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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
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria egded for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial 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 documentmay be the subject of
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it rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
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]l as information about ISO’s adherence to the World-Trade Organization (WTO) pringiples in the
hical Barriers to Trade (TBT) see the following URLiZwww.iso.org/iso/foreword.html.

ommittee responsible for this document is ISQ£TC 164, Mechanical testing of metals, Subcommittee
Toughness testing — Fracture (F), Pendulumi{P), Tear (T).

second edition cancels and replaces thefirst edition (ISO 12135:2002), which has been technically
ed. It also incorporates the Technical Corrigendum ISO 12135:2002/Cor 1:2008.
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INTERNATIONAL STANDARD ISO 12135:2016(E)

Metallic materials — Unified method of test for the
determination of quasistatic fracture toughness

1 Scope

This document specifies methods for determining fracture toughness in terms of K, 6, / a
for ) ) . 2 o .
precracked by fatigue and tested under slowly increasing displacement. The fractur&t
determined for individual specimens at or after the onset of ductile crack extension‘or at
ductjle crack instability or unstable crack extension. In some cases in the testing of'ferrit
unstable crack extension can occur by cleavage or ductile crack initiation and, growth, int
age extension. The fracture toughness at crack arrest is not covered b§) this docums
e cracks grow in a stable manner under ductile tearing conditions, a resistance curv,
re toughness as a function of crack extension is measured. In most'cases, statistical
sults is modest and reporting the average of three or more test'results is acceptable
age fracture of ferritic materials in the ductile-to-brittle transition region, variability
dditional tests may be required to quantify statistical vatiability. Special testing r¢
nalysis procedures are necessary when testing weldments/and these are described i
is complementary to this document.

Wheh fracture occurs by cleavage or when cleavage is,preceded by limited ductile crac
it may be useful to establish the reference temperatiire for the material by conducting
analysis in accordance with ASTM E1921.12]

2 ormative references

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

ISO 3785, Metallic materials &)Designation of test specimen axes in relation to product textun

ISO 1500-1, Metallic matexials — Calibration and verification of static uniaxial testing machin
Tension/compression testing machines — Calibration and verification of the force-measuring s

1SO 9513, Metallicanaterials — Calibration of extensometer systems used in uniaxial testing

3 Terms-and definitions

nd R-curves
re notched,
oughness is
the onset of
¢ materials,
errupted by
ent. In cases
e describing
ariability of
. In cases of
can be large
pquirements
n ISO 15653

k extension,
testing and

heir content
applies. For
hts) applies.

e

es — Part 1:
ystem

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

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

e [EC Electropedia: available at http://www.electropedia.org/

e ISO Online browsing platform: available at http://www.iso.org/obp

3.1

stress intensity factor

K

magnitude of the elastic stress-field singularity for a homogeneous, linear-elastic body

Note 1 to entry: The stress intensity factor is a function of applied force, crack length, specimen size and specimen

geometry.

© ISO 2016 - All rights reserved
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crack-tip opening displacement

6

<rotation point equation> relative displacement of the crack surfaces normal to the original
(undeformed) crack plane at the tip of the fatigue precrack, evaluated using the rotation point formula

3.3

crack-tip opening displacement

<from /> estimate of the crack-tip opening displacement, obtained from J

3.4
J-integral
line or sur
characterizé

3.5
J

loading par4
this method

3.6
stable crac
crack exten

face integral that encloses the crack front from one crack surface to the. ©ther
s the local stress-strain field at the crack tip

imeter, equivalent to the J-integral, specific values of which, experinientally determing
of test (J¢, Ji, Ju,---), characterize fracture toughness under elastic-plastic conditions

K extension
sion which stops or would stop when the applied displacement is held constant as 4

progresses finder displacement control

3.7
unstable cr
abrupt crac]

3.8

pop-in
abrupt disq
displacemer

Note 1 to ent

Note 2 to ent
plane of the j
or splits nor]
respectively;
testing; v) eld
devices.

3.9
crack exter
R-curves

ack extension
k extension occurring with or without prior stable crack extension

ontinuity in the force versus displacement record, featured as a sudden increa
t and, generally, a decrease in force followed by an increase in force

Fy: Displacement and force subsequently increase beyond their values at pop-in.

I'y: When conducting tests.by this method, pop-ins may result from unstable crack extension

brecrack and are to beldistinguished from discontinuity indications arising from: i) delaming
mal to the precrack”plane; ii) roller or pin slippage in bend or compact specimen load t
iii) improper sedting of displacement gauges in knife edges; iv) ice cracking in low-temper
ctrical interfenence in the instrument circuitry of force and displacement measuring and reco

sion resistance curves

and

bd by

test

te in

n the
tions
rains,
ature
rding

variation in

Oy orj with stabte crack extension

4 Symbols and designations

See Table 1.
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Table 1 — Symbols and their designations

construction line (B = specimen thickness in mm)

Symbol Unit Designation
a mm Nominal crack length (for the purposes of fatigue precracking, an assigned value less
than a,)
ar mm Final crack length (a, + Aa)
aj mm Instantaneous crack length
am mm Length of machined notch
ao mm Initial crack length
p | Plastic component of the area under the force vs. notch opening displacement diagram
(Figure 17)
Aa mm Stable crack extension including blunting
Afimax mm Crack extension limit for § or J controlled crack extension
B mm Specimen thickness
BN mm Specimen net thickness between side grooves
C m/N Specimen elastic compliance
E GPa Modulus of elasticity at the pertinent temperaturge
F kN Applied force
Fe kN Applied force at the onset of unstable crack extension or pop-in when Aq is less than
0,2 mm offset from the construction line (Figure 2)
Fq kN Force value corresponding to the intersection of the test record with thp secant line
(Figure 16)
Fr kN Maximum fatigue precracking ferce
Fin kN Maximum force for a test which exhibits a maximum force plateau preceding fracture
with no significant prior pop=ins (Figure 2)
Fq kN Provisional force value(used for the calculation of Kq
Fy kN Applied force at the'onset of unstable crack extension or pop-in when Aa {s equal to or
greater than than\0,2 mm offset from the construction line (Figure 2)
] MJ]/m2 |Experimental equivalent to the J-integral
Je(B) M]/m2 |Size sensitive fracture resistance J at onset of unstable crack extension or|pop-in when
stablecrack extension is less than 0,2 mm offset from the construction linje (B = speci-
men, thickness in mm)
Jg MJ]/m2 |fatUpper limit of J-controlled crack extension
I M]/m2.JSize-insensitive fracture resistance J at initiation of stable crack extension
(B MJ/m2~ |Size sensitive fracture resistance J at the first attainment of a maximum force plateau
for fully plastic behaviour (B = specimen thickness in mm)
Jmax MJ/m2 |Limit of J-R material behaviour defined by this method of test
JuBy MJ/m2 |Size sensitive fracture resistance J at the onset of unstable crack extension or pop-in
when the event is preceded by stable crack extension equal to or greater fhan 0,2 mm
OffSet fTOMm the CONSIruction [INe (B = Specimen thiCKNess in mm)j
Juc(B) MJ]/m?2 |Size sensitive fracture resistance J at the onset of unstable crack extension or pop-in
when stable crack extension cannot be measured (B = specimen thickness in mm)
Jo MJ/m2 |Juncorrected for stable crack extension
Jo,2BL MJ]/m2 |Size insensitive fracture resistance J at 0,2 mm stable crack extension offset from the
construction line
Jo,2BL(B) MJ]/m2 |Size sensitive fracture resistance J at 0,2 mm stable crack extension offset from the

to in the text.

NOTE 1 Thisis nota complete list of parameters. Only the main parameters are given here, other parameters are referred

NOTE 2 The values of all parameters used in calculations are assumed to be those measured or calculated for the
temperature of the test, unless otherwise specified.

© ISO 2016 - All rights reserved
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Table 1 (continued)

Symbol Unit Designation
K MPa \/; Stress intensity factor
K¢ MPa /m Maximum value of K during the final stages of fatigue precracking
K¢ MPa \/; Plane strain linear elastic fracture toughness
Kjo,2BL MPa /m Plane strain linear elastic fracture toughness equivalent to Jo 2B1
Kq MPa~/m A provisional value of Kj¢
q mm Load-point displacement
Rm MPa Ultimate tensile strength perpendicular to crack plane at the test température
Rpo,2 MPa 0,2 % offset yield strength perpendicular to crack plane at the test témperature
S mm Span between outer loading points in a three-point bend test
T °C Test temperature
U | Area under plot of force F versus specimen load-point displacement g at the load-ljne
Ue | Elastic component of U
Up ] Plastic component of U
%4 mm Notch-opening displacement
Ve mm Elastic component of V
Vp mm Plastic component of V
w mm Width of the test specimen
z mm For bend and straight-notch compactspecimens, the initial distance of the notch opgning
gauge measurement position from the notched edge of the specimen, either further from
the crack tip [+z in Figure 8 b){ or closer to the crack tip (-z); or, for a stepped-rjotch
compact specimen, the initial'distance of the notch opening gauge measurement podition
either beyond (+z) or before (-z) the initial load-line
) mm Crack-tip opening displacement (CTOD) evaluated using the rotation point formulp
i mm Crack-tip openingydisplacement (CTOD) evaluated from J
6e(B) mm Size sensitivefracture resistance ¢ at the onset of unstable crack extension or ppp-in
when stable ctrack extension is less than 0,2 mm crack offset from the construction line
(B = specimen thickness in mm)
6g mm 6 at'the’limit of §-controlled crack extension
&y mm Fracture resistance ¢j at initiation of stable crack extension
Sm(B) mm Size sensitive fracture resistance ¢ at the first attainment of a maximum force pldteau
for fully plastic behaviour (B = specimen thickness in mm)
) max mm Limit of §;-R defined by this method of test
Su(B) AR Size-sensitive-fractureresistance-d-at-the-onset-of unstable-erack-extension-orpop-in
when the event is preceded by stable crack extension equal to or greater than 0,2 mm
offset from the construction line (B = specimen thickness in mm)
Suc(B) mm Size sensitive fracture resistance ¢ at the onset of unstable crack extension or pop-in
when stable crack extension Aa cannot be measured (B = specimen thickness in mm)
do mm 6 uncorrected for stable crack extension

to in the text.

NOTE 1 This is nota complete list of parameters. Only the main parameters are given here, other parameters are referred

NOTE 2 The values of all parameters used in calculations are assumed to be those measured or calculated for the
temperature of the test, unless otherwise specified.

© ISO 2016 - All rights reserved
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Table 1 (continued)
Symbol Unit Designation
6J0,2BL mm Size insensitive fracture resistance 6y at 0,2 mm crack extension offset from construc-
tion line
6J0,2BL(B) mm Size sensitive fracture resistance 6; at 0,2 mm stable crack extension offset from con-
struction line (B = specimen thickness in mm)
v — Poisson’s ratio

NOTE 1 This is nota complete list of parameters. Only the main parameters are given here, other parameters are referred
to in the text.

temp

NOTE

F-2— e vatuesof ot parameters—used T Tatcutations—areassumedtobethose measuredor tatc
erature of the test, unless otherwise specified.

lated for the

5 ¢

5.1

The
poin{
a lim
fract]
the t

confijgurations specified in this method may be used.to" measure any of the fractur

para
to th
forcd
mea
cracl
of all

be us
fract

ieneral requirements

General

fracture toughness of metallic materials can be characterized intérms of either spg
) values (see Clause 6), or a continuous curve relating fracturetesistance to crack ex
ited range of crack extension (see Clause 7). The procedurés and parameters used t
ure toughness vary depending upon the level of plasticity realized in the test spec
est. Under any given set of conditions, however, any one‘of the fatigue-precracked te

meters considered. In all cases, tests are performed by applying slowly increasing di
e test specimen and measuring the forces aiid displacements realized during t}
s and displacements are then used in conjun¢tion with certain pre-test and post-te
urements to determine the fracture toughtess that characterizes the material’s r
£ extension. Details of the test specimens and general information relevant to the de
fracture parameters are given in this method. A flow-chart illustrating the way this
ed is presented in Figure 1. Characteristic types of force versus displacement records
ure toughness tests are shown ifi Figure 2.

|
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General
requirements

‘ Clause 5 )

Point values Parameter Resistance
type curves
‘ Clause 6 ) ( Clause 7 )
Linear Specimen Elastic- Continuous Paranteter Er;gsilil;eartleng
elastic response plastic curve type of initiation
Subclause Subclause Subclause Subclause, Subclauses
6.2 6.3 6.4 7.4 7.5 and 7.6
o o S
Kl c(B) ~u(B) ]C(B) ]u[B) R-curve plot 5 J0,2BL JomL
¢ uc(B) “m(B) uc(s) “m(B) 0,2BL(B) ]O,ZBL( )
Test report
‘ Clause 8 )
Figure 1 — General flowchart showing how to use the standard method of test
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A

N

e

o] a a b a b

S 3

F,orF \ F,or Fe \ FQoch\ Fu l Fu l Fm
Vuor qu Vuor qu
Veorqc Vcorqc Vc or qc Vm or gm
/ / (5) (6)
Notch opening displacement (¥ ).of load-line displacement (q)

Key
a Fracture.
b Pop-in.

NOTH 1 F,, Fy and Fp, correspond to either &, 8, and &y, respectively, or J¢, Jy and /i, respectively.
NOTH 2 Pop-in behaviour is a function of the testing machiné/specimen compliance and the recorder response rate.

Figure 2 — Characteristics types of force.versus displacement records in fracture tests

5.2 | Fracture parameters

Specific (point) values of fracture toughness are determined from individual specimens to define the
onsef of unstable crack extensjen;or describe stable crack extension.

