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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@lards
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 27306 was prepared by Technical Committee ISO/TC 164, Mechanijcal'testing of metals, Subcomnittee
SC 4, Toughhess testing — Fracture(F), Pendulum(P), Tear(T).
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Metallic materials — Method of constraint loss correction of
CTOD fracture toughness for fracture assessment of steel
components
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ance of fracture toughness specimens is equal to the fracture resistance’\of’ structural
ver, such an assumption often leads to excessively conservative fracture assessments. Th
pf plastic constraint in structural components, which are subjected mainly o tensile loading
re toughness specimens hold a constrained stress state near the crack-tip due to bending
bf constraint is significant for high strength steels with high yield-{extensile ratios (= yield
hth) which have been extensively developed and widely applied {o structures in recent years

nternational Standard specifies a method for converting the. CTOD (Crack-Tip Opening D
re toughness obtained from laboratory specimens to an equivalent CTOD for structural
) constraint loss into account. This method can also apply to fracture toughness assessm
5 intensity factor or the J-integral concept (see Clausé\8).

International Standard deals with the unstable’fracture that occurs from a crack-like defg
in ferritic structural steels. Unstable fracture accompanied by a significant amount of
sion and ductile fractures is not includedin.the scope hereof.

CTOD fracture toughness of structural steels is measured in accordance with any one of th

ization concerned, and refefence is not made to the details thereof in this International Stan

nternational Standard(Can be used for eliminating the excessive conservatism frequently as
bnventional fracture‘mechanics methods and accurately assessing the unstable fracture ini
ural components-from the fracture toughness of the structural steel. This is also used
mining the fracture toughness of materials to meet the design requirements of deformability
onents.
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The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 12135:2002, Metallic materials — Unified method of test for the determination of quasistatic fracture
toughness

BS 7448-1:1991, Fracture mechanics toughness tests — Method for determination of Klc, critical CTOD and
critical J values of metallic materials
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ASTM E1290-99"), Standard Test Method for Crack-Tip Opening Displacement (CTOD) Fracture Toughness
measurement

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 12135:2002 and the following apply.

31
CTOD of standard fracture toughness specimen

crack-tip opening displacement of standard fracture toughness specimen
70D, as 1

CTOD, as the fracture driving force, for the standard fracture toughness specimen (three point bepd or
compact spegimen) with 0,45 < (ag/W) < 0,55, where ag and W are the initial crack length and specimen width,
respectively

3.2
CTOD fractyre toughness

crack-tip opening displacement fracture toughness
1)

cr
critical CTOL) at the onset of brittle fracture in the standard fracture toughness specimen [J.(B) as defineq

ISO 12135:2p02] with 0,45 < ag/W < 0,55

n

3.3
CTOD of structural component

crack-tip opening displacement of structural component
dwp
CTOD, as the fracture driving force, for a through-thickness’crack or a surface crack existing in a strugtural
component regarded as a wide plate

NOTE THe CTOD of a surface crack is defined at the;maximum crack depth.

3.4
critical CTOP of structural component

critical crack{tip opening displacement of structural component
dNP,cr

critical CTOD) at the onset of brittle fracture in structural components

3.5
equivalent ¢TOD ratio
equivalent crack-tip opening displacement ratio

B
CTOD ratio qefined-by 8/6yp, where 5 and &yp are CTODs of the standard fracture toughness specimef and
the structural component, respectively, at the same level of the Weibull stress, oy

See Figure 1.

NOTE See Reference [1].

1) The procedure for calculating CTOD in ASTM E1290-08 is different from the one in ASTM E1290-1999. The new
ASTM E1290 procedure gives a somewhat different CTOD value compared to those calculated by 1ISO 12135:2002 and
BS 7448-1:1991. This International Standard employs ASTM E1290-99, which specifies the CTOD calculation procedure
similar to ISO 12135:2002 and BS 7448-1:1991.

2 © 1SO 2009 - All rights reserved
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3.6

Weibull stress

ow

fracture driving force defined with the consideration of statistical instability of microcracks in the fracture
process zone against brittle fracture

NOTE See Reference [2].

3.7
critical Weibull stress

OW cr
Weiblull stress at the onset of unstable fracture

3.8
Weibull shape parameter
m
matefial parameter used in the definition of the Weibull stress; one of two parameters-describing the statistical
distribution of the critical Weibull stress, oyy

3.9
yield-to-tensile ratio
Ry
ratio pf yield strength (or 0,2 % proof strength), Rpo,2, to tensile strength, R,

4 Symbols and units

For the purposes of this document, the following symbols, units and designations are applied |n addition to
thosg in ISO 12135.

Symbol | Unit Designation
a mm | Depth of surface-crack or half length of through-thickness crack in structural{[component
c mm | Half length of surface crack in structural component
m 1 Weibull shape parameter
t mm | Plate-thickness
"o mm3 |Reference volume defined for Weibull stress
Vs mm3"| Volume of fracture process zone
Ry “— | Yield-to-tensile ratio (= Ryq o/Ry,)
g — | Equivalent CTOD ratio
o ——TEquivatent €FOBratio-forreferencecracksize
Do — | Equivalent CTOD ratio for target size of centre surface crack or double-edge surface
crack
Poa — | Equivalent CTOD ratio for target size of centre through-thickness crack or double-edge
through-thickness crack
B. — | Equivalent CTOD ratio for target size of single-edge surface crack
B, — | Equivalent CTOD ratio for target size of single-edge through-thickness crack

© 1SO 2009 — All rights reserved 3


https://standardsiso.com/api/?name=10c134bc24a19246ad7447ba684bd082

ISO 27306:2009(E)

Symbol Unit Designation
o mm |CTOD of standard fracture toughness specimen
Ogr mm | Critical CTOD of standard fracture toughness specimen at onset of brittle fracture
(CTOD fracture toughness)
dssyiimit | MM |CTOD at small-scale yielding limit for standard fracture toughness specimen
owp mm |CTOD of structural component
WP cr mm | Critical CTOD of structural component at onset of brittle fracture
Ot MPa_| Effective stress used for the calculation of Weibull stress
ow MPa |Weibull stress
OW cr MPa | Critical Weibull stress at onset of brittle fracture
5 Principle

This Internatjonal Standard deals with the initiation of unstable fracture due to cleavage of structural ste
presents a method for converting the CTOD fracture toughness obtained fromithe standard fracture tough
specimens [three-point bend or compact specimens with 0,45 < ag/W <(0,55 and B (specimen thicknes

(plate thickn
in the vicinity

characterized by less constraint. The reverse procedure is also passible with this method. Thus, this m
toughness tests and fracture performance asséssments of structural components by taking

links fracturg
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conservative f

NOTE 2 TH
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ASTM E129(
at the user
organization

The critical
structural co
CTOD ratio,

ss of structural component)], which are characterized by.an'extremely severe plastic cons
of the crack-tip, to an equivalent critical CTOD for stfuctural components, which are gen

5s of plastic constraint in structural components,.as shown in Figure 2.

e fracture toughness specimen with a deep crack such as ay/W = 0,7 presents a higher constraint ne
that with 0,45 < a/W < 0,55. The equivalent’€TOD ratio S defined in this International Standard leag
acture assessment, if the user employs the deep cracked specimen with ay/W > 0,55.

is International Standard does not intend to address size and temperature effects nor the influence g
results. Refer to ASTM E192113] fér.guidance.

acture toughness (critical CTOD) of the standard fracture toughness specimen is determin
with any one of (he: established test methods, 1SO 12135:2002, BS 7448-1:199
-99. The fracture assessment of a cracked component can be done using established me
5 discretion such~as FAD (Failure Assessment Diagram) and CTOD design curve i
concerned.

