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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.

tS€6 O—6G €YD v H - G ea—16 i t yyw Frath efrafiee are
the ISO/IEC Directives, Part e different approval criteria needed \for the
h the

The procedy
described i
different types of ISO documents should be noted. This document was drafted in accordande\wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may'be the subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patent+ights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the WEFO principles in the Technical Barjriers
to Trade (TBT) see the following URL: Foreword - Supplementavy information

The committee responsible for this document is ISO/TC.61, Plastics, Subcommittee SC 13, Compgsites
and reinforcement fibres.
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Introduction

Previous attempts to determine mode II delamination resistance curves (R-curves) for composites
have been hampered by the experimental difficulty of determining crack length in the absence of any
applied beam opening displacement and when a complex damage zone develops ahead of the crack front.
The effects of friction in the different mode II test specimens have also been widely debated and have
typically been determined to introduce errors of between 1 % and 3 % in Gjjc determination for ELS
specimens (n.b. friction effects would appear to be more significant in 3 point loaded end notch flexure
(3ENF) (to be standardized by ASTM) and, particularly, in the 4 point loaded (4ENF) test specimen.

Stabilized ENF was not popular in round-robin trials).

The procedure presented here uses the end-loaded split test apparatus and specifies anje
procedure to calibrate the clamping fixture and simultaneously determine the flexyral
the gpecimen. This serves two purposes. Firstly, the clamp calibration has been found to

redufe scatter in the results between different test laboratories and secondly, it.provides

Kperimental
modulus of
bignificantly
an accurate

means by which crack lengths can be calculated and thus their measurementcan be avoid¢d. Although
this procedure still includes an experimental determination of crack length; the use of cglculated (or

effective crack lengths) means that values of Gyic can be determined without experimental

y measured

crack length values. The procedure is a development of that published by-ESIS (the Europeajn Structural

Integrity Society), Technical Committee 4, Polymers and CompositesH}, who carried out the
enabling research through a series of round-robin exercises conducted in 2004 and 2007.

preliminary
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INTERNATIONAL STANDARD ISO 15114:2014(E)

Fibre-reinforced plastic composites — Determination

of the mode II fracture resistance for unidirectionally
reinforced materials using the calibrated end-loaded split
(C-ELS) test and an effective crack length approach

1 $cope

This[[nternational Standard specifies a method for the determination of mode Il shear\load delamination
resistance. Gyjc, (critical energy release rate), of unidirectional fibre-reinforced plastic’composites using
the cplibrated end-loaded split (C-ELS) test.

It is dpplicable to carbon-fibre and glass-fibre reinforced thermosets and thérmoplastics.

The $cope is not necessarily limited to these fibres and lay-ups, but forJaminates with other types of
fibres or lay-ups, no recommendations for specimen dimensions and-fibre volume content are currently
availpble.

2 ormative references

The following documents, in whole or in part, are netriatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced doeument (including any amendments) appljes.

[SO 491, Plastics — Standard atmospheres foncconditioning and testing

ISO 3893, Rubber and plastics test equipnient — Tensile, flexural and compression types (conlstant rate of
travdrse) — Specification

[SO 15024, Fibre-reinforced plastic.composites — Determination of mode I interlaminar fractufe toughness,
GIC, for unidirectionally reinforced materials

3 S$ymbols and abbreviated terms

For the purposesofthis document, the following terms and definitions apply.

a measured delamination length, distance between the load-line (intersection pf the plane
through the pin-hole centre of the load-block normal to the specimen width gnd the
plane of delamination) and the tip of the delamination on the edge of the spe¢imen (see

Figure 1)

do insert film length, measured from the load-line to the tip of the insert film (seeFigure 1)

ap precrack length, the length between the load-line and the tip of the precrack formed in
during the precracking step

b width of the specimen

C compliance /P of the specimen

Cmax compliance of the specimen at maximum load

Co initial compliance of the specimen neglecting start-up effects, e.g. due to play in the

specimen fixture

© ISO 2014 - All rights reserved 1
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4 Princi

initial compliance, Cp, of the specimen increased by 5 %
displacement of the cross-head of the testing machine

elastic modulus determined from “three-point bending” flexural test or from the cla
calibration test