NOTH K¢ characterizes.the-resistance to extension of a sharp crack so that i) the state of stfess near the
cracl front closely approximates plane strain, and ii) the crack tip plastic zone is small compared with the
specimen crack size, thickness and ligament ahead of the crack.

K¢ i considered/a’size-insensitive measurement of fracture toughness under the above conditions.
Certqin test criferia shall be met in order to qualify measurements of Kjc.

The parameters O, Jc, Ou, Ju, Ouc and Jyc also characterize the resistance of a material|to unstable
extension of a sharp crack. However, these measurements are regarded as size-sensitive |and as such
charlgcterize only the specimen thickness tested. The specimen thickness is thus noted i millimetre
units in parentheses appended to the parameter symbol when reporting a test result.

When stable crack extension is extensive, test procedure and fracture toughness measurement shall
be performed as specified in Clause 7. Stable crack extension is characterized either in terms of crack
tip opening displacement 69 2gL, and fracture toughness Jo 21, parameters, or of a continuous &;- and
J-resistance curve. The values 6j0, 281, and Jo 2L, regarded as specimen size insensitive, are engineering
estimates of the onset of stable crack extension, not to be confused with the actual initiation toughness
6ji and J;, Measurement of 6j; and Jj is described in Annex A.

Two procedures are available for determining 8o 21 and Jo,2pL. The multiple specimen procedure
requires several nominally identical specimens to be monotonically loaded, each to different amounts
of displacement. Measurements of force and displacement are made and recorded. Specimen crack
fronts are marked (e.g. by heat tinting or post-test fatiguing) after testing, thus enabling measurement
of stable crack extension on the specimen halves after each specimen is broken open. Post-test cooling

© IS0 2016 - All rights reserved 7
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of ferritic material specimens to ensure brittle behaviour may be helpful in preserving crack front
markings prior to breaking open the specimens.

A minimum of six specimens is required by the multiple-specimen method. When material availability
is limited, a single-specimen procedure based on either unloading compliance or the potential drop
technique may be used. There is no restriction on the single-specimen procedure providing sufficient
accuracy can be demonstrated. In all cases, certain criteria are to be met before 69, 2gL or Jo,2BL values
and §;- or J-resistance curves are qualified by this standard method of test.

5.3 Fracture toughness symbols

Fracture toyghness symbols identified in this document are given in Table 2.

Table 2 — Fracture toughness symbols

Size sensitive quantities Qualifying limits
Parameter Size insensitive quantities (specific to thickness ying ’
to R-curves
B tested)
Kic
K
Kjo,2BL
6c(B)
0ji
6,(6; 5/0,2BL(Bf 81,8 8),g(Admax)
8j0,2BL
Su(B)» Sue(B)r Om(B)
J Je(B)
1
] J0,2BL(B) Jg, Jg(Aamax)
Jo,2BL
Ju(B), Juc(B), Jm(B)

5.4 Test specimens

5.4.1 Sperimen configuration and size

Dimensions|and tolerances of specimens'shall conform to Figures 3 to 5.

8 © IS0 2016 - All rights reserved
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Surface roughness values in micrometres

/\ Ra 08

22,3W = /_/ B #0,005W
g}
. 8
o
=)
F
> Ra 1,6
1 [o.00zw A}
Key
a See Figures 6 to 8 and 5.4.2.3.
NOTH 1 Integral or attachable knife edges for clip gauge attachmentimay be used (see Figures 8 and|9).
NOTE 2 For starter notch and fatigue crack configuration, see Eigure 6.
NOTH 3 1,0 <W/B<4,0(W/B=2 preferred).
NOTH 4 0,45<a/W<0,70. For K] determination, 0,45 s\a/W < 0,55.
The intersection of the crack starter notch tips with the‘two specimen surfaces shall be equally distant from the top
and hottom edges of the specimen to within 0,005 W«
Figure 3 — Proportionaldimensions and tolerances for bend specimen
© IS0 2016 - All rights reserved 9
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Surface roughness values in micrometres

i Ra 0,8
0,275W £0,005W I 0,275W £0,005W

[ 1 Jo.002w [AF—

_’:_ ) I ) _:'_ _:___'___'_JY'_'_ _
Y

2 0025w 0P Y

1,25W 0,01 W

W +0,005 W

0,6 W £0,005W

]

0,6 W £0,005W

{1l Jo.00uw]8]
//10.do2w |B]

[ 1 Jo.00uw]Al

Key
a See|Figures 6 to 8,and5.4.2.3.
NOTE 1 Intdgral or attachable knife edges for clip gauge attachment may be used (see Figures 8 and 9).
NOTE 2 For(starter riateh and fatigue crack configuration, see Figure 6.
NOTE 3 0,8k W/B%4,0 (W/B =2 preferred).
NOTE 4 0,4% £a/W < 0,70. For Kj; determination, 0,45 <a/W < 0,55.
+0,004 W
0 .

NOTE 5 Alternative pin hole diameter, @ 0,188 W

The intersection of the crack starter notch tips with the two specimen surfaces shall be equally distant from the top
and bottom edges of the specimen to within 0,005 W.

Figure 4 — Proportional dimensions and tolerances for straight-notch compact specimen
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Surface roughness values in micrometres

i Ra 0,8
0,375W 0,005 W I 0,375W £0,005W

< 015w | [_L [0.002w A

a
W 0,005 W
1,25W 0,01 W
g§
2 x 00,25W W

.
7

0,6 W £0,005 W, \B 0,01 W

0,6 W £0,005W

3

—— | [0,006w|B]
//To.002w 5]

0,002

|_L [0,004pw][A—
Key
a See Figures'6 to 8.
NOTE 1 Integraliorattachable knife edges for clip gauge attachment may be used (see Figures 8 and|9).
NOTE 2 For starter notch and fatigue crack configuration, see Figure 6.
NOTH 3 0,8<W/B<4,0 (W/B =2 preferred).
NOTH 40,45 < a/W < 0,70. For Kjc determination, 0,45 < a/W < 0,55.

NOTE 5 Second step may not be necessary for some clip gauges; configuration optional providing fatigue crack
starter notch and fatigue crack fit within the envelope represented in Figure 6.

+0,004 W
Alternative pin hole diameter, @ 0,188 W 0 . When this pin size in used, notch opening may be

NOTE 6
increased to 0,21 W maximum.

The intersection of the crack starter notch tips with the two specimen surfaces shall be equally distant from the top
and bottom edges of the specimen to within 0,005 W.

Figure 5 — Proportional dimensions and tolerances for stepped-notch compact specimen

© IS0 2016 - All rights reserved 11
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The choice of specimen design shall take into consideration the likely outcome of the test (see Figure 1),
any preference for 6 or J fracture toughness values, the crack plane orientation of interest (Annex B)
and the quantity and condition of test material available.

NOTE1 All specimen designs (Figures 3 to 5) are suitable for determining K, § and J values, although there

are special procedural requirements for J values calculated from measurements made away from the load line.
Table 3 provides guidance on specimen size for Kjc measurement.

Table 3 — Minimum recommended thickness for K| testing

Rp“," ““B'“
E
>0,0050 <0,0057 75
>0,005 7 <0,006 2 63
>0,006 2 <0,0065 50
>0,0065 <0,0068 44
>0,006 8 <0,007 1 38
>0,007 1 <0,007 5 32
>0,007 5 <0,0080 25
>0,008 0 <0,0085 20
>0,008 5 <0,0100 13
20,0100 7

NOTE 2  Wlhen notch opening displacement Vis measured on the’load line, V = g for the stepped-notch coppact
specimen (sep Figure 5). The stepped-notch specimen is thus equally useful for the determination of values pf K],
6and]J.

NOTE3  Fdgr both the bend and compact configurations, a specimen width-to-thickness ratio (W/B) of 2 is
preferred, byt values ranging from 1 to 4 for bend specimens and 0,8 to 4 for compact specimens are allpwed.
Evidence suggests that specimen proportions of W/B = 4 yield slightly higher R-curves than the lesser propoiftions
of W/B = 2.

5.4.2 Sperimen preparation

5.4.2.1 Material condition

Specimens $hall be machined from material in the final heat treated and/or mechanically wdrked
condition.

NOTE 1 In|the exceptional circumstance where a material cannot be machined in its final heat treated condition,
such final heft treatment may be carried out after machining provided that the specimen’s required dimerfsions
and tolerancgs(shape, and surface finishes are met, and full account is taken of the effects of specimen dimersions

th t 11 3 ] pn T I | N fain lo £ 4 £ o f, 1 £ Lo £ ok 1
on € meta I sl\,al LUIIUITIVIT HIIUULTU Uy LTI LAl TITAt LI TAtIIITIILS, TUL TAAIIIPIT, vWwdltl YQUuTIILIIIIS UL STTTIS.

NOTE 2  Residual stresses can influence the measurement of quasistatic fracture toughness. The effect can be
significant when test coupons are taken from material that characteristically embodies residual stress fields;
e.g. weldments, complex shapes, such as die forgings, stepped extrusions, castings where full stress relief is
not possible, or parts with intentionally-induced residual stresses. Specimens taken from such products that
contain residual stresses will likewise themselves contain residual stress. While extraction of the specimen in
itself partially relieves and redistributes the pattern of residual stress, the remaining magnitude can affect the
test result. Residual stress is superimposed on applied stress and results in actual crack-tip stress intensity that
is different from that based solely on externally applied forces or displacements. Distortion during specimen
machining, specimen configuration dependence, and irregular crack extension during fatigue precracking (such
as excessive crack front curvature or out-of-plane growth) will often indicate influential residual stresses. Crack-
mouth-opening displacement at zero applied force (crack closure effect) is indicative of residual stresses that can
affect the subsequent fracture toughness measurement. Methods for dealing with residual stresses in samples
taken from weldments are described in ISO 15653.
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5.4.2.2 Crack plane orientation

The orientation of the crack plane shall be

— decided before machining,

— identified in accordance with the coordinate systems in Annex B and ISO 3785,

— then recorded along with other specimen and material information. An example test report is
provided in C.1.

NOTE Fracture toughness values depend on crack plane orientation and direction of crack extension in
relation to the principal directions of mechanical working, grain flow and other anisotropy.

5.4.2.3 Machining

a) The specimen notch profile shall not exceed the envelope shown in Figure 6) The roof radius of a
illed notch shall not be greater than 0,10 mm. Sawn, disk ground, or spark-eroded rotches shall
ot have a width (at the tip) greater than 0,30 mm (Figure 6). The plane of the specimein notch shall
e perpendicular to the specimen surfaces to within 2°.

(not to scale)
<02W |
w/16 I | | | : N
: : i d
| ] |
; il |
. . | [s0e] | |
= <1 [T |
S N I !
vi . | | |
Y i/
T i —cC
b 3 . b N
~ = |V
i
i
a) Envelope b) Notch geometries
Key
a Machined notch.
b Fatigue precrack.
c Spark eroded or machined slit.
d Edge of bend specimen or load-line of compact specimen.

If fatigue crack initiation and/or propagation are a problem, a chevron notch configuration as shown in Figure 7
may be used.

Figure 6 — Acceptable fatigue crack envelope and crack starter notches (see Figures 7 and 8)
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Dimensions in millimetres

| (@ oW

Key

a See
NOTE1 A=
NOTE 2 Cut
NOTE 3 For
Chevron notc

b) Specimd
9. The (
displacg
to each
to rotat
inward-
notch n
measur
and acc
side grd

|
|
|
. B

Figure 6.

C+0,010 W.

er tip angle 90° maximum.

the purposes of 8.2.2, ay, is the greater of A and C.
h root radii shall not exceed 0,25 mm.

Figure 7 — Chevron notch

limension 2x in Figures 8 and 9-shall be within the working range of the notch opg
ment gauge, and the knife«edges shall be square with the specimen surfaces and pa
other to within 0,5° For{both types, the notch opening displacement gauge shall be
e about the points of ‘contact between the gauge and knife edge. Consequently, 1
pointing knife edges.or stiff razor blades are used, it may be necessary to use an enl3
outh as shown in\Figures 5, 6 and 9. The use of a knife edge/clip gauge for displace

iracy of thisimethod. When side grooves are used (see 5.4.2.5), it is recommended th4
oving beeartried out after fatigue precracking.

bn knife edges may be integral or~attached. Suitable designs are shown in Figures §

and
ening
rallel

free
when
rged
ment

ement does notpreclude the use of other schemes providing they meet the requirenpents

t the
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Dimensions in millimetres

Key

(g} o
DN DD

NOTH
extre

xP ye
z=0 X
N m | M1
T =y é & A
< ; 0] | TN
| Sn ; S o
! N — | O N
| 1l . ¢
! N |
| ‘ |
| |
— | !
- |
| oy
| |
| |
' |
|
a) Integral type b) Attached type

ee Figure 6.
x, see 5.4.2.3 b).

y + screw thread diameter <W4/2.

If the knife edges arle glued or similarly attached to the edges of the specimen, 2y = distgnce between
me points of attachment:

Figure 8 <—\Outward pointing knife edges and corresponding notch geometrjfes
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20

\N
o

Key

a  2y+scre
b 2x seeb5|
¢ See Figui
d  Edge of b

e Load-ling

NOTE1 If
extreme poirnl

NOTE2 If
measured at

Figure

v thread diameter <W/2.

1.2.3 b).

les 6 and 7.

end or straight compact specimeén.
stepped compact.

the knife edges are glued or similarly attached to the edges of the specimen, 2y = distance betj
ts of attachment.

razor blades af'e lised instead of inward pointing knife edges, the displacement will norma

h point half th€ razor blade thickness above the load line (see 5.5.1).