CTOD of(the standard fracture toughness specimen is converted to the critical CTOD ¢
mponent-using the equivalent CTOD ratio, S. The equivalent CTOD ratio, S, is defined

structural covlnponent, respectively, at the same level of the Weibull stress, oyy. The equivalent CTOD rat

oldyp, Where 6 and gyp are CTODs of the standard fracture toughness specimen an
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The critical CTOD, &, of the fracture toughness specimen is converted to the critical CTOD, dyp o, of the
structural component using £ in the form

Swp,cr = Jcr 1B

(1)

Furthermore, if the deformability, dyp oo r€quired for the structural component is given, the material fracture

toughness needed to meet the deformability requirement,

o)

req: CaN be calculated as

5req = ﬂ’5WP,req

© 1SO 2009 — All rights re

()

served


https://standardsiso.com/api/?name=10c134bc24a19246ad7447ba684bd082

ISO 27306:2009(E)

Equations (1) and (2) transfer the CTOD fracture toughness to the equivalent CTOD of the structural
component at the same fracture probability. The CTOD fracture toughness to be used for fracture
assessments shall be determined by agreement of the parties concerned, for instance, a minimum of three
test results.

The equivalent CTOD ratio, S, is dependent on the yield-to-tensile ratio, Ry, of the material, the Weibull shape
parameter m, and the type and size of a crack in the structural component. In addition,  also depends on the
deformation level of the structural component, but its dependence is rather small in the deformation range
beyond small-scale yielding (SSY). The equivalent CTOD ratio, £, in this International Standard is specified in
this large deformation range, and given in nomographs.

: SS specimen
and the structural component show unstable fracture The nomographs are presented in Clause|8, where the
yield{to-tensile ratio, Ry, and the Weibull shape parameter, m, are in the range 0,6<’Ry < 0,95 and
10 <|m < 50 (Ry and m for structural steels are generally in this range). They are prepared on the conditions
that fhe thickness, B, of the fracture toughness specimen is equal to the plate thickness, ¢, of the structural
component, and that there are no significant differences in fracture toughness through the thigkness of the
steel|being assessed. This procedure may also be applicable in cases where the ‘crack size, yield-to-tensile
ratio,| Ry, etc. of the structural component concerned are not within the range\of the nomographs, provided
that, |8, is obtained by an appropriate procedure.

Thre¢ assessment levels (level |, level Il and level lll) for g are included‘in this method, as shown in Figure 3.
The gletails are described in Clause 7. The assessment level to be applied depends upon the @agreement of
the pprties concerned.

6 $tructural components of concern

The gtructural components concerned in this International Standard are of the following four typed regarded as
wide |plates under tensile loading, as shown in Figure 4. The crack in the components should Qe sufficiently
small in comparison with the component dimensions (length, width) so as to ensure that the plat¢ width effect
on the stress intensity factor is negligibly smail

CSCP (Centre surface crack panel)~Wide plate component with a surface crack at the centrg of the plate
nder tensile loading

ESCP (Edge surface crack panel): Wide plate component with double-edge or single-edge $urface crack
at the edge of the plate”under tensile loading

CTCP (Centre threugh-thickness crack panel): Wide plate component with a through-thickness crack at
the centre of the\plate under tensile loading

FTCP (Edge' through-thickness crack panel): Wide plate component with double-edge of single-edge
through=thickness crack at the edge of the plate under tensile loading

g shell or pipe

Y [ udlng a crack
originated from geometrlcal dlscontlnwty by fatlgue or seismic Ioadlng CTCP and ETCP may correspond to an extreme
case of CSCP and ESCP where the surface crack grows in thickness direction to a large extent. Weld cracks such as lack
of fusion, undercut, cold cracking (hydrogen-induced cracking) and slag inclusion, etc. are more likely in weldments. But
this International Standard does not deal with the welded joints, because further investigation is necessary on the effects
of strength mismatch, residual stress and the crack-tip location with respect to welds. Embedded cracks are not
considered in this International Standard on the ground that embedded cracks are less likely in normal structural
components than surface cracks.

The loading condition is assumed to be substantially uniaxial and perpendicular to the crack plane. The
surface crack is assumed to be semi-elliptical, and the half-length, ¢, of the crack should be larger than the
crack depth, a (shallow surface crack). Surface cracks existing in structural components are not necessarily of
semi-elliptical type, but they should be idealized as semi-elliptical cracks by flaw assessment methods duly
authorized in the organization concerned.

© 1SO 2009 — All rights reserved 5
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Other components can be assessed if the equivalent CTOD ratio, f, is derived by a suitable method.

7 Assessmentlevels |, Il and Il

7.1 General

This International Standard proposes three levels for the assessment of the equivalent CTOD ratio, £.
Applicable assessment levels can be selected by agreement of the parties concerned. The details of the
assessments and required information are summarized in Table 1.

Table 1 — Assessment levels |, Il and Ill of # and required information

Levell Level Il Level il
(Simplified (Normal assessment) (Material specific assessmeht)
assessment)
Yield-to-tensile ratio, Ry — Yield-to-fensile ratio, Ry
Crack type in structural — GCrack’type in structural
. component component
Informatiop
needed fof None Crack size (length, depth) ==\ Crack size (length, depth)
assessmeiit Reference m-value (lower-bound<{[— Stress-strain curve for finite
value) element (FE) analysis
— Statistically determined m-vplue
0 < <1 (in most cases, 0 <£<0,5) |0<g(Levellll)< g(Level ll)
Equivalent _ _ X _ X s
CTOD ratid £=05 B=1(Ry, a, c, m) for C8CP, ESCP | B=f(Ry, a, ¢, m) for CSCP, ESC
p=f(Ry, a, m) for GTCP, ETCP B =f(Ry, a, m) for CTCP, ETCP
For a long crack? Constitutive equation and |finite
gc * |For a Jong” crack® and Ry <0,8,|element size ahead of the crapk-tip
Remarks level Il is ( ) .
level Il is.-recommended. should be well defined in| FE-
recommended. .
analysis.

CSCP, ESCP: fCentre and edge surface crack panels
CTCP, ETCP:

a

Centre and edge through-thickness crack panels

Surface cfack: 2¢ > 50 mm; Through-thickness crack: 2a > 25 mm,

2c: Surface crafk length; 2a: Throdgh-thickness crack length; m: Weibull shape parameter

Assessment|levels | o1l are applied in loading conditions beyond small-scale yielding (SSY). The dgdy |imit
described in[Figure>5 is the crack-tip opening displacement, &, of the standard fracture toughness spe¢imen
correspondir|gfosthe SSY limit specified in ISO 12135. When stress fields to build the same level gf the
Weibull streés-as in the fracture toughness specimen beyond dggy p. are considered in a wide Iplate

structural component, constraint loss can be significant in the structural component. This International
Standard presents the equivalent CTOD ratio, g, under such loading conditions.

7.2 Level l: Simplified assessment

Level | assessment is applicable to cases where the information necessary for calculating g, such as the
mechanical properties of the structural component being assessed, the type and size of the assumed crack,
etc. is not fully available. At level | assessment, f= 0,5 is used as an upper-bound engineering approximation.

However, for a structural component that potentially includes a long crack (surface crack length 2¢ > 50 mm or

through-thickness crack length 2a > 25 mm), level |l assessment is recommended because f may exceed 0,5
with a small shape parameter, m.

6 © 1SO 2009 - All rights reserved
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7.3 Level Il: Normal assessment

Level Il assessment is applicable to cases where the mechanical properties (yield-to-tensile ratio, Ry) of the
structural component being assessed and the type and size of the assumed crack are known, but the Weibull
shape parameter, m, is unknown. A lower-bound value for m is assumed for the assessment of g.

At level Il, p-values are derived from nomographs as a function of the component crack type and size, material
yield-to-tensile ratio and the parameter m.

The use of a lower-bound m-value may lead to an excessive overestimation of g for cases where the
yield-to-tensile ratio Ry < 0,8, and the surface crack length 2¢ > 50 mm or the through-thickness crack length

a¥ud 1 (i — ol 1o
2a > FommoCever T assessment s recommenaed T SucCiT CasSesS.

7.4 | Level lll: Material specific assessment
Level| Il assessment is applicable to cases where the information for the assessment,0£)S is fully known.

At leyel lll, p-values are also derived from nomographs, but with a statistically 'determined m-palue from a
suffidient number of fracture toughness test results.

Gengrally, the p~value at level Il is smaller than that at level II.

8 Equivalent CTOD ratio, S

8.1 | General

This clause describes a method for converting the (©TOD of a standard fracture toughness spgcimen to the
equiValent CTOD of structural components by using the equivalent CTOD ratio, g4,

8.2 | Factors influencing the equivalent CTOD ratio, S

The ¢quivalent CTOD ratio, g, based on the Weibull stress criterion, depends on the shape pargmeter, m, of
the material.