critical energy release rate for mode Il shear loading

height of the load-block

mp

eadall 41 £l H
LULAT'ITIIGUIT U LT SPTUIIITIT

distance between the centre of the loading pin and the mid-plane of the specinienbe
to which the load-block is attached (see Figure 5), i.e. equal to (H + h)/2 if the pin ho
through the centre of the block

distance between the centre of the loading pin and the edge of the load block, measy
towards the tip of the insert (starter film) or the tip of the mode I 6rymode II precrad
(see Figure 5), i.e. equal to I3/2 if the pin hole is through the centre of the block

length of the load-block (see Figure 5)

free length of the specimen between load-line and clarp (see Figure 1)
maximum load on the load-displacement trace (see Figure 7)

slope of C versus a3 plot

onset of nonlinearity on the load-displacerent trace (see Figure 7)
load measured by the load-cell of the\testing machine

increments of the delamination length during stable delamination growth (propaga
that are marked on the load-displacement curve (see Figure 7)

correlation coefficient of linear fit

onset of visually récognizable delamination growth on the edge of the specimen tha
marked on the lgad-displacement trace (see Figure 7)

total thickness of the specimen (thickness of each specimen arm is h)

point éf intersection of a straight line with the load-displacement trace, with the slo
the Straight line corresponding to Cs o,

am
eis

red

tion)

be of

IT

This procedure specifies a method for the determination of the delamination resistance of unidirectional
fibre-reinforced polymer laminates under mode II shear load using the calibrated end-loaded split
(C-ELS) test. The resistance to the initiation and propagation of a delamination is determined from a
non-adhesive insert and from a mode I (opening) or a mode II (shear) precrack. The critical energy
release rate for mode Il loading can be calculated and a resistance-curve (R-curve, i.e. a plot of the
critical energy release rate versus delamination length) determined.

5 Apparatus

A tensile testing machine in compliance with ISO 5893, capable of producing a constant load-rate
between 1 mm/min and 5 mm/min in displacement control should be used. The load-cell should be

© ISO 2014 - All rights reserved
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calibrated and accurate within +1 % for the chosen load-range (loads are typically expected to be in the
range of 100 N to 1 000 N). The testing machine shall be equipped with a fixture to introduce the load to
the pin inserted into the load-block that allows rotation of the specimen end.

The recommended loading jig requires a clamping arrangement to freely slide in bearings in the
horizontal direction (side-ways) with a fixed load point. This is shown schematically in Figure 1. Two
test fixtures used in the round-robin programmes (see Clause 9) are shown in Figure 2.

2h

p dy dqy A

1w T el

Load, P

Figure 1 — ELS test specimen showing the clamping fixture and loading

Figure 2 — Two alternative ELS test fixtures

A calibrated lever arm (torque wrench) is required to apply a consistent pressure while fixing the
specimens into the sliding fixture. It is recommended that this device can apply closing torsion in the
range of 0 Nm to 30 Nm to a precision of +1 Nm. During the test, the load shall be applied vertically
on the load-block by pulling upward provided the clamp is symmetrical with respect to the specimen.
The testing machine shall be equipped with means for recording the complete load-displacement traces
(loading and unloading) that allow a determination of the loads and the corresponding displacements
with an accuracy of 1 %. Vernier callipers or a micrometer should be used to measure the specimen
thickness (2h) to an accuracy of +0.02 mm and the specimen width, b, to an accuracy of +0.02 mm. A
travelling microscope (or video camera) shall be used to monitor the length of the delamination along
one edge of the specimen with a magnification of between x10 and x25.

© ISO 2014 - All rights reserved 3
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6 Specimens

6.1 Preparation of specimens

The recommended specimen width, b, and length, [, are 20 mm and 190 mm, respectively. The spec

imen

length shall not be less than the active length of the insert, a,, plus 110 mm; thus, [ 2 a, + 110 mm. For

recommendations on the length of a,, see 6.2. The free length, L, is typically 100 mm. The recomme

nded

specimen thickness (2h) is 3 mm for 60 % by volume carbon fibre-reinforced and 5 mm for 60 % by

volume glass fibre-reinforced composites.

Other specimen dimensions can be used, but the specimen width should be between 15 mm

and

30 mm. Increasing the length of the specimen is not critical, shortening will reduce the maxi
delaminatiopn length that can be investigated, and thus, yield too few data points for the analysig
8.1). If specjmens are too thin or not sufficiently stiff, delamination growth might not bé induc
occur at large displacements only, or permanent deformation of the specimen might occutxinvalid
the assumptions of linear elastic fracture mechanics.