9 —dnward-pointing attached knife edges and corresponding notch geometries
(see Figure 8)

ween

ly be

5.4.2.4 Fatigue precracking

5.4.2.4.1 General

Fatigue precracking shall be performed on specimens machined from material in its finally heat
treated, mechanically worked or environmentally conditioned state. Intermediate treatments between
fatigue precracking and testing are acceptable only when such treatments are necessary to simulate
the conditions of a specific structural application; such departure from recommended practice shall be
explicitly reported.

The maximum fatigue precracking force during any stage of the fatigue precracking process shall be
accurate to £2,5 %.

16
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Measured values of specimen thickness B and width W determined in accordance with 5.5.1 shall be

recorded and used to determine the maximum fatigue precracking force Frin accordance with 5.4.2.4.3
and 5.4.2.4.4.

The ratio of minimum-to-maximum force in the fatigue cycle shall be in the range 0 to 0,1 except that to

expe

dite crack initiation one or more cycles of - 1,0 may be first applied.

5.4.2.4.2 Equipment and fixtures

Fixtures for fatigue precracking shall be carefully aligned and arranged so that loading is uniform
through the specimen thickness B and symmetrical about the plane of the prospective crack.

5.4.2

For t
50 %

whet
thel

—

whet

temp
temp

NOTH
NOTH

NOTH

4.3 Bend specimens

of precrack extension, whichever is less, shall be the lower between Formula (1):
2
B(W -a,)
=08 ———— "Ry,
S pyY,
e Rpo,2 is the yield strength at the test temperature or the precracking temperature, \
pwer yield strength, and Formula (2):
0,5

‘ —éE.(WXBXBN) v, (R02),
;=

a S

91 [_0] (Rpo’z)t
w

e §=1,6 x 10-4m1/2, (Rp072)P and (RpO,Z )t are the yield strengths at the precrack]

eratures, respectively, and E is theamodulus of elasticity at the test temperature or the
erature, whichever is lower.

1  For plain-sided specimehs; By = B.

2 Values of g1(ao/W) ace given in Annex D.

hree-point bend specimens, the maximum fatigue precracking force during-the finall 1,3 mm or

e8]

whichever is

(2)

ing and test

precracking

3 Additional fatiglie precracking requirements are necessary when determining K, see 6J2.4
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5.4.2.4.4 Compact specimens

For compact specimens, the maximum fatigue precracking force during the final 1,3 mm or 50 % of
precrack extension, whichever is less, shall be the lower between Formula (3):

2
Ff=0,6.B(W;a°).ROZ (3)
2W +a, pY,

where Rpo,2 is the yield strength at the test temperature or the precracking temperature, whichever is
the lower yield strength, and Formula (4):

« B x 0,5 R
pf=¢E-(W Pet)" (Ruma), @)

[5) el

where & = 1}6 x 10-4m1/2, (RpO,Z)P and (Rp072 )t are the yield strengths at the-precracking and test

temperatur¢s, respectively, and E is the modulus of elasticity at the test température or the precra¢king
temperature, whichever is lower.

NOTE1 Fqr plain-sided specimens, BN = B.
NOTE 2  Vdlues of gz(a,/W) are given in Annex D.

NOTE3  Additional fatigue precracking requirements are necessary when determining K], see 6.2.4.

5.4.2.5 Side grooving

Specimens fpr determination of point measurementsof fracture toughness (e.g. Ki, d¢, Jc) may be plain-
sided or side-grooved. All specimens for R-curveltesting shall be side grooved. Side grooves shallfhave
equal depths and an included angle of 30° to.90%>with a root radius of (0,4 + 0,2) mm. The depth of side
grooving, B} By, shall be 0,2B £ 1 %. Side groeving shall be performed after fatigue precracking except
for the case|described in Note 2.

NOTE1  WJith respect to fully plastigStable crack extension, side grooving of specimens may lower and flatten
the R-curve dompared to plain-sided-specimens of the same nominal dimensions.

NOTE 2  Ag an aid to precracking’some materials, shallow (i.e. less than 5 %) side grooves are allowed prjior to
fatigue precrpcking. After fatiguing, these side grooves are to be extended to their full depths.

Itis recommnjended thatside grooves with an included angle of 90° be used for austenitic steel specijnens
because of the large.displacements that can occur at the back face of the specimens, producing palrtial,
or complete[closugseof the side grooves.

5.5 Pre-test rcquircmcﬁto

5.5.1 Pre-test measurements

Dimensions of specimens shall conform to Figures 3 to 5. Measurement of thicknesses B and By, and
width W shall be accurate to within +0,02 mm or 0,2 %, whichever is larger.

The specimen thickness B shall be measured before testing at a minimum of three equally-spaced
positions along the intended crack extension path. The average of these measurements shall be taken
as the thickness B. For side-grooved specimens, the specimen net thickness shall be measured between
the side grooves at a minimum of three equally-spaced positions along the crack extension path. The
average of these three measurements shall be taken as the net section thickness Bj.
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Specimen width W shall be measured at a minimum of three equally-spaced positions across the
specimen thickness on a line no further than 10 % of the nominal width away from the crack plane. The
average of these measurements shall be taken as the width W. When straight-notch compact specimens
are used, the dimension from specimen front face to back face (i.e. 1,25 W) shall be measured.

When attached knife edges are used as shown in Figure 8 b), the knife edge thickness z shall be
measured. If razor blades are used as knife edges, the half thickness of these shall be taken as the
dimension z.

NOTE When integral or attached knife edges are used as shown in Figures 8 a) and 9, the dimension z is
equal to zero.

5.5.1 Crack shape/length requirements

A fatligue crack shall be developed from the root of the machined notch of the specimen as follows.
For gll designs of specimen (see Figures 3 to 5), the ratio ao/W shall be in thexange of 9,45 to 0,70,
except for K). determination, when a,/W shall be in the range of 0,45 to 0,55.°The minithum fatigue
crack extension shall be the larger of 1,3 mm or 2,5 % of the specimen width-W. The notch|plus fatigue
crack shall be within the limiting envelope shown in Figure 6.

5.6 | Test apparatus

5.6.1 Calibration

Calibration of all measuring apparatus shall be traceable“either directly or indirectly via a hierarchical
chain to an accredited calibration laboratory.

5.6.2 Force application
The ¢ombination of force sensing and recording devices shall conform to ISO 7500-1.
The test machine shall operate at a constant displacement rate.

A forice measuring system of nominal capacity exceeding 1,2F|, shall be used, where

2
4 B (W - ao )
¥ = § -———— (R, for bend specimens (5)
and
2
B (W ra, )
¥, =—————-R_ for compact specimens 6
b 2W ta m pactsp (©)
5.6. Displacement measurement

The displacement gauge shall have an electrical output that represents notch-opening displacement V
between two precisely located gauge positions spanning the notch mouth. The design of displacement
gauge (or transducer where appropriate), knife edges and specimen shall allow free rotation of the
points of contact between the gauge and knife edges.

NOTE1 Examples of two proven displacement gauge designs are given in References [3], [4] and [5], and
similar gauges are commercially available.

NOTE 2  Measurement of load-line (i.e. load-point) displacement q (see 5.7.1.3) is described in Annex E.

Displacement gauges for mouth-opening displacement and load-line displacement shall be calibrated
in accordance with ISO 9513, as interpreted in relation to this method, and shall be of at least Class 1;
however, calibration shall be performed at least weekly when the gauges are in use.
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More frequent verification may be required depending on use and agreement between contractual
parties.

Verification of the displacement gauge shall be performed at the test temperature +5 °C, unless the
temperature of the gauge is different from the temperature of the specimen during the test. In this
latter case, the verification of the displacement gauge shall be performed at the temperature at which
it is used +5 °C. The response of the gauge shall be true to +0,003 mm for displacements up to 0,3 mm,
and *1 % thereafter.

5.6.4 Test fixtures

Three-poinffbend specimens shall be tested using a loading fixture designed to minimize frictign by
allowing the rollers to move outwards during loading (see Figure 10). Roller diameters shall be hetween
W and W/2.

Loading fixtjure bearing surfaces shall have a hardness greater than 40 HRC (400 HV) or@yield strgngth
of atleast 1000 MPa.
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Surface roughness values in micrometres

S=4W 20,2W
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|

|

|

|

|

|

|

|

|

}

ow

P0,5W

> B
Roller details
Key
1 roller
2 rubberband or spring
3 bosses for rubber bands or springs

NOTH Fixture and roller pin hardness >40 HRC

Roller pins and specimen contact surface of loading ram have to be parallel to each other to 0,002 W.
Figure 10 — Fixture for three-point bend tests

Compact specimens shall be loaded using a clevis and pin arrangement designed to minimize friction.
The arrangement shall ensure alignment as the specimen is loaded in tension. Clevises for resistance-
curve measurements shall have flat-bottomed holes (see Figure 11) so that the loading pins are free to
roll throughout the test. Round-bottomed holes (see Figure 12) shall not be allowed for single specimen
(unloading compliance) tests.
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Dimensions in millimetres,
surface roughness values in micrometres
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S 1,6D
Key
a Loading flat.
b Corners of clevis may be removed if necessary to accommodate clip gauge.

. _ 0
NOTE 1 Pin diameter = 0,24 W —0,005 W

NOTE 2 Clevis and pin hardness 240 HRC.

For specimens showing large displacements, clevis hole dimensions shall be enlarged to the values shown in
brackets.

Figure 11 — Typical design of compact specimen clevis employing a flat hole to accommodate
load-pin
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Dimensions in millimetres,
surface roughness values in micrometres
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Key
a Corners of clevis may be removed if necessary to accommodate clip gauge.

L _ 0
NOTE 1 Pin diameter = 0,24 W _ 0,005 W

NOTE 2 Clevis and pin hardness 240 HRC.

For specimens showing large displacements, clevis hole dimensions shall be enlarged to the values shown in
brackets.

Figure 12 — Typical design of compact specimen loading clevis with oversized circular loading
pin hole
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5.7 Testrequirements
5.7.1 Three-point bend testing

5.7.1.1 Specimen fixture alignment

The loading fixture shall be aligned so that the line of action of the applied force passes midway between
roller centres within 1 % of the distance between these centres. The span S shall be 4 W + 1 %. Roller
axes shall be parallel to +1°. The specimen shall be positioned with its crack tip midway between the
rollers to £1 % S, and the crack plane parallel to the roller axes to within £2°,

5.7.1.2 Crack-tip opening displacement

Crack-tip opening displacement ¢ is evaluated from notch-opening displacement V or fromj.

5.7.1.3 Ldad-line displacement
Load-line displacement q is used for the determination of J.

NOTE Suitable methods for measuring load-line displacement directly or<indirectly are described in
Annex E.

5.7.2 Compact tension testing

5.7.2.1 Specimen and fixture alignment

The loading clevises shall be aligned to within 0,25 mnj;*and the specimen shall be centred on the
loading ping to within 0,75 mm with respect to the clevis opening, and at the distance (z) on the front
face of straight-notch bend specimens.

5.7.2.2 Crack-tip opening displacement

Crack-tip opening displacement § is evaluated from notch-opening displacement V. Notch-opening
displacemenjt V is measured at the load'line of stepped-notch compact specimens, and at the disfance
(z+ 0,25 W) from the load-line on thie front face of straight-notch compact specimens.

5.7.2.3 Ldgad-line displacemént

The parameter | is evaluated from load-line displacement g. For tests using the stepped-notch compact
specimen shown in Figure 5 with integral or inward pointing attached knife edges (Figures 8 gnd 9
respectively), the displacement gauge shall be securely seated in the knife edges on the load line of the
specimen.

NOTE The stralght notch (not stepped notch) compact spec1men does not permlt dlrect measuremg
load-line disptace o p r C
q so derived would be equlvalent to dlrectly measured q.

5.7.3 Specimen test temperature

The specimen test temperature shall be controlled and recorded to an accuracy of +2 °C. For this
purpose, a thermocouple or platinum resistance thermometer shall be placed in contact with the
surface of the specimen in a region no further than 5 mm from the crack tip. Tests shall be made in situ
in suitable low or high temperature media. Before testing in a liquid medium, the specimen shall be
retained in the liquid for at least 30 s/mm of thickness B after the specimen surface has reached the
test temperature. When using a gaseous medium, a soaking time of at least 60 s/mm of thickness shall
be employed. Minimum soaking time at the test temperature shall be 15 min. The temperature of the
test specimen shall remain within 2 °C of the nominal test temperature throughout the test and shall be
recorded as described in Clause 8.
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5.7.4 Recording

Force and corresponding displacement outputs shall be recorded. For analogue recording, the initial
slope of the force versus displacement record shall lie between 0,85 and 1,15.

NOTE Nonlinearity often occurs at the beginning of a test record. It is advisable to minimize this nonlinearity
by preliminarily loading and unloading the specimen to a force not exceeding the maximum fatigue precracking
force, Fy.

5.7.5 Testing rates

Test
line (
is wi
loadg
5.7.4

Anal
curv

5.8

5.8.1
The 4

lisplacement rate shall be such that, within the linear elastic region, the stress intensi
thin the range 0,2 MPa m0.,5 s-1 and 3 MPa m0.5 s-1. For each series of tests, all specin

bd at the same nominal rate.

Test analyses

yses for point determinations of fracture toughness are given in Clause 6, and those fol
b determinations in Clause 7 (see Figure 1).