In adfition, g is also influeneed-by the following factors, although the strength class and uniform felongation of
the material have virtuallyne-influence on g4l [5l:

a) factors mainly controlling plastic constraint in the vicinity of the crack-tip:

1— Yyield-tostensile ratio, Ry, of the material;

+— Acrack type (CSCP, ESCP, CTCP, ETCP) and crack size (crack depth of surface cragk and crack
length of through-thickness crack);

— plate thickness (in the case of a deep surface crack);
b) factor exerting a volumetric effect:
— length of surface crack.

NOTE The equivalent CTOD ratios, g, for CTCP and ETCP do not depend on the plate thickness, because the plate
thickness plays the same role in the evolution of the Weibull stresses for the CTCP (ETCP) and the fracture toughness
specimen, where the crack is of through-thickness type.

© 1SO 2009 — All rights reserved 7


https://standardsiso.com/api/?name=10c134bc24a19246ad7447ba684bd082

ISO 27306:2009(E)

8.3 Procedure for calculating the equivalent CTOD ratio, 5, at assessment levels | to IlI

8.3.1 General

The procedure for calculating the equivalent CTOD ratio, g, at assessment levels | to Il is described below.
Equations (3), (4), (6) and (7) are applicable for the following crack sizes:

CSCP: 2c=>16mMm, 1 <a<6mm,>25mm

ESCP: 2c=224mm, 1 <a<6mm,t>25mm

CTCP: 5 <2a <50 mm
ETCP: 5<2a <30 mm
8.3.2 Surfgdce crack case (CSCP or ESCP)

The procedufe for calculating the equivalent CTOD ratio, g, for the surface crack is as)follows.

Level [: Al=0,5

Level Il:  p|is calculated, as shown in Figure 6, according to the followihg steps.
Step 1: Define the crack size (crack length 2¢, depth a) and the material yield-to-tensile ratio, Ry.
Step 2: Set the reference value (lower-bound value)\of the shape parameter, m. Annex A can be

referred|to when selecting the lower-bound m-value.

Step 3: Determine the equivalent CTOD ratio, £, for a reference crack size from the nomogfaphs
shown in Figures 7 and 8 as a function of the m~value, crack depth, 4, and the yield-to-tensile ratio, Ry .

Step 4: Calculate the equivalent CTOD ratio, f=p,. for the target crack length, 2c, psing
Equation (3) or Equation (4), depending on the type of crack:

1

Badcscr) :ﬂO(CSCP)'(20/40)kCSCP(m)/2’ kcscp (m) = exp[0,1(m—33) ] +1 @)

1

" exp[0,1(m - 40) | +1 @

m)/2
P ESCP):ﬂO(ESCP)-(20/30)kESCP( )2, kesce (m)

In the cgdse of'single-edge surface crack of length ¢, the equivalent CTOD ratio, 5= f,, is given in the| form

Beescr) = Pacescry (12) E5P" ) o

For t > 25 mm and 1 < a < 6 mm, the equivalent CTOD ratio, S, shows virtually no dependence on the
plate thickness, ¢.

Level lll: g is calculated, as shown in Figure 6, with a statistically determined m-value.
8.3.3 Through-thickness crack case (CTCP or ETCP)
The procedure for calculating the equivalent CTOD ratio, g, for the through-thickness crack is as follows.

Levell:  p=0,5

8 © 1SO 2009 - All rights reserved
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Level Il: ~ pgis calculated, as shown in Figure 6, according to the following steps.
Step 1: Define the crack length, 24, and the material yield-to-tensile ratio, Ry,.
Step 2: Set the reference value (lower-bound value) of the shape parameter, m. Ann

referred to when selecting the lower-bound m-value.

Step 3:

Determine the equivalent CTOD ratio, /4, for a reference crack size from the

shown in Figures 9 and 10 as a function of the m-value and the yield-to-tensile ratio Ry.

Step 4:

Calculate the equivalent CTOD ratio, = f,,, for the target crack length 2a with

ex A can be

nomographs

Equation (6)

q

Leve

In the
loss

FE a
at leV
in An

Anne
In ca
of thq
the a
meth

Anne
ratio,
curve

The equivalent CTOD ratio, g, of through-thickness cracks shows no dependence on the pla

r (/), depending on the type of crack:

04
Baacter) = Bocter)-(24/13,8)

-0,57 +3,1Ry \-1.45R\ 2
exp[-0.35(in—10)]+1

(24/1 1)kETCP(m' Ry)

BoaETer) = BoETcP) . ketop(mRy) =

h the case of single-edge through-thickness crack of length «, the equivalent CTOD ratio, S
n the form

BaETcp) = ﬂza(ETCP)/ 2

lll: g is calculated, as shown in Figure 6, witha statistically determined m-value.

orrection. For the assessment based on-the J-integral, f may be used as it is.

halysis of the Weibull stress for the-fracture toughness specimen is required for determining
el Il assessment. A recommended procedure for the analytical determination of the m-valug
hex B.

x C describes the guidelines for application of the equivalent CTOD ratio, £, at assessment
ses where the crackisize in structural components, yield-to-tensile ratio, Ry and the shape

material being assessed are not in the range of the nomographs in Figures 7 to 10, and arg
pplicable rangé.of Equations (3), (4), (6) and (7), an equivalent CTOD ratio, £, obtained
bd, e.g. FE analysis of the target component, may be used.

x D presents examples of fracture assessments of structural components using the equi
. Fracture assessment methods, such as FAD (Failure Assessment Diagram) (6] or G
[?1 which have been duly authorized in the organization concerned, may be used.

(6)

(7)

= f3,, is given

(8)

fe thickness.

case of the fracture assessment using the)stress intensity factor K, £ 12 can be used for the constraint

the m-value
is described

levels | to Il
barameter, m
also outside
Dy a suitable

alent CTOD
TOD design
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=
do
3-point bend ¢
[20s) S
Compact A

° | Equivalent CTOD ratio, = 6/6wp (0< f <1)]

© o (Wide plate) at 5\p = oy (Toughness specimen) at &

W Fracture toughness specimen

N (Standard specimen, 0,45 < a,/W < 0,55)
=
2_ Wide plate
8 component Weibull stress, /Gy
5 WP
= = =) 1/m
_g - 1 m
O O <4— ) O ow = J. |:o‘effi| d\/f
= - Vo

> Y
o owp CTOD
o Effective stress for unstable fracture
Figure 1 — Definition of the equivalent CTOD ratio, g, based.onh the Weibull stress fracture criter|

Fracture toughness tests

Required CTOD
fracture toughness

5ch =p5

A

Method of constraint loss correction with

(1>5>0)

CTOD fracture
toughness, J

WP, req

)

(

on

4 )
Critical CTOD for Design requirement
fracture assessment of deformability
aof companents of components
5WP, cr = 5cr/ﬂ 5WP, req
Structural performance evaluation )

Figure 2 — Method of constraint loss correction to link fracture toughness tests and structural

10

performance evaluation
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[ Fracture toughness tests ]
| | |
Material fracture . initiati
toughness / 6+ CTOD fracture toughness at unstable fracture initiation /
Conventional | Levell > | Level Il > | Level Il >
method
FEM
Method of Vs
constrgmt loss Ny "Selection" of "Determination”
correction by S parameter m of parameter m

Nomaoaranh-of
OO graph-ot

Fracture toughness
for structural
performance

evaluation

Figure 3 — Flow of fracture assessment of structural compenents from fracture toughnes
where three assessment levels of the equivalent CTOD_ ratio, /5, are included for constr

: 5WP, o g

equivalent CTOD ratio

—7/ éVWP, cr = 6cr /ﬁ /4—

Fracture assessment of
structural components

FAD (Failure assessment diagram)

| CTOD'design curve |

correction

sLtest results,
int loss
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( Standard fracture toughness specimens
Compact

ag =

B

g

<
-

y&point bend
f : fl v E

|

an

ol

A

D

0,6 WP,6 W/

-t
-

W

(0,45 < ay /W < 0,55)

125W |

Equivalent CTOD ratio

O

Center surface crack panel (CSCP)

Edge surface crack panel (ESCP)

Structural components

4_
OO0 -a—
/I'hrough- 'gz —» O
Yy / thickness crack

N

Center through-thickness crack panel (CTCP)

Through-
/ /thlckness crack

Edge through-thickness crack panel (ETCP)

Figure 4

12

— Standard fracturé toughness specimens and wide plate components linked with th

equivalent CTOD ratio, S
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Conventional method: g =1 .
1
] O -a— — O
—
Constraint loss correction
Level I: Simplified assessment (8 = 0,5)
\ / Level Il: Normal assessment
\/ (B is estimated with a reference m)
Level lll: Material specific assessment
(B is quantified with a statistically)d¢termined m)
0 >
0 1 X
a
Key

X applied stress o, /Ry ,

Y  gquivalent CTOD ratio £ = 6/6yp

al, level corresponding to dggy ;imit fOr standard fracture toughness specimen.

