually perpendicular, directions can be envisaged as relevan
ritudinal, i.e. the forming machine direction or mould filliag direction.

sverse, i.e. the forming machine width or mould width’direction.

t transverse, i.e. the through-thickness direction:

ecimen configurations can thus be identified; designated L-T, T-L, L-S, S-L, T-S and S-1|
whereby the first letter designates the direction normal to the crack plane and the s¢
hates the expected direction of crack propagation. In practice, it is usually convenig
imens with a thickness equal to thethickness of the plate produced, so only the L-T an
re normally examined.

This will provide limited assessient of toughness dependence on orientation.

plates produced by conventional plastics forming technologie$ (e.g. injection mould

rrack
table
b the
d.

ing,
t:

(see
cond
nt to
d T-L

a) CT specimen

b) SENB specimen

NOTE The meaning of the letters is provided in B.2.2.
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Figure B.1 — Specimen configurations in respect of the plate directions
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