Post-test crack measurements

General

pecimen shall be broken open after testing and its-fracture surface examined in order {

the griginal crack length a,, and any stable crack extension Aa that may have occurred durj

For <
spec
takel

ome tests, it may be necessary to mark the extent of stable crack extension before
men. Stable crack extension may be marked by heat tinting or by post-test fatiguing.

behayviour during specimen opening.

NOTH
meth
procd

5.8.2

Initia
or 0,
The Y

The reference method for ‘crack length measurement, described below, is the nine g
pd. However, the area average‘method has also been successfully used, and when coupled with
ssing can provide more aceurate crack length estimates.

Initial crack length, a,

1l crack lengthdyis measured to the tip of the fatigue crack with an instrument accurg
D25 mm, whichever is greater. Nine measurements shall be made as indicated in Figurg
alue of @g\is obtained by first averaging the two surface measurements made at posi

inwalrd from-the surface (or, in the case of side-grooved specimens, from the side-groove

then

averaging these values with the sum of the seven equispaced inner measurements:

nl. The load-
fication rate
ens shall be

" resistance-

0 determine
ng the test.

opening the
Care is to be

1 to minimize post-test specimen deformation. Cooling ferritic materials may help to ensure brittle

oint average
digital image

te to 0,1 %
s 13 and 14.
tions 0,01 B

roots), and

1

a
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= B | = B |
1(a; +ag 8
0,018" T8l 2 "2 0,018"
123456 7 89 123456 7 89
C
e
f
N\
i O
. NG
J—] j
3
S
Z
o)
a)[Plain sided . ®$ b) Side grooved
\)
Key OA
a  Measure|initial and final crack lengths at positiom%l\(o 9. & [Initial crack front.
b Not to saale. C}\O h  Stretch zone.
¢ Referende lines. ., I Crack extension.
d  Crack plane. O® i Final crack front.
€ Machinefl notch. O k  Side groove.
f  Fatigue grecrack. O
2
Figl@'ﬂ — Measurement of crack lengths on bend specimen
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a) Plain sided

b) Side grooved
Key . \Js‘

O
a  Measure the initial and final crack le@ls from

.

dentreline of pinhole at positiog{ to 9.

g Fatigue precrack.

b Iot to scale. O h TInitial crack front.
¢ eference lines. C) I Stretch zone.

d Lentreline of pinhole O j  Crack extension.

e [rack plane. %\ Kk Final crack front.
f Machined not 1 Side groove.

?\

§ Figure 14 — Measurement of crack lengths on compact specimen

The 1n%al crack length a4 shall conform to the following.

a) The ratio ao/W shall be within the range 0,45 to 0,70, except for K. determination, where a,/W
shall be within the range 0,45 to 0,55.

b) The difference between any one of the central seven points and the nine-point averaged value shall
not exceed 0,10 a,. This requirement does not apply when the area average method is used.

c¢) No part of the fatigue precrack front shall be closer to the crack starter notch than 1,3 mm or
2,5 % W, whichever is the larger.

d) The fatigue precrack shall be within the envelope shown in Figure 6.

If the above requirements are not satisfied, then the initial crack length does not conform to this test
method, and the test result shall be clearly marked as such.
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5.8.3 Stable crack extension, Aa

Total crack extension (including any crack tip blunting), Aa, between the initial and final crack fronts
shall be measured with an instrument accurate to £0,025 mm using the nine-point averaging procedure
described in 5.8.2. Any irregularities in crack extension, such as spikes and isolated “islands” of crack

extension, shall be reported in accordance with Clause 8.

NOTE It may only be practicable to estimate the length of irregular cracks by ignoring the spikes or
subjectively averaging the crack extension region. Care should be exercised when the results derived from highly
irregular crack fronts are used in analysis. It is useful to provide an additional sketch or photograph of such
irregular cracks in reporting results.

The differe1lx

averaged vallue shall not exceed 0,10 (a, + Aa).

All individu
accordance

with Clauses 6 and 7.

5.8.4 Unstable crack extension

When there
behaviour (|
recorded as

specified in 5.8.3.

ce between any one of the central seven final crack length values and the nine-point

al pre-test and post-test measurements shall be recorded and used for ealctilations in

is evidence of arrested unstable crack extension and this can¢be associated with ppp-in
cee Figure 15), the total amount of stable crack extension,pfior to each pop-in shdll be

The total anmpount of stable crack extension shall include any stableicrack extension ahead of the fafigue

precrack, w
fracture evd

nt recorded.

hich may be associated with pop-ins having occurréd. prior to the particular pop-in or the

28
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kz,
5}
= c
o
-
F4q —~
b N
F, . o
Fil—
N
/7 /
X
/ X5
X1
|
Qif C1F,y Q2=[F2(Q+x)1/(F1-y1) Q3=[F3(Qz+xN/(F2-y3)
! | I |
Notch opening displacetnent (V) or load-line displacement (q)
Key
a Pop-in 1.
b Pop-in 2.
c Pop-in 3.

NOTH 1 (j is the initial compliance.
NOTH 2 Q1 represents V or q.
NOTH 3 Pop-ins are exaggerated for clarity.

Figure 15 — Assessment of pop-in behaviour (see 6.2.2, 6.3.1 and 6.4.1)

6 Determination of fracture toughness for stable and unstable crack extension

6.1 | General

Thisclause describes the determination of specific (single point) values of fracture toughngdss indicated
in Figure 1 and/Table 2 and the force versus displacement behaviour shown in Figure 2.

Fracturétoughness values shall be regarded as either

— size Insensitive, corresponding to the symbols Kic, 0y, 0j0,2BL, /i, Jo,2BL, and Kjo,2BL, or

— size sensitive, corresponding to the symbols (), 8j0,2BL(B), Su(B), Suc(B) Sm(B), Je(B), Kjc(B), Jo,2BL(B),
Ju(B), Juc(B), and Jm(B), where (B) represents the thickness of the specimen tested.

Test record discontinuities involving abrupt force drops and corresponding displacement increases of
less than 1 % of the current value shall be ignored. All other abrupt discontinuities shall be interpreted
as pop-ins. The causes of pop-ins shall be investigated and recorded. When a particular pop-in is not
associated with unstable crack extension in the plane of the fatigue precrack, it is not appropriate to
determine a value of fracture toughness for that pop-in. When a particular pop-in is associated with
unstable crack extension in the plane of the fatigue precrack, or all other causes of the pop-in have been
eliminated, the pop-in shall be assessed in accordance with

a) the procedures given in 6.2 for Kjc determination, or
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b) the procedures respectively in 6.4 for 6 and J toughness determinations.

6.2 Determination of plane strain fracture toughness, K.

6.2.1 Gen

eral

The test record shall be interpreted in accordance with 6.2.2, and a provisional result Kq calculated
in accordance with 6.2.3. Specimen size shall be checked for conformity to 6.2.4 using the provisional
value Kq and the 0,2 % offset yield strength Rpo,2 appropriate to the specimen at its test temperature.

For the dete

mination of Kj. in accordance with this document, it is recommended thata /W = 0,5

6.2.2 Intgrpretation of the test record for Fq
The slope offthe initial portion of the force versus displacement record shall be evaluated-a$the first step
in obtaining the provisional force value Fq. This slope shall be obtained from the mogstlifiear portion of
the test record, using data up to at least 50 % of Fiyax (see Figure 16). An optimizatien procedur¢ like
that describled in Reference [6] can be used to obtain the best fit slope.
As illustratgd in Figure 16, a line 0Fq is drawn through the intercept with the'x-axis with a slope |AF/F
less than thpt of the tangent 0A to the linear portion of the record. The;magnitude of AF/F shall pe as
follows:
a) when interpreting the force, F, versus notch-opening displacement, V, record for the bend specimen;
AF
— =10,05 8
- (8)
b) when interpreting the force, F, versus load-line displacement, g, record for the bend specimen;
AF
— =004 9)
F
NOTE 1| When both VVand q are recorded for the bend specimen, only the F versus V record is interpyeted.
c¢) when ifterpreting either the force; F, versus notch-opening displacement, V, record or the force, F,
versus lpad-line displacement;g, record for the compact specimen.
AF
— =0,/05 (10)
F

30
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o
o
bt A
o
2% /
Fmax = FQ
Fy
F
kx,
<
(see 6.2.2)
[ 11 I11
0 0 0

Notch opening displacement (V) or load-line-displacement (q)
AF .

NOTH 2 T offset slopes are exaggerated for clarity.

Figure 16 — Definition of Fg (for.determination of K)

Fq is|the highest force that precedes Fq shown in Eigtire 16 for types I and II test records,|or the force

that foincides with Fq shown in Figure 16 for theype Il test record.

The maximum force, Fnax, (see Figure 16) susbained by the specimen is recorded and the ratio, Fnax/Fq,
calcylated. If that ratio exceeds 1,10, Kg\is considered to bear an insufficient relation to| Kic and the
record is then interpreted in accordahce’with 6.3 or 6.4. If Fiyax/Fq is less than 1,10, Kq is calculated
diregtly in accordance with 6.2.3.

NOTHE 3  InFigure 16, the type Htest record corresponds to a pop-in event which is classified as n¢t significant.
If the[pop-in is significant, anything after Fq in the test record is not relevant.

6.2.3 Calculation of K

Kq i calculated frpm the following relationships using B, By and W from 5.5.1, a, from $.8.2 and Fq
from|6.2.2.

Kq is|calculated for three-point bend specimens as:

S Fo (aow
kL g (11)
vow (BBNW)O’5 Hw)

where S is the bending span established in 5.7.1.1 (see Figure 10).

NOTE1 For plain-sided specimens, BN = B.

NOTE 2  The relationship for g1(ao/W) is given in Annex D.

Pay attention to the units used in calculating Kq from Formula (11). If Band W are in m and F is in MN,
then Kq will be in MPam0.5. If B and W are in mm and F is in kN, then the calculated quantity has to be
multiplied by 103/2 to give Kq in MPam0.5.
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Kq is calculated for compact specimens as:

F a
0,5 w
(BB\W)
NOTE 3  For plain-sided specimens, By = B.
NOTE4  The relationship for gz(as/W) is given in Annex D.

(12)

Pay attention to the units used in calculating K from Formula (12). If Band W are in m and F is in MN,
then Kq will be in MPam0.5. If B and W are in mm and F is in kN, then the calculated quantity has to be

multiplied Y

6.24 Qud

Kq is equal

0,45 <

Pay attentio
for ao, B, an

K <0

where (Rpo,1

respectively.

If the requir
not satisfied
6.3 or 6.4 fo

6.3 Detel

6.3.1 Det

y 10374 1o give Kg In MPamV.»>,
lification of K as Kjc
0 K¢, if all requirements of this method are met, including the following:

K 2
/ — ao) >2,5 Q

R

p0,2
¢
2 < 0,55

to the units when evaluating Formula (13). Thus Kq has to be in MPam?.5 and Ry, in

(W - ao) to be in metres, and

(Rp072 )P

(Rpo.2)
P02/,
Jpand (Rpo,2)t are the 0,2 % offset yield strengths at the precracking and test temperat

b

Q

ements of Formulae (43);(14) and (15), or any of the other requirements of this metho
, the result does notqualify as Kj¢, and the test data shall be assessed in accordance
I possible qualification as 6 or J values.

rmination; of fracture toughness in terms of 6

prmination of F. and V., Fy and 1/, or Fyc and V.

Values of F 4

(13)

(14)

MPa

(15)

ures,

d are
with

nd/V are taken at the following points on test record types (1) to (5) (see Figure 2):

a) atfracture, when the records are as in Figure 2, types (1), (2) and (4);

Figure 15 (see Annex F and Reference [7]);

b)
p>2f
F
‘)
32

at fracture, when pop-ins prior to fracture give values for which

at the earliest pop-in prior to fracture when the records are as in Figure 2, types (3) and (5), and

(16)
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AF
P<— 17
- (17)

AF, in this case, indicates the force drop observed at the occurrence of the pop-in.

The quantity P in Formulae (16) and (17) is derived as (see Annex F):

@ F-n
F1 Qn+xn

P=1- (18)

where

>

F/F is an approximate value given by Formulae (8) and (9), as appropriate to bend or compact
specimens;

K is a factor representing the cumulative increase in crack size and conipliance duefto all pop-
ins prior to and including the nth pop-in;

(1  is the elastic displacement at pop-in 1 (see Figure 15);
H, is the force at the nth pop-in;

Qn s the elastic displacement at the nth pop-in;

Vn  is the force drop at the nth pop-in;

Nn  isthe displacement increase at the nth popsip.

1 is the sequential number (see Figure 15)/of the last of the particular series of pop{ins being
assessed.

Whep only one pop-in occurs, n = 1, When multiple pop-ins occur, it may be necessqry to make
succ¢ssive assessments of Formula (Y6 )withn =1, 2, 3, etc.

Qn may be determined graphically ‘or analytically (see Figure 15). Alternatively, (@, +|x,) may be
obtajned by unloading the test’specimen.

NOTH F and V are usedtoydetermine values of §, in accordance with 6.3.4.
Wheh F and V correspond to crack instability (5.8.4) after stable crack extension (5.8.3), sg that
R
Aa<0,2mm+i-ﬁ (19)
187 R

they|shall be recorded as values F; and V..

When Fand V correspond to crack instability (5.8.4] after stable crack extension (5.8.3), so that

R
AaZO,me+i-ﬁ (20)
1,87 R

they shall be recorded as values F, and V.

When it is not possible to determine stable crack extension Aa prior to instability (see 5.8.3), Fand V
shall be recorded as Fc and V.
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6.3.2 Determination of F;,; and Vy,
When the test record exhibits a maximum force plateau prior to fracture with no significant prior pop-

ins (see 6.3.1), values of F, and V, shall be obtained from the test record at the point corresponding to
the first attainment of the maximum force [see Figure 2, test record type (6)].