6.2 The initial defect

A crack starter film should be placed at the laminate mid-thickness during the lay-up of the comp
panel prior to moulding. The film should be PTFE or another fluoro-polynrer with excellent non-
properties. The film should be thin (between 10 microns and 13 micréns) to minimize the disturh
of the laminpte. The upper service temperature of the film should be'greater than the cure temper;
of the laminfate. When the composite panel is trimmed, the active starter film length should satisf

mum

(see
ed or
ating

osite
stick
ance
ture
y the

requirement that a, > 50 mm, so that the influence of the load-block can be neglected. This initial defect

will be extended in mode I or mode II loading prior to testing({(see 7.2).

6.3 Attaching the load-block to the specimen

One load-bldck should be bonded to each specimen for'the purposes ofload-introduction [see Figure
The block shiould be of the same width as the specimen. Prior to bonding, the load-block and the spec
(in the positiion where the block will adhere)(should firstly be lightly abraded using an abrasive pap
grit blasting. Both the load-block and the specimen should then be cleaned with a solvent.

Atough, room-temperature cure adhesive (e.g. two part epoxy) is recommended. [f bond failure occ
might be negessary to consult ISO 4588 for a more sophisticated surface treatment procedure. Bor
of the load-Block should be done immediately after the surface preparation.

The load-block should be wellaligned with the specimen and held in position with a clamp whil
adhesive sefs. Specimen dges should be smoothed prior to determining the dimensions. For the c

3 b)].
imen
er or

urs it
1ding

e the
lamp

calibration procedure (as-described in 7.1), one specimen should be prepared with the load-block bo

ded

to the end npt containing the insert film as shown in Figure 3 a). After the clamp calibration, this Joad-
block can beg remeyed and one should be bonded at the insert end [see Figure 3 b)] to allow the specimen

to be tested|in-mode II.

NOTE If the specimen is sufficiently long, that the end-block attached for the clamp calibration measurement

does not interfere with the clamping of the specimen in the subsequent mode II test, then this load-block c
left in place on the beam.

|_

©]

a) (1 specimen per sample)

an be

4 © ISO 2014 - All rights reserved
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NOTH

6.5

In pr
fluid
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a)

b)

d)
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B
b) (5 specimens per sample)

Figure 3 — Position of the load-blocks for

a) inverse ELS specimen for clamp calibration and b) for the ELS fracture specimen

Moisture conditioning

ture conditioning is required for obtaining baseline data in order to test specimens W

mmendations of the resin supplier. Conditioning should be performed after bonding of th
e testing, the specimens can be stored in a desiccator for at most three,days after con

Other conditioning procedures can be applied for the investigation-ef.specific conditioni

Final specimen preparation and measuring dimensions

pparation for the visual measurement of crack length, applying a thin layer of typewritd

ving procedure is recommended:

Apply a thin coat of white type-writer correction fluid to the edge of one side of eac
Ensure the use of a new bottle and try to apply the coating in a single brush stroke,
brushing if possible. Practicing on another\specimen or the reverse side of the test

fecommended).

When the layer is dry, locate the position of the end of the insert film and mark this with

A nib of 0,1 mm is recommended).

Mark the specimen edge at.regular increments, starting one division before the enc
insert and extending to a‘= 100 mm. (Drawing straight vertical lines across the beam
rack length increments.is helpful). The mark increment should be chosen to be eithe
,5 mm, dependingupon the specimen length available for crack propagation. For sho
he narrower incrément should be selected.

ith the speeimen to be used for the clamp calibration, draw lines at 50 mm, 60 mm, 70
0 mm, 100>mm, and 110mm from the load-block pin hole centre (load-line). (Thesq
ositionsat which the specimen will be clamped in the clamp calibration test; see 7.1.)

Som¢ typewriter correction fluids contain solvents that might be harmful to the lami
matgridl. A water-based paint is thus recommended.

NOTE

rith uniform

ture content. The drying conditions (temperature and duration) shall be chdsen according to the

b load-block.
litioning.

ng effects.

r correction

(“white ink”) on the edges of the specimen after conditioning will facilitate the measurement. The

h specimen.
avoiding re-
specimen is

a black pen.

of the film
edge at the
r 2,0 mm or
ter lengths,

mm, 80 mm,
will be the

nate matrix

of the crack tip. The crack position is determined from the lines shearing.