Figure 5 — Assessment levels |, Il and Ill of 2 for correcting.constraint loss in wide plate jomponents

Step 1 CSCP, ESCP CTCP, ETCP Step 1
Crack length 2¢ depth a Crack length 2a
Yield-to-tensile ratio Ry Yield-to-tensile ratio Ry

Step 2 B RN« I(_Ievel IIb dvaiue) 1
eference m (lower-bound value
Weibull shape parameter m/é—

Step 2

—7/ Weibull shape paramete m/

Level 1l
Statistically determined m

Step 3 Nomographs of equivalent CTOD ratio Btep 3
/ B for reference cracK size Bo = f(Ry, a, m)for CSCP, ESCP B for reference crack sfze /
Bo = f(Ry, m)for CTCP, ETCP

Step 4 f Evaluation of crack length effect \ Step 4 N
I\ Equations (3) to (8) ) "
ﬂ for target crack / / p for target crack//

Eiqur J—
-~
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Bo A Bo 4
05 T 05 T 1
2c =40 mm | 04 2c=40mm |
0,4 & ) B
EyLLL | gLl |
03 RY|=O’§R Wk — 0.3 =10 o—v A —
Ry =08 s | T
0 2 Y 4 'Q 0,2 T \3\
L AN m=154 |
I N =20 0 T
’ ~ ' m =30 —
— m =40 émg%m %ﬁ
. —= 0 | | .
0 10 20 30 40 50m 09 0,6 0,7 0,8 0:9 1 Ry
a) CSQP (a=1mm; > 25 mm): 5, versus m b) CSCP (a=1mm; ¢ > 25 mm): 5, versus Ry
Bo A Bo }
0.5 T 05 T 1
2c =40 mm; | 04 30240mm_
0,4 ,
 |Ry=06 Eyl Ll | TR £ .|
| (-\ ™ . 03 m 7 0 T ™ A
03 IRy = 82\ -k ’ | wh ~
m=15
0,2 \Q\\ 0,2 I —~—]
Ry =095 X m =20 ~——
o AN T 0.1 M =30 el 7
’ N i ———
0 10 20 30 40 50m 05 0,6 0.7 0.8 0.9 1 Ry
c) CSQP (a =3 mm; > 25 mm);fyversus m d) CSCP (a=3 mm;t> 25 mm): £, versus Ry
Figure 7 (continued)
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Bo k Bo 4 £
S
©
0,5 0,5 = I
Ry=0& T T m=10™N]_| !
¢ =40 mm c =40 mm
0.4 | < 04 | fe—s PN Y
Ry = 0,82 \\ £ || - = |
R ©
R PP N .3 ] CSEN DS N
0,2 SRAVAN 02 [ \\\ ~
RS re ] Tl
0 MNANEER === PR =S S L
S S
O | ﬁT > 0 >
10 20 30 40 50m 05 0,6 0,7 0,8 0.9 TRy
I) CSCP (a =6 mm; ¢t > 25 mm): /4, versus m f) CSCP (a =6 mm; > 25 mm): 5, ersus Ry
Key
a  grack depth Ry vyield-to-tensile ratio
2¢ durface crack length t plate thickness
m  \IVeibull shape parameter By equivalent CTOD ratio for reference crack size, equal to 6/6p
Figure 7 — Nomographs of equivalent CTOD ratio, /;, for centre surface crack panel (CSCP)
Bo A Bo 4
g 0,5 €
0,5 £ | | £ | 1| ]
- = = c =15 mm
04 I c =46umm 0.4 'é
’ N
Y
0,3 ! | 03
5 0,2
0,2 RYR— O’?k m =10
— Ry = =15 T~
01 |- 0,82 \ 0,1 %-:‘2 é* _o_\"
s — P— —
RY = 0,9 — m=3 [ o
o — e m =40
0 | | T h > 0 L >
0 10 20 30 40 50m 05 0,6 0,7 0,8 0.4 TRy
= L= 0 = T = o Versus Ry
Figure 8 (continued)
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Bo A Bo }
€ 0,5 €
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c) ESCP (a=3 mm; > 25 mm): 5, versus m d) ESCP (a =3 mm; > 25 mm): 5, versus Ry
E
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1
T E T T ] %% *|[petmn
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e) ESCP (a=6 mm; > 25mm): f, versus m f) ESCP (a =6 mm; > 25 mm): j, versus R},
Key
a crack degth Ry yield-to-tensile ratio
¢ length of edge sutface crack ¢t plate thickness
m  Weibull shape parameter B, equivalent CTOD ratio for reference crack size, defined as 6/6,p

Figure 8 — Nomographs of equivalent CTOD ratio, /), for edge surface crack panel (ESCP)
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Bo k Bo 4
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a) CTCP (24 = 13,8 mm): /3, versus m b) CTCP (24 = 13,8 mm): 3, versiis Ry
Key
2a through-thickness crack length R, vyield-to-tensile ratio
m  Weibull shape parameter By equivalent CTOD ratio for refetence crack size, defined as &/j3,p
Figure 9 — Nomographs of equivalent.CTOD ratio, /,, for centre
through-thickness crack panel (CTCP)
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a) ETCP (2a =11 mm): f, versus m b) ETCP (2a = 11 mm).f, versus Ry
Key
a length of edge through-thickness crack Ry yield-to-tensile ratio
m  Weibull shape parameter By equivalent CTOD ratio for reference crack size, defined as 6/6,p

Figure 10 — Nomographs of equivalent CTOD ratio, 5, for edge through-thickness crack panel (ETCP)
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Annex A
(informative)

Procedure for the selection of Weibull parameter = at level Il assessment

A.1 General
The procedure for the selection of the Weibull shape parameter m at level Il assessment is described
shape parameter m is selected in the light of the average CTOD fracture toughness at the assess
temperature.
A.2 Determination of average CTOD fracture toughness
In selecting the shape parameter m, the average (arithmetic mean) value of thenCTOD fracture tough
%r ave at the assessment temperature obtained with 25 mm thick test specimens shall be used.
In cases where no test data with 25 mm thick test specimens are available;the CTOD fracture toughness
25 mm thick specimen & 4ye.05. Which is calculated using Equations (Ax1)and (A.2) Bl 8], may be used.
Nz 2
5cr,ave-25 = \/5min + (\/5cr,ave-B _\/5min ) . [%j
500-(1-v2) ,
Omin = _ﬁ'Kmin
p0,2 °

where

B is the test specimen thickness (mm);

Ocrave-p| 1S the average CTOD fracture toughness with test specimen thickness B (mm);

Rpo2 is the yield strength (MPa);

1% is Poisson’s ratio;

Kenin iSlequal to 20 (MPavm ).

The
ment

ness

for a

(A1)

(A.2)

Note that Equations (A.1) and (A.2) are valid for the CTOD fracture toughness at brittle fracture initiation
without a significant amount of stable crack extension.