6.3.3 Determination of
The plastic component of notch-opening displacement V, corresponding to the notch-opening

displacement V¢, V, Vi, or Vi (determined in 6.3.1 and 6.3.2, see Figure 17) is determined and recorded
either manually from the test record, or automatically using a computer technique.

o
7

F¢, Fu or Fr®

Force

Notch opening displacement, V

Key
a  See Figure 2.

bV, Vyor [y corresponding®e, ¥, Fy or Fp,.
¢ Parallel o 0A.

Figure 17 — Definition of V}, (for determination of CTOD)

An analytical procedure based on compliance relationships may also be used by which the theorg¢tical
elastic notch-opening displacement, Ve, is deducted from total notch-opening displacement, Vg, as
described in G.1.

Determination of V}, corresponds to F < Fy, (see Figure 2), and ignores the effects of stable or pop-in
crack extension over this range of force.

6.3.4 Calculation of 6,

0o is calculated from the following relationships using B, By, W and z from 5.5.1, a, from 5.8.2, F from
6.3.1 or 6.3.2, and V}, from 6.4.3:

NOTE1 Values of §, are not corrected for crack extension Aa.

NOTE 2  For plain-sided specimens, By = B.
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NOTE3  When V, is measured at a position beyond the notched edge of the specimen [see Figure 8 b)], z is
positive; when V}, is measured at a position before the notched edge, z is negative.

& is calculated for the three-point bend specimen as:

2
5, = i.#.gl{a_ﬂ A 0.4(W —a,) v, (21)
w (BBNW)O’S w ZRPO’ZE 0,6a, +0,4W +z
where S is the bending span established in 5.7.1.1 (see Figure 10).
NOTE 4  The relationship for g1(ao/W) 1s given in Annex D.
& is ccalculated for the straight-notch compact specimen as:
2
(BBNW)O’S w 2Rp072E 0,54a, +0,71W + z P
NOTE S5  The relationship for gz(a,/W) is given in Annex D.
0o islcalculated for the stepped-notch compact specimen as:
2
Jo=|—— ZLG—OJ vt ode(Mcn) (23)
(BBNW)O 5 w 2R 0 2E 0,540+ 0,46W + z P

NOTHE 6  The relationship for gz(ao/W) is the same @5 in Formula (22) for straight-notched compagt specimens.

6.3.3 Qualification of §, fracture toughness value

Valugs of §, fracture toughness conforming to 6.3 shall be regarded as size sensitive, qualified only for
the thickness tested. The thickness shall be noted in millimetre units in parentheses as a [subscript to
the symbol for the fracture toughness, as follows:

— d¢(B), for &, calculated using values of Fc and V¢;

— Qu(B), for &, calculated using values of Fyy and Vy;
—  Quc(B), for &, calculated using values of Fyc and Vyg;
—  Qm(B), fordgcalculated using values of Fyy and Vp,.

For gxample; for &, calculated from values of F; and V. for a test specimen of thickness B 5§ 25 mm, the
6c(p)[fracture toughness shall be symbolized 6¢(25).

6.4 Determination of fracture toughness in terms of /

6.4.1 Determination of F. and g, Fy, and qy, or Fyc and gy

Jo is calculated in accordance with 6.4.4 using values of F and q determined by the same procedure used
to determine Fand Vin 6.3.1.

When values of Fand g correspond to small amounts of measured stable crack extension (see 5.8.2), i.e.

Aa < 0,2 mm + _J (24)
3,75R

they shall be recorded as F; and qc.
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q correspond to larger amounts of measured stable crack extensions, (see 5.8.3), i.e.

3,75R _

Aa >0,2mm + {;]

they shall be recorded as F, and qy.

When it is not possible to determine Aa (see 5.8.3), F and g shall be recorded as Fyc and qyc.

6.4.2 Determination of F, and gy,

(25)

When the te
ins (see 6.3
to the first 4

6.4.3 Det

The plastic

(determined
polar planin
latter and a
is obtained |

st record exhibits a maximum force plateau prior to fracture with no significant prier
), the values Fi, and g, shall be obtained from the test record at the point correspor
ttainment of the maximum force [see Figure 2, test record type (6)].

brmination of Up

component of the work (Up) done up to the appropriate load-line displacement g, gy

in 6.4.1 and 6.4.2) is determined and recorded directly from the_test record (e.g. us
heter), or by numerical integration using computer techniques,‘or*by a combination g
h analytical procedure based on elastic compliance (see Figure-18). The plastic compq

pop-
1ding

I'qm
ing a
f the
nent

Key

a  See Figure 2.
b dc Qu Or qm corresponding to F¢, Fy or Fy,.

c Parallel to OA.

Figure 18 — Definition of Up, (for determination of /)

by subtraction of the theoretical elastic area (Ue) from the4otal area as described in G.3.
= o Fuor Fu?
o
5 7
Fr
Ue
\b
0 o J
Load line displacement, q
|
4z

NOTE This determination of Uy corresponds to F < Fy (see Figure 2), and ignores the effects of stable and

pop-in crack

36

extension over this range of force.
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6.4.4 Calculation of /,

Jo is calculated from the following relationships for bend and compact specimens, using B, By and W
from 5.5.1, a, from 5.8.2, and the appropriate force from the test record (determined in 6.4.1 or 6.4.2)
along with the corresponding value of Up, (determined in 6.4.3).

NOTE 1 Values of J, are not corrected for crack extension Aa.
NOTE 2  For plain-sided specimens, By = B.

NOTE3  When V} is measured at a position beyond the notched edge of the specimen [see Figure 8 b)], z is
positive; when Vj, is measured at a position before the notched edge, z is negative.

Jo is ¢alculated for the three-point bend specimen as:

2

~ FS a || 1-v* 19U,
o (BBN)0’5W17591[W} E +BN(W—aO) (26)

whefe S is the bending span established in 5.7.1.1 (see Figure 10).

[

NOTHE 4  The relationship for g1(ao/W) is given in Annex D.

Jo is ¢alculated for the stepped-notch compact specimen as:

2
2 U
F a 1-v n
Jo= |7 o592 [WO] " — (27)
(BByW) By (We-aq )
where
Np=2+0,522(1-a, /W) (28)

NOTHE S5  The relationship for gz(agfW") is given in Annex D.

Up may be derived for straight-notch compact specimens from A, (see Figure 17) proyided that a
relatjonship is established-between Up and Ap. ], is calculated for straight-notch compact specimens in
the spme way as for theStepped-notch compact specimen using Formula (27).

6.4.§ Qualificatien of /, fracture toughness value

Valugs of ], fracture toughness conforming to 6.4 shall be regarded as size sensitive, and qpalified only
for the thickness tested. The tested thickness shall be noted in millimetre units in parentheses as a
subsctript to the symbol for the fracture toughness, as follows:

— Jeay forfecalcutatedusing vatues of Feamd g

— Ju(), for J, calculated using values of Fy, and qy;
— Juc(B), for J, calculated using values of Fyc and quc;
— Jm()for J, calculated using values of Fi, and gp.

For example, for J, calculated from values of F; and g, for a test specimen of thickness B = 25 mm, the
Je() fracture toughness shall be symbolized J¢(25).
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7 Determination of resistance curves §;-Aa and /-Aa and initiation toughness
6j0,28L. and Jo 21, and &j; and J; for stable crack extension

7.1 General

This clause describes the evaluation of fracture behaviour of specimens that exhibit stable crack
extension and nonlinear force-displacement records corresponding to the right branch of Figure 1.
Fracture behaviour is characterized in terms of the variation of either §; or ] with crack extension Aa.
6y is an estimate of CTOD obtained from J. Its variation with crack extension Aa is geometry- and size-
insensitive. § is corrected for stable crack extension. Methods are given for interpreting the §;-Aa and

J-Aa crack r
6J0,2BL or Jo,

Analysis prg

S H rs £ 41 3 1 1o H 3 1aatiadl rs L.
L OoIoLAdIICT CUILI VOO 11T LUT IIIS UL UIIT olusxc lJUlllL Cllslllccl llls ITIILIAatIvIl LUUBAIIICDD l.lal dlll

PBL-

7.2 Test procedure

7.2.1 General

Specimens 4
accordance

NOTE V4

re loaded in accordance with 5.7 and the resulting amount of crack extension evaluat]
with 5.8.

lues of 6y and J are corrected for stable crack extension Aa.

7.2.2 Multiple-specimen procedure

Aseriesofn
amounts of
J-Aa crack rg

NOTE Si
determine fT]
first specime
determine th

7.2.3 Sing
The single-g
points on th
are describe

Using a dir¢

pminally identical specimensisloaded to selected displacementlevels and the correspor]
crack extension are determined. Each specifmen tested provides one point on the §j-/
bsistance curve (hereafter referred to generically as the R-curve).

k or more favourably positioned points are required to generate an R-curve (see 7.4) a
pcture toughness 60,281, or Jo2BL nmear the onset of stable crack extension (see 7.6). Loadin
n to a point just past maximum force and measuring the resulting stable crack extension he
e displacement levels needed to\favourably position data points in additional tests.

tle-specimen procedure

pecimen procedure-makes use of elastic compliance or other techniques to obtain mu
e resistance curyve from the test of a single specimen. Single-specimen testing proced
d in Annex H.

ct method) estimated final crack extension Aa shall be within 15 % of the measured

extension ol
[W - ao). F

" 0,15:mm, whichever is greater, for Aa < 0,2 (W - a,), and within 0,03(W - a,) for Aa
téchniques that require an a priori estimate of the initial crack length a, for subsec

ters

cedures are given for determining either §j or J from tests of multiple or single'specimens.

ed in

1ding
\a or

nd to
g the
ps to

tiple
lures

rrack
> 0,2
juent
shall

determinatipn-of crack extension, such as the unloading-compliance technique, the estimated a,

be within 2 % of the (post-test) measured a, value.

For indirect techniques, the first specimen tested shall be used to establish a correlation between
experimental output and measured crack extension to beyond Aamax as defined in 7.4.1.2. At least one
additional test shall be conducted to estimate crack extension using the results from the first test.

Agreement between estimated and actual crack extension Aa shall be within 15 % or 0,15 mm,
whichever is greater; otherwise, the procedure is not acceptable.

7.2.4 Final crack front straightness

Final crack length shall be determined as the sum of initial crack length plus stable crack extension
measured using the nine-point average methods described in 5.8.2 and 5.8.3. None of the seven interior
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final crack length measurements shall differ from the nine-point average value by more than 0,1 ao;
otherwise, the result is not acceptable.

7.3

Calculation of / and ¢,

7.3.1 Calculation of J

J is calculated for the three-point bend specimen as follows:

2
\W 4 2 191

e
ro
+

Rt R

[

whefe S is the bending span established in 5.7.1.1 (see Figure 10).

NOTHE 1  The relationship for g1(ao/W) is given in Annex D.

J is calculated for the stepped-notch compact specimen as follows:

2

=|——5%| || - 5 J1- -
(BB W) w E - By(W-a) W-aq

[

whette 1y, is given by Formula (28).
NOTE 2  The relationship for gz(ao/W) is given in AnnexD.

NOTH 3  For plain-sided specimens, By = B in ForiWlae (29) and (30).

NOTHE 4  Direct measurement of the load-line*displacement (q) is not possible with the straight-n
specimen, but g can be derived from the notch-opening displacement (V) provided that it can be d

that

the g so derived would be equivalentto the directly measured g to within 1 %. J is calg

Formjula (30).

7.3.2 Calculation of §;

5] is

(29)

(30)

ptch compact
emonstrated
ulated using

with:

falculated for three-point bend specimen as follows:
§, -—I2 (31)
Rpo,z + Rm
m —_—
2
wherte ] isidefined in Formula (29) and:
R0z /Roz\2 [Roz\3
m=A4,-A, =44 | 222 —g, | B2 (32)
0 1 2 3
A, =3,18-0,22—L 33
0 W (33)
A =432-2234 (34)
1 - 9 9 W
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NOTE 1

:2016(E)

A, = 4,44 229+

w

a
A; = 2,05-1,06—

w

R 0,2
Calculation of 6y requires — >0,5.
m

6y is calculated for the stepped-notch compact specimen as follows:

(35)

(36)

where J is d¢

m=3,6

NOTE2 ({

7.4 R-curg

The points d
in tabular fd
may be used

J

Ryo2 + Ry

P

2
pfined in Formula (29) and:

2 3
R R R
p 4,21 P%% 4 33| P02 5 | P02
Rm m m
R
Iculation of 6y requires ;0’2 >0,5.
m

ve plot

f 6y or ] versus crack extension Aa form the R-curve (e.g. Figure H.1). The data may be
rm or as a plotted graph. A formula may bé fitted to the graph for analysis, or the plot
for analysis.

(37)

(38)

used
itself

40
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7.4.1 Plot construction

7.4.1.1 A plot of fracture resistance 6; or J versus crack extension Aa is constructed from the data
obtained in 7.2 and 7.3 (see Figure 19).

A

sistance, 6 or J
~

Eractiira
Tractdret

Ad max Crack extersion, Aa

a onstruction line.
b Titted curve.

¢ [Kxclusion lines.

d rack sector.

X  fest data.

At legst six data points arevequired. Each crack sector shall contain at least one data point. If a formula is required,
the offset power law ¢6f'7:4.2.2 shall be used.

