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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
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organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
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TECHNICAL SPECIFICATION ISO/TS 28660

:2022(E)

Plastics — Determination of J-R curves — Fracture
toughness

The method is suitable for use with ductile and semi-ductile polymers and polymer blend
intended to be used with materials in which the crack front cannot be distinguished from

de
wi

NOTE J-R curves, produced in accordance with this test method, characterizesthe crack growth
thgt cannot be characterized by linear elastic fracture mechanics according t¢ [SO 13586.

2

re
do

IS 291, Plastics — Standard atmospheres for conditiphing and testing
IS() 2818, Plastics — Preparation of test specimens by machining

ISQ 7500-1, Metallic materials — Calibratiew and verification of static uniaxial testing machineg
Temsion/compression testing machines —€alibration and verification of the force-measuring sy9

ISQ 9513, Metallic materials — Calibration of extensometer systems used in uniaxial testing

ISQ 13586, Plastics — Determination of fracture toughness (GIC and KIC) — Linear elasti
mdchanics (LEFM) approach

AS

3

3.

Fo
th

ThlE following referenced documents are indispensable for&he application of this document.

1 Terms and definitions

formation processes in advance of the crack tip. The method is unsuitable for polymers 1
h fibres.

Normative references

rences, only the edition cited applies. For undated references, the latest edition of the 1
fument (including any amendments) applies.

TM D 6068, Standard,Fest Method for Determining J-R Curves of Plastic Materials

Terms, definitions and symbols

curves for

5. It is not
hdditional
reinforced

resistance

For dated
eferenced

— Part 1:
tem

c fracture

" the purposes of this document, the terms and definitions given in ISO 13586, ASTM D60

H8-96 and

foltowing appty-

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

©lI

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

SO 2022 - All rights reserved
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J-integral

J

line or surface integral over a path that enclosed the crack front from one crack surface to the other,

used to characterise the local stress-strain field around the crack front

Note 1 to entry: See Reference [5].

Note 2 to entry: It is expressed in Joules per square meter (kJ/m?2).

3.1.2

J-R curve
]-Aap
plot of reg

3.1.3

net thick
By
distance H

Note1toe

3.1.4
thickness
B
side to sid

Notel1toe
Note2toe

3.1.5
specimen
w
larger init

Noteltoe
Note2toe

3.1.6
original ¢
ag

physical c

Note1toe

Note 2toe

istance to stable physical crack extension

€SS

etween the roots of the side grooves in side grooved specimens

htry: It is expressed in millimetres (mm).

e dimension of the test specimen

htry: It is expressed in millimetres (mm).

htry: shown in Figure 2 and Figure 3.

width

ial dimension of the rectangular.¢xoss section of the test specimen
htry: It is expressed in millimetres:(mm).

htry: shown in Figure 2 and Eigure 3.

rack size

rack size at the-Start of testing
htry: It is.expressed in millimetres (mm).

htrys.shown in Figure 2 and Figure 3.

3.1.7

original uncracked ligament

by

distance from the original crack front to the back edge of the specimen given as follows:

bo :W—ao

Note 1 to entry: It is expressed in millimetres (mm).

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=aeb2456e86f621354093fb9a5719dadf

ISO/TS 28660:2022(E)

3.1.8
crack size

a
pﬁysical crack size to the observed final crack front
Note 1 to entry: It is expressed in millimetres (mm).

Note 2 to entry: The size shall be a calculated average of several measurements along the crack front. See Figure 6
and Figure 7.

3.1.9

crack extension
Aap
indrease in physical crack size given as:

Aay, =a, —ay

N

@]

Fe 1 to entry: Itis expressed in millimetres (mm).

3.1.10
spgcimen span

digtance between specimen rollers
Note 1 to entry: It is expressed in millimetres (mm).
Note 2 to entry: Shown in Figure 1.

3.1.11

corrected energy
u
energy required to extend the crack

Note 1 to entry: It is expressed in Joules (J].
Nofe 2 to entry: See 8.1.

3.1.12
digplacement

f

digplacement measuxred by the transducer or extensometer
Nofe 1 to entry: It jis expressed in millimetres (mm).
Noge 2 to entryisee Figure 8.

3.1.13
sldpe
o
slope of the linear portion of the force versus displacement curve

Note 1 to entry: see Figure 8.

3.1.14
geometrical functions

n el, n pl
functions representing the notch depth influence

Note 1 to entry: See 8.2.4.

