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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

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

1 Scope

This

document spec1f1es methods for determmlng fracture toughness in terms ofK 6,/ and R-curves for

homgge =t precracked

by fa
indiy

igue and tested under slowly increasing dlsplacement The fracture toughness is~delermined for
idual specimens at or after the onset of ductile crack extension or at the onsét of ductile crack

instgbility or unstable crack extension. In cases where cracks grow in a stable manfier uhder ductile

teari
is m

by cleavage or ductile crack initiation and growth, interrupted by cleavage extension.

toug
proc

complementary to this document.

Stati
toug
that
toug
nott
thet

2 Normative references

The
cons

k extension
can occur
he fracture
hness at crack arrest is not covered by this document. Special testing requirements @and analysis
bdures are necessary when testing weldments, and these are.described in ISO 15653 which is

Ing conditions, a resistance curve describing fracture toughness as a function of crag
basured. In some cases in the testing of ferritic materials, unstable cfack extensio

ctical variability of the results strongly depends on the fracture type, for instance, fracture
hness associated with cleavage fracture in ferritic steels ¢an show large variation. For ppplications
require high reliability, a statistical approach can be'vised to quantify the variability in fracture
hness in the ductile-to-brittle transition region, such'as that given in ASTM E1921. However, it is
he purpose of this document to specify the numbgr of tests to be carried out nor how the results of
bsts are to be applied or interpreted.

following documents are referred.to in the text in such a way that some or all of their content
[itutes requirements of this document. For dated references, only the edition cited |applies. For

unddted references, the latest edition of the referenced document (including any amendments) applies.

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

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

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

3 Terms-and definitions

For t

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

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

— ISO Online browsing platform: available at https://www.iso.org/obp

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

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.
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crack-tip opening displacement

6

relative opening 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
J-integral

line or surface integral that encloses the crack front from one crack surface to the other and
characterizes the local stress-strain field at the crack tip

3.4

J

loading parj
determined
conditions

3.5
stable crac
crack exten

progresses inder displacement control

3.6
unstable crf
abrupt cracl

3.7

pop-in
abrupt disq
displacemer
Note 1 to ent

Note 2 to er

(3.6) in the plane of the precrack and are to-be distinguished from discontinuity indications arising fr

delamination
load trains, 1
temperature
and recordin

3.8

crack exter
R-curves
variation in

pmeter, equivalent to the J-integral (3.3), the specific values of which, expetimer
by this method of test (J,, J, J,...), characterize fracture toughness under elastic-pl

K extension
kion which stops or would stop when the applied displacement-is’held constant as 3

ack extension
x extension occurring with or without prior stable crackextension (3.5)

ontinuity in the force versus displacementirecord, featured as a sudden increa
it and, generally, a decrease in force followed by an increase in force

ry: Displacement and force subsequentlyjincrease beyond their values at pop-in.

try: When conducting tests by this*method, pop-ins can result from unstable crack extd
s or splits normal to the preerack plane; ii) roller or pin slippage in bend or compact speq
espectively; iii) improper_seadting of displacement gauges in knife edges; iv) ice cracking in

testing; v) electrical interference in the instrument circuitry of force and displacement meas
b devices.

sion resistance curves

6 (3.2) of J)(3.4) with stable crack extension (3.5)

tally
astic

test

te in

nsion
m: i)
imen
low-
uring

4 Symbgls-and abbreviated terms
Symbol Unit Designation
a mm Nominal crack length (for the purposes of fatigue precracking, an assigned value less
than a)
as mm Final crack length (a, + Aa)
a; mm Instantaneous crack length
an, mm Length of machined notch
ag mm Initial crack length
NOTE 1 Thisis nota complete list of parameters. Only the main parameters are given, other parameters are referred to in
the text.
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 2021 - All rights reserved


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135:2021(E)

Symbol Unit Designation
Aa mm Stable crack extension including blunting
Aag .. mm  |Crack extension limit for § or J controlled crack extension
B mm Specimen thickness
By mm Specimen net thickness between side grooves
C m/N Specimen elastic compliance
CMOD mm Crack-mouth opening displacement, V
CTOD mm Crack tip opening displacement, &
E GPa Maodulus of elasticity at the pertinent temperature
F kN Applied force
F, kN Applied force at the onset of unstable crack extension or pop-in when Ag is less than
0,2 mm offset from the construction line (Figure 2)
Fy kN Force value corresponding to the intersection of the test record with the secant line
(Figure 18)
F; kN Maximum fatigue precracking force
F|, kN Limiting collapse load estimated for a given specimen type
F kN Maximum force for a test which exhibits a maxifum force plateau preceding fracture
with no significant prior pop-ins (Figure 2)
Fy kN Provisional force value used for the calcglation of K,
F, kN Applied force at the onset of unstable ¢rack extension or pop-in when Aa |s equal to or
greater than the 0,2 mm offset from‘the construction line (Figure 2)
Ji MJ/m2 |Experimental equivalent to they-integral
(B) M]J/m?2 |Size sensitive fracture resistance J at onset of unstable crack extension orfpop-in when
stable crack extension is less than 0,2 mm offset from the construction line (B = spec-
imen thickness in mm)
Jg MJ/m2 |Jat upper limit of J-controlled crack extension
Ji MJ/m? |Size-insensitiye-fracture resistance J at initiation of stable crack extensign
I MJ/m? |Size sensitive fracture resistance J at the first attainment of a maximum force plateau
for fully plastic behaviour (B = specimen thickness in mm)
U max MJ/m? |Limit-of -R material behaviour defined by this method of test
.(5) MJ/m?2 |Size sénsitive fracture resistance J at the onset of unstable crack extensjon or pop-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)
Juc(B) MJ/m?2 |Size sensitive fracture resistance J at the onset of unstable crack extensjon or pop-in
when stable crack extension cannot be measured (B = specimen thicknegs in mm)
Jo MJ/m? |Junclassified, and uncorrected for stable crack extension
Jo,2B1: MJ/m?2 |Size insensitive fracture resistance J at 0,2 mm stable crack extension offset from the
construction line
Jo.7BTTEY M —Siresenrstivefractirereststaeefatb2nrrstablecraelextenstorotfsct from the
construction line (B = specimen thickness in mm)
K MPam0> |Stress intensity factor
K MPam05 |Maximum value of K during the final stage of fatigue precracking
K. MPam?®5 |Plane strain linear elastic fracture toughness
K021 MPam®5 |Plane strain linear elastic fracture toughness equivalent to J, ,p;
Ky MPam?®5 |A provisional value of K.
NOTE 1 Thisis nota complete list of parameters. Only the main parameters are given, other parameters are referred to in
the text.
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.
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Symbol Unit Designation

M — Where M appears as a superscript designation (such as JM or 6M), it indicates that re-
sidual stress modification techniques have been applied to the specimen prior to test.

q mm Load-line displacement. q equals Vin compact specimens (Figure 14).

R, MPa Ultimate tensile strength perpendicular to crack plane at the test temperature
Ry0.2 MPa 0,2 % offset yield strength perpendicular to crack plane at the test temperature
S mm Span between outer loading points in a three-point bend test
P gp p

T °C Test temperature

U ] Area under plot of force F versus crack-mouth opening displacement V, or load-line
displacement g

U, ] Elastic component of U

U, J Plastic component of U (Figure 20)

%4 mm In bend specimens, V is the crack-mouth opening displacement (CMOD); which is the
opening displacement at the notch edges (Figure 13). In compact specimens, the dpen-
ing displacement, V, is determined at the load-line. V equals g in~\compact specimens
(Figure 14).

V, mm Elastic component of IV

Ve mm Displacement measured by clip gauges mounted on knife edges ata distance z frorp the
crack -mouth. Where integral knife edges are used-V4=V (Figure 13).

v, mm Plastic component of IV

w mm Width of the test specimen

z mm For bend and straight-notch compact specimens, z is the initial distance of the cfack-
mouth opening gauge measurement pesition from the notched edge of the specimen,
either further from the crack tip [+zin\Figure 8 b)] or closer to the crack tip (-z); dr, for
a stepped-notch compact specimeryz is the initial distance of the crack-mouth opgning
gauge measurement position either beyond (+z) or before (-z) the initial load-ling.

) mm Crack-tip opening displacement (CTOD)

S.(B) mm Size sensitive fracture resistance d at the onset of unstable crack extension or ppp-in
when stable crack extension is less than 0,2 mm crack offset from the construction line
(B = specimen thigkness in mm)
S, mm 6 at the limit of 6-controlled crack extension
6; mm Fracture resisfance ¢ at initiation of stable crack extension
Sm(B) mm Size sensitive fracture resistance 6 at the first attainment of a maximum force pldteau
for fully-plastic behaviour (B = specimen thickness in mm)
O nax mm Lifmit of 5-R curve defined by this method of test
SuB) mm Size sensitive fracture resistance § at the onset of unstable crack extension or ppp-in
when the event is preceded by stable crack extension equal to or greater than 0,4 mm
offset from the construction line (B = specimen thickness in mm)
Suc(n) mm Size sensitive fracture resistance § at the onset of unstable crack extension or pgp-in
when stable crack extension Aa cannot be measured (B = specimen thickness in jnm)
I mm 6 unclassified, and uncorrected for stable crack extension
80,281 mm Size insensitive fracture resistance ¢ at 0,2 mm crack extension offset from construc-
tion line
80,281L(B) mm Size sensitive fracture resistance ¢ at 0,2 mm stable crack extension offset from con-
struction line (B = specimen thickness in mm)
My — Dimensionless function of geometry used to calculate J
v — Poisson's ratio

the text.

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

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.
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5 General requirements

5.1 General

The fracture toughness of metallic materials can be characterized in terms of either specific (single
point) values (see Clause 6), or a continuous curve relating fracture resistance to crack extension over
a limited range of crack extension (see Clause 7). The procedures and parameters used to determine
fracture toughness vary depending upon the level of plasticity realized in the test specimen during
the test. Under any given set of conditions, however, any one of the fatigue-precracked test specimen
configurations specified in this method may be used to measure any of the fracture toughness
parameters considered. In all cases tests are pprfnrmpﬂ hy npp]ying c]nvn]y inrrnncing di “placements
to the test specimen and measuring the forces and displacements realized duringithe test. The
forcgs and displacements are then used in conjunction with certain pre-test and post-test specimen
meagurements to determine the fracture toughness that characterizes the material’s rgsistance to
crack extension. Details of the test specimens and general information relevantto the determination
of all fracture parameters are given in this method. A flow-chart illustrating-the way this|method can
be uged is presented in Figure 1. Characteristic types of force versus displacement recordg obtained in
fracture toughness tests are shown in Figure 2.

© IS0 2021 - All rights reserved 5


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135:2021(E)

General
requirements

‘ Clause 5 )

Point values Parameter
type

Resistance
curves

‘ Clause 6 ) ( Clause 7 )

Linear Specimen Elastic- Continuous Paranreter r;gsi?;e;tl:g
elastic response plastic curve type of initiation

Subclause Subclause Subclause Subclause Subclauses
6.3 6.4 7.4 7.5and 7.6

6] 0,2BL ]O,ZBL

5C(B] 6”(3) ]C(B) ]“[B) R-curve plot 5

uc(B) “m(B) uc() “m(B) 0,2BL(B) ]o,ZBL()

Test report

‘ Clause 8 )

bure 1 — General flowchart showing how to use the standard method of test

Fij
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-~
3!
-~ T

a a b
FyorFe j Fyor Fe jF ochj Fu Fm

Q
Vuor qu Vuor qu
Veorqc Vecorqc Vc or gc Vi Or gm
/ / (5) (6)

X crpck-mouth opening displacement (V) or load-line displacement (g)
Y fofce (F)
NOTH 1 The classifications of F,, F,, and F,, are described in 6.3.4+and 6.4.1.

NOTHE 2 Pop-in behaviour is a function of the material toughnéss and parameters of the test setup such as the
testing machine/specimen compliance and the recorder response rate.