© IS0 2014 - All rights reserved
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Figure 4

Measure an
nearest 0,02
0,02 mm at
values of thd
i.e. the max
specimen. T|
be recorded

6.6 Numl

— A specimen during loading in an ELS test, showing the crack length markers :
2,5 mm increments along the specimen edge (L = 100 mm for this test)

d record the length, I, of each specimen to the nearest mm. Measure the width, b, t
mm at three evenly spaced points along the length. Measure the thickness, 2h, to the ne
three points along the centre-line of the specimen. The variation in thickness and av
e width and the thickness should be recorded for each specimen. The variation in thick]
mum difference between the thickness measurements, should not exceed 0,1 mm for

The load-block details are shown in Figure 5.

| !

= g
|
|
|

|

Figure 5 — Load-block dimensions

per‘of specimens

ht

b the
hrest
brage
ness,
each

he length, I3, and height, H, of the end block should be measured to the nearest 0,1 mnj and

A minimum

number oI I1ve specimens shall be tested. A minimum Ol one calibration specimer

sample of nominally identical specimens should be used.

7 Procedure

7.1 Performing the calibration of the ELS fixture

The following procedure should be followed:

per

a) Position the specimen in the clamping fixture as shown in Figure 6, loosely tighten the clamp, attach
the load-block to the test machine, e.g. via the loading pin, then clamp the specimen with a free
length, L = 110 mm and record the clamping pressure applied.

© ISO 2014 - All rights reserved
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b) Apply load to the load-block at a cross-head displacement rate of 1 mm/min such that the beam

Wheh the clamp calibration has been performed, the specimen used can then have th
remgved and another should be bonded:to the end containing the crack (see 6.3) so that a f
can he performed on this specimen.[see Figure 3 b)].

7.2

Exp¢g
Specjmens should always be precracked and either mode I or mode II precracking can H
procedure used shauld'be clearly stated in the report.

7.2.1 ModeTIprecracking

The g§pegingens should be loaded in mode I (tensile opening) until the crack has grown at leajs
no grreater than 5 mm) ahead of the insert. The procedures of ISO 15024 should be consulte
loading using the doubte cantitever beam (D€ B) testspecime:

NOTE

deforms elastically and record the load-displacement trace.

Loading to a maximum load of 250 N is recommended for CFRP specimens and 150
specimens.

NOTE It is important that the insert film is held fully within the clamp, so that it does not
measured beam compliance. Adjust the length, L, if necessary to ensure this.

N for GFRP

influence the

Stop the loading, and then, fully unload the specimen and repeat the procedure with the beam
clamped at free lengths of 100 mm, 90 mm, 80 mm, 70 mm, 60 mm, and 50 mm. The unloading can

e performed atup to 10 mm/min

INOTE It is important that the clamping of the specimen in the ELS fixture can hé\pe
leproducible manner. This is conveniently achieved using a torque wrench, such that the'cetai
e tightened to the same level of torque in each test. (A torque of 8 Nm has been found t6 be sy
¢lamping of carbon-fibre epoxy specimens, see Figure 2, upper test fixture.)

-

Load, P

Figure 6 — The clamp calibration set up.with the delamination fully within the

Pre-cracking the specimens

rformed in a
hing nuts can
itable for the

clamp

b load-block
racture test

rience has shown/that initiation values of Gyjc will depend on the precracking mlethod used.

e used. The

t2 mm (but

d for mode |

If mode I rather than mode II precracking is chosen (see 7.2), two load blocks shall be bonded to each

specimen rather than one. After precracking, one of the two load blocks shall be removed before mode II testing.

7.2.2 Mode II precracking

The procedures for precracking in mode II are somewhat more complex, as it is intended that unstable
crack initiation from the insert be avoided. Thus, the following procedure is recommended. A load-scale
of up to 500 N is usually sufficient for composite laminates.

a)

Determine the initial length of the crack, a,.

b) Determine an initial free length, L, via L = a, % (4/3) and clamp the specimen at this value of L.