©1S0 2022 - All rights reserved 3
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3.2 Symbols
l total length of the test specimen (see Figures 2 and 3)
Uel elastic part of total energy UT, determined from the area under the force versus displacement

(see Figure 8)

Urpi plastic part of total energy UT, determined from the area under the force versus displacement
(see Figure 8)

Ur otatemergy, expressedimjoutes{f)

Ug elastic part of corrected energy U, required to extend the crack, in Joules (])
Uy plastic part of corrected energy U, required to extend the crack, in Joules (])
fal elastic part of displacement, expressed in millimetres (mm)

ol plastic part of displacement, expressed in millimetres (mm)

4 Pringiple

This test nethod describes a multiple specimen technique for determining the J-R curves for polymgric
materials] The J-R curves consist of plot of ] versus crack extension in‘the region of J-controlled growth
(see Figuge 9). This method uses optical measurements of crack length and crack extension on the
fracture surfaces after each test.

There arg two options for specimen geometries - three*point bend (SENB) and pin-loaded comppct
tension ((T) specimens. The J-R curves from bend specimens represent lower bound estimation| to
those obtained from compact tension specimens.

The largept possible specimen with representative microstructure is recommended. The J-R curyes
tend to exhibit lower slope with increasing thickness.

The specimens are notched and tested under slowly increasing displacement.

Test carrigd out on specimens of different dimensions or with different notches, or specimens prepared
under different conditions, may produce results that are not comparable. Other factors, such as test
speed or donditioning of the spe¢imens, can also influence the results. Consequently, when comparaple
data are rpquired, these factors shall be carefully controlled and recorded.

5 Apparatus

5.1 Testing machine

5.1.1 General

The machine shall be in accordance with ISO 7500-1 and ISO 9513, and meet the specification given in
5.1.2 and 5.1.3.

5.1.2 Testspeeds

The tensile-testing machine shall be capable of maintaining the test speeds as specified in Table 1.

4 © IS0 2022 - All rights reserved
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Table 1 — Recommended test speeds

2022(E)

Test speed (mm/min) Tolerance (%)

0,125 +20
0,25
0,5
1
2
5
10

20 *10
50
100
200
300
500

5.1.3 Force indicator

Th force measurement system shall be in accordance with class 1 according to ISO 7500-1.

5.2 Displacement transducer

The displacement is recorded during the test. The trahsducer shall be essentially free from ingrtia lag at

the test speeds being used. It shall measure the.displacement with accuracy within the limits
of |SO 9513 or better. The effects of the transdueer on the force measurements shall either be
(thatis <1 %) or shall be compensated.

5.3 Loading rigs

A 1jig with either stationary or moving rollers is used for three-point-bending (SENB) tests, as
Figure 1. Indentation into the.test specimen is minimised by the use of rollers with a large
(> W/4). The measurement ofthe displacement shall be taken at the centre of the span, S.

—p

of class 2
negligible

shown in
diameter

© IS0 2022 - All rights reserved
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N
zﬂ\‘}Z ]K
>W
Key
S span Hetween rollers S=4W+01W
R radius W/8<RsW/2

1 distanfe monitored by displacement transducer
2 bossed for rubber bands - for moving rollers

NOTE Alternatively, a rig with stationary rollers according to ISO 178 can be used.

N/

Figure 1 — Rig with two rollers and displacement transducer for three-point-bending (SENH
tests

For the compact tensile test;the test specimen is loaded by means of two pins in holes in the specimgn.
A clip gaupe near the pins‘measures the displacement of the load points during the test.

6 Test|specimens

6.1 General

The largest available specimens are recommended for testing in order to obtain a larger portion of J-R
curve and to obtain the most conservative estimate of crack growth resistance. The J-R curve is only
appropriate for the thickness that is being evaluated.

6.2 Shape and size

Test specimens for three-point-bending tests (SENB) and for compact tensile (CT) tests shall be prepared
in accordance with Figures 2 and 3, respectively. It is usually convenient to make the thickness, B, of
the test specimens equal to the thickness of a sheet sample. Otherwise, follow the ISO 2818. All in-
plane dimensions are proportional to the specimen width, W (see Figure 2 and Figure 3). The minimum

6 © IS0 2022 - All rights reserved
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W =25 mm (fulfil the 9.2). Unnotched test specimens are used for indentation displacement and energy
corrections (see Figures 4 and 5, respectively).