18
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A.3 Determination of Weibull shape parameter m

A.3.1 Assessment of brittle fracture initiation of steel structure components from fracture
toughness of structural steel

In cases where the brittle fracture limit of steel components is to be assessed based on the fracture toughness
of the structural steel, the shape parameter m is selected as shown in Equation (A.3) depending on the
average CTOD fracture toughness, J;, 4ye.25-

m =10 for ¢ ave25 < 0,05 (mm)

(A.3)
i =20 10T O avez5 > 0,05 (mm) |

In Equation (A.3), the shape parameter m is selected provisionally as the lower-bound valUg;of m|so as to lead
to a gonservative failure assessment in the light of a diagram for m and &, ,e _25 (FiglireA.1) based on data
from Reference [1] and References [9] to [19].

mh e 1
60 | A 2

40 - © <><> @)
on

30 |- 0830
20 |- & @

10

0 Ll I R | Lol >

0,001 0,01 0,05 0,1 10

cr,ave-25

mild steel (Rp0,2 < 295.MPa)

HT500 class (295\MPa < Ryo,2 < 440 MPa)

HT600 classA(440 MPa < Roo,2 < 685 MPa)

HT800 class)(685 MPa < Ry, <885 MPa)

Weibull shape parameter

CTOD fracture toughness for a 25 mm thick specimen, expressed in millimetres

/I P OODN -

cr,avg-25

Figure A.1 — Relationship between Weibull parameter, m, and

average CTOD fracture toughness, o 5yc-25

A.3.2 Determination of fracture toughness needed to meet design requirement of
deformability of structural components

In cases where the fracture toughness needed to meet the design requirement of deformability of structural
components is to be determined, the use of the lower-bound value in Equation (A.4) is recommended for
estimation of the required fracture toughness.

m=10 (A4)

© IS0 2009 — Al rights reserved 19
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In cases where the level of CTOD fracture toughness of the material can be estimated from the Charpy impact
test results or other properties, m may be selected as shown in Equation (A.3).

For additional information on the relationship between the Weibull parameter and the fracture toughness of
structural steels, see Reference [20].
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calibrattion procedure for m Using two data sets is described in Reference [24].

ISO 27306:2009(E)

Annex B
(informative)

Analytical method for the determination of Weibull parameter m at

level lll assessment

'Generat
hnnex describes the analytical procedure for the determination of the Weibull shape-param

bds in the Steps 1 to 3 are described in the following.

Fracture toughness test (Step 1)

ure toughness tests shall be performed using the three-point bend test specimen or
men in accordance with ISO 12135. However, the initial crack léngth of the test specimen s
ange of 0,45 < (qp/W) < 0,55. The toughness tests (TableB:1) shall be performed with
er of specimens to determine the parameter m, and statistical data of the critical CTOD shal
testing, the fracture surface shall be observed, and the.fact that brittle fracture occurred v
extension larger than 0,2 mm shall be confirmed.

1 In R/H/R6 Revision 3 — Appendix 17, a minimum.number of 30 tests is recommended [21]: [22],

2 The fracture toughness specimen with a degp crack such as ap/W = 0,7 presents a higher cons

tip than that with 0,45 < ag/W < 0,55. The equivalent CTOD ratio, S, defined in this International Stan
rvative fracture assessment, if the user employs the deep cracked specimen with aqp/W > 0,55 [231.

3  One set of fracture toughness data’ obtained by the above specimen may give a non-unique
field near the crack-tip shows the singularity controlled by K or by the HRR (Hutchinson, Rice and R
the range of the fracture toughness level measured. This non-uniqueness is related to the statistical
ghness values, which follow a fwo=parameter Weibull distribution with a constant shape parameter (= 2
), under the singular stress fields. In such a case, the use of two sets of specimens with high and Iq
eep-cracked and shallow-cracked specimens, is recommended to get a unique solution for m. The

Table B.1 — Fracture toughness testing

eter m that is

bd at level 1l failure assessment. A common procedure [¥ is shown in Figure B.1, and‘the r¢commended

the compact
hall be within
an adequate
be obtained.
ithout stable

traint near the
ard leads to a

-value, if the
sengren) field
characteristics
for the critical
w constraints,
details of the

Numbernof test specimens Large enough for determination of Weibull parameter m

statistical reliability

with

ltems measured Force, P, and crack mouth opening displacement, Vg

nacc-naramaetor

Critical CTAON)
oo

Eractiura tonah
Fracturetoughressparameter FOB—--

B.3 FE-analysis of stress fields ahead of crack-tip in fracture toughness specimen

(Ste

p 2)

B.3.1 General

The stress fields ahead of the crack-tip in the fracture toughness specimen shall be analysed by a finite
element method (FEM) that incorporates large deformation analysis. A guideline for obtaining sound
FE-results in terms of the stress-strain curve of material used and the FE-model is described in the following

subcl
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B.3.2 Stress-strain curve for FE-analysis

B.3.2.1 Round-bar tensile testing

In order to obtain the stress-strain curve of the material for use in the FE-analysis, a round-bar tensile test
shall be performed in accordance with established International Standards for testing, such as the following:

ISO 689
ISO 155

The test sha
the test, forc

B.3.2.2 Equivalent stress-equivalent plastic strain curve for FE-analysis

Based on th
plastic strain

a) Calculat
from the

2:1998, Metallic materials — Tensile testing at ambient temperature;

79:2000, Metallic materials — Tensile testing at low temperature.

e and elongation between gauge marks shall be measured and recorded.

b results of the round-bar tensile test, the relationship between equivalent stress and equi
to be used in the FE-analysis shall be determined in accordance with the following procedur]

e the nominal stress-nominal plastic strain relationship, excluding theCelastic strain compg
nominal stress-nominal strain curve measured in the strain range upto*uniform elongation.

uring

alent

a)

c.

nent,
Strain

(B.1)

(B.2)

n the

B.3)

b) Convert|the nominal stress-nominal plastic strain relationship to thel true stress-true plastic
relationghip (equivalent stress-equivalent plastic strain relationship) using the following equations.
s=o(1+4¢)
e=In(1+% ¢

where
s is the true stress;

e is tHe true strain;
o is the nominal stress;
¢ is the nominal strain.

NOTE Ldder's strain, if observed in_the round-bar tension test, would be included in Equations (B.1) and (B.2).

c) Constitute the equivalent\stress-equivalent plastic strain relationship beyond uniform elongation &7
form:

& = Roob (1+ 1)

where
o is the equivalent stress;

& is the equivalent plastic strain (plastic component of equivalent strain);
Rno2  is the yield stress;
a and n are material constants (n being the strain hardening coefficient).

It is recommended that the material constants « and » should be determined using test data between &/2 and

&r, where &r

22

is the uniform elongation (= nominal strain at the maximum load).
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B.3.3 FE-model of fracture toughness specimen

A three-dimensional model shall be used in the FE-analysis. In the FE-mesh, the minimum element size and
the region covered by the minimum element ahead of the crack-tip shall be well defined so that the
stress/strain fields can be obtained with sufficient accuracy. Reference conditions for mesh design are shown
in Table B.2. It is recommended that the minimum element size does not exceed the element size given in
Table B.2. It is also recommended that a fine mesh region at the crack-tip divided with the minimum element
is not smaller than the size indicated in Table B.2.

Table B.2 — Mesh design in FE-model

The
cons

B.4

B.4.

A reg
is ba

B.4.2

The

wher

Meth

Element type Isoparametric hexahedron element (8 Gaussian points)
Minimum element size 0,03 mm x 0,03 mm (in 2-dimensional plane)
Minimum mesh region 0,3 mm x 0,3 mm (in 2-dimensional plane)

force P and crack mouth opening displacement Vg relation obtained~by the FE-analy
stent with that measured in the test.

Method for determining Weibull shape parameter; m (Step 3)

General

ommended procedure for determining the Weibull shape parameter m is described in the fol
ted on the Beremin cleavage fracture models.

Effective stress for the definition of,Weibull stress

Veibull stress, oy, is defined by Equation (B.4).