© IS0 2014 - All rights reserved
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c) Load the specimen at a displacement rate of 1 mm/min until the delamination has grown at least
2 mm (but no more than 5 mm) ahead of the insert. The load-displacement trace should be recorded
during this procedure.

d) Immediately stop loading and fully unload the specimen (displacement rates of up to 5 mm/min can
be used for unloading).

e) Record the length of the newly formed precrack, ap,.
f) Release the clamp, remove the specimen, and repeat for the remaining specimens in the sample.
NOTE The initial free length is chosen such that the initial ratio of (a/L) = 0,75. This is chosen to promote

stability. An ¢nergy analysis predicts that the ELS test is stable provided approximately that (a/L) > 0,55. [Thus,
the factor of §),75 provides a margin for safety, promoting the conditions for stability.

7.3 Testing the samples in mode II from the precrack formed in 7.2

A travelling|microscope and specimen illumination should be used to observe delamination growth. A
magnificatign of between x10 to x25 should be employed. The following procedure should be usgd for
each specimen in the sample.

a) Determjne the free length, L, such that (ap/L) > 0,55 and clamp the specirmen.

NOTE Stability can be improved by using larger values of ap/L, but\wusing larger values will reduge the
length ayailable for crack propagation.

b) Load thg specimen ata displacement rate of 0,5 mm/min, until the crack has grown to within 10 mm
from the clamp, recording the observed crack lengths onthe load-displacement trace. Crack lengths
should e recorded at 2,0 mm (or 2,5 mm) intervals. The first point should correspond to the inftant
when the crack is seen to grow ahead of the precragk;

NOTE The slow loading rate will improve the aécuracy of the crack length measurements.

c¢) Immediptely stop the loading and fully unlead the specimen (displacement rates of up to 5 mm}/min
can be ysed for unloading).

d) Continue to record the load and displacement during the unloading.
e) Removqthe specimen and inspeet for any damage.
NOTE Some materials_have been observed to microcrack severely ahead of the main crack tip. For
materials exhibiting this-effect, it is helpful to observe the black vertical lines drawn on the edge o¢f the

specimep. Microcrackingunight not result in the shearing of the lines. Photographs of the crack appeafance
can be helpful.

8 Data analysis

8.1 The points for data analysis

The data required for the analysis are delamination lengths, a, and the corresponding loads, P, and
displacements, &. Several points for the determination of Gijc can be determined from the test. If mode II
precracking was undertaken, initiation values of Gyjc should be determined from both the insert (starter
film) and from the mode II precrack. If mode I precracking was undertaken, initiation values of Gj¢
should only be determined from the precrack. In addition, a number of propagation points are to be
determined, as outlined below.

8.1.1 Initiation points

For the purpose of this International Standard, crack initiation is defined via the 5 % or max criteria, i.e.
by a 5 % increase in the initial compliance or by the maximum load point: The 5 % value corresponds to

8 © ISO 2014 - All rights reserved
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the point on the load-displacement trace at which the compliance has increased by 5 % of its initial value,
Co. Abest straightline is drawn to determine the initial compliance, Cp, ignoring any initial deviation due
to take-up of play in the loading system. A new line is then drawn with a compliance equal to Cp + 5 %
whose intersection with the load-displacement curve yields the load and displacement to be used for the
calculation, unless the intersection is at a larger displacement than the maximum load in which case the
maximum load and the corresponding displacement have to be used.

NOTE Round-robin testing has shown that the definition of crack initiation based on the nonlinear (NL) point
is prone to significant scatter. In addition, the visually determined definition of crack initiation, the (VIS) point, is
not consistent with the effective crack length approach recommended here (see 8.3.3).

8.1.7 Propagation points
In addition to the initiation points, propagation points (see Figure 7) can be determined for each
delamination length measured during the crack propagation stage.
60 - ,
(i) -
Co {iid
g %
50 C 5w
YIS, prack propagation
e markers
40 -
—
=
S
7
1
20 4
104
ﬂ A".-"' I I ¥ I I L] 1
i) =] 10 15 20 25 30 35
Displacement {mm)
Figure 7 — Load versus displacement trace for
(i) precracking from the insert and (ii) testing from the precrack.

Thie'(NL), (VIS), (5 %), and (Max) initiation points and subsequent propagation (Prop) points
are shown
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8.2 Determination of the ELS clamp correction

The analysis of the clamp calibration data (as recorded in 7.1) is performed assuming that the data take

the linear fo

1
C3 =slope- L+ slope-

rm as expressed in Formula (1).