>
53
0,5( 0,51 B
I
Key
W | width
I length [>42 W
B | thickness W/4 ::0B::0 W/2 prefer B=W/2
a, | cracklength 045 W=<ay<055W
Figure 2 — Single-edge-notched bend (SENB) test'specimen
< E Q 3
~N
\9
B
do
4
w
Key
w | ©verall width w=125W=+0,01W
W  width [=12W+0,01 W
I length 1;,=0,55W=+0,0005W
7 distance between centres of two holes located R=0,125W+0,005 W
symmetrically to the crack plane + 0,005 W W/4 < B< W/2 prefer B = W/2
R radius 045 W<ay<055W

B thickness
a, cracklength

Figure 3 — Compact tensile (CT) test specimen

©1S0 2022 - All rights reserved 7
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77777

Figurpe 4 — Arrangement for determining the indentation displacement of a bending-test
specimen

|
]

Figure b — Arrangement for determining the indentation displacement of a compact tensile
specimen

Specimenp may need side grooves to promote straighter crack fronts during testing. The side grooyes
shall be equakindepth and have an inclined angle of 45° + 5° with a root radius of 0,25 mm # 0,05 mjm.
The total thiekness reduction may not exceed 0,20 B.

6.3 Preparation

Test specimens shall be prepared in accordance with the relevant material International Standard for
the material under test with ISO 2818. In the case of anisotropic specimens, take care to indication the
reference direction on each test specimen.

6.4 Notching
Method a) or b) can be used for notching

a) Machine a pre-notch into the specimen to a depth of 0,5 W using either a saw or a single-point
fly cutter. Then generate a natural crack by tapping on a new razor blade placed in the notch and

8 © IS0 2022 - All rights reserved
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forcing the crack to grow in advance of the razor blade tip. The length of the razor crack shall not
be less than 5 % of the total original crack length a, and shall be larger than four times the original

pre-notch tip radius.

b) Fatigue pre-notching. Suggested notching conditions are given in ASTM E 1152[3]. Beca
possibility of hysteretic heating leading to subsequent damage, frequencies less than
recommended.

7 Procedure

7. General

ThE objective of this procedure is to develop a J-R curve consisting of J-values at spaced crack g
Aal, (see 9.2). In the multispecimen method, each test specimen is to develop a single point
cufve. A series of specimens are loaded to different displacements using crosshead or dis
control. The resulting crack fronts are marked (see Annex A) and crack extensions are meas
the fracture surface. An independent indentation measurement is also cornducted to correc
frdcture related energy dissipation. The J value is then calculated fromiindentation correct]
forf fracture. Each specimen has thus provided a set of ], Aaj, values toiescribe the J-R curve.

7.2 Thickness, width of test specimens

Mdasure the thickness B, By and width W of each test spetimen with an accuracy of +0,02 1
ac¢ordance with ISO 16012.

7.3 Conditioning

The test specimen shall be conditioned as-specified in the appropriate standard for thg
concerned. In absence of this information,~the most appropriate condition from ISO 29
selected and conditioning time is at least*16'h, unless otherwise agreed upon by the interestg
for] example for testing at elevated or.lewtemperatures.

use of the
4 Hz are

xtensions
on the J-R
placement
ured from
t for non-
ed energy

nm and in

material
| shall be
bd parties,

The preferred atmosphere is (23 + 2¥°Cand (50 * 10) % R.H., except when the properties of the material

ar¢ known to be insensitive toanoisture, in which case humidity control is unnecessary.

7.4 Testspeed

Test speed corresponds’'to Table 1. A test speed of 1 mm/min is recommended.

7.5 Numberof specimens

A thinimum.of seven specimens are used to generate the power law fit to the data. All shall be
to the.same dimensions. The initial precrack lengths should be as consistent as possible. Thd
is fozeplicate the initial portion of the load versus load-line displacement traces as much as p|

machined
objective
ossible.

7.6 Testing procedure

Load each specimen to a selected displacement level that is judged to produce a crack exte
desired position on the J-R curve (see 9.2). Use displacement or clip gage control in order to c
amount of crack growth and minimise crack growth instability.

nsion in a
ontrol the

Unload the specimen, mark the crack front and break the specimen to expose the fracture surface (see

Annex A).

© IS0 2022 - All rights reserved
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7.7 Crack length and crack extension measurement

The original crack size a, and the individual crack extensions Aa, are measured from the fracture

surface to the nearest 0,01 mm.

The original crack size is calculated from the average of three measurements at distances of B/4, B/2
and 3B/4 (or, for grooved specimens By/4, By/2, 3 By/4 ) from a side of the specimen along the original
crack front on the fracture surface (see Figure 6 and Figure 9).

Along the front of the region if stable crack extension, measure the crack size at five equally spaced

points ce

tred about the specimen centreline and extending to 0,005 W from the surfaces of plane

sided speg

imens or from the roots of the side grooves in grooved specimens (see Figure 7 and Figute|9).

Calculate the average physical crack size a, as follows: average the two near-surface measurements,

combine 1
values.