Figure 19 — Data spacing for R-curve determination

7.4.1.20 For each specimen tested, Aayax is calculated from:

Al .y =0,25(W—a0),forboth6] and (39)

7.4.1.3 A construction line is drawn on the plot described in 7.4.1.1 using either:
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g

or

=1,87-

:2016(E)

m

-Aa

p0,2

J=3,75R Aa

where Ry and Rpo,2 are determined at the temperature of the test.

NOTE

approximate

7414 TH
offset equal

7.4.1.5 An
offset of 0,1

7.4.1.6 Te
crack extens
R-curve plot
noted in the

NOTE

7.4.2 Dat

7.4.2.1 A minimum of six data points shall be used-to define the R-curve.

7422 W

The point of unstable failure can depend on specimen sizé-and geometry.

(40)

(41)

Formula (40) is derived from Formula (41) by assuming that the §; construction line can be

J
2Rp072

e valid crack-extension limit exclusion line is drawn parallel to the constructionline
to the value of Aamax calculated in 7.4.1.2 (see Figure 19).

iby5] =

other valid crack-extension exclusion line is drawn parallel to the censtruction line
mm (see Figure 19).

5ts terminating in unstable fracture shall be reported as sueh and, if the amount of s
ion to fracture can be measured on the fracture surface, that datum point is included i
. Unstable fracture data points shall be clearly marked onthe R-curve plot and appropri
test report (see Annex C).

h spacing and curve fitting

At an

ht an

table
n the
ately

nen a formula is to be fitted to the' R-curve, at least one datum point shall reside in each of

the four equial crack-extension regions (crack sectors) shown in Figure 19. The curve shall be best-fitted
through the|data points lying betweerrthe 0,1 mm and Aapax exclusion lines (see Figure 19) using the
power-law Hormula (42):

§;(orJ)=a+p Ad” (42)
where @and = 0,and 0'<y < 1.
NOTE1 Amethodferevaluating the constants , f and y is given in Annex I.
NOTE 2  If|a,0r\f'is less than zero from the linearized regression of Annex I, then the result is unaccepjtable
and the fitted formula is not representative of the R-curve. In such cases, additional tests or the use of a slngle-

specimen tes

t procedure (Annex H) are suggested.

If a single-specimen procedure is used, all data with Aa greater than 0,1 mm offset to the construction
line may be used in the curve fitting. The R-curve is valid, however, only up to Ag or Jg; see Figure 20.

7.5 Quali

fication of resistance curves

7.5.1 Qualification of /-Aa resistance curves

7.5.1.1 Jqax is calculated for each specimen as the smallest of:

42
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(43)

(44)

(45)

7.5.1

7.5.1
excly

7.5.2

7.5.2

( J,max —

.2 An exclusion line is constructed to the J-Aa data at the minimum /¢ value caleflated above
(see Figure 20).

.3 ] at the intersection of the best-fit curve with either the Jphax or Aam&[from Fa
sion line defines Jg (see Figure 20). Jg shall be the upper limit to J-controlled crag
behayiour for the test specimen size used.

Qualification of §;-Aa resistance curves

.1 6jmax is calculated for each specimen as the smallest of:

B
15
90
15
W—ao
15

rmula (39)]

k extension

(46)

(47)

(48)
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7.5.2.2 An exclusion line is constructed on the §;-Aa data at the minimum &) max value calculated from
7.5.2.1 (see Figure 20).

~

S

o

s 7

8 /

% /

2 /

%]

qs: X '//

(5]

; X X //\

© X /

E // dg0r/,

a /
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
A max Crack extension, Ag

Key
a Fitted qurve.
X test data.

NOTE If the R-curve intersects the 8j max O /max limit within the Admax limit, then §; 5 or Jg equals 6 max Or Jmay-

Figure 20 — Qualification limits and definitions of /; or 5

7.5.2.3 4 pt the intersection gf the best-fit curve with either the §;max or Aamax [from Formula [39)]
exclusion lines defines 6; g ($€e Figure 20). §; 5 shall be the upper limit to 6;-controlled crack extepsion
behaviour far the test specimen size used.

7.6 Determination and qualification of /o 21, and &) 2L

7.6.1 Detefmination of J 2L

7.6.1.1 The R-curve is plotted and fitted in accordance with 7.4, but with the requirement that one
datum point lie between the 0,10 mm and 0,30 mm crack extension offset lines and at least two data
points lie between the 0,10 mm and 0,50 mm offset lines (see Figure 21). The best-fit curve [Formula (42)]
shall pass through a minimum of six /-Aa data points.

7.6.1.2 A line is drawn parallel to the construction line at 0,2 mm crack extension offset as shown in
Figure 21. The intersection of the best-fit curve with the offset line defines Jo 2L

7.6.1.3 If o 2B1 exceeds Jmax (determined in 7.5.1.1), then it does not qualify.
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7.6.1.4 Ifthe slope (d//da)o 2L of the J-Aa curve at its intersection with the 0,2 mm offset construction
line fails to meet the following criterion:

3,75R > {2 [d—]H (49)
da 0,2BL

then the Jo 2p1, determined in 7.6.1.2 does not qualify.

7.6.1.5 If Jo2pL conforms to 7.6, as well as 8.8, then Jo2p1, determined in 7.6.1.2 is considered size-
insensitive. If not, the value shall be reported as size-sensitive Jo 2BL(5), where B is specimen thickness.

7.6.1‘;6 In cases when the application is predominantly elastic but specimen tests do netyjeld valid Kj¢
results, a value of linear elastic, plane strain fracture toughness at the onset of stable ¢rack growth can be
evalyated from:

ijo 2BL
1‘/0,ZBL A 5 (50)
1-v

7.6.2 Determination of )9 2L,

7.6.4.1 The R-curve is plotted and fitted in accordance with 7.4, but with the requiremgnt that one
datupn point lie between the 0,10 mm and 0,30 mm crack.extension offset lines and at least two data
points lie between the 0,10 mm and 0,50 mm offset lines (see Figure 21). The best-fit curve [Formula (42)]
shall|pass through a minimum of six 6;-Aa data points

7.6.4.2 A line is drawn parallel to the construction line at 0,2 mm crack extension offsetfas shown in
Figute 21. The intersection of the best-fit curye with the 0,2 mm offset line defines &9 2BL.

7.6.2.3 If 6j0,2BL exceeds 6 max (see Z.5:2.1), then it does not qualify.

7.6.2.4 If the slope (ddj/da)g2BL of the §-Aa curve at its intersection with the 0,7 mm offset
consfruction line fails to meet thefollowing criterion:

R dé
87— 2[d—'] (51)
a
p0.2 0,2BL

—

then|the &) 2p1. detérmined in 7.6.2.2 does not qualify.
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7.6.2.5 If 6j028L conforms to 7.6, as well as 8.7, then §jp2pL determined in 7.6.2.2 is considered
size-insensitive. If not, the value shall be reported as size-sensitive §jo2B1(B), where B is the specimen
thickness.

~
—
S
o
8 / ]
= / /
+ / X /
a 7
3 X X /
o /
b /
= 7
(8]
N /
= /
= /
//
60,2BL /
Jo.2BL /
/
/
/
/
//
‘ /
/
/
/
/
/
//
i .
0 Aa max
Crack extension, Aa, [ mm
Key
a Constriiction line.
b At least one point.
c At least two points.
d Region|of data dispersion in accordance with Figure 19.
X test dafa.
NOTE At leas{ six data points are xéquired.
Figure 21 — Data spacing for Jo 2pL, or 8jo,2BL
7.7 Determination of initiation toughness /i and 6; by scanning electron microscopy
(SEM)

Values of initiation toughness /jand §j; may be determined from stretch zone width (SZW) measurements
by the procedure given in Annex A. It is essential that the scanning electron microscope operator be
experienced in the interpretation of SEM fractographs. If the SZW cannot be distinguished from stable
crack extension, then neither Jj nor §j; can be determined.

8 Testreport

8.1 Organization

The test report shall make reference to this document, and shall be comprised of seven parts (see 8.2
to 8.8). Details regarding test material, test specimen and test conditions, including test environment,
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shall be reported as in 8.2. Machining, fatigue cracking, crack front straightness and crack length data
shall conform to 8.3. Derived fracture parameters shall be qualified in accordance with 8.4 to 8.8.

8.2 Specimen, material and test environment

See C.1.

8.2.1 Specimen description

— identification;

— 1ype;
— (¢rack-plane orientation;

— location within product form.

8.2.2 Specimen dimensions
— thicknesses B and By, (mm);
— width W, (mm);

— initial relative crack length, ao/W.

8.2.3 Material description

— ¢omposition and standardized designation code;

— product form (plate, forging, casting, etc.)-dnd condition;

— fensile properties at precracking temperature, referenced or measured;

— {ensile properties at the test temperature, referenced, or measured.

8.2.4 Additional dimensions
— florce span S, (mm);

— knife edge “stand-off” z (see 5.5.1).

8.2.3 Test environment

— tlemperaturte (°C);

— lloading displacement rate (mm/min);

— type of displacement control.

8.2.6 Fatigue precracking conditions
— Kf(MPam0.5);
— Fr(kN);

— precracking temperature (°C).
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8.3 Test data qualification

8.3.1 Limitations

All data shall meet certain requirements in order to be qualified in accordance with this method. Only
qualified data shall be used to define fracture resistance in accordance with this method. The data
described in 8.3.2 to 8.3.4 shall be assembled in the suggested format of Table C.2.

The force versus displacement record shall meet the requirements of 5.7.4.

8.3.2 Cracklength measurements

Measurements shall be made at nine evenly-spaced locations across the specimen thickness.as slllown
in Figures 1B and 14. The following values shall be reported:

— the initjal machined notch length (ap);

— the initjal crack length to the fatigued notch tip (ay);
— the fatigue precrack length (a, — am);

— the fina] crack length (af);

— the avelfage crack extension (Aa = ar - ao).

8.3.3 Fracture surface appearance
— arecord of unusual features on the fracture surface;

— arecord of the occurrence of unstable crack extension such as cleavage.

8.3.4 Pop-in

— quantitjes F, x, y and Q for each pop-in from the force versus displacement record;
— the nunjber of significant pop-ins;

— the location of first significant pep-in and information indicated in Table C.2.
8.3.5 Resjstance curves

— include (data for resistance curves from single-specimen tests in Table C.3.

8.3.6 ChefcKlist for data qualification

The data set shall be considered qualified if it conforms to the following criteria:

a) the specimen conforms to the dimensions and tolerances in 5.4.1;

b) the test apparatus conforms to the tolerance and alignment requirements in 5.7;

c) the test machine and displacement gauge(s) conform to the accuracy requirements in 5.6;

d) the average initial crack length a, is within the range 0,45 Wto 0,7 W, or within the range 0,45 W to
0,55 W for K]; determination;

e) all parts of the fatigue precrack have extended at least 1,3 mm or 2,5 % of W, whichever is greater,
from the root of the machined notch;

f) the fatigue precrack is within the appropriate envelope (see Figure 6) on both surfaces of the
specimen;
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g) the fatigue precrack stress intensity factor satisfies the requirements of 5.4.2.4;

h) none of the seven interior initial crack length measurements differs by more than 0,10 a, from the
nine-point average initial crack length;

i) none of the seven interior final crack length measurements differs by more than 0,10 (a, + Aa) from
the nine-point average final crack length;

j) the initial slope of force versus displacement record lies between 0,85 and 1,5 (for purposes of
manual record analysis);

k) for a single-specimen direct crack length measurement method used to estimate crack extension,
ihe final estimated crack length is within 15 % of the nine-point average measured crafk length, or
,15 mm, whichever is greater, up to a crack extension of 0,2 b,, and to within 0,03.b, thereafter;

1) the estimated initial ao/W from single-specimen tests is within 2 % of the measured initial a,/W;

m) for a single-specimen indirect crack length prediction, the first specimen tested [defines the
¢orrelation between the experimental output and the measured crack extension and inf subsequent
tlests the final crack extension is predicted, using the correlation frem the first test, fo be within
15 % of the nine point average of measured final crack length or 0,45'mm, whichever is|greater, to a
¢rack extension of 0,2 by and to within 0,03 b, thereafter;

n) fthe data number and spacing requirements of 7.4.2 and 7.6 are satisfied for 6;-Aa curve and 69,281
determinations;

o) the data number and spacing requirements of 7.4.2 and 7.6.2 are satisfied for J-Aa curye and Jo 281
dleterminations.

8.4 | Qualification of Kj.

The following requirements shall be met for\Kj (calculated in accordance with 6.2.3) to qudlify as Kjc in
accordance with this method and are to be reported in the suggested format of C.4:

a) All requirements of 8.3, including-0,45 W < ag < 0,55 W, are satisfied;

2
K
b) 25| —| <a,;
R
p0,2
K
Jd b5|—2 |02B;
Rp0,2
e 2
Q) RSP | <(W-ap);
Rr\n')

F
e) % < 1,10, where Fyax is the maximum force sustained by the specimen.
Q
8.5 Qualification of the §;-R Curve

The 6j-R curve of this method is the power law regression line fit to the data of 7.4.2. The following
requirements shall be met in defining that portion of the offset regression line that qualifies as a 6;-R
curve in accordance with this method:

a) the dataare qualified in 8.3;

b) the limit of applicability of the 6;-R curve is set by )¢ as defined in 7.5.1.3.
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8.6 Quali

:2016(E)

fication of the /-R Curve

The J-R curve of this method is the power law regression line fit to the data of 7.4.2. The following
requirements shall be met in defining that portion of the offset regression line that qualifies as a J-R
curve in accordance with this method:

a)

the data are qualified in accordance with 8.2;

b) the limit of applicability of the J-R curve is set by /g as defined in 7.5.1.3.