Key

a  Fracture.
b Pqp-in.

Figure 2 — Characteristic types.of force versus displacement records in fracturg tests

5.2 | Fracture parameters

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

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

K. i§ considered a size-insensitive measurement of fracture toughness under the abovd conditions.
Certain‘test criteria shall be met in order to qualify measurements of K.

The parameters o, /., 0, J,, 0, and J,. 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
characterize only the specimen thickness tested. The specimen thickness is thus noted in millimetre
units in parentheses appended to the parameter symbol when reporting a test result.

When stable crack extension is extensive, a 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 & ,p; and fracture toughness J; ;5 parameters, or of a continuous §- and
J-resistance curve. The values 6 g, and J; ,p, regarded as specimen size insensitive, are engineering
estimates of the onset of stable crack extension, not to be confused with the actual initiation toughness
6; and J;. Measurement of 6; and J; is described in Annex A.

Two procedures are available for determining 8, ,g; and Jj,g,. The multiple specimen procedure
requires several nominally identical specimens to be monotonically loaded, each to different amounts

© IS0 2021 - All rights reserved 7
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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
of ferritic material specimens to ensure brittle behaviour can 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 §; 5, or J, »p;, values
and 6- 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 1.

Table 1 — Fracture toughness symbols

Parameter Size insensitive quantities Size sensitive quantities Qualifying limits
9 (specific to thickness B tested) to R-curves
K
K Ic
Kjo,281
5 6c[B)
i
g 50 2L 80,28115) g, 04(Adp,y)
' Sy Ouc(By Sm(B)
] JeB)
i
] ]0 J5L ]O,ZBL(B] ]g,]g(Aamax)
' Ju(By Jue(By Jm(B)

5.4 Test specimens

5.4.1 Sperimen configuration and size

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

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

/\ Ra 0.8

ISO 12135:2021(E)

The i
and b

NOTH
NOTH
NOTH
NOTH
NOTH
a Sed

[w}
223W 22,3W = Z/ B 0,005 W
Lof') [ 7
3
N Ra .6
| L 0002w | A}

1 Integral or attachable knife edges for clip gauge attachment caitbe used (see Figures 8 and 9).

2 For starter notch and fatigue crack configuration, see Figure6:
3 1,0<sW/B<4,0(W/B=2 preferred).

4 0,45<a/W<0,70. For K. determination, 0,45 < a/W:<0,55.

5 Surface roughness Ra in micrometres.

Figures 6 to 8 and 5.4.2.3.

Figure 3 — Proportional dimmensions and tolerances for bend specimen

htersection of the crack starter notch tips with the two specimen surfacesshall be equally distant from the top
ottom edges of the specimen to within 0,005 W.
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0,6 W £0,005W

0,6 W £0,005W

0,275W 0,005 W 0,275W 0,005 W
| (L To.002W[A}—
|
1PN %
CIN ] SN JY'_'__
N e
| I
S | = ?‘;
' —
/ s 3 5
) Sl 8
| S| g A
| s| 7
|
|
| \
|
!

{1l Jo.00sw]8]

0,Jozw | 8]

The intersectjon of the crack stdrter notch tips with the two specimen surfaces shall be equally distant from t
and bottom eflges of the specimen to within 0,005 W.

NOTE 1 Intdgral or attachable knife edges for clip gauge attachment can be used (see Figures 8 and 9).

NOTE 2 For|starter notch and fatigue crack configuration, see Figure 6.

NOTE 3 0,8 g W/B=4,0 (W/B =2 preferred).

NOTE 4 0,4% £a/W<0,70. For K|, determination, 0,45 < a/W < 0,55.

\B 0,01 W

[_| [0.006w]A]

NOTES5  Ajternative pin hole diameter, ¢ 0,188 W+8'004W,

NOTE 6 Surface roughness Ra in micrometres.

a See Figures 6 to 8 and 5.4.2.3.

e top

Figure 4 — Proportional dimensions and tolerances for straight-notch compact specimen

10
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|
N v
il e B g_____
| i 5720 S N R S—
| i | O 3
| 4 %o
S] . | § E
= 2 8
mn
gl s ¢
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| =
|
|
| \
i /
i >
0,6 W £0,005 W | 0,6 W £0,005 W

I

/10,002 | A]
[ _L [0,00&)w[AF—

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

Secorpd step may net*be necessary for some clip gauges; configuration optional providing fatigue cracklstarter notch

and fatigue crack)fit within the envelope represented in Figure 6.
NOTHE 1 Integral or attachable knife edges for clip gauge attachment can be used (see Figures 8 and 9).

NOTH 2~ For starter notch and fatigue crack configuration, see Figure 6.

NOTE3—0;8=W/B=<#,0(WW/B=2preferred):
NOTE 4 0,45<a/W<0,70. For K. determination, 0,45 < a/W < 0,55.

NOTE 5 Alternative pin hole diameter, ¢ 0,188 W+8'004W. When this pin size is used, notch opening can be

increased to 0,21 W maximum.

NOTE 6 Surface roughness Ra in micrometres.

a See Figures 6 to 8.

Figure 5 — Proportional dimensions and tolerances for stepped-notch compact specimen
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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 ¢ 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., 6 and J values, although there
are special procedural requirements for J values calculated from measurements made away from the load line.
Table 2 provides guidance on specimen size for K. measurement.

Table 2 — Minimum recommended thickness for K. testing

Rp0,2 W‘BM
7
R 0,2
0,0050< _P%2Z  <0,0057 75
E
R 0,2
0,0057< _P0Z 20,0062 63
E
R 0,2
0,0062< _P%2  <0,0065 50
E
R 0,2
0,0065< _P%2  <0,0068 44
E
R 0,2
0,0068< _P%2  <0,0071 38
E
R 0,2
0,0071< _P9%2  <0,0075 32
E
R 0,2
0,0075< _P%2  <0,0080 25
E
R 0,2
0,0080< _P%2 00085 20
E
R 0,2
0,0085< _P%2%" <0,0100 13
E
R
0,010 0=/ _P0.2. 7
E

NOTE2 W
V=q =V, for
useful for thd

NOTE3  F(
is preferred,

hen crack-mouth/opening displacement V, is measured on the load line as shown in Figure
the stepped-notch compact specimen (see Figure 5). The stepped-notch specimen is thus eqg
determination of values of K.,  and J.

r both™the bend and compact configurations, a specimen width-to-thickness ratio (W/B)
but,values ranging from 1 to 4 for bend specimens and from 0,8 to 4 for compact specimer]

M b)l
ually

of 2
s are

ggacktc that o artionc oFf TN/D _ A <3ald clighsely haghoae D ~vronc dlhhoa +h o

allowed. Evider€e-s

ercesuggeststhat specimenpreportonsof W/ B=4-ieldshghtly higher Reurvesthanthe

proportions of W/B = 2.

12

esser
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Specimen preparation

5.4.2.1 Material condition

5:2021(E)

Specimens shall be machined from material in the final heat treated and/or mechanically worked
condition.

NOTE 1

In the exceptional circumstance where a material cannot be machined in its final

heat treated

condition, such final heat treatment can be carried out after machining, provided that the specimen’s required
dimensions and tolerances, shape, and surface finishes are met, and that full account is taken of the effects of
specimen dimensions on the metallurgical condition induced by certain heat treatments, for example, water

quen

NOTH
signi
e.g W
possiple, or parts with intentionally-induced residual stresses. Specimens taken from sueh product
resid
reliey
Resid
from
speci
cracK
displ
subsg
weld}

5.4.2

The

NOTH
relati

5.4.2

a)

o £ ok 1
[ITTITS OT STCTTSY

2 Residual stresses can influence the measurement of quasistatic fracture toughness: The
icant when test coupons are taken from material that characteristically embodies residual
eldments, complex shapes, such as die forgings, stepped extrusions, castings wherefull streq

hal stresses likewise themselves contain residual stress. While extraction of the/specimen in i
es and redistributes the pattern of residual stress, the remaining magnitude can affect th
ual stress is superimposed on applied stress and results in actual crack-tip-stress intensity th
that based solely on externally applied forces or displacements. Distortion during specime

front curvature or out-of-plane growth) often indicates influential residual stresses. Crack-m
hcement at zero applied force (crack closure effect) is indicative of residual stresses that g
quent fracture toughness measurement. Methods for dealing'with residual stresses in samplg
ments are described in ISO 15653.

.2 Crack plane orientation
rientation of the crack plane shall be
decided before machining,

identified in accordance with the coordinate systems in Annex B and I1SO 3785,

then recorded along with othéer specimen and material information. An example tg
provided in C.1.

Fracture toughness‘values depend on crack plane orientation and direction of crack
on to the principal djrections of mechanical working, grain flow and other anisotropy.

.3 Machinjing

.

[he specimen notch profile shall not exceed the envelope, comprising machined not
¢rack, shewn in Figure 6. The root radius of a milled notch shall not be greater than 0,1
disk-ground, or spark-eroded notches shall not have a width (at the tip) greater th

effect can be
stress fields;
s relief is not
t that contain
self partially
e test result.
ht is different
n machining,

men configuration dependence, and irregular crack extension duringfatigue precracking (sucl as excessive

outh opening
an affect the
s taken from

st report is

extension in

ch and pre-
) mm. Sawn,
hn 0,30 mm
surfaces to

(Eigure 6). The plane of the specimen notch shall be perpendicular to the specimen|

H S A o]
VICIITIT z—.
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<0,2W | |
Wi T | - |
1 |\
L LT i I
i i |11
= e E 1] 1]
| o I i
U
Y
|

a) Envelope b) Notch geometries

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

2 Machined|notch, a,,.

b Fatigue priecrack.

¢ Spark erogled or machined slit.

d  Edge of bgnd specimen or load-line of compact specimen.

Figure 6 — Acceptable fatigue crack envelope and crack starter notches (see Figures 7 and 8)
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120°
90°

|
|
|
. B

Chevron notch root radii shall not exceed 0,25 mm.

NOTH1 A=C+0,010 W.

NOTE 2 Cutter tip angle 90° maximum.

NOTHE 3 For the purposes of 8.2.2, a,, is the greater of A and C.

2 Seg Figure 6.

Figure 7 <~Chevron notch

b) $pecimen knife edges may be integralor attached. Suitable designs are shown in Figyres 8 and 9.
The dimension 2x in Figures 8 and 9 shall be within the working range of the crack-mouth opening
dlisplacement gauge, and the knife edges shall be square with the specimen surfaces pnd parallel
o each other to within 0,5°%ZFor both types, the crack-mouth opening displacement gguge shall be
free to rotate about the points of contact between the gauge and knife edge. Consequently, when
inward-pointing knife edges or stiff razor blades are used, it may be necessary to usefan enlarged
¢rack-mouth as shown/in Figures 5, 6 and 9. The use of a knife edge/clip gauge for displacement
measurement does\not preclude the use of other schemes providing they meet the r¢quirements
dnd accuracy of this method. When side grooves are used (see 5.4.2.5), it is recommended that the
gide grooving/be€ carried out after fatigue precracking.
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Dimensions in millimetres.

Bl Y
z=0 X
LN M | [n2a)
: % S5 L2 A
| ) o in L I D o
~ — | S &
| I ; >
i : ! 5
i |
i |
a —7 | |
| 1 .
| |
i |
|
|
a) Integral type b) Attached type

a See Figure p.
b 2x, see 5.4.2.3b).

¢ 2y + screw|thread diameter < W/2.

Figure 8 — Outward peinting knife edges and corresponding notch geometries
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NOTH Ifrazor blades are used instead of inward.pointing knife edges, the displacement is normally ineasured at a
point half the razor blade thickness abgve the load line (see 5.5.1).

a 2yt screw thread diameter < W/2.

b 2x|see 5.4.2.3 b).

¢ Seg Figures 6 and 7.

d Edge of bend or straight compatt, or first step of stepped-notch compact specimen.