Aclamp‘ (1)
where
1
1 3
slope = 3
2bh°E
Thus, the prjocedure is as follows:
a) Perfornm a linear regression of the data for each loading (excluding any initial ‘honlinear talte up
effects)[and hence deduce the compliance, C, for each value of free length, L.
b) Plotthepe values on a graph of C1/3 versus L, and perform a linear regressionof these data, extending
the regiession back to €1/3 = 0.
c¢) From the graph, determine the slope of the regression line and its)intercept with the L-axis.
d) The poditive value of the intercept with the L-axis is referred.to-as the clamp correction, Aclamp.
e) The slope of the regression line should be recorded and“can be used to determine the flexural
moduluk of the specimen.
The intercept of the regression line with the C1/3 = 0 line should occur at a negative value on the L-axis
(see Figure 8). This negative intercept corresponds.toa positive value of Aclamp. A zero intercept would
imply an infinitely rigid clamp. If a positive interdept is obtained, the data should be checked for efrors

and, if neced

A typical rej
different tes

sary, the calibration should be repeated.

t fixtures.

bresentation of the data are shown in Figure 8, as determined in two test laboratories fising

10
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NOTH Aclamp = C1/3 - axis intercept/slope for the linear regxessions, i.e. 10,4 mm for Lab 1 ang

Lab 2)

8.3
The

resistance curve (R-curve), i.e values of Gyc as a function of crack length. Three data reduct
are described. Method 1, the'experimental compliance method (ECM) and method 2, the 5
theory (SBT) method; both require experimental values of crack length to be determin
metHod 3, the corrected-beam theory with effective crack length (CBTE) is independent

crack length. Methods-2*and 3 require a value for the flexural modulus of the specimen anc
be determined via‘three point bending or from the clamp calibration procedure. Method
found to returnstiie best reproducibility (see Clause 9) and is the recommended method to

The

ISO 15114:2014(E)

Figure 8 — Typical clamp calibration data‘(values of C1/3 versus L) determined
laboratories

Determination of Gyic values

values of Gijc can be determined for values of crack initiation and propagation to g

values Gi¢’are determined using the Irwin-Kies formula:

15,1 mm for

n two

enerate the
ion schemes
imple beam
ed however,
f measured
this should
3 has been
follow.

P? dc

"= da

where

P istheload;
b isthe specimen width;
C isthe compliance;

a isthe crack length.

© IS0 2014 - All rights reserved
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8.3.1 Method 1: experimental compliance method (ECM)

An experimental compliance method based upon the cubic relationship between the compliance, C and
the measured crack length, a, can be written as:

C=C,+ma® (3)

where C, and m are constants. Thus, if values of C (for crack propagation points) are plotted versus the
cube of the measured crack length, a3, values then a linear regression of these data will yield a slope, m
and an intercept with the C axis of C,. Formula (3) can be differentiated with respect to crack length and
substituted into-Eormula (')) to givn-

3R%a%m
Gnc=‘—2b

(4)

The values df Gjjc should be determined for each point using the ECM method and the’R-eurve shoulld be
drawn. The [values of r2 determined from the regression analysis of C versus a3 should be noted ih the
testreport.

8.3.2 Method 2: simple beam theory (SBT)
The complignce, C, of the ELS specimen shown in Figure 1 can be expressed as:

C:§:5a3+L3
P pbn3E,

6)

where

6 istheload-line displacement;

L isthe free length;

h isthe half specimen thickness (see Figure 1);
E1 is the flexural modulus of the'specimen.

Formula (5) can be differentiated with respect to the crack length and substituted into Formula (2) to
give:

A0

 4p2g?
Gric =—

e (6)
44*h3E,

The values adf Gij¢ should be determined for each point using the SBT method and the R-curve shoulld be
drawn.

8.3.3 Method 3: corrected neam theory using effective crack length (CBTE)

Using the corrected beam theory with effective crack length approach, the crack length is calculated
using the measured compliance and the known flexural modulus of the specimen, E1. This also requires
the value of the clamp correction, determined in 8.2.