8.7 Qualification of )9 2B1(5) as )0 2BL

If the follow
size-depend
a) allrequ
b) the slop

is <0,93
c) 15 5]0’
d) 15 6]07
e) 15 5]0’
8.8 Quali

If the follo\
qualified as

ing requirements are not met for 6j9 2L, calculated according to 7.6.1, it shall be qualifi

ent and denominated )0 2BL(B) in accordance with this method:

irements of 8.3 are satisfied;

e d6j/da of the power law regression line, evaluated at the 0,2 mm offset construction
b (Rm/RpO,Z)F

pBL < 90

gL = B

b BL S(W—ao).

fication of Jo 2B1(B) as Jo,2BL

ying requirements are not met for Jo 2py, calculated in accordance with 7.6.2, it shg
size-dependent and denominated Jo 2L (gyin accordance with this method:

ed as

line,

1l be

ne, is

a) allrequirements of 8.3 are satisfied;
b) the slope dJ/da of the power law regression line, evaluated at the 0,2 mm offset construction li
<1,875 lr\)m;
J
0 20— <q
RpO o+ Rm
J
d) 20 —P2BL <p,
RpO 5t Rm
¢ 20 —EES2(W-ay)
RpO 2+ Rm
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Annex A
(informative)

Determination of §j and Jj

NOTE The determination of §j; and Jj requires the use of a scanning electron microscope (SEM) to measure
the stretch zone width SZW on the fracture surfaces of failed specimens (see References [8] and [9]). A large
scattfr in the values of oy and Jj is inherent in the method due to the subjective nature of interpretation and
measurement of the stretch zone width. To minimize scatter, it is suggested that only person ith extensive
experience in the interpretation of SEM fractographs be employed for this procedure. If thg.@n&c} zone cannot
be distinguished from ductile crack extension, 6j; and J; cannot be determined. (0
>

A.1| Critical stretch zone width (SZW) measurement ,\(1/

O

A.1.1 The local critical stretch zone width SZWj, is measured a\%e nine positions shown in
Figures 13 and 14 using calibrated photographs taken in a SEM. An eé\nple of SEM photogrgph is shown
in Figure A.1.

S U ':":7“."«.}""‘«.". & ( ; ¢
imm20@kU 406E2 0104.99 M185B..

a Fr&&?e.
b gﬂl of stretch zone.
c Start of stretch zone.

d Fatigue.
Figure A.1 — Typical stretch zone width

The SEM magnification shall be adjusted so that both the beginning and end of the stretch zone are
visible in a single field of view (see Figure A.2).
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B orBy

\/\/

b
X
X

d
e

=
5
S
f\ =
N
D g
| | | | | | | | |
| | | | | | | | |
i=1 i=k

a  Fatigue precrack. 1 k

b Stretch zone. AaSZW,L = ; Z AaSZW,i
¢ Stable crack extension. i=1

d  Image plane parallel to fatigue surface.

e Beginning of stretch zone.

-

End of stretch zone.
SEM photograph.
Crack plane.

=]

Figure A.2 — Determination of Aaszw
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At least five measurements shall be made at each of the nine local stretch zone width measurement
positions; thus,

k
1
AaSZW,L = EZAGSZW,i for k > 5

i=1

(A1)

A.1.2 The critical stretch zone width is established as the average of nine local measurements; thus,

(A.2)

A.1.3
Data
zZone|

A2

A.2.]
accol

9
1
Adgyy == Z Adgyy |
7I=1

points failing to conform to this requirement shall not be used to establish theiean cr
width Aaszw. A minimum of three data points shall be obtained to establish ‘Aaszy; thu

J
Nagy = % Z AGSZW,N, provided that j > 3.
N=1

Determination of §j;

The critical stretch zone width Aaszw shall be superimposed on a plot of §;-Aa data
rdance with 7.4.1 and 5.8.3) as shown in Figure A.3,

Crack extension Aa measured in accordance with 5.8.3 shall be greater thanAAaszy + 0,2 mm).

tical stretch
S,

(A.3)

(obtained in
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Dimensions in millimetres
d;or Ji

Fracture resistance, 6 or J
O
O

SN
~

\

/ Crack extension, Ad¢
/ Aa SEW 7 7 0'2
Key

e 0y - Aa or ] - Aa data

d valid stretch zone width data

q invalid stretch zone width data

Figure A.3 — Determination of §j; and J;

A.2.2 A lige shall be dfawn parallel to the §;-axis through the mean of the critical stretch zone width
data Aaszw s illustrated in Figure A.3. Using the procedure described in 7.4.2.2, a best-fit curve shall be
fitted through all 6;zAc/data that exceed Aaszw. The intercept of the best-fit curve with the drawn parallel
line defines pj;.

A.2.3 Alineshall be drawn from the origin through o0j; (see Figure A.3]. At least one 0;-Aa datum point
shall reside within 0,2 mm of this line. If §j; exceeds 6jmax determined in accordance with 7.5.1.1, &j is
not qualified in accordance with this method.

A.2.4 The slope of the §;-Aa plot shall be evaluated at the intersection point (6j;) using the formula
determined in Annex I. If the slope of the line constructed in A.2.2 is such that

dé J
da
L

ds J
da

i

22

6ji is qualified in accordance with this method.
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Determination of J;

A.3.1 The critical stretch zone width Aaszw shall be superimposed on a plot of J-Aa data (obtained in
accordance with 7.4.1 and 5.8.3) as shown in Figure A.3.

A.3.2 A line shall be drawn parallel to the J-axis through the mean of the critical stretch zone width
data Aaszw as illustrated in Figure A.3. Using the procedure described in 7.4.2.2, a best-fit curve shall be
fitted through all J-Aa data that exceed Aaszw. The intercept of the best-fit curve with the drawn parallel
line defines J;.

A.3.3
shall

A line shall be drawn from the origin through J; (Figure A.3). At least one J-Aa

qualified in accordance with this method.

A.3.4
in Aq]

Jiisg

nex [. If the slope of the line constructed in A.3.2 is such that

a) 5,4
daL_ dal.

ualified in accordance with this method.

latum point

reside within 0,2 mm of this line. If J; exceeds Jimax determined in accordance with“7:5/2.1, J; is not

The slope of the J-Aa shall be evaluated at the intersection point (J;) using thie formuld determined
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2016 - All rights reserved
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Annex B
(normative)

Crack plane orientation

The following notation shall be used to relate the plane and direction of crack extension to the
characteristic directions of the product (see ISO 3785). A hyphenated code shall be used where the
letter(s) prgceding the hyphen represent(s) the direction normal to the crack plane and the letter(s)
following the hyphen represent(s) the expected direction of crack extension (see Figure B.1) For
wrought metals, the letter X shall always denote the direction of principal deformation(maximum
grain flow); [Z the direction of least deformation; Y the direction normal to the X-Z plane. Ifthe specimen
directions do not coincide with the product’s characteristic directions, then two letters shall be usged to
denote the normal to the crack plane and/or the expected direction of crack extension [see Figure B.1
b)]. If there fis no grain flow direction (as in a casting), reference axes may be arbitrarily assignefl but
shall be clearly identified.

c) Radial grain flow, axial working direction = d) Axial grain flow, radial working direction

Key
a  Grain flow.

Figure B.1 — Fracture plane identification
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Example test reports

NOTE It is the content and not the format of the test reports that is important.

C.1 | Specimen, material and test environment

Spedimen identifier: Operator: Date:

Spedimen

Type| (compact/bend)

Identification number

Orientation

Location within product  _______
Material

Matgrial designation

Matgrial form/condition

Spedimen dimensions

B S (mm)
BN = (mm)
w = (mm)
ao/W (mominal) S
Additional dimensions

Bend span: S=___ (mm)
Knife edge stand-off z= (mm)

Tensile properties — fatigue precracking temperature

Temperature = (°C)
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Referenced (R) Measured (M)

E (modulus of elasticity) = (Gp
v (Poisson’s ratio) =
Rpo,2 (tensile yield strength) = (MPa)  ____
Ry (ultimate tensile strength) = (MPa)  ____
Tensile prolperties - test temperature
Temperaturp = (°C)

Referenced (R) Measured (M)
E (modulus pf elasticity) = (GPa) -~
v (Poisson’s|ratio) s e N
Rpo,2 (tensilg yield strength) = (MPa) =______________ (MPa)  ___ ¢
R (ultimatg tensile strength) = (MPa) o~ SN
Precracking
Fatigue temperature = = (°C)
Final K¢ Y. (MPavm)
Final Ff = e (kN)
Final K¢/E > ( Jm )
Test information
Type of displacement control ~ ______ (Stroke/crack mouth opening)
Displacemept rate~> (mm/minute)
Test temperpfaye (°C)
C.2 Data qualification

Measured crack length information

58

Specimen identifier
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Table C.1 — Crack measurement table

ISO 12135:2016(E)

Point Position Precrack length Aa
mm mm mm
1
2
3
4
5
6
7
8
9
ao Average initial crack lengtha (mm)
do - QIm Average fatigue precrack lengtha (mm)
Aa Average crack extensiona (mm)
ao + Na Average final crack lengtha (mm)
a See 5.8.
Estimated crack lengths
Qo,est Estimatedfatigue crack length (mm)
afest Estimated final crack length (mm)
Fracture surface appearancé
Rgcord occurrence of cleavage (yes/no)
Rgcord any unusualfeatures on the fracture surface below:

© ISO 2016 - All rights reserved
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Pop-in information

Specimen type

AFJF
Q1
F1

C1

Table C.2 — Pop-in information table

Pop-in
number, 11

Fy

Xn

Yn

Cn

Significant?

(y/m)

OO0 (N |UT|[D| W[N]

Number of s

Number of t

60

ignificant pop-ins

he first significant pop-in

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=db1cddfc4baed56426c7984fd5ec7ff5

C.3 Resistance curve data

Table C.3 — Resistance curve data

ISO 12135:2016(E)

Specimen identifier: Date:
R-curve method:
(Single/Multiple): (Direct/Indirect): (UC/ACPD/DCPD/Other)a
Testrecord information: Operator:
Hvent F q v a Aa i ]
kN mm mm mm mm mim MJm~—2
a  C = unloading compliang€;"ACPD = alternating current potential drop; DCPD = direct current potential drop.
C.4 | Qualification of K as Kj.
Fmax = (kN)
Rpo,2= LMPa) = (MPa)
Fo = tRN) = tkiN)
Kq= (MPavm) = (MPa~/m )
ao = (mm) = (mm)
B = (mm) = (mm)
W-a,= (mm) = (kN)
2
Kq
2,5 = (kN)
Rpo.2
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Requirements (see 8.4):

a) The data shall be qualified in accordance with 8.3;

2
K
b) 25— | <ag;
Rp072
X 2
J 2,5 —R——<B;
RPO»Z
K 2
Q) 25 | <(W-a,);
R
pP,2
e) —2&X 41,10, where Fyay is the maximum force sustained by the specimen,;
Fq
(Rpoz2)
02
f) K <06Ky L.
(Rpo,z )t

If all requir¢ments are met: Kjc = (MPavm)

C.5 Qualffication of §,-R curve

do
B

W_ao

Coefficients|of power law fit to data\dj= a +  AaY:

B a W —-a (mm)
6Jmax = smalllest of: —, 4? or —— 0

10 10 10
Admax = 0,25(W - a,) (mm)
&), (intersection of power law curve and limits (mm)
set by 6]'max, Aamax bOUIldS)
Measured final crack extension (mm)
(If using a single specimen method)
Estimated final crack extension (mm)
(If using a single specimen method)
Percentage error in final crack length prediction (%)

62
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Requirements (see 8.5):
a) The data shall be qualified in accordance with 8.3;
b) The limit of applicability of the §;-R curve is set by 6;.

Ifall requirements are met, this power law represents a §;-R curve to §j,gin accordance with this method.

C.6 Qualification of J-R curve

do = (mm)
B = (mm)
W-ao = (mm)
Coefficients of power law fit to data J = a + f Aar: a=

L=

Y=

= K]/m?2
Jmax  smallest of: a Rp0,22(—: Fm , B Rpo,zz;r Fm ok (W — ao)% /)
Aamdx = 0,25(W - ay) = (mm)
Jg (intersection of power law curve and limhits set by /max, Admax bounds) = (k]/m?2)
Meagured final crack extension (if single-specimen method) = (mm)
Estimated final crack extension{if single-specimen method) = [mm]
Percentage error in finakcrack length prediction = [%]

Reqyirements (see 8:6):

a) The data shall*be qualified in accordance with 8.3;

b) The lintit'of applicability of the J-R curve is set by Jg.

If allfréguirements are met, this power law represents a J-R curve to Jg in accordance with this method.

C.7 Qualification of 6;q0,2BL(B) as 9)0,2BL

Rpo,2 = (MPa)
Rm = (MPa)
8/Q0,2BL = (mm)
158)qo,2BL = (mm)
déj/da in Aaq = (MPa)
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(W-ao)
Measured final crack extension (if single-specimen method)
Estimated final crack extension (if single-specimen method)

Number specimens used, data points (if single-specimen method)

Coefficients of power law fit to data 6 = a + § Aar:

(mm)

(mm)

(mm)

Requiremerts (see 7.6.1):

a) The datp shall be qualified in accordance with 8.3;

b) The slope déj/da of the power law regression line evaluated at the 0;2 mm offset construction
shall be|less than 0,935 (Rm/Rpo,2);

A 156, 4p, <0p;

d) 15 510"BL <B;

e) 15 5]07‘BL S(W—ao).