¢ Load-line stepped compact:

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

5.4.24.4 /\ 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 %.

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 F;in accordance with 5.4.2.4.3
and 5.4.2.4.4.
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The ratio of minimum-to-maximum force in the fatigue cycle shall be in the range 0 to 0,1 except that to
expedite 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.

5.4.2.4.3 Bend specimens

For three-point bend specimens, the maximum fatigue precracking force during the final 1,3 m

m or

50 % of pre

F.=0,8:

where R, 2
the lower yi

rack extension, whichever is less, shall be the lower between Formula (1):

B(W-a, )’

is the yield strength at the test temperature or the precracking temperature, whichey
bld strength, and Formula (2):

w8, )" w (Roo2),

Ff :éE. ; . (R )
o p0,2
1( 4,) ¢

where € = 1,6 x 10~4m0%5, (Rpo,2)p and (R ,); are the yield strengths at the precracking and
temperatur¢s, respectlvely, and Eisthe mo&ulus of elasticity at’the test temperature or the precra
temperature, whichever is lower.
NOTE1 Fqr plane-sided specimens, By = B.
NOTE 2  V3lues of g(a,/W) are given in Annex D.
NOTE3  Adlditional fatigue precracking requirements are necessary when determining K, see 6.2.4.
5.4.2.4.4 (Compact specimens
For compact specimens, the maxinmum fatigue precracking force during the final 1,3 mm or 50

precrack ex

F,=0,6-

where R, 2
the lower yi

fension, whichever is(less, shall be the lower between Formula (3):

B(W-a, )’

2W+a, Po?

is the yield strength at the test temperature or the precracking temperature, whichey
eld strength, and Formula (4):

M

rer is

(2)

test
rking

% of

(3)

rer is

W-B-B, )CS p0.2/,

F.=EE-

where € = 1,6 x 10~4m05,
temperatures, respectlvely, and Eis the mo

\
)
)

(Rpo,2)p and (R

(p
&
( p0,2

o[ %)

temperature, whichever is lower.

NOTE 1
NOTE 2

NOTE 3

18

For plane-sided specimens, By = B.
Values of g,(ap/W) are given in Annex D.

Additional fatigue precracking requirements are necessary when determining Kj, see 6.2.4.

(4)

0,2)¢ are the yield strengths at the precracking and test
(Eulus of elasticity at the test temperature or the precracking
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5.4.2.5 Side grooving

Specimens for the determination of point measurements of fracture toughness (e.g. K., 6., /) may be
plane-sided or side-grooved. All specimens for R-curve testing shall be side grooved. Side grooves shall
have 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 no greater than 0,2B. Side grooving shall be performed after fatigue
precracking except for the case described in Note 2.

NOTE1  With respect to fully plastic stable crack extension, side grooving of specimens can lower and flatten
the R-curve compared to plane-sided specimens of the same nominal dimensions.

NOT
fatig

owed prior to

e precracking. After fatiguing, these side grooves are to be extended to their full depths.

Itis lecommended that side grooves with an included angle of 90° be used for austeniticste¢l specimens
becapise of the large displacements that can occur at the back face of the specimefis,-producing partial,
or complete closure of the side grooves.

5.5 | Pre-test requirements

5.5.1 Pre-test measurements

The dimensions of specimens shall conform to Figures 3 to 5.{The measurement of thickresses 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 eqtially-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:sspecimen net thickness shall be measured between
the gide grooves at a minimum of three equallysspaced positions along the crack extensign path. The
average of these three measurements shall be taken as the net section thickness By,.

The $pecimen width W shall be measured-at a minimum of three equally-spaced positionfs across the
specimen thickness on a line no furthexithan 10 % of the nominal width away from the cradk plane. The
average of these measurements shall'be taken as the width W. When straight-notch compadt specimens
are ysed, the dimension from spetinien front face to back face (i.e. 1,25 W) shall be measured.

Wheh attached knife edges are used as shown in Figure 8 b), the knife edge thickness z shall be
meagured. If razor blades~are used as knife edges, the half thickness of these shall be faken as the
dimdnsion z.

NOTH When intégral or attached knife edges are used as shown in Figures 8 a) and 9, the djmension z is
equal] to zero.

5.5.2 Crackshape/length requirements

A fatligue ‘crack shall be developed from the root of the machined notch of the specimen as follows.
For eﬂﬁhﬂ@ﬂ)ﬁ@Wﬁﬂ‘MﬁrﬁTﬂwﬂmﬁfﬂmﬂ—mﬁrﬂmﬂwﬂ%,% to 0,70,

2 0
except for K. determination, when a,/W shall be in the range of 0,45 to 0,55. The minimum 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.
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5.6.2 Force application

The combination of force sensing and recording devices shall conform to ISO 7500-1.

The test machine shall operate at a constant displacement rate.

A force mea

suring system of nominal capacity exceeding 1,2F| shall be used, where

2

e 4 B(W-a,) 5)

for bend spgcimens, and
2
B(W-a,)
0
F=—1+—"R 6
L 2W4q, ™ ©)

for compact|specimens.
5.6.3 Displacement measurement
The displagement gauge shall have an electrical output that represents crack-mouth opg¢ning
displacement V between two precisely located gauge positions spanning the crack-mouth. The dg¢sign
of the displdcement gauge (or transducer where appropriate), knife édges 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 gaugds are commercially available.
NOTE 2 TIe measurement of load-line displacement q (see5.7.1.3) is described in Annex E.
Displacement gauges for crack-mouth opening displacement and load-line displacement shall be
calibrated with reference to ISO 9513, as interpréted in relation to this method, and shall be of at|least
Class 1; howfever, calibration shall be perforified at least weekly when the gauges are in use.
More frequent verification may be required depending on use and agreement between contragtual
parties.
The verificgtion of the displacemeént gauge shall be performed at the test temperature * 5 °C, when
technically |possible, unless theé temperature of the gauge is different from the temperature of
the specimgn during the test) In this latter case, the verification of the displacement gauge shdll be
performed &t the temperature at which it is used + 5 °C. The response of the gauge shall be trpe to
+ 0,003 mmffor displacemients up to 0,3 mm, and * 1 % thereafter. When the clip gauge is well-insujated
from the sgecimen;tan ambient temperature calibration is usually adequate; however, it should be
demonstrated thatthe calibration is satisfactory for the test conditions.
5.6.4 Testfixtures

Three-point bend specimens shall be tested using a loading fixture designed to minimize friction by
allowing the rollers to move outwards during loading (see Figure 10). The roller diameters shall be
between Wand W/2.

The loading fixture bearing surfaces shall have a hardness greater than 40 HRC (400 HV) or a yield
strength of at least 1 000 MPa.
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Ra 0,8

>0,5W ‘

S=4W 1%

|
|
|
|
|
|
|
|
|
|
}
00,0 W

Roller details
Key
1 rdller

2 rybber bandof spring

3 bgsses forrubber bands or springs
Rollef pins,and specimen contact surface of loading ram have to be parallel to each other to + 0,002 W.

N OTE1=Eixture-androlerpinhardness=40-HRC
T—rhctreaRaFrorerpiaraRess=a o1

NOTE 2 Surface roughness Ra in micrometres.
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.
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For specimens showing large displacements, clevis hole dimensions shall be enlarged to the values shown in
brackets.

NOTE1 pjnp di - 0
Pin diameter =0,24 W—0,005W .

NOTE 2  Clevis and pin hardness =40 HRC.

NOTE 3  Surface roughness Ra in micrometres.

3 Loading flat. b Corners of clevis may be removed if necessary to accommodate clip gauge.

Figure 11 — Typical design of compact specimen clevis employing a flat hole
to accommodate load-pin
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Dimensions in millimetres.
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bracKets:

For speciméns showing large displacements, clevis hole dimensions shall be enlarged to the Val]les shown in

NOTE 1 pin di - 0
Pin diameter =0,24 W—O,OOSW'

NOTE 2 Clevis and pin hardness 240 HRC.

NOTE 3 Surface roughness Ra in micrometres.

3 Corners of clevis may be removed if necessary to accommodate clip gauge.

Figure 12 — Typical design of compact specimen loading clevis
with oversized circular loading pin hole

© IS0 2021 - All rights reserved 23


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135:2021(E)

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 %. The
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

The crack-tip opening displacement ¢ is evaluated from the crack-mouth opening displacemerit V. When
V'has not bgen measured directly, it can be calculated from the clip gauge measurement,V, as given in
Formula (23). The positions where Vand V, are defined are shown in Figure 13.

5.7.1.3 J-integral

Either the |oad-line displacement q or the crack-mouth opening displacement V is used for the
determinatipn of /. When V has not been measured directly, it can becalculated from the clip gauge
measuremeft V, as given in Formula (25).

NOTE Syitable methods for measuring load-line displacement diréectly or indirectly are describgd in
Annex E, and|Reference [6] gives a comparison of different methods to determine g and V.

5.7.2 Compact tension testing

5.7.2.1 Specimen and fixture alignment

The loading clevises shall be aligned to withify0,25 mm, and the specimen shall be centred on the
loading ping to within 0,75 mm with respedt t0 the clevis opening, and at the distance (z) on the front
face of straight-notch bend specimens.

5.7.2.2 Crack-tip opening displadcement

The crack-t;Lp opening displacement § is evaluated from the crack-mouth opening displacement | The
crack-mouth opening displdeement I/ is defined at the load line in both stepped-notch and strpight
notch compact specimens. (See Figure 14). Since V cannot be measured directly in straight-motch
compact spgcimen, it caitbe calculated from the clip gauge measurement V, at the notch edges as given
in Formula (27).

5.7.2.3 ]-1ntegral

The parameter/is evaluated from either crack mouth opening displacement, V, or load-line displacement,
g, which are the same for compact specimens. For tests using the stepped-notch compact specimen
shown in Figure 5 with integral or inward pointing attached knife edges (Figures 8 and 9 respectively),
the load-line displacement q equals the clip gauge measurement V,. Since g cannot be measured directly
in straight-notch compact specimen, it can be calculated from t%le clip gauge measurement V, at the

notch edges as given in Formula (27).

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
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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.

5.7.4 Recording

The force and corresponding displacement outputs shall be recorded. For analogue recording, the

initi

al slope of the force versus displacement record shall lie between 0,85 and 1,15.

NOT

by pr
force

5.7.5

Testy
load-

rate

be lo

5.7.4

The

resis

5.8

5.8.1

The 4
the griginal crack length a,, and any stable crack extension Aa that may have occurred dur

For

spec
takel

5.8.2

The

0,1

and
0,01

i Nonlinearity often occurs at the beginning of a test record. It 1s advisable to minimize thig

eliminarily loading and unloading the specimen to a force not exceeding the maximum fatigus
Fr.

Testing rates

q

shall be carried out under crack mouth-opening, load-line or crosshead-displacement
line displacement rate shall be such that, within the linear elastic region, the stress inf
s within the range 0,2 MPa m%5 s~1 and 3 MPa m®%> s-1, For each series of tests, all spe
nded at the same nominal rate.

Test analyses

analyses for point determinations of fracture toughhess are given in Clause 6, af
tance-curve determinations in Clause 7 (see Figure’l).

Post-test crack measurements

General

q

pecimen shall be broken open aftertesting, and its fracture surface examined in order t

dJome tests, it may be necéssary to mark the extent of stable crack extension before

men. Stable crack extensjon may be marked by heat tinting or by post-test fatiguing.

Initial craeK'length, q,

nitial crack length a is measured to the tip of the fatigue crack with an instrument
% or19,025 mm, whichever is greater. Nine measurements shall be made as indicated i
16-The value of g, is obtained by first averaging the two surface measurements made

nonlinearity
b precracking

control. The
ensification
rimens shall

d those for

o determine
ng the test.

opening the
Care is to be

1 to minimize post-tésfispecimen deformation. Cooling ferritic materials can help to epsure brittle
behaviour during specimen opening.

accurate to

n Figures 15
at positions

mward from the surface (nr, inthe case of Qidp-grnmmd specimens, from the cidn-gr

oove roots),

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

1 ag +619

ao—

+2a
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2GS

IV

a) Integral type knife edges

a Crack-mouth.