Calculate the crack size using Formula (1):

Aap =

le-CIO

a  Measurement points.

b Initialjcrack léngth (a,).
¢ Final drack\front.
d Razor harpnhnr] rnginh

B/4

B/2

3B/4

he result with remaining three measurements, and determine the average of these four

(1)

e Machined notch.

10

Figure 6 — Measurement of initial crack length (a,)

© IS0 2022 - All rights reserved
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0,005 W

l«—b

pB——ff————————

Key
a Final crack front.

b | Measurement points.

Figure 7 — Measurement of crack extension (Aa)

7.8 Indentation correction

Used an unnotched specimen (shown'in Figures 4 and 5, respectively). For the three-point-bgnding rig,
mqve the rollers together (see Figure 4) in order to minimize flexure. The indentor shall bg the same
gepmetry as that used in the [tests. For the unnotched CT specimens, clevis grips of the same|geometry
as those used in the ] tests;shall be used.

Lopd the specimen to,the/force that is at least 10 % greater than the maximum force used in the set of
individual ] tests while recording the force versus displacement curve. During all tests, suptract the
indentation compliarice from the displacement reading. The loading rate and test temperatufe shall be
idgntical for théindentation correction and J tests.

NOTE For/SENB specimen, the length can be shorter (min 2w).

8 | €alculation and interpretation of results

8.1 General

The energy U required to extend the crack is used to calculate J. The total energy U} determined from
the area under the force versus/displacement curved (F versus f) obtained for each specimens is sum of
U and U, the indentation energy. See Formula (2):

U=Uyg ~U; (2)

The indentation energy U, is obtained by integrating the force versus displacement curve (F versus f)
measured in the indentation test up to the displacement that corresponds to the maximum force for
that J test specimens.

©1S0 2022 - All rights reserved 11
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8.2 Calculation of J integral

8.2.1 Estimation of the slope

Estimate the slope at the beginning of the load versus load point displacement curve (see Figure 8)
using appropriate algorithms.

8.2.2 Splitting of the total energy, Uy

Split the total energy U, into two parts (see Figure 8).
F

Fe

Tpl

Ul  elastic energy
Urp  Plasjic energy

fy  elastic displacement
fol plastic displacement
F maxjmal force

max|mal displacement

maxjmum

(kN)

fe
c
a angle ofslope of the curve
F
f (mm)

Figure 8 — Schematic of calculation of J integral and the energy

12 © IS0 2022 - All rights reserved
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8.2.3 Calculation of corrected energy

Calculate the corrected energy U according to Formula (2). Estimate the elastic and plastic part of this
corrected energy according Formulae (3) and (4)

U
Uel = UXLe] (3)
Ur
Ur
Up =Ux—2 @
Ut
NOtIE In case the test machine is equipped with software for indentation correction, the energy U can be
spljt directly without use of Formulae (3) and (4). Energy Uy is replaced by U and fis replacedyby f. The value of

engrgy Uis directly splitinto U, and Uy

8.4.4 Calculate J integral
Calculate the value of ] integral according to Formula (5):

Ug Upi x[l— (0,75%1n,; —1)><Aa0}

Bx(W—ag) ™" Bx(W—-ag) (W—-ag) (>)

]:nel X

Values of 0 sNgps Nel,cr @nd Ny, are given in Annex A for both fypes of specimen.

9 | Validation of results

9.1 General

Nopne of the original crack size at positions B/4, B/2, 3B/4 (see 7.7) measurements shall diffdr by more
than 5 % from calculated average (ay).

Nope of the measured physical crackextensions shall be less than 50 % of the average Aa,,. For sybsequent
teqting, the side groove configuration may be modified within the recommended parameters|of 6.2

Thle minimum crack extensignyshall be >0,05 mm. The maximum crack extension shall be <0,[L b,,.

9.2 Construction of JR curves
Plgt the curve J vs-Aa,, (see Figure 9).

Copstruct a minimum crack extension line at Aap=0,05 mm and a maximum crack extensjon line at
Aa},=0,1 bydmm.

Diyidelthe interval between the minimum and maximum crack extension lines into four equaflly spaced
regions (see Figure 9). At least three data points shall be in the first region, two data poailnts in the
second quadrant, and at least one data point in each of the two remaining regions.

©1S0 2022 - All rights reserved 13
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Y
/ "‘
//
]
b
1 2 3 4 X
Key
X physidal crack extension, Aa,, (mm)
Y fracture resistance, ] (kJ]/m?2)
a 0,05 mm exclusion line
b Aa

max

Figure 9 — Construction of J-R curves

Fit the data to a power law as shown in.Formula (6):

J=C1pAa’? (6)
The exponent, C,, shall be }lessthan 1,0.