1 myy |
=q— dv;
P'w {VO j-Vf Oeff f}
betf 1S the effective stress for cleavage fracture initiation,

; is thesfracture process zone that almost corresponds to the plastic zone ahead of the cra

sis shall be

owing, which

(B.4)

ck tip.

stres

bds for defining o4 can be based on two fracture criteria — one bemg based on the maxwum principal
O

, Oeffr IS glven as

shown in Table BS depending on which fracture criterion is selected. E|ther may be adopted for the

deter

©I1SO
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Table B.3 — Definitions of effective stress, o ;
z
A
O3
01
Maximum
2] principal _
Type 1 stress - Oeff = O1
criterion
7 f
X 02
Key
1 unit volume ¥
z i
i W2 1/m
o
3 Oeff = ELJJIJ U§+ 4 212 sind d@ d¢
. o4 ™ (2-2)
el i
T
_//1 where
Type 2 F;ﬁgﬁ;;e - o, Iisthe nofmal stress acting on micro-crack;
(9], [26] criterion r  is thesmaximum shear stress acting on
'/ 2 micro-crack;
X 62 m s’ the Weibull shape parameter;
Key is Poisson's ratio;
! m|<':ro-crack 6, ¢ are angles of micro-crack relative to direction of
2 unit volume maximum principal stress.
B.4.3 Calcylation of Weibull stress

In the Berenpin model, the reference volume, 1y, is defined as the microscopic fracture unit of the material

concerned. H
may be adof
convenience

The Weibull
stress, oy, of

lowever, the volume, V,.does not affect the Weibull parameter, m, therefore, any volumg size
ted provided it is within the scope of the Beremin model. Here, 7y =1 mm3 is recommendg¢d for

stress can be-calculated by the method shown in Table B.4, using either the maximum principal
effective stress, oy, defined in References [25] and [26].

An initial Welbull parameter, m, is assumed in this step.
Tahbhle B .4 — Method for numerical calculation of Weijbull stress
Stresses at 8 Gaussian points Average stress of element
Maximum Numerical integration 8 V. ”
principal (Gaussian integration) z 2(01 ,jm ?J Z o1 -V
stress Inv; j=1 InVi
oq"dV dIj :
oy -[Vf J.Element ! f (V;: Volume of each element) (V;: Volume of each element)
. Numerical integration 8 v m
Efftectlve (Gaussian integration) Z Z(O'eff,jm ?J Z Oeff Vi
stress NV =1 In Vs
m
oeff AV dVj
eft J‘Vf -[Element off f (¥;: Volume of each element) (V;: Volume of each element)
24
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B.4.4 Determination of critical Weibull stress

It is recommended that the critical Weibull stress shall be linked with the critical CTOD at brittle fracture
initiation, using CTOD as a ‘linking parameter”. An alternative index can be used as a linking parameter
provided the force-deformation behaviour in the FE-analysis shows good agreement with that measured in the
experiment.

The CTOD in the FE-analysis shall be calculated by the same procedure as used in determining the critical
CTOD in the toughness test.

B.4.5 Statistical determination of Weibull shape parameter, m

For tlLe analysis of toughness data, two-parameter Weibull failure distribution is assumed.

The Weibull parameter shall be determined by the maximum likelihood estimation methed from [he statistical
set of the critical Weibull stress corresponding to the critical CTOD measured. The data necessafy for the use
of th¢ maximum likelihood method are the total number of specimens tested and’each toughnegs value. The
maximum likelihood method is explained in detail in Reference [9]. Iteration_shall be condugted until the
Weibull parameter m converges to a stationary value that satisfies Equation (B.5) (Figure B.1).

|p2; — m;_ql/m; <1 % (B.5)
wherg m; and m;_4 are the m-values obtained in the ith and (i-1)thstep, respectively.

It shquld be confirmed that the final m value should converge to the same value for either initiallassumed my
that i larger than or smaller than the final m value.

Standard fracture toughness specimen

Step 1 Step 2

Fracture toughness test FE-analysis
* Step 3

Initial m-value: my

v

Statistical test data Calculation of

’_> critical Weibull stress

Statistical estimation of
m-value
|

m = my?

—

Weibull parameter m

Figure B.1 — Procedure for determination of Weibull shape parameter, m [9]. [21]
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Annex C
(informative)

Guidelines for the equivalent CTOD ratio, S

C.1 General

C.1.1 Over

This annex d

C.1.2 Frac

The equivalg
determined i
of the structd
International

Weibull stres
a) type of s
b) range of
C.1.3 Equi
The equivale
below which

FsSY lim
where

4o

Rp0,2

14

E

view
escribes guidelines for the determination of S at three assessment levels [23].

ure toughness specimen

nt CTOD ratio, 3, adopted in this International Standard is the CTOD ratio, 6/dyp, Wh
h such a way that the Weibull stress of the standard fracture toughness-specimen is equal t
ral component containing a crack. The standard fracture toughness-specimens applicable i
Standard have the following characteristics, which provide 1o Ssignificant differences i
S:

pecimen: three-point bend specimen or compact specimen;

crack length: 0,45 < ap/W < 0,55, where qg is the inijtigl crack length and 7 is the specimen

valent CTOD ratio,

nt CTOD ratio, g, in this International Stanidard is applicable beyond the CTOD level of dqg
the standard fracture toughness specimen exhibits a small-scale yielding deformation.

agRpo2 (1 - V2)
e

t
s the initial crack Jength;

s the 0,2 % offset yield strength, in MPa;
s Poissof!siratio;

S Young's modulus of elasticity, in MPa.

ch is
b that
n this
n the

width.

Y limit

(C.1)

ThIS CTOD V aiuc CUITTSPUI IUID tU ti 1S b‘ll [SASIS) il ItUI Ib;ty fdbtUl , I\SSY limit dbﬁl Iil Y ti 1T Sl Id“‘bbdic yIUiUIII Y \OSY)

limit of the fracture toughness specimen in ISO 12135:2002.

Kssy limit =[

12
2
agRpo 2

2,5

Equation (C.1) is derived from Equation (C.2) using

K2(1—v2)

2ERpO,2
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In general, the equivalent CTOD ratio, g, depends on the load level (CTOD level), and decreases with
increasing CTOD. However, beyond a certain load level, the load level has only a slight effect on g as shown
in Figure C.1.

a=6mm

/
\

/

/
04 [R\lJ
M = 10

———
02 =15
; p— m=20 —T
m = m =30
0 Il

0 0,02 0,04 0,06 0,08 0,196

Key

a cfack depth t plate thickness

2¢ spirface crack length £ equivalent CTOD ratio adopted-in this method, defined as 6/4p
m  Weibull shape parameter 6 CTOD of standard fracturé’toughness specimen, in millimetres
Ry yleld-to-tensile ratio

Figure C.1 — CSCP (¢ = 6 mm; ¢t >-25 mm): Equivalent CTOD ratio, S, adopted
in this*lnternational Standard

Thus} from an engineering viewpoint, thevalue of g at the sudden change point in the derivalive of g with
respeact to CTOD in Figure C.1, is adopted for constraint loss correction of CTOD of structural components.
The €CTOD of the standard fracture toughness specimen at this point is approximately 0,01 mm, which almost
corresponds to dggy imit for @ 26'mm thick toughness specimen. This International Standard uges such g in
the whole CTOD range beyond dsgy imit» Which provides conservative fracture assessment|of structural
compgonents.

C.2 (Guidelines)for the selection of assessment levels |, Il and Il

C.2.1 General

Guidelines for applying the fracture assessment levels I, Il and Ill are given in the following subclduses.

C.2.2 Level I: Simplified assessment

Assessment level | is applicable to cases where the information necessary for calculating g, such as the
mechanical properties of the structural component being assessed, the type and size of the assumed crack,
etc. have not all been obtained. At level | assessment, f=0,5 is used as an upper-bound engineering
approximation.

As shown in Figures C.2 a) and b), the equivalent CTOD ratio, 5, may exceed 0,5, in a very few cases, when
m is as small as 10. This tends to occur more frequently for long cracks. In order to avoid this risk, level Il
assessment is recommended instead of level |, particularly for cases where the long cracks given below may
exist.
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a) Surface crack length: 2¢ > 50 mm (CSCP, ESCP)

b) Through-thickness crack length: 2a > 25 mm (CTCP, ETCP)

C.2.3 Level ll: Normal assessment

Assessment level Il is applicable to cases where the mechanical properties (yield-to-tensile ratio, Ry) of the
structural component being assessed and the type and size of the assumed crack are known, but the Weibull
shape parameter, m, is unknown. A lower-bound value for m is assumed for the assessment of S.

The equivalent CTOD ratio, g, is calculated using the nhomographs of the equivalent CTOD ratio, f,, for the
reference crack size (Figures 7 to 10) and the conversion equations for the crack length [Equations (3)\t¢ (8)].
The referende crack size for each crack type is shown in Table C.1, which gives an identical stress intgnsity
factor, K.