Figure 13 — Definitions of VV and its correspondence with Ve for three point bend specimens

ay

b) Attached type knife edges

26
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g
Ve(=V=q)
— )

N(=q)

)
dy

i |

a) Straight-notch compact specimen b) Stepped-notch compact specimen

a Cratk-mouth.
b [,oad-line.

Figure 14 — Definitions ofV, g and its correspondence with Ve in compact tension specimens
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a)|Plane sided b) Side grooved
a Measure inftial and final crack lengths at positions 1 to'9. g Initial crack front.

b Not to scald.

Reference llnes.

s}

d Crack plang.
Machined njotch.

Fatigue pregrack.

@
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8
1( a; +aqg
a==| ——=+ ) a

Figure 5= Measurement of crack lengths on bend specimen

h Stretch zone.
I Crack extension.
j Final crack front.

k Side groove.
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)
k—— K&
a) Plane sided b) Side grooved
a2 Measure the initial and final crack lengths from g Fatigue precrack.
dentreline of pinhole at positions 1 to 9.
b NWot to scale. h Initial crack front.
¢ Reference lines. I Stretch zone.
d [entreline of pinhole. J Crack extension.
e [rack plane. K Final crack front.
f Machined notch. 1 Side groove.
Figure 16 — Measurement of crack lengths on compact specimen
The Jnitial.c¥ack length a, shall conform to the following.
a) Theyratio ay/W shall be within the range 0,45 to 0,70, except for K). determination, where a,/W

b)

c)

d)

ISO 12135:2021(E)

shall be within the range U,45 10 U,55.

The difference between any one of the central seven points and the nine-point averaged value shall
not exceed 0,10 ay,

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.

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. If the fatigue precrack does not meet the
straightness requirement of b), modifications to the fatigue precracking procedure may be made in
accordance with Annex Cin ISO 15653:2018. When such modifications are made, the fracture toughness
result shall be identified with M as superscript such as KM, JM or 6M,

© IS0 2021 - All rights reserved
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5.8.3 Stable crack extension, Aa

The 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 can 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 17), 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
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Y
C
F; =
b ~
F, S
a ~
Fii—
=
/] / .
/ X
X1
| X
Q1fF CiFy Q= [F:Z(Ql +x1)] / (1*?1 - Y1) Q3 = [F3(Qy +%3)] / (le')’z)
! | |
Key
X crpck-mouth opening displacement (V) or load-line displacement{q)
Y fofrce (F)

NOTH 1 C, is the initial compliance.
NOTE 2 Q, represents Vor q.
NOTH 3 Pop-ins are exaggerated for clarity.

a  Pgp-in 1.
b Pgp-in 2.
¢ Pg¢p-in 3.

Figure 17 — Asséssment 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

This|clause.describes the determination of specific (single point) values of fracture toughngss indicated
in Figure Toand Table 1 and the force versus displacement behaviour shown in Figure 2.

Fracture toughness values shall be regarded as either

— size insensitive, corresponding to the symbols K, 6;, 6 2p1, /i, Jo 281, and K 2p1,, OF

— size sensitive, corresponding to the symbols 5.:(3 » 60,281(B), Ou(By Ouc(By OmeBy JeBy Kicsy Jo,281(8)
JuBy Juc(sy and Jin (), 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
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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 K. determination, or

b) the procedures respectively in 6.4, for § and J toughness determinations.

6.2 Determination of plane strain fracture toughness, K.

6.2.1 Gen

eral

The test re
calculated i
provisional

temperature.

For the dete

6.2.2 Inte

The slope of]
in obtaining
the test rec
that describ

As illustrate
less than th
follows:

a)
aF _

0,
F

b) when in

Mzo’(
F

NOTE 1

when in
versus |

Mzo’(

when interpreting the force, F, versus notch-opening displacement, V, record for the bend speci

ford shall be interpreted in accordance with 6.2.2, and a provisional result K, sha
h accordance with 6.2.3. Specimen size shall be checked for conformity to 6.2.4 tsin
value K, and the 0,2 % offset yield strength R, , appropriate to the specimen at it

h

rmination of K. in accordance with this document, it is recommended that.a,/W ~ 0,5.

rpretation of the test record for F,

the initial portion of the force versus displacement record shall be'evaluated as the first

rd, using data up to at least 50 % of F,,,, (see Figure 18).*An optimization procedury

ed in Reference [7] can be used to obtain the best fit slope.

d in Figure 18, a line 0F, is drawn through the intercept with the x-axis with a slope
ht of the tangent OA to the linear portion of the«record. The magnitude of AF/F shall

5

terpreting the force, F, versusload-line displacement, g, record for the bend specimen;

4

When both Vand/q are recorded for the bend specimen, only the F versus Vrecord is interp

terpretingteither the force, F, versus notch-opening displacement, V, record or the for
pad-line’displacement, g, record for the compact specimen.

5

1l be
o the
test

step

the provisional force value Fj,. This slope shall be obtained-ffom the most linear portipon of

b like

AF/F
pe as

imen;

(8)

(9)

eted.

ce, F,

(10)

F
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Key

X 1
Y fo
NOTH

F is
that

The
FQ,
recor
dired

(e

NOTH

3
<
I I1 I1
0 0 0

hck-mouth opening displacement (V) or load-line displacement (g)

rce (F)
AF/F offset slopes are exaggerated for clarity.

Figure 18 — Definition of £, (for determination of Ky

the highest force that precedes Fy shown in Figure 18 for types I and II test records,
roincides with Fy shown in Figure 18 forthe type III test record.

maximum force, F .., (see Figure i8) sustained by the specimen is recorded and the
alculated. If that ratio exceeds 1,10, K, is considered to bear an insufficient relation t
d is then interpreted in accordance with 6.3 or 6.4. If F,),,/F, is less than 1,10, K, i

tly in accordance with 6.2.3.

2 InFigure 18, the'type Il test record corresponds to a pop-in event that is classified as not

or the force

ratio, F,./
K. and the
s calculated

significant. If

the ppp-in is significant, afything after F in the test record is not relevant.
6.2.3 Calculationof K,
K, ig calculated from the following relationships using B, By and W from 5.5.1, a, from .8.2 and F,
from| 6.2.2;
K, is|cdlculated for three-point bend specimens as:
(11)

S Fy ao]
W (Bpw)* 1(W

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

NOTE1 For plane-sided specimens, By = B.

NOTE 2  The relationship for g, (a,/W) is given in Annex D.

Pay attention to the units used in calculating K, from Formula (11). If B and W are in m and F is in
MN, then K, is in MPam?5. If B and W are in mm and F is in kN, then the calculated quantity shall be
multiplied by 103/2 to give K in MPam?.>.

© ISO
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K is calculated for compact specimens as:

K fq (ao ] (12)
(BB aw)® (W

NOTE3  For plane-sided specimens, By = B.
NOTE4  The relationship for g,(a,/W) is given in Annex D.

Pay attention to the units used in calculating K, from Formula (12). If B and W are in m and F is in
MN, then K|, is in MPam?.>, If B and W are in mm and F is in kN, then the calculated quantity shall be

103/2

multiplied I y t0>togive KQ v os-

6.2.4 Qudlification of K, as K.

K, is equal to K, if all requirements of this method are met, including the following:

2
Kq
ay,B,Wla,>2,5 (13)
p0,2
and
a
0,45<—-<0,55 (14)
M/
Pay attenti(jln to the units when evaluating Formula (13). Thus K, shall be in MPam?9.5 and Ry, infMPa
for ay, B, andl (W - a,) to be in m, and
R
0,2
K; <0, KQ @ (15)
(Rpo.2),

where (R f)p and (R, ) are the 0,2 % offsetyield strengths at the precracking and test temperatures,
respectively.

If the requirfements of Formulae (13% (34) and (15), or any of the other requirements of this methof are
not satisfied, the result does not.qualify as Kj., and the test data shall be assessed in accordance|with
6.3 or 6.4 fof possible qualification’'as 6 or J values.

6.3 Determination of fracture toughness in terms of 6

6.3.1 Determination of F_and V,F,and V, or F,.and V.

Values of F gnd W 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);

b) at the earliest pop-in prior to fracture when the records are as in Figure 2, types (3) and (5), and
Figure 17(see Annex F and Reference [8]);

AF
P>— 16
7 (16)

c) atfracture, when pop-ins prior to fracture give values for which
AF
P<— 17
- (17)

AF, in this case, indicates the force drop observed at the occurrence of the pop-in.
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The quantity P in Formulae (16) and (17) is derived as (see Annex F):

P=1-

G By
F1 Qn +X,

where

(18)

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

specimens;

Whe

ins prior to and including the nth pop-in;

D, isthe elastic displacement at pop-in 1 (see Figure 17);
is the force at the nth pop-in;

is the elastic displacement at the nth pop-in;

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

is the displacement increase at the nth pop-in;

is the sequential number (see Figure 17) of the last\ef the particular series of pop
assessed.

h only one pop-in occurs, n = 1. When multiplé<pop-ins occur, it may be necessd

successive assessments of Formula (16) withn =1, 2,3, etc.
Q, nay be determined graphically or analytically (see Figure 17). Alternatively, (Q, +
obtalned by unloading the test specimen.
NOTH Fand Vare used to determine values of §, in accordance with 6.3.4.
When F corresponds to crack instability (5.8.4) after stable crack extension (5.8.3), so that
s R
Aa<0,2mm+—~ﬂ
1,87 Ry
F shdll be recorded ag-vatte F,, and V which corresponds to F, shall be recorded as value V|
Wheh F corresponds’to crack instability (5.8.4) after stable crack extension (5.8.3), so that
R
0,2
Aa>0,2mm+ P2
1,87 R
F shall-berecordedasvalue fiand Vwhich correspondstofshall be recordedasvalue 4.

is a factor representing the cumulative increase in crack size and compliance due to all pop-

-ins being

ry to make

X,) may be

(19)

(20)

When it is not possible to determine stable crack extension Aa prior to instability (see 5.8.3), Fand V

shall

be recorded as F,.and V.

6.3.2 Determination of F,, and V,

When the test record exhibits a maximum force plateau prior to fracture with no significant prior pop-
ins (see 6.3.1), value of F, 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)], and V which corresponds to F,

shall

© ISO

be recorded as value V.
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6.3.3 Determination of Vp

The plastic component of crack-mouth opening displacement V, corresponding to the crack-mouth
opening displacement V,, V,, V., or V,, (determined in 6.3.1 and 6.3.2, see Figure 19) is determined and
recorded either manually from the test record, or automatically using a computer technique.

/

Y4 F,FuorFu

c b
0 X
v, Ve
vV
Key
X crack-moyith opening displacement (V) or load-line'displacement (q)
Y force (F)

3 See Figur¢ 2.
b vy, V,or |, corresponding to F,, F, or(Fy

¢ Parallel tq OA.
Figured9 — Definition of V, (for determination of CTOD)

An analytical procedurébased on compliance relationships may also be used by which the theorgtical
elastic crack-mouth'epening displacement, V,, is deducted from total crack-mouth opening displacement,
V, as described in\G:1.

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

6.3.4 Calculation of §,

6 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 Vp from 6.3.3:

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

NOTE2  For plane-sided specimens, By = B.
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0y is calculated for the three-point bend specimen as (see Reference [9]):

2
1-v2 0,43(W-
6, - [i);”xgl[a_o] 1) |, 08Wos) 1
W )(B-By-w)™ W )| | mRyo,E | 0,43W+0,57q,

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

NOTE 3  The relationship for g, (a,/W) is given in Annex D.