If all requir¢ments are met: ;9 2L =

C.8 Qualjfication of /o281, as Jo,2BL

line,

do = (mm)
B = (mm)
(W-ao) = (mm)
Rpo,2 = (MPa)
Rm = (MPa)
Jqo,28L = (M]/m?)
Rp0,2 +R_ = (MPa)
2
dJ/da in Aaq = (MPa)
20 Jo(Rpo,2 + Rm) = (mm)
Measured final crack extension (if single-specimen method) = (mm)
Estimated final crack extension (if single-specimen method) = (mm)

Number specimens used, data points (if single-specimen method)

64
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Coefficients of power law fit to data /] = a + § AaY: a=_______
=
Y= ___
Requirements (see 7.6.2):

a) The data shall be qualified in accordance with 8.3;

b) The slope of the power law regression line, d//da, evaluated at the 0,2 mm offset const
ghall be less than 1,875 Ryy;
J
o po 22 <q;
RPO,Z + Rm
J
d po %L p.
Rp072 + Rm
J
9 RO T <(W-qp).
Rp072 + Rm
If alljrequirements are met: Jo 2L = ______________ (M]/m2)
© IS0 2016 - All rights reserved
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Annex D
(normative)

Stress intensity factor coefficients and compliance relationships

D.1 Stres

s intensity factor coefficients

D.1.1 Thrn

For three-pd

NOTE Td

D.1.2 Compact specimens

For compacf

a
92[

NOTE Td

ee-point bend specimens

-]

facilitate the calculation of K, values of g1(a,/W) are givenin Table D.1 for specific values of a

specimens, the stress intensity factor coefficient gz(ao,/W) is given in Reference [10].
2 3 4
a a a a
2+-210,886+4,64—2>-13321 > | +14,72| > | -5,6
w w w w
1_-0

i)

facilitate the calculation of K, values of gz(a,/W) are given in Table D.2 for specific values of g

%
w

66

int bend specimens, the stress intensity factor coefficient g1(ao/W) is given in Reference [10
00 3,93a_  2,7a°
a a ,93a ,7a
3|2 1,99 - —2>1--2|2,15- S+ S
w w w w2

(D.1)

b/ W.

(D.2)

o/ W.
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Table D.1 — Values of g1(a,/W) for three-point bend specimens

a/W 91(ao/W) a/Ww 91(ao/W)
0,450 2,29 0,575 3,43
0,455 2,32 0,580 3,50
0,460 2,35 0,585 3,56
0,465 2,39 0,590 3,63
0,470 2,43 0,595 37
0,475 2,46 0,600 3,77
0,480 2,50 0,605 3,85
0,485 2,54 0,610 3,92
0,490 2,58 0,615 4,000
0,495 2,62 0,620 4,08
0,500 2,66 0,625 4,16
0,505 2,70 8,630 4,25
0,510 2,75 0,635 4,34
0,515 2,79 0,640 4,48
0,520 2,84 0,645 4,53
0,525 2,89 0,650 4,63
0,530 2,94 0,655 4,783
0,535 2,99 0,660 4,84
0,540 3,04 0,665 4,95
0,545 3,09 0,670 5,06
0,550 3,14 0,675 5,1B
0,555 3,20 0,680 5,30
0,560 3,25 0,685 5,48
0,565 3,31 0,690 5,57
0,570 3,37 0,695 5,7|L
0,700 5,85
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Table D.2 — Values of g2(a,/W) for compact specimens

a/Ww g2(ao/W) a/w g2(ao/W)
0,450 8,34 0,575 12,42
0,455 8,46 0,580 12,65
0,460 8,58 0,585 12,89
0,465 8,70 0,590 13,14
0,470 8,83 0,595 13,39
0475 8,96 0,600 13,65
0,480 9,09 0,605 13,93
0485 9,23 0,610 14,21
0490 9,37 0,615 14,50
0,495 9,51 0,620 14,80
0,500 9,66 0,625 15,11
0,505 9,81 0,630 15,44
0/510 9,96 0,635 15,77
0/515 10,12 0,640 16,12
0)520 10,29 0,645 16,48
0,525 10,45 0,650 16,86
0,530 10,63 0,655 17,25
0,535 10,80 0,660 17,65
0,540 10,98 0,665 18,07
0,545 11,17 0,670 18,52
0,550 11,36 0,675 18,97
0,555 11,56 0,680 19,44
0560 11,77 0,685 19,94
0,565 11,98 0,690 20,45
0[570 12,20 0,695 20,99
0,700 21,55
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D.2 Elastic compliance relationship

D.2.1 Three-point bend specimens instrumented for measurement of force F versus
crack-mouth opening displacement V/y1

For three-point bend specimens instrumented for measurement of force F versus crack-mouth opening
displacement V1, the elastic compliance V1 /F is given in Reference [11].

/[ \

S(1-v*
) o
e
where
2
BezB—(B_BN) ;
B

2 3
Gs| —|=6 = |0,76-2,28 —+3,87 | — | -2,04— ;066
w w w w w ( ajz
1- =
w

D.2.2 Straight-notch compact specimens instrumented for measurement of F yersus
cradk-mouth opening displacement Iy,

For sftraight-notch compact specimens instrumented for measurement of F versus crack-mqguth opening
displacement V2, the elastic complian€e Vv2/F is given in Reference [12].

€ 1-v? a
M2
Mz _ g, X D.4
F  EB, g4(W (04
where
2
BB
BezB—( ) ;
B

Lo
=]
.
LU AR
N
< s
.
Il

2

3B -'

2 3 4]
197 {0,5+0,192 4 11,385 (i) ~2,919 (i) +1,842 (i)
I_ W W W W
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D.2.3 Three-point bend specimens instrumented for measurement of F versus load-line
displacement gq1

For three-point bend specimens instrumented for measurement of F versus load-line displacement ge1,
the elastic compliance ge1/F is given in Reference [13].

2 2
e 1-v S a
_ ol D.5
F  EB, [W—aj g5(Wj (0-5)
where
2
B-B
3623_@;
B
2 3 4
9| —|=1,193-1,980 ——+4,478 | = | —4,443 | = | +1,739 | = | |
w w w w w

D.2.4 Stepped-notch compact specimens instrumented for meastarement of F versus
load-line displacement g}

For steppedinotch compact specimens instrumented for measurementof F versus load-line displacement
ge2 the elastiic compliance ge2/F is given in Reference [14].

M) 1f-v? a
Jes _ . - D.6
r s, Yelw (>©)
where
2
B-B
BezB——( ) ;
B

2 2 3 4 5
9o | —|= WHal s 163+129219-% 20,065 L | —0,9925( L | +20.609 L | —9.9314[ 2| |.
wl \w-a w w w w w
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Annex E
(informative)

Measurement of load-line displacement q in the three-
bend test

6.4), require measurement of load-line displac
urements of load-line displacement for the three-point bend specimen. The(diffi

loading fixtures and testing machine components. These extraneous displacements are

that
spec
over
dime

The

appr

the

prac
whet|
show|

Key
1
2

measurements of machine ram or crosshead displacement, or relative displacements

nsions of the specimen, loading fixtures and testing machine.

)«

I

n schematically in Figure E.1.
F/2

F/2

Fating the true load-line displacement of the specimen from elastic-plastic displacemer
formation of the specimen under the three points of loading and elastic displacen

men and testing machine, all overestimate the true load-line displacement. The ex
bstimates varies with specimen material, condition and temperature, the loading r

only way to obtain load-line displacement directly is €0)'measure the relative n
bpriate points on the specimen. This can be done hy\neasuring the vertical disp
otch tip relative to fixed points on the specimen’s /‘neutral axis” above the outer log
ice this is done in converse. Use is made of a horizental “comparator” (see Referengce [15]) bar
eby vertical displacement of the bar is measuréd relative to the notch tip, or notc

point

o : od miring / values
ement g; however, it is difficult toco

btain direct
rulty lies in
It attributed
hents in the
additive, so
between the
tent of such
hte, and the

ovement of
lacement of
d points. In

h mouth, as

comparator bar
pin

Figure E.1 — Principle of the “comparator” bar measurement

© ISO 2016 - All rights reserved

71


https://standardsiso.com/api/?name=db1cddfc4baed56426c7984fd5ec7ff5

ISO 12135:2016(E)

NOTE1 Measurements made relative to the notch mouth (see Figure E.1) represent the load-line displacement
q to an accuracy of better than +2 % for q equal to or less than 0,14W, which corresponds to a total notch opening
angle 0 of 8°.

An alternative device (see Reference [16]) for direct load-line displacement measurement is the “flex
bar” shown in Figure E.2. A four-arm strain gauge bridge installed on the 0,50 mm to 0,75 mm-thick
flex bar provides a transducer accurate to +2 % for g values up to 0,14W.

|
|
|

7 \ 7T
L T
NP 2 N
T W//W
Key
1 flexbar

2 strain gajuges

Figure E.2 — Diagram of three-pointbend static test arrangement showing details of flex bar
and specimen supports
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A 4,

a) Crosshead displacement, 4  b) Elastic plasticiindentation of c) Elastic plastic indentation of
specimen and«ompression of specimen and comprgssion of
central roller and anvil, 41 outer roller and anvils, 4,

Key
a Reference faces.

Figure E.3 — Displacements associated with three-point bend specimens
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(A1+43)

Key
1 unnotch
a Referend

Fig

For tests te

bd specimen

e faces.
ure E.4 — Simultaneous determination of extraneous displacements (41 + 43)

'minating at or before maximum force, indirect' measurements of load-line displace

may be made by

a) measur
crosshe
q=4-
togethe

b) loading
specime

ng extraneous displacements separately, and then subtracting them from total ma
nd displacement. Thus, referring toEigure E.3, load-line displacement g at any forcg
A1 - Ap. The extraneous displacement 41 + 4z is measured with the loading points
I as shown in Figure E.4, and

an unnotched specimen ofthe same geometry, size and material as the precracked

over thle range of forces anticipated in the fracture test. Unnotched specimen compli

calculat
yield m
remote
complig

ed using elastic beam formulae, is subtracted from the remote load-line complian
ichine/fixture compliance. The machine/fixture compliance is, in turn, subtracted frof
load-line compliance for the subsequent fracture test to obtain the fracture test loac
nce q/F, and.hence load-line displacement.

NOTE1 Tlhe above-inidirect methods need to be modified for ¢ measurements beyond maximum forcg

Reference [1]

1).

ment

thine
Fis
close

test

n, to determine system compliance from remote load-line displacement measurenments

hnce,
e to
n the
-line

e (see

74
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Fig

Analternative indirect measurement ofload-line displacement, equally suitable before or aft

forcd

one notch-opening displacement gauge located near the notch mouth, and a second locatg

notc]

(Y

NOTH
rotat
unde

may be estimated with similay accuracy from:

oS

ure E.5 — Location of two notch-opening displacementsymeasurements (V; and
determination of load-line displacement

, is made using two separate, simultaneous measurements of notch-opening displace

1 mouth (see Figure E.5), the load-line displacement (see Reference [18]) is determined
_ S(v,-v,)
4 (Z2 -z )

2 Formula (E.1) assumes._that the bend specimen deforms as two rigid halves abou
on, and that S is the actual spah (though it may vary during the test). Under these conditions, |
restimates g by less than(l % for a total notch opening angle 6 < 8°. For 6 = 8°, the load-line

VZ ~ Vl

= %tan aresin 2(22 - Zl)

/>) for the

Er maximum
ment. Using
d above the
from:

(E.1)

a centre of

Formula (E.1)

displacement

(E.2)
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Derivation of pop-in formulae

Referring to Figure F.1, and the similar triangles OAD and OBC, it can be seen that:

X@:Ql(Fn_yn)

AD = B(
0] Q,+x,
and
Ql(Fn_-yn)
AF =f -AD=F, ——— 7~
n 1 1 n+Xn
Hence,
AF, :[_Q_l(Fn_yn]
F1 F1 Qn+xn
For simplicity, if
AF
—_n_p
Fy
then
P=1—Q—1 F, -y,
F1 Qn+xn

(F.1)

(F.2)

(F.3)

(F.4)

(E.5)
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e,
)
o
© F.
/ <
/ B
F, / /]
/
S/
= /7
S /
/
/
A
L : :
0 Q On Displacement
Xn

Figure F.1 — Forces and elastic displacements associated with multiple pop-fns

© IS0 2016 - All rights reserved 77


https://standardsiso.com/api/?name=db1cddfc4baed56426c7984fd5ec7ff5

ISO 12135:2016(E)

Annex G

(informative)

Analytical methods for the determination of Vp and Up

G.1 General

These analyttical methods are based on elastic compliance relationships.

G.2 Plast

ic displacement, V,

The plastic displacement, Vp, (Figure 17) is determined from total notch-opening ‘displacement, Jg, at
the force, F, pf interest using the relationship:

Vy=Vy tV,

where V, is given by the following:

a) Three-g

where V1 i

b) Straight

where V2 i

c) Stepped
Ve = ¢

where ge i3

1+ —2—|forZ<0,2
0,8a +0,2W

5 given by Formula (D.3).

-notch compact specimen (see References [19] to [21]).

L1+ ——2—— [for £ <9,2
0,8a +0,2W

5 given by Formula (D-4]:

-notch compact speeimen (see References [19] to [21]).

Z.
1+—o
( 0,8a+0,2Wj

given’by Formula (D.6).

for 2 < 0,2

oint single-edge-notched bend specimens, having S =4W (see References [19] to [21])

(G.1)

(G.2)

(G.3)

(G.4)
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