In Formula (5), no correction was made for beam root deflections and rotations at either the crack tip
or clamping point and no correction was included for the transverse shear effects in the composite

12 © ISO 2014 - All rights reserved
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arms. These can be taken into account using corrected beam theory as expressed in Formula (7). The
compliance of the ELS specimen can be expressed as:[2]

3
o 3(ae) +(L+Aclamp)
P 2bh°E
where
de is the effective (calculated) crack length;
/\\'!uluy is the clamp carrection
Formula (7) can be re-arranged:
1
1 3 3113
d, :[E{ZbCh Eq—(L+Agamp) H (8)
and gubstituting for crack length in Formula (6):
9p%q?
Quc=——>— 9)
4b°h’E
The Values of Gjic should be determined using the CBTE method [Formula (9)] for each ppint and the

R-cu
the s

It sh
displ
factd
and {
detel

9 1

Data
four

Fve should be drawn. The value of E1 can be deduced from slope of the clamp calibrat]
lope of the linear regression to the C1/3 versus L data, as:

1
1=~ 3
2b(h><slope)3

puld be noted that in the analysis.déscribed above, corrections have not been includ
acement or load-block effects. In‘an earlier protocol,[1] these were corrected via the use
rs Fand N. Round-robin studies have shown that these represent only relatively small
hus, for simplicity, they have'been excluded in this procedure. The effect of such corred
'mined, and this is disciissed in Annex A.

Precision

from a round-robin completed on a carbon-fibre epoxy composite material,[3] which
aboratories are shown in Table 1. Each laboratory tested five specimens.

ion data, i.e.

(10)

ed for large
fcorrection
corrections
tions can be

Fas tested in
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Table 1 — Test results from an inter-laboratory ESIS TC4 round-robin on a carbon-fibre epoxy

laminate
Giic (ECM) (J/m?2) Giic (SBT) (J/m?) Gic (CBTE) (J/m?2)
Method 1 Method 2 Method 3

Initvisa | Iit5% | S0 | nitvis | mit5% | M4 | nitvis | Init5% | Mcan
prop prop prop
Mean 981 1064 1052 870 920 921 1098 1172 1102

SD 253 236 206 162 105 101 193 99 51

CoV (%) 25,8 22,2 19,5 18,6 11,5 11,0 17,6 8,5 4,7

NOTE  SBT:[simple beam theory; ECM: experimental compliance method; CBTE: corrected beam theory with éffective

cracklength. Analysis points were: Init vis = visual initiation, Init 5 % = 5 % compliance offset initiation, and Mean prop|=the

mean of the pfopagation values recorded. Mean and SD are the reproducibility of the results obtained acrossithe foulr test
laboratories.

a  Incomplefe data.

10 Test report

The test replort shall include the following information:

a) areference to this International Standard (i.e. ISO 15114) and tothe’referring standards;

b) a complete identification of the material (e.g. laminate manufacturer, fibre-material, polymer
material, maximum cure temperature, Ty, duration of curing, t, location of specimen on platg);

c) testdatg, test laboratory, test personnel identification;

d) numberand label of specimens tested and type(s).of method used for the analysis;

e) averagegthickness, average width, maximumthickness variation along the length, and length ofjeach
specimegn, insert (starter film) material, anid thickness, length of the insert; note if insert lengths
measurgments differ by more than 1 mm 6n both edges;

f) conditigning temperature, Tq, and:conditioning duration, tg, and temperature, T, and relptive
humidity, r.h., during the test;

g) dimensjons of the load-blogk,.surface preparation, if applicable, and adhesive.

h) type of precracking used{i.e. mode I or mode II);

i) load-rate for loading*and unloading, for testing from the insert and from the mode I or mqde II
precrack;

i) E-modullusyalue, E1, from “three-point bending” test or from the clamp calibration test;

k) slope, ny of p}ut of-the LUlllpliallLC, C, versus-thectbeof thedelamination lcusth, uQ, Hmethod 1 is
used for the data analysis (see 8.3) and the correlation coefficient, r2, of the linear fit;

NOTE Propagation points only are used for this linear regression.

1)  copy of the load-displacement trace for each specimen;

m) table of Gyic (Cs o, initiation and propagation values) and plot of Gyic (Cs o, initiation and propagation
values) versus delamination length, i.e. an (R-curve) for each specimen;

n) average values and standard deviation for the initiation value as defined as the 5 % offset or
maximum load (stating whether this is from the insert or precrack, and if a precrack, stating the
precracking mode used) and average value and standard deviation of the last 10 propagation values
(PROP) or of the last 50 % of the propagation values, whichever contains the larger number of data
points, from all specimens tested;
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