6 is calculated for the compact specimen as:

2
L _ g [% (1-v2) oo 052(W-g) 22
C LBy w)® W )| [mRy,E | 0,52W+0,48, P

o

NOTE 4  The relationship for g,(a,/W) is given in Annex D.

whete V, is the plastic component of V. When attached knife edges are employed, the clip gauge output
Vg is ponverted into V, using the following relationships.

The values of m and 7 are calculated by the following formulae.

R
th=4,9-3,5-222 (23)
m
R,, Y R
1=1-1,4| 222 | 12,8/ 222 | 0,35![0,8+0,26xp]~0,019(B—25)!] (24)
Rm Rm
For Hend specimens,
0,43(W—-a, )+a
0,43(W-ay)+ay+z &
For stepped notch compact specimens,
For straight notch compact specimens,
0,52(W —a, )+a

" 0,52(Wray )+a,+0,25W+z

NOTH 5\ When Vg is measured at a position beyond the notch edge of the specimen [see Figure 8 b}, z is positive,
wher] V7is measured at a position inside the notch edge, z is negative.

NOTE 6  Derivation of V from V, in straight notch compact specimens is permitted provided that it can be
demonstrated that Vso derived is equivalent to directly measured V (=q).

6.3.5 Qualification of §, fracture toughness value

Values 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:

8. (p) for 6, calculated using values of F  and V;;

8, (py for 8, calculated using values of F; and V,;
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8yc(py for 6, calculated using values of F,,. and V,;;

Sm(py fo

r §, calculated using values of F,, and V..

For example, for §, calculated from values of F, and V, for a test specimen of thickness B = 25 mm, the

0,

c(p) fractur

e toughness shall be symbolized & ,s).

6.4 Determination of fracture toughness in terms of /

6.4.1 Determinationof F.and V_ orq.,F,andV orq,orF, andV, orq,.

Jo is calcula
procedure y

When the v{
Aa<0,2

F shall be r¢
When F cor1

Aa=0,2[mm

F shall be re|

When itis n

6.4.2 Det

When the td
ins (see 6.3.]
attainment
shall be rec

6.4.3 Det

The plastic
or crack-mo

Led in accordance with 6.4.4 using values of F and either V or q determined by the
sed to determine Fand Vin 6.3.1.

J
3,75R

i)

corded as F,, and V or g which corresponds to F_ shall be recorded'as value V, or q..

esponds to larger amounts of measured stable crack extensions, (see 5.8.3), i.e.

{5

corded as F,, and V or q which corresponds to F;shall be recorded as value V, or q,,.

J
3,75R

pt possible to determine Aa (see 5.8.3), F and-q shall be recorded as F. and V. or q.

prmination of F and g,

st record exhibits a maximum férge plateau prior to fracture with no significant prior
), the value F, shall be obtained from the test record at the point corresponding to the
pf the maximum force [see-Figure 2, test record type (6)], and g which corresponds {
rded as value q,,,.

brmination of Up

uth displacement (V,, V, or V,, ), (determined in 6.4.1 and 6.4.2) is determined and recq

directly from the test record (e.g. using a polar planimeter), or by numerical integration using comj

techniques,
(see Figure

or by acombination of the latter and an analytical procedure based on elastic compl
20)<.The plastic component is obtained by subtraction of the theoretical elastic areg

pame

llue of F corresponds to small amounts of measured stable crack extension (seé 5.8.2),[i.e.

(28)

(29)

pop-
first
oF,

rfomponent of-fhe work (U,) done up to the appropriate load-line displacement (g, q, of q,,,)

rded
buter
ance

(Ue)

from the tof]

alarea as described in G.3.

38
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Y4 £ FuiorFu?

V,orgq, Ve or qe

Vorgqg

Key
X crpck-mouth opening displacement (V) or load-line displacement (q)
Y fopce (F)

3 Sde Figure 2.
b ylv, orV,, orq,q,or q,, corresponding to FzF, or F,,,.
¢ Pgrallel to 0A.

Figure 20 — Definition of U, (for determination of J)

NOTH This determination(of; U, corresponds to F < F, (see Figure 2), and ignores the effects|of stable and
pop-in crack extension overthis range of force.

6.4.4 Calculation.of),

O

Jo is alculated from the following relationships for bend and compact specimens, using
from{5.5.1, ag.fvom 5.8.2, and the appropriate force from the test record (determined in 6
along with thie corresponding value of U, (determined in 6.4.3).

, By and W
1 or 6.4.2)

=

NOTE L~ Values of J, are not corrected for crack extension Aa.

NOTE 2  For plane-sided specimens, By = B.
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Jo is calculated for the three-point bend specimen when U, is determined from the load-line
displacement, g, as:

. a _v2 1,9U
Jo= +gl(—°] R : (30)
(B'BN) , W1,5 W E BN (W—ao)
Jo is calculated for the three-point bend specimen when U, is determined from the crack-mouth opening
displacement, V, as:

2
] E.S /ac \—| 1—y?2 — npUp (31)
0= ] 99w Il
(B{By )" WS LW JJ E By(W-q)
where S is the bending span established in 5.7.1.1 (see Figure 10), and where:
2
=3,607-2,199 % +0,437 % (32)
T’p ) ] W ] W
NOTE 3  The relationship for g, (ay/W) is given in Annex D.
Jo is calculatied for the stepped-notch compact specimen as:
F q 1—v2 U
T -
(BlBy W) \W )| E  By(W-g)
where
—2+(,522| 1-0 34

NOTE4  The relationship for g,(a,/W) is givenrin‘Annex D.
NOTES5  Fqr plane-sided specimens, By = Biin’Formula (33).

When U, if derived in straight-not¢h compact specimens, V, may be converted to q (=V) ysing
Formula (27). ], is calculated forstraight-notch compact specimens in the same way as for the stepped-
notch compact specimen usingFermula (33).

6.4.5 Qudlification offj fracture toughness value

Values of ], fracturefoughness conforming to 6.4 shall be regarded as size sensitive, and qualified only
for the thickness.fested. The tested thickness shall be noted in millimetre units in parentheseq as a
subscript to[the'symbol for the fracture toughness, as follows:

— Jo(By forJy calculated using values of F, and V. or g

— Jusy forJ, calculated using values of F and V,, or q;

— Juc(py forJy calculated using values of F,c and V. or q,;
— JmpyforJjy calculated using values of F,, and V,,, or qp,,.

For example, for J, calculated from values of F_. and g, for a test specimen of thickness B = 25 mm, the
Jo(p) fracture toughness shall be symbolized J ;5.
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7 Determination of resistance curves 6-Aa and /-Aa and initiation toughness
80,251, and J; 5, and §; 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 J with crack extension Aa.
The variation of § with crack extension Aa is geometry- and size-insensitive, and § is corrected for
stable crack extension. Methods are given for interpreting the §-Aa and J-Aa crack resistance curves in
termy

£l 3 1 1o H 3 HEPE-Y S i 1 r's N L
O ULl LIIC SIIITSICT UIIIU CITSITICCT ITT TITILIAUIVUIT TUUSIITIICTO S dl dITICLCT O U Ul .
51"V 5 5 5 P 0,2BL ¥* J0,2BL

Analysis procedures are given for determining either 6 or J from tests of multiple or single $pecimens.

7.2 | Test procedure

7.2.1 General

The 1
in ac

pecimens are loaded in accordance with 5.7 and the resulting amount of crack extensi¢n evaluated

rordance with 5.8.

NOTH Values of § and J are corrected for stable crack extension-Aa.

7.2.1 Multiple-specimen procedure

A serfies of nominally identical specimens isloaded toselected displacementlevels and the co
amounts of crack extension are determined. Eachtspecimen tested provides one point on|
J-Aa frack resistance curve (hereafter referred to-generically as the R-curve).

'responding
the §-Aa or

Six o
fract]
spec
to de

I more favourably positioned points arérequired to generate an R-curve (see 7.4) and to determine
ure toughness & ,p;, or J; ,p;, near the onset of stable crack extension (see 7.6). Loadjing the first
men to a point just past maximym+force and measuring the resulting stable crack extension helps
termine the displacement levels needed to favourably position data points in additiongl tests.

A set
eithe

of nominally identical specimens shall have the residual stress modification specifiedl in 5.8.2 on

r all or none of the speciniens.

7.2.3 Single-specimen procedure

The s
poin
are d

Usin

ingle-specimen’procedure makes use of elastic compliance or other techniques to obt
s on the resistance curve from the test of a single specimen. Single-specimen testing
escribedin Annex H.

Y a direct method, the estlmated final crack extension Aa shall be w1th1n 15 % of the mea

ain multiple
procedures

isured crack

for Aa > 0,2
(W - ag). For techniques that requ1re an a priori estlmate of the 1n1t1al crack length a for subsequent
determination of crack extension, such as the unloading-compliance technique, the estimated a, shall
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 Aa,,, as defined in 7.4.1.2. At least one
additional test shall be conducted to estimate the crack extension using the results from the first test.

The agreement between the estimated and the actual crack extension Aa shall be within 15 % or
0,15 mm, whichever is greater; otherwise, the procedure is not acceptable.
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7.2.4 Final crack front straightness

The 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
final crack length measurements shall differ from the nine-point average value by more than 0,1 a;

otherwise, t

he result is not acceptable.

7.3 Calculation of J and 6

7.3.1 Calculation of

J is calculatsg

(B

where Sis t
from g, and
from g, and

NOTE 1
% =0,1]

J is calculatd

(B-1

where 1, is
NOTE 2
NOTE3 Fd

NOTE4 Dj

specimen, bult g can be derivedfrom the notch-opening displacement (V) provided that it can be demonst]

that the g so

7.3.2 Cald

d is calculat

The relationship for g, (a,/W) is given in Annex D.

The relationship for g,(a,/W) isigiven in Annex D.

d for the three-point bend specimen as follows:

R ] 'P‘(

BN )0'5 wis ' }

he bending span established in 5.7.1.1 (see Figure 10); n, is equal to~1,9'when detern
is given by Formula (32) when determined from V; and y,, is equakt¢-0,5 when detern
s given by Formula (36) when determined from V.

%
w

TpYp

12 .
By (W-qy)

E

yp .a
W-ay)

%
w

aO 2
31+2,131| -2 |-1,465
w

d for the stepped-notch compact specimen as follows:

2
F , (a—oj 12 MU _(0,75np—1)Aa

0592

B\ w)? W E By(W-ag) W-a,

biven by Formula (34).

r plane-sided specimens, By = B in Formula (37).
rect measurement efthe load-line displacement (g) is not possible with the straight-notch cor

Herived is equivalént to the directly measured g to within 1 %. J is calculated using Formula (3

ulation.of 6

bd for'three-point bend specimen as follows (see Reference [10]):

(35)

lined
1ined

(36)

(37)

npact
rated

7).

5=

(B-By )0'5 wis ™

1—y2 (1—rp)Aa+rpBN

meo,zE (1—rp )Aa+rpBN +a,+z

F-S 9

w

.Vp

f]

where m is defined in Formula (39) and I is defined in Formula (40).

m=4,9—

42

p0,2

R
3,5
R

m

|

(38)

(39)
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where

q
R, =-0,62| - 140,76
w

ag
R2 =0,61| — |-0,22
w

¢ is dalculated the stepped-notch compact specimen as follows:

NOTE 1  The relationship for g,(a,/W) is given in Annex D.
NOTE 2  For plane-sided specimens, By = B in Formula (43).

NOTHE 3  Direct measurement of the load-line displacement q is ngt'possible with the straight-n

speci
the q

7.4

The |
inta
may

y—| — A . + .
1 (B.BN.W)O,SQZ{WJ 2R 0 ,E  0,54(ay+Aa)+0,46W+z P

(40)

(41)

(42)

F a, 1—y2 0,54Aa+0,46(W -a,)

Imen, but g can be derived from the notch-opening displacemefif VV'provided that it can be demo
so derived is equivalent to the directly measured g to withiind %. d is calculated using Formul

R-curve plot

hoints of 6 or J versus crack extension Aa form*the R-curve (e.g. Figure H.1). The data
bular form or as a plotted graph. A formulaimay be fitted to the graph for analysis, or t
be used for analysis.