Table C.1 — Reference crack size for wide plate components

Reference crack size (K = aw\/&ﬁ )
Length Depth
CSCP 2¢ =40 mm a=/%6 mm
ESCP 2¢ =30 mm a6 mm
CTCP 24 =13,8 mm —
ETCP 24=11mm —

Equations (3) to (8), used to convert the equivalent CTOD-ratio, /3, for the reference crack size to g for the
target crack pize, are derived from numerical analyses,examples of which are shown in Figure C.3. It should
be noted that these conversion equations are applicable within the crack size range shown in Tablg C.2,
because the numerical analysis was performed in this range.

Thble C.2 — Range of crack size used for the formulation of crack size effect on g

Range of FE-analysis
Crack size Plate thickness
CSCP 2c>16mm, 1 <a <6 mm t>25mm
ESCP 2c=24mm, 1 <a<6mm t>25mm
CTCP 5 < 2a <50 mm —
ETCP 5<2a <30mm —

At level Il assessment, the Weibull shape parameter, m, is set equal to a lower-bound value of m.

It is also noted that, as shown in Figure C.2, there is a possibility that the use of a lower bound m-value may
give an excessive over-estimation of gin the following cases:

a) Ry<0,8and

b) surface crack length: 2¢ > 50 mm (CSCP, ESCP) or
c) through-thickness crack length: 2a > 25 mm (CTCP, ETCP).

In such cases, level lll assessment is recommended.
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B4 BA
CSCP (a = 6 mm) Ry =0,6 ETCP Ry =0,6
o | = 10 . =10
0,7 —— = m =
- /'/ 0,7 -
0,6 | 20 - 0,6 r/
05 - —m = 15
! P ol | 0,5 _r m =15
0,4 ~ — m =20 04 - ~ Lom =;20
< — 7 T _=m=30
0’3 // =30 013 // f t
1= m= - —_—=m =40
0,2 1 — | 0,2 ] L1
0,1 = m = 40 0,1 =
0 > 0 >

0 20 40 60 80 100 120 2c¢ 0 5 10 15 20y” 25 [30 35 2a

a) CSCP (Ry = 0,60) b) ETFEPY(Ry = 0,60)
BYy BA
CSCP (a = 6 mm) Ry =0,82 ETCP Ry 0,82
0,6 | | 0,6 | |10
- m =
05 — 7= m =10 05 //x
2c =
0,4 ~ 02 -~
_A 1

0,3 2 0.3 gt AT

’ //’ m =15 ’ T PaiPr m =|20
0,2 od — . 0,2 T | A m =30
0,1 1 L = 30 0,1 ~ ~

, . | — jfm =|40 ) o =
0 L 1 L -0 _

(0 20 40 60 80 100 120 2c 0 5 10 15 20 25 |[30 35 2a

c) CSCP.(RY =0,82) d) ETCP (Ry=0,82)

Figure C.2 (continued)
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B BA
CSCP (a = 6 mm) Ry =0,95 ETCP Ry =0,95
oo | - ]
l} T
0,4 N 7| S 0.4 ,,#0’77 =10
2c A m =10 P
L—< /,
_~
0,3 // 0,3 /O
'/ M = 15
0,2 Pead 02 ] B
’ ~ 1 ’ L Lom =20
m =15 _
— | =30
0,1 | T = = ldom i
et f]ng? '=23% 0.1 T || 1 _fvm 40
0 ? m = 40 -0 _
0 ZJJ 40 60 80 100 1202c 0 5 10 15 20 255730 35 2a
e) CSCP (Ry =0,95) f) ETCP (Ry=,0,95)
Key

2a through-tH
2¢ surface crf
m  Weibull sh

NOTE g

C.2.4 Leve] lll: Material specific assessment

Assessment
level lll, the
material con

The Weibull
sufficient nur
in fracture to

A complimen

ickness crack length, in millimetres
pck length, in millimetres
ape parameter

Ry vyield-to-tensile ratio
B equivalent CTOD ratio, defined as &/8p

s elevated to a large extent in the case of a lower-bound m-valugyfor a long crack.

Figure C.2 — Effect of Weibull parameter, m, on g

level 11l is applicable to cases where the information for the assessment of g is fully know
equivalent CTOD ratio, g, is determined using the Weibull shape parameter, m, specific {
erned.

shape parameter m /s, determined in accordance with the method in Annex B based
hber of fracture toughness test results and the FE-analysis of stress fields ahead of the cra
ighness specimens,

tary explanation of Annex C is given in Reference [23].

n. At
o the

on a
ck-tip

30
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LA LA
CSCP (a =6 mm) Ry =0,82 ESCP (a = 6 mm) Ry =0,82
0,6 | T 0,5 /r
% m =ﬂ C _ ~~m =10
/ 1
0.5 LI = 04 | AT L P
0.4 2c * = | //
| 7 03 < 1
m=15
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01 A lf/ ——T [ m=30 0,1 P —— —
o= m = 40
0 | | | -0 | .
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a) CSCP [See Equation (3)] b) ESCP{Seé Equation (4)]
LA BA
CTCP Ry =0,82 ETCP Ry ¥ 0,82
0,5 0,6
[ oA
0,5 e
0,4 - _Am —I 10
m =10
0,4 ~ =15
0,3 — sl A
! — / /./_|
" — 0,3 o 7 — m = 20
) m ¥ 15 rd d T
o — 0,2 . e 3(|)<r
0,1 ,44 Ll L A ///./;—?‘6
3 }/ |t m-= 30 0,1 // o m
ﬂ;_':arﬁ--— T = 40 ’ ;ﬁ%‘g/
0 ' ~ 0 -
0 10 20 30 40 50 2a 0 5 10 15 20 25 30 2a
c) CTCP [See-Equation (6)] d) ETCP [See Equation (7)]
Key
2a through-thickness erack length, in millimetres Ry yield-to-tensile ratio
2¢ sprface crack length; in millimetres £ equivalent CTOD ratio, equal to 5/@NP
m  Weibull shape parameter
Figure C.3 — Evaluation of crack length effect on equivalent CTOD ratio, 3
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Annex D
(informative)

Examples of fracture assessment using the equivalent CTOD ratio,

D.1 General

The equivaIJent CTOD ratio, S, proposed in this International Standard enables more accurate frgcture

assessment
methods. In
Assessment

D.2 Appli
Diagram)

D.2.1 General

The procedu
using the eq
described in

D.2.2 Dete

The critical ¢
ISO 12135.
toughness of
of three equi

D.2.3 Calc

The equivalg
Il as descri
agreement a

D.2.4 Frac

cation of the equivalent CTOD ratio, g, to FAD (Failure Assessment

re of fracture assessment based on the FAD (Failure Assessment Diagram) in BS 7910:20
uivalent CTOD ratio, g, is schematically illustrated in.Figure D.1. The detailed proceddy
FFigure D.2 as follows.

rmination of CTOD toughness of material, o,
LTOD of the standard fracture toughness test specimens shall be obtained in accordance
A minimum of three test results (critical CTODs) is generally chosen as the CTOD frg

the material [6]: [27]_ If more than three toughness test results are available, the use of a min
alent results (MOTE) [28] is recommended [6]. [27],

hlation of the equivalent CTOD ratio, £

bed in this International Standard. The assessment level to be applied shall be decidg
mong the parties'concerned.

ure assessment of structural component based on FAD

D.241 C

nstfuct the FAD curve in BS 7910:2005 [6]

of structural components with crack, in comparison with conventional fracture (mechianics
this annex, the procedure for application of the equivalent CTOD ratio, g, to the .FAD (Fhilure
Diagram) as specified in BS 7910:2005 [6] is presented, and practical examples ar&_exhibited.

05 [6]
re is

with
cture
mum

nt CTOD ratio, S, is,caleulated according to the procedure at fracture assessment levels I, Il and

d by

According to

BS 7910:2005, FAD curves at level 2A and level 2B are given as

Level 2A: £ (L) =3, =(1-0,14L rz)[0,3+0,7exp(—0,65L rﬁ)}

where L, = orei/Rp 2 and oy is the average stress at net section.

Level ZB:f(Lr):\/Z:[

3
L "Rpo2
2E& et

Eerer
L Rpo

]1/2

where E is Young’s modulus and ¢ is the true strain corresponding to oy

32

(D.1)

(D.2)
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The maximum value for L is defined as

L r,max — (Rp0,2 + Rm)/szO 2
where R, is the ultimate tensile strength perpendicular to the crack plane.