10 Testreports

The test reportshall contain the following information:

a) arefererce to this document, i.e. ISO/TS 28660:2022;

b) all details necessary for complete identification of the material tested;
c) the test specimens shape (SENB or CT) and nominal dimensions;

d) the date of testing;

e) notching technique;

f) original crack length, g,

g) crack extension marking technique;

h) physical crack extension Aa,y

14 © IS0 2022 - All rights reserved
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i) slope at beginning;

j) energies;

k) Jintegral values;

1) coefficients of power law regression function, C; 2 C,;
m) temperature and relative humidity during the test;

n) vtestspeed.

11 Precision and bias

11.1 General

Crack length measurement makes the most significant contribution to the variation in the|/-R curve.
Some control of the crack straightness and crack front shape is required (see9.1).

A precision statement is given in Annex A.

11.2 Splitting of energy

Splitting the total energy into two parts is important fram*“the physical point of view. THe tougher
polymers can show different sensitivity to crack initiation (corresponds to U,) and cra¢k growth
(dissipated energy corresponds to Upl)-
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A.1 Geometrical function

2
N =0,54 5,5[%)—5[%) for SENB specimens

2 3 4
Mo =11,30-68,42 22 1+198,75| 20 | ~258,33[ 2 | +125,00( -2 | for CT speciniens
w w w w

Ny =2 fof SENB specimens

a
=2+0,522 1--9 |for CT specimens
npl ( W) p

A.2 Crack front marking and identification.

The measjurements for stable crack extension are made directly from the fracture surface of eadh J
specimen

The cracl] front shall be marked in a manner that will\differentiate the stable crack extension that
occurs during the initial loading in the J test from-the crack growth process that occurs during the
final fractlure step that is required to expose the fracture surface. Suggested method is, for examjple,
high-speed impact with or without prior cooling.ef the specimen (e.g. liquid nitrogen). The minimyim
cooling tine is 30 minutes. In order to better differentiate the fracture surface, a suitable dye can|be
used before unloading (e.g. alcohol extractfrom standard pencil used for description the plastic parts).

Optical or]scanning electron microscopy must be used to identify the end of the stable crack extensjon
region (ogtimum magnification for ©ptical microscope is 20 to 40 times). Furthermore, the microscqpe
must alloy oblique illumination of the fracture surface.

The end df stable crack growth region is typically determined by the first arrest line after the rator
notch or natural crack.

A.3 Prdcisionstatement

A.3.1 General

The firstinterlaboratory tests have been performedin 2011 on PE-HD for extrusion. This interlaboratory
test indicated a large scatter on the calculated value of J integral and this was attributed to the
difficulties involved with the stable crack length measurement. The interlaboratory test continue in
year 2013. The aim was unification of methodology of estimation stable crack growth.

The 2013 RRT included one PE-HD extrusion material and one PP-H extruded material and three
laboratories from three countries. The specimens were prepared from compression-moulded plaques
(130x130x10 mm). Total 12 test specimens per materials were prepared by one laboratory. 3+3
specimens were bended at certain deflection (I. quadrant and IV. quadrant of R-curve) by one laboratory
and 3+3 at the same deflection by two other laboratories. The stable crack growth was estimated and
the fracture surface documented.

16 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=aeb2456e86f621354093fb9a5719dadf

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms, definitions and symbols 
	3.1 Terms and definitions 
	3.2 Symbols 

	4 Principle 
	5 Apparatus 
	5.1 Testing machine 
	5.1.1 General 
	5.1.2 Test speeds 
	5.1.3 Force indicator 

	5.2 Displacement transducer 
	5.3 Loading rigs 

	6 Test specimens 
	6.1 General 
	6.2 Shape and size 
	6.3 Preparation 
	6.4 Notching 

	7 Procedure 
	7.1 General 
	7.2 Thickness, width of test specimens 
	7.3 Conditioning 
	7.4 Test speed 
	7.5 Number of specimens 
	7.6 Testing procedure 
	7.7 Crack length and crack extension measurement 
	7.8 Indentation correction 

	8 Calculation and interpretation of results 
	8.1 General 
	8.2 Calculation of J integral 
	8.2.1 Estimation of the slope 
	8.2.2 Splitting of the total energy, UT 
	8.2.3 Calculation of corrected energy 
	8.2.4 Calculate J integral 


	9 Validation of results 
	9.1 General 
	9.2 Construction of J-R curves 

	10 Test reports 
	11 Precision and bias 
	11.1 General 
	11.2 Splitting of energy 

	Annex A (informative)  
	Bibliography 