(43)

btch compact
nstrated that

A (43).

nay be used
he plot itself
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7.4.1 Plot construction

7.4.1.1 A plot of fracture resistance § or J versus crack extension Aa is constructed from the data

obtained in 7.2 and 7.3 (see Figure 21).
Y

Ad max

Key
X crack extension (Aa) in millimetres
Y fracture r¢sistance (6)or (J)

x testdata

At least six dqta points are required. Each crack sector shall contain at least one data point. If a formula is reqpired,

the offset power law of 7.4.2.2 shall be'used.
a  Constructfon line.

b Fitted curye.

¢ Exclusion [lines.

d  Crack sector.

Figure 21 — Data spacing for R-curve determination-

7.4.1.2 For each specimen tested, Aa,,,, is calculated from:

Aa_.. =0,25(W-a,), for both & andJ

(44)
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7.4.1.3 A construction line is drawn on the plot described in 7.4.1.1 using either:

R
5=1,87-—".Aq (45)
p0,2
or
J=3,75R_-Aa (46)

where R, and R, , are determined at the temperature of the test.

NOTH Formula (45) is derived from Formula (46) by assuming that the & constructien|line can be

J
2R .,

approximated by 6=

7.4.1.4 The valid crack-extension limit exclusion line is drawn parallel to the constructign line at an
offset equal to the value of Aa,, ., calculated in 7.4.1.2 (see Figure 21).

7.4.1.5 Another valid crack-extension exclusion line is drawn parallélfo the constructign line at an
offsef of 0,10 mm (see Figure 21).

7.4.1.6 Tests terminating in unstable fracture shall be reported as such and, if the amount of stable
crack extension to fracture can be measured on the fracture.stirface, that datum point is indluded in the
R-curve plot. Unstable fracture data points shall be clearly marked on the R-curve plot and appropriately
notedl in the test report (see Annex C).

NOTH The point of unstable failure can depend on specimen size and geometry.
7.4.21 Data spacing and curve fitting
7.4.2.1 A minimum of six data points'shall be used to define the R-curve.

7.4.4.2 When a formula is to hefitted to the R-curve, at least one datum point shall reside in each of
the fpur equal crack-extension(régions (crack sectors) shown in Figure 21. The curve shall be best-fitted
throygh the data points lying between the 0,1 mm and Aa,,,, exclusion lines (see Figure 2|1) using the

powe¢r-law Formula (47):

¢ (or))=a+Baa) (47)

whette ¢ and\$20,and 0 <y < 1.

NOTH 1 £ A method for evaluating the constants «, f and y is given in Annex I.

If a ot /} tstessthatrzerofromthetinearized Cgt esstonofAnnex }, thentheresuttis uuaweptable and
the fitted formula is not representative of the R-curve. In such cases, additional tests or the use of a
single-specimen test 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 (Sg or]g; see Figure 22.
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7.5 Qualification of resistance curves
7.5.1 Qualification of /-Aa resistance curves

7.5.1.1 ] .. is calculated for each specimen as the smallest of:

R +R
_ p0,2 m
]max —D- 20 (48)
R +R
]max =ay- DO';O = (49)
R +R
]max:(M/_ao ) pRZ_m (50)

20

7.5.1.2 Ar] exclusion line is constructed to the J-Aa data at the minimum J . ~alue calculated gbove

(see Figure 22).

7.5.1.3 ] 4t the intersection of the best-fit curve with either the J _ <or7Aa

[from Formula [44)]

max

exclusion line defines J, (see Figure 22). ], shall be the upper limit to j-controlled crack extension

behaviour fqr the test specimen size used.
7.5.2 Qualification of 6—Aa resistance curves

7.5.2.1 6|, is calculated for each specimen as the smaljest of:

B
amax zig
0
5max :_g
W -a
0
6max =] 15

(51)

(52)

(53)

46
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7.5.2.2 An exclusion line is constructed on the §-Aa data at the minimum 6§, value calculated from
7.5.2.1 (see Figure 22).

Y |
T I
/ /
/ /
/ Omax OF ]max //
// X 'I/
/ X - X /\
// X '//
// X / [ bg0r],
/ a /
/ /
/ /
/ /
/ /
/ /
/ /
/ /
)/ //
)
/
/
/
/
/
/
/
/
/ -
A max X
Key

X crpck extension (Aa) in millimetres
Y fracture resistance (6)or (J)

x teptdata

NOTH If the R-curve intersects the &, 0 /i, limit within the Aa,,, limit, then 6, or J, equals 6,5, QT [y

a  Fifted curve.

Figure'22 — Qualification limits and definitions of J, or 6,

7.5.2.3 6 at thédntersection of the best-fit curve with either the 6,,,, or Aa,, ., [from Fqrmula (44)]
exclysion lines\defines &, (see Figure 22). 6, shall be the upper limit to 6-controlled cra¢k extension
behayiour ferthe test specimen size used.

7.6 | Betermination and qualification of J, ,5; and 6, 5p;.

7.6.1 Determination of /, ;5

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 23). The best-fit curve [Formula (47)]
shall pass through a minimum of six J-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 23. The intersection of the best-fit curve with the offset line defines J; ,p .

7.6.1.3 If ], exceeds J,, (determined in 7.5.1.1), then it does not qualify.
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line fails to meet the following criterion:

3,75Rm >[2[

4

d ﬂo,ZBL

a

then the J; 5|, determined in 7.6.1.2 does not qualify.

7.6.1.5

If Jy o), conforms to

7.6, as well as 8.8 7.6.1.2 is considered

, then Jj 55, determined in

If the slope (d//da) ,p,, of the J-Aa curve at its intersection with the 0,2 mm offset construction

(54)

size-

insensitive. If not, the value shall be reported as size-sensitive J, 55/ (), Where Bis the specimen thickness.

7.6.1.6 In
K, results, a
be evaluated

K0 ,28LF

7.6.2 Det

7.6.2.1 TH
datum point
points lie be
shall pass th

7.6.2.2 A
Figure 23. T

7.6.2.3 If

7.6.2.4 If{
line fails to 1

R

1,87-—

p

then the §) ;

cases when the application is predominantly elastic but the specimen tests do not yield
value of linear elastic, plane strain fracture toughness at the onset of stable crack growt
from:

E Jo 281
1-v2

prmination of 5, ,p;.

e R-curve is plotted and fitted in accordance with 7.4, but,with the requirement tha

lie between the 0,10 mm and 0,30 mm crack extensien“offset lines and at least two
fween the 0,10 mm and 0,50 mm offsetlines (see Figure 23). The best-fit curve [Formula
rough a minimum of six 6—Aa data points.

ine is drawn parallel to the construction line:at 0,2 mm crack extension offset as shoy
he intersection of the best-fit curve with the 9,2 mm offset line defines 6, ,p -

Do 2p1, €xceeds O,

(see 7.5.2.1), then-itdoes not qualify.

he slope (d6/da) ,p,, of the §zAa curve at its intersection with the 0,2 mm offset constru
heet the following criterion:
a5

i

gL, determinediin 7.6.2.2 does not qualify.

m

0,2 a

valid
h can

(55)

L one
data

(46)]

vn in

ction

(56)

48
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, then & ,p;, determined in

ISO 12135:2021(E)

7.6.2.2 is considered size-

insensitive. If not, the value shall be reported as size-sensitive & 55 5 Where Bis the specimen thickness.

Y |

Key
X cr
Y fr
x te
At led
Cd
At
At
R

hck extension (Aa) in millimetres

hcture resistance (§)or ()
5t data

st six data points are required.

a nstruction line.

b least one point.

¢ least two points.

gion of data dispersion in accordance with Figure 21.

Figure 23 — Data spacing for J ;5 Or 6 5],

7.7 | Détermination of initiation toughness J; and 6; by scanning electron micro

scopy

(SEM)

Values of initiation toughness J; and §; may be determined from stretch zone width (SZW) measurements

by the procedure given in Annex A. It is essential that the scanning electron microscope
experienced in the interpretation of SEM fractographs. If the SZW cannot be distinguished
crack extension, then neither J; nor §; can be determined.

8 Testreport

8.1 Organization

operator be
from stable

The test report shall make reference to this document, and shall be comprised of seven parts (see 8.2 to
8.8). Details regarding the 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 Speci
See C.1.

men, material and test environment

8.2.1 Specimen description

identification;

type;
crack-pl

location

8.2.2 Spe
— thickne
width Y

— initial r
8.2.3
compos
product

tensile J

tensile J

8.24 Add
— force sp

knife ed

8.2.5 Tes{

temper:

— loading

ane orientation;

within product form.

cimen dimensions
sses B and By (mm);
/ (mm);

plative crack length, a,/W.

Material description

ition and standardized designation code;
form (plate, forging, casting, etc.) and condition;
broperties at precracking temperature, referenced or measured;

properties at the test temperatufe,referenced, or measured.

itional dimensions
an S (mm);

ge “stand-off” z (see’5.5.1).

F environment
ture (2C);

displacement rate (mm/min);

— type of displacement control.

8.2.6 Fati

K; (MPa
F; (KN);

50

gue precracking conditions

mo0.5);

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. Crack length measurements

Meagurements shall be made at nine evenly-spaced locations across the specimen thi¢knéss as shown
in Figures 15 and 16. The following values shall be reported:

— the initial machined notch length (a,,);

— the initial crack length to the fatigued notch tip (a);
— the fatigue precrack length (a, - a,,));

— the final crack length (a;);

— the average crack extension (Aa = a; - a).

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

— grecord of the occurrence of unstable crack-extension such as cleavage.

8.3.4 Pop-in

— (quantities F, x, y and Q for each pep-in from the force versus displacement record;
— the number of significant pdp=ins;

— the location of first significant pop-in and information indicated in Table C.2.
8.3.3 Resistance curves

— include data ferresistance curves from single-specimen tests in Table C.3.

8.3.4 CheckKlist for data qualification

The 1iata 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) theaverage initial crack length a is within the range 0,45 Wto 0,7 W, or within the range 0,45 Wto
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 the purposes of
manual record analysis);

k) for a single-specimen direct crack length measurement method used to estimate crack extension,
the findl estimated crack extension is within 15 % of the nine-point average measured ¢rack
extension, or 0,15 mm, whichever is greater, up to a crack extension of 0,2(W-a,), and-to wjithin
0,03(WHay) thereafter;

1) the estijnated initial a,/W from single-specimen tests is within 2 % of the measurnedinitial a,f W;

m) for a single-specimen indirect crack length prediction, the first specimen tested defineg the
correlation between the experimental output and the measured crack extension and in subsequent
tests the final crack extension is predicted, using the correlation from, the/first test, to be wjithin
15 % of|the nine point average of measured final crack extension or 0,15'mm, whichever is greater,
to a cragk extension of 0,2(W-a) and to within 0,03(W-a,) thereaftér;

n) the datd number and spacing requirements of 7.4.2 and 7.6.1 are'satisfied for 6-Aa curve and ¢ 5,
determijnations;

0) the dat3 number and spacing requirements of 7.4.2 and\7:6.2 are satisfied for J-Aa curve and J 5,
determinations.

8.4 Qualijfication of K.

The following requirements shall be met for K, {¢alculated in accordance with 6.2.3) to qualify as K. in

accordance with this method and are to be neperted in the suggested format of C.4:

a) all requjrements of 8.3, including 0,45.W < a,, < 0,55 W, are satisfied;

Ky

b) 2,5 —f— | <ay;
R
p0,2
K, 2

9 25—~ | <B;
Rob2
K, ’

d) 25| A EW-ay;
R
pQ2

F
e) —2<1,10, where F__
fq
8.5 Qualification of 5. (5), 6, Oyc(p) OF O (p)

« is the maximum force sustained by the specimen.

The single point value of size-sensitive CTOD is qualified based on the criteria given in 6.3.5, using
the classifications of the force and displacement in Figure 2, and the amount of measured stable
crack extension Aa given in 6.4.1. The thickness shall be noted in millimetre units in parentheses as
a subscript to the symbol for the fracture toughness. For example, for CTOD calculated from values of
F.and V, for a test specimen of thickness B = 25 mm, the 6 5) fracture toughness shall be symbolized

8¢ (25)-
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8.6 Qualification of /), /5y Juc(s) OF Jm(p)

The single point value of size-sensitive J is qualified based on the criteria given in 6.4.5, using the
classifications of the force and displacement in Figure 2, and the amount of measured stable crack
extension Aa given in 6.4.1. The thickness shall be noted in millimetre units in parentheses as a
subscript to the symbol for the fracture toughness. For example, for J calculated from values of F.and V,
for a test specimen of thickness B = 25 mm, the ] () fracture toughness shall be symbolized /. ;5.

8.7 Qualification of the 6-R Curve

The 6-R curve of this method is the power law regression line fit to the data of 7.4.2. The following
requjrements 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 data are qualified in accordance with 8.3;

b)  the limit of applicability of the 6-R curve is set by 6, as defined in 7.5.1.3.

8.8 | Qualification of the J-R Curve

The J-R curve of this method is the power law regression line fit®o the data of 7.4.2. The following
requfrements shall be met in defining that portion of the offset\rfegression 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 byJ,as defined in 7.5.1.3.

8.9 | Qualification of 6 ;5 ) as ;.

If the following requirements are not met for 0 ,p;, calculated according to 7.6.1, it shall be|qualified as
size-fependent and denominated & ,p;(gyin accordance with this method:

a) 4ll requirements of 8.3 are satisfied;

b) the slope d6/da of the powgenlaw regression line, evaluated at the 0,2 mm offset construyction line, is
gmaller than 0,935 (R,/Ryp 2);
c 5 60,28L <ay;
d) [5 50,ZBL <B;

e) 156y ,p,W—aq,.

8.1Q Qualification of ], ;5 5) as Jj 2p],

If the—foltowing TequiTenments—are ot et for f; 55 catcutated i accordance withr 7.6:Z, it shall be
qualified as size-dependent and denominated J; ,p; () in accordance with this method:

a) all requirements of 8.3 are satisfied;

b) the slope dJ/da of the power law regression line, evaluated at the 0,2 mm offset construction line, is
smaller than 1,875 R ;

J

0 20— <4 ;
Ro02+Rn
J

d) 20228 <p,
Ry02+Rm
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e) 20
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Annex A
(informative)

Determination of §; and J;

General

letermination of §; and J; requires the use of a scanning electron microscope

[12]). A large scatter in the values of §; and J; is inherent in the method due to th
interjpretation and measurement of the stretch zone width. To minimize sca it is suggested that

only
this

be d¢termined.

A2

procedure. If the stretch zone cannot be distinguished from ductile C@
©

$\

Critical stretch zone width (SZW) measureme&

@3 to measure
the dtretch zone width (SZW) on the fracture surfaces of failed specimens (see Rjé enges [11] and

jective nature of

personnel with extensive experience in the interpretation of SEM fra{;\(}graphs be employed for
xtension, 6; and J; cannot

A.2.1 The local critical stretch zone width SZW,L is asured at the nine positions shown in
Figures 15 and 16 using calibrated photographs taken in M. An example of SEM photogrdph is shown

in Figure A.1.

o o

o

St

8194,99 M1858..

Fracture.

End of stretch zone.

art 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

visib

© ISO

le in a single field of view (see Figure A.2).
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B orBy

\_/—\/

b
X
X
d .

NS

Ad gy

D g
| | | | | | | | |
| ! ! ! ! ! ! ! |
i=1 i=k
1 k
Adgzy |, K ZAGSZW,i
-
a  Fatigue precrack. ¢ Beginning of stretch zone.
b Stretch zone. f End of stretch zone.
¢ Stable crack extension. g€ SEM photograph.
d  Image plane parallel to fatigue surface. h Crack plane.

Figure A.2 — Determination of Aagyy
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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‘Lzzz‘AaSZW‘i for k=5 (A1)
i=1

A.2.2 The critical stretch zone width is established as the average of nine local measurements; thus,

9
1
Adgzyy =3 ZAGSZW,L (A.2)
=T

A.2.3 The crack extension Aa measured in accordance with 5.8.3 shall be greater than (Ads,y + 0,2 mm).
Data|points failing to conform to this requirement shall not be used to establish the mean crjtical stretch
zone|width Aagyyy. A minimum of three data points shall be obtained to establish Aagyy,; thus

)

J
N g =1_ ZAGSZW,N provided that j>3. (A.3)
N=1

I

A.3 | Determination of §;

A.3.1 The critical stretch zone width Aagy,y shall be superimposed on a plot of §-Aa data [obtained in
accordance with 7.4.1 and 5.8.3) as shown in Figure A.3,
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Dimensions in millimetres
jor Jj
Y |

X
Ad g 0,2

Key

X Crack extension (Aa)

Y  Fracturgresistance (6)or ()

® 6-Aaon/-Aadata

O  wvalid strptch zone width data
© invalid sfretch zone width data

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

A.3.2 A lifje shall besdrawn parallel to the §-axis through the mean of the critical stretch zone width
data Aagyyy s illustratéd in Figure A.3. Using the procedure described in 7.4.2.2, a best-fit curve shall be
fitted through all $=Aa data that exceed Aagyy,. The intercept of the best-fit curve with the drawn pafallel

line defines Py

A.3.3 Aline shall be drawn from the origin through 6; (see Figure A.3). At least one §-Aa datum point
shall reside within 0,2 mm of this line. If §; exceeds 6,,, determined in accordance with 7.5.1.1, 6; is not
qualified in accordance with this method.

A.3.4 The slope of the 6-Aa plot shall be evaluated at the intersection point (6;) using the formula
determined in Annex I. If the slope of the line constructed in A.3.2 is such that

(o))

6, is qualified in accordance with this method.
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A.4 Determination of J;

A.4.1 The critical stretch zone width Aagyy; 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.4.2 A line shall be drawn parallel to the J-axis through the mean of the critical stretch zone width
data Aagyyy 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 Aagyy,. The intercept of the best-fit curve with the drawn parallel
line defines J,.

A.4.3 Aline shall be drawn from the origin through J; (Figure A.3). At least one J-Aa daturp point shall
reside within 0,2 mm of this line. If J; exceeds J ., determined in accordance with 7.5.2.1,7]is hot qualified
in acfordance with this method.

A.4.4 The slope of the J-Aa shall be evaluated at the intersection point (/;) using thie formulag determined
in Arjnex [. If the slope of the line constructed in A.4.2 is such that

G\ 5o Y
da ), \da }

J; is dualified in accordance with this method.
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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) pregceding 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 mejtals, the letter X shall always denote the direction of principal deformation (maximim
flow), Z the direction of least deformation, and Y the direction normal to the X-Z plane. Ifthe specimen
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

directions

b)]. If there

is no grain flow direction (as in a casting), reference axes may be arbitrarily assigne

shall be cledrly identified.

60
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a) Basic identification b) Non-basic identification

c) Radial grain‘'flew, axial working direction = d) Axial grain flow, radial working|direction

a  Gpain flow:

I n41 n = 1 L | Py o -
rguicT b. I — I'l4ditul T pidiitc IUucIiiiiitativil
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Annex C
(informative)
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
Specimen identifier: Operator: Date:
Specimen |
Type (compact/bend)
Identificatign number  ____
Orientationf
Location within product  ______________
Material
Material degignation ~ ____ (¢
Material forjn/condition ~ _. ‘.~
Specimen dimensions
B = (mm)
By = (mm)
w = (mm)
ay/W (nomipah =
Additional dimensions
Bend span: S=___ (mm)
Knife edge stand-off Z=_____ (mm)
62

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135:2021(E)

Tensile properties — Fatigue precracking temperature

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

E (modulus of elasticity) = (GPa)
v (Poisson's ratio) S
Ry, (tensile yield strength) = (MPa)
R, (4ltimate tensile strength) = (MPa)
Tengdile properties — Test temperature
Temperature = (°C)

Referenced (R) Measured (M)
E (mpdulus of elasticity) = (GPa) &
v (Pdisson's ratio) NS
Ry,7|(tensile yield strength) = MPa)
R, (yltimate tensile strength) =\ (MbPa)
Predracking
Fatigue temperature I Q)
Final K; = (MPa m?-)
Final F; R — (kN)
Final K;/E = (m0-)
Test|information
Type ofdisplacement control ~ ______ (Stroke/crack-mouth opening)
Displacementrate ________ ~ (mm/minute)
Test temperature — ____ Q)
© IS0 2021 - All rights reserved
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C.2 Data qualification

Measured crack length information

Specimen identifier

Table C.1 — Crack measurement table

Point Position Precrack length Aa
mm mm mm
T
2
3
4
5
6
7
8
9
a, Average initial crack length? (mm)
ag - apy Average fatigue precrack length? (mm)
Aa Average crack extension? (mm)
ay + Aa Average final crack length? (mm)
a See5.8.
Estimated ¢rack lengths
g est Estimated fatigue crack length (mm)
A ost Estimated final crack length (mm)
64 © IS0 2021 - All rights reserved
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Fracture surface appearance

Record occurrence of cleavage (yes/no)

Record any unusual features on the fracture surface below:

Pop-in information

Specjmen type

AF/F

Q1
Fy

G

Table C.2 — Pop-in information table

Pop-in
number, n

W

ignificant?
n Yn Qy p (y/n)

=

O [0 [ || Ut b i

Number of significant pop-ins

Number of the first significant pop-in
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C.3 Resistance curve data

Table C.3 — Resistance curve data

Specimen identifier: Date:
R-curve method:
(Single/Multiple): (Direct/Indirect): (UC/ACPD/DCPD/Other)?2
Test record information: Operator A
Event F q 1% a Aa ) ‘14‘
kN mm mm mm mm mm ﬂ,%[]m 2
V *
)
K2
N
O
S
3
X
N
O
@
S
&
]
®
~
P
Y
a2 UC=unldading compliance; ACPD F}l’e\e,rnating current potential drop; DCPD = direct current potential drop.
o
C.4 Qualffication o&@ as K,
Fmax & (kN)
Rooz c:)g?‘ - (MPa)
Fqy = RN}
Kq = (MPa m%5)
aq - (mm)
B = (mm)
W-a, = (mm)
Ky Y
= (m)

66
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Ky Y
b) 2,5 <ay;
RpO,Z
2
K,
0 25— |<B;
np0,2
Ky Y
d 25 <W-ay;
R
p0,2
F
e) (£2<1,10, where F,,, is the maximum force sustained by the specimen!
fo
R
0,2
f) K <0,6K, -M(W—ao)
(Rpo.2),
If alljrequirements are met: K. = (MP4.in?.5).
C.5 | Qualification of 6.(g), 8,,(5) Ouc(p) OF Oy
ap = (mm)
B = (mm)
8o = (mm)
Stable crack extension, Aa = (mm)
Clasgification of F, and V or g.as.given in Figure 2
Clasgification of single point CTOD
C.6 | Qualification of /. p), /;,(5) Juc(B) OF Jm(5)
ap = (mm)
B = (mm)
Jo = (M]/m?)
Stable crack extension, Aa = (mm)

Classification of F, and V or q as given in Figure 2

Classification of single point J

© ISO

2021 - All rights reserved

67


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135

:2021(E)

C.7 Qualification of 6-R curve

ay
B

W_a()

(mm)

(mm)

(mm)

Coefficients

0,

m
Aa,,, = 0,29

8, (intersect
set by &

max’

Measured fi
(If using a si

Estimated f}
(If using a si

Percentage
Requiremen
a) the datg
b) the limi

If all requirg

ax = smallest of: B

of power law fit to data 6 = a + 8 (Aa)":

a W —-a
, 9 or 0
15 15 15

(W=-ay)

ion of power law curve and limits
Aa,,., bounds)

nal crack extension
ngle specimen method)

nal crack extension
ngle specimen method)

error in final crack length prediction

ts (see 8.5):

shall be qualified insaccordance with 8.3;
t of applicability)of the 6-R curve is set by &,,.

ments are met, this power law represents a 6-R curve to §, in accordance with this me

ification of /-R curve

(mm)

(mm)

(mm)

(mm)

(mm)

(%)

C.8 Qual
o

B

W - a,

Coefficients of power law fit to data J = a + § (Aa)":

68

1
E]
2

1
£l
g

1
El
g

thod.
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R 2+Rm R 2+Rm R 2+Rm

= . 0, 0, 0, = 2

]max smallest of: ao p ) B p or (W_ao)—p —————————————— (M]/m )
20 20 20

Aamax = OJZS(W_ ao) - (mm)
J, (intersection of power law curve and limits set by /..., Aay,,, bounds) = (MJ/m?2)
Measured final crack extension (if single-specimen method) = (mm)
Estirpatedfinatlerackextension{fif single-specimenmetheody = [mm]
Percentage error in final crack length prediction = [%]

Reqyirements (see 8.6):
a) the data shall be qualified in accordance with 8.3;
b) the limit of applicability of the J-R curve is set by J,.

If allirequirements are met, this power law represents a J-R curve tojgin accordance with this method.

C.9 | Qualification of 6 ;p;,(5) as 6 2p,

Rpo,2 = (MEa)
R, = (Mfpa)
8q0,2pL = (mm)
156qp,28L = (mpm)
dé/dp in Aa =

W-aq, = (mm)
Meagured final crack extension (if single-specimen method) = (mm)
Estimated final crack-exténsion (if single-specimen method) = (mym)

Numper specimefis-ised, data points (if single-specimen method)

Coefficiénts of power law fit to data § = a + § (Aa)?: a=

Requirements (see 7.6.1):
a) the data shall be qualified in accordance with 8.3;

b) the slope dd/da of the power law regression line evaluated at the 0,2 mm offset construction line,
shall be less than 0,935 (R, /R, 2);

c) 156, ,p.<ay;
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d) 158, 5 <B:

e) 159,

If all requirements are met: & ,p, =

0,2BL —

<W—a0.

C.10 Qualification of J 5, as J 21,

do = (mm)
B - (llllll)
W-a, = (mmy)
Ryo,2 = (MPa)
R, = (MPa)
Jqo,28L = (MJ/m?2)
RpO,Z Ry = (MPa)
2
dj/da in Aa = (MPa)
J,
20—202BL | = (mm)
Rp0,2 +Rr1
Measured fipal crack extension (if single-specimen method) = (mm)
Estimated fjnal crack extension (if single-specimen‘method) = (mm)

Number spé

cimens used, data points (if single-specimen method)

Coefficients|of power law fit to datay = o + § (Aa)": a=______________
p=_
)
Requiremerlts (see 76:2):
a) the datg shall’be qualified in accordance with 8.3;
b) the slopeof the power law regression line d}llldn, evaluated at the 0 2 mm offset constructio
shall be less than 1,875 R ;;
J,
C) 20 0,2BL <ay;
Rp0,2 +R
J
d) 20—22BL_ p.
RpO,Z +R
J
e 20— _<w_q.
RpO,Z +R

If all requirements are met: J 5p1, =

70
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Annex D
(informative)

Stress intensity factor coefficients and compliance relationships

D.1

Stress intensity factor coefficients

D.1.

For t
[13].

NOTH

D.1.

For a

NOTH

I Three-point bend specimens

hree-point bend specimens, the stress intensity factor coefficient g,(a,/W)s, given j

0,5 2
a a a a a
3| 0 1,99 - 91 - % 215 -3,93-2 427/ 2
[%] w w w w W
1 —_— =

w 1,5

a a
201 +22 11 - 29
w w

To facilitate the calculation of K, values of g, (a,/W) are.given in Table D.1 for specific val

P Compact specimens

ompact specimens, the stress intensity factor-coefficient g,(a,/W) is given in Refereng

ay ay ay ¢ ay i ay ¥
2+— 0,886 + 4,64— — 13,32 — | + 14,72 — | — 5,6 —
[ao ] w w w w w
2 —

w N
1- 20
w

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

n Reference

(D.1)

ues of a,/W.

e [13].

(D.2)

ues of ay/W.
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Table D.1 — Values of g,(a,/W) for three-point bend specimens

ay/W 91(ag/W) ao/W 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 3,70
0475 246 8,666 377
0,480 2,50 0,605 3,85
0,485 2,54 0,610 392
0490 2,58 0,615 4,00
0,495 2,62 0,620 4,08
0,500 2,66 0,625 4,16
0,505 2,70 0,630 4,25
04510 2,75 0,635 4,34
0)515 2,79 0,640 4,43
0,520 2,84 0,645 4,53
0)525 2,89 0,650 4,63
0,530 2,94 0,655 4,73
0535 2,99 0,660 4,84
0,540 3,04 0,665 495
0[545 3,09 0,670 5,06
0,550 3,14 0,675 5,18
0,555 3,20 0,680 5,30
0,560 3,25 0,685 543
0[565 3,31 0,690 5,57
0)570 3,37 0,695 571
0,700 5,85

72
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Table D.2 — Values of g,(a,/W) for compact specimens

ag/W 92(ao/W) ao/W 9a(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
8475 8,96 8:669 13:65
0,480 9,09 0,605 1393
0,485 9,23 0,610 14,21
0,490 9,37 0,615 14,30
0,495 9,51 0,620 14,30
0,500 9,66 0,625 15,11
0,505 9,81 0,630 15,44
0,510 9,96 0,685 15,17
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 17,35
0,535 10,80 0,660 17,45
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
0,560 11,77 0,685 1994
0,565 11,98 0,690 20,45
0,570 12,20 0,695 2099

0,700 21,35

D.2 | Elastic compliance relationship

D.2.1—Three-puint bend specimrens instrumrented for mreasurement of force Fversus
crack-mouth opening displacement V,,

For three-point bend specimens instrumented for measurement of force F versus crack-mouth opening
displacement V);;, the elastic compliance V), /F is given in Reference [14].

V... S(1-v?
ﬂ:g.gg a (D.3)
F EB.W W
where
2
(B-By)
_ N/ .
p=p- ), (0.4
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D.2.2 Compact specimens instrumented for measurement of F versus crack-mouth
opening displacement V),

(D.5)

For compact specimens instrumented for measurement of F versus crack-mouth opening displacement
Vg, the elastic compliance Vy,/F is given in Reference [15].

VMZ
F

=

where B, is

g

D.2.3 Thrn
displacem

a

w

For three-p
the elasticc

9e1 _k
F  E

where B, is

e
B 9y

(i)

biven in Formula (D.4) and

2
158 01214121 % 0159 L | 147
w w

3] Y

a

w

: (3

ee-point bend specimens instrumented for measurément of F versus load-
ent de1

int bend specimens instrumented for measurementef F versus load-line displacemen
bmpliance q,,/F is given in Reference [16].

] o)

biven in Formula (D.4) and

) o)
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D.2.4 Compact specimens instrumented for measurement of F versus load-line

(D.6)

(D.7)

line

t de1

(D.8)

(D.8)

(D.9)

displacemgent g,
For compact specimens instrumented for measurement of F versus load-line displacement q.} the
elastic compliaficé q,,/F is the same to Formula (D.7).
qe2 1—V4 a
tez _ .q,| — D.10
FEB, MW (.10)

where B, is given by Formula (D.4).
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Annex E
(informative)

Measurement of load-line displacement g in the
three-point bend test

od—tor—determinming K —value —a
urement of load-line displacement q; howeve

line displacement for the three-point bend specimen (see Reference [10]). The diff
Fating the true load-line displacement of the specimen from elastic-plastic displaceme

measurements of machine ram or crosshead displacement, or relative displacements

nsions of the specimen, loading fixtures and testing machine.

)«

n schematically in Figure E.1.
F/2

F/2

r, it is difficult to obtain direct meas

formation of the specimen under the three points of loading and elastic displacen
loading fixtures and testing machine components. These extraneous displacements are

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 Referen|
eby vertical displacement of the bar is measured relative to the crack-tip, or crag

35:2021(E)

A), requires
irements of
culty lies in
1t attributed
hents in the
additive, so
between the
tent of such
hte, and the

i
1

ovement of
lacement of
d points. In
ce [17]) bar
k-mouth, as

Key

1 comparator bar

2 pin

Figure E.1 — Principle of the “comparator” bar measurement
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NOTE1 Measurements made relative to the crack-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 0,14, which corresponds to a total notch opening

angle 0 of 8°.

An alternative device (see Reference [18]) 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 q values up to 0,14 W.

be
{/

il

\l

|
4

|

|

|

|
_(-—-_!--

———
N~

7N 70N
T ST
N N4
Key
1 flex bar

2 strain gauges

Figure E.2 — Diagram of three-pointbend static test arrangement showing details of flex bar
and specimen supports
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a) (rosshead displacement, A b) Elastic plastic indentation of c) Elastic plastic indentation of
specimen and,compression of specimen and compression of
central roller and anvil, A; outer roller and apvils, A,

a  Reference faces.

Figure E.3 — Displacements associated with three-point bend specimens

© IS0 2021 - All rights reserved 77


https://standardsiso.com/api/?name=71c8e7f34f9a58df27641f8e04b97075

ISO 12135:2021(E)

(A1+Ay)

Key
1 unnotched specimen
a  Reference|faces.

Figpre E.4 — Simultaneous determination of extraneous displacements (A; + A,)

For tests tefminating at or before maximum force, indirect'measurements of load-line displacement
may be made by

a) measur|ng extraneous displacements separately, and then subtracting them from total ma¢hine
crosshepd displacement. Thus, referring to\Eigure E.3, load-line displacement g at any forcg F is
q = A -|A; - A,. The extraneous displacement A; + A, is measured with the loading points glose
togethef as shown in Figure E.4, and

b) loading|an unnotched specimen of‘the same geometry, size and material as the precracked test
specimgn, to determine systemComipliance from remote load-line displacement measurementgover
the ranpe of forces anticipated-in the fracture test. Unnotched specimen compliance, calcujated
using elpstic beam formulde;is subtracted from the remote load-line compliance to yield machine/
fixture rompliance. Thefmachine/fixture compliance is, in turn, subtracted from the remote |oad-
line compliance for the/subsequent fracture test to obtain the fracture test load-line compljance
q/F, and hence load-line displacement.

The indirect metheds above [a) and b)] shall be modified for ¢ measurements beyond maximum force
(see Reference JA9]).
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Analternative indirect measurement ofload-line displacément, equally suitable before or aft

force

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

cracl

NOTH
rotat
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be es

(Y

for the determination of load-lin&displacement

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

k-mouth (see Figure E.5), the load-line displacement (see Reference [20]) is determined

$ (VgZ Ve )
4(z,-7,)

2 Formula (E.1) assumessthat the bend specimen deforms as two rigid halves abou
on, and that S is the actual.span (though it may vary during the test). Under these conditions,
Festimates g by less than 1.% for a total notch opening angle 6 < 8°. For 6 = 8°, the load-line disp
fimated with similar a€curacy from:

o -V
=£tan arcsin 62 8l
2 2(zy~2,)

Figure E.5 — Location of two notch-opening displacements measurements (V,; and V,,)

Er maximum
ment. Using
d above the
from:

(E.1)

a centre of

formula (E.1)
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(informative)

Derivation of pop-in formulae

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

0D _ U (F=7,)
0] Q,+x,

AD=BC

and

Ql (Fn_yn)

Qn +X,

AF, =F,|-AD=F,

AFnzl Ql Fn_-yn
F1 F1 Qn+xn

For simplicity, if

(F.1)

(F.2)

(F.3)

(F4)

(F.5)
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