To calculate f(L,) at level 2B, the true stress-true strain curve of the material is needed.

D.2.4.2 Calculate the stress intensity factor, K, of the structural component

The ptress intensity factor, K, is calculated by the following methods, assuming elastic stre$s conditions
regardless of the load level:

— refering to K-value handbook [29];

— analysing by the finite element method (FEM).

D.2.4.3 Calculate the elastic component of CTOD, 5\‘,3\”; , of the structural component

58p = (D-4)

K2 E'=E (plane stress)
)(Rpo oF' E/(1 v ) plane strain)

wherg X is a factor (generally in a range between 1 and<2) influenced by the geometric congtraint at the
crack-tip and the work hardening capacity of the material. The X-value is determined in accprdance with
BS 7910.

D.2.4.4 Convert the CTOD toughness, J,.,'0fthe material to the critical CTOD of the structural

cr’
component, dyp s using the equivalent CTOD ratio, S

SWP, cr =61 P (D.3)

D.2.4.5 Calculate the loading-path of the structural component

The Ipading path of the strustural component is calculated as

f(Lr)=x/57=\/§‘?VP(LF):\/5\(7VP(Lr) :\/5\?vp(Lr) (D.6)

5mat 5WP, cr 5cr /:B

wherg 54,1iS the material fracture toughness.

D.2.4.6 Determine the failure load

The failure load, L cr for the structural component of interest is given as the point where the loading path
[Equation (D.6)] crosses the FAD curve [Equation (D.1) or Equation (D.2)].

Figure D.3 shows the procedure for determining the CTOD fracture toughness needed to meet design
requirements of deformability of structural components, using the FAD with constraint loss correction by £.
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D.3 Examples of fracture assessments using the equivalent CTOD ratio, S

D.3.1 Fracture assessment of CTCP (1)

D.3.1.1 General

An example of the fracture assessment of a wide plate component with the equivalent CTOD ratio, g, is
presented here, in the case of the CTCP subjected to uniaxial tension (Figure D.4). The steel used was
SM490YB (JIS G 3106 [30]) with the plate thickness ¢ = 25 mm. Two CTCP components were tested at —100°C.
Fracture net-stresses, o o, Wwere 534 MPa and 560 MPa.

The fracture pssessment of the test results is described in the following subclauses.

D.3.1.2 Determination of CTOD toughness of material, o,

Fracture toughness tests were conducted in accordance with ISO 12135 at —100°C, the same temperature for
the wide plafe tests. Twenty-five three-point bend specimens of standard type (ao/W = 0)5) were tested, The

critical CTODs, &,

cr

at brittle fracture initiation for the specimens are summarized in Table D.1.

Table D.1 — CTOD fracture toughness of SM490YB steel tested at —100 °C

CTOD fracture toughness

5cr

mm
Minimum 0,027
Maximum 0;37
0,2MOTE 0,068
Fer.ave-25 0,11

NOTE 0,2 MOTE~is.\the minimum of three equivalent
results at 20 % fracture-probability.

D.3.1.3 Calculation of the equivalent-€TOD ratio, 5

The equivaleht CTOD ratio, f, is €alculated as shown in Figure 6 in Clause 8.

Step 1: Define the crack length, 24, and the material yield-to-tensile ratio, Ry .

— Target crackdength 2¢ = 50 mm

— Yielg-to-tensile ratio, Ry = Ryg o/ Ry, = 0,82 (R0 » = 530 MPa, Ry, = 646 MPa at -100 °C)

Step 2: Set the reference value (lower-bound value) of the Weibull shape parameter, m.

— At level Il assessment, Annex A is referred to to determine the reference m-value (lower-bound
value). Since the CTOD fracture toughness o 4ye25=0,11 mm is larger than 0,05 mm, the

reference m-value is set as

m = 20 (at level II)

— At level lll assessment, the shape parameter, m, is statistically determined from the Weibull stress
analysis described in Annex B. The result is

m = 36 (at level III)

34
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Step 3: Determine the equivalent CTOD ratio, £, for reference crack size.

— From the nomograph (Figure 9 in Clause 8), the fy-values for the reference crack size at level Il and

level Il are given as

Fo=0,074 (at level Il for m = 20 and Ry = 0,82)

o = 0,040 (at level Ill for m = 36 and Ry = 0,82)

Step 4: Calculate the equivalent CTOD ratio, g, for the target crack length.

D.3.1

D.3.1

The
level
the te

D.3.1

The s

D.3.1

— The equivalent CTOD ratio, g, for the target crack length is calculated using Equation(6
£=0,5(atlevel l)
pB=0,12 (at level II) (B= By(2al13,8)%4 = 0,074(50/13,8)%4 = 0,12)

B=0,067(atlevel lll) (8= fy(2a/13,8)%4 = 0,04(50/13,8)4 =0,067)

.4 Fracture assessment of structural component based on’/FAD

.4.1 Construct the FAD curve in BS 7910:2005

FAD curves at level 2A [Equation (D.1)] and level 2B {Equation (D.2)] are used here. The |
2B in Figure D.5 is constructed with the true stressttrue strain curve of SM490YB (JIS G 3
st temperature.

.4.2 Calculate the stress intensity factor K of the structural component

tress intensity factor, K, for CTCP is-given as follows [29]:

K = o, \na - F(2a/W)

F(20/W) = F (&)= (1-0.0266% +0,065* ) fsec(rg/2) ~ 1,024 (£=24/W =0,2)
.4.3 Calculate the elastic component of the CTOD, &y, of the structural component

K2 B naF?
XBR 0 2 ERp0 2

58 0 = o2 (X=1)

D.3.1

as follows:

FAD curve at
106) steel at

using the equivalent CTOD ratio, S

ﬁNP,cr’

Since a number of toughness data were available, 0,2 MOTE toughness was adopted here as the material
fracture toughness.

5WP,cr =01 B

— =0,068/0,5 =0,136 mMm ----- at level |

— =0,068/0,12 =0,567 mm ----- at level Il

— =0,068/0,067 =1,015mm ----- at level lll

©I1SO
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D.3.1.4.5 Calculate the loading path of the structural component

f(Lr):\/;r:\/??VP :\/55\?VP :\/ER nag*z , - fnZI;ZRpO,z [WV—VZaer
mat WP, cr p0,2 WP, cr WP, cr

— =100L, ----- at level |

— =0,49L, ---- at level Il

— =0p7E——— attevettt
D.3.1.4.6 Determine the failure load

The critical Iq

ad ratio and critical fracture ratio calculated are summarized in Table D.2.

Table D.2 — Calculated results of load ratio and fracture ratio at brittle fracture initiation

The results
better agree
summarized

D.3.2 Frac

SM400B (JIS
length 2q =1
specimen wa
—70 °C was |

Annex A was
CTOD fractu
specimen us

Critical load ratio Critical fracture ratio
TP-No.? Lo NE.
(= Frefer/Rpo2) Level I Levelll | Levellll
UT-1 1,06 (560/530) 1,06 0)52 0,39
UT-2 1,01 (534/530) 1,01 0,49 0,37

a

TP-No.: Test piece number.

of fracture assessments, L —./5, . relationships, using the equivalent CTOD ratio,
ment with the FAD curve as shown. in;Figure D.6. The fracture assessments of the CTC
n Table D.3.

ture assessment of CTCP:(2)

b G 3106) with the plate\thickness ¢ = 20 mm was used. The CTCP components with a cre
60 mm and the fractdre toughness tests were conducted at -85 °C, -80 °C and -70 °C
s employed in each test at each temperature. Ry = Ry, o/Ry, in the temperature range -85
7.

referredA0\to determine the reference m-value (lower-bound value) at level || assessment
re toughness, oo, for a 20 mm thick specimen was converted to 6.5 for a 25 mm
ng Equations (A.1) and (A.2) as follows.

give
P are

ck of
One
°C to

. The
thick

-

Oer-25 = {\/5min +(\/5cr-2o _\/5min)'(

20
25

T

=0,11mm at -85°C, 0,14 mm at —80°C, 0,17 mm at —70°C

Since ¢,

cr-

o5 at each temperature was larger than 0,05 mm, the reference m-value was set as m = 20.

The equivalent CTOD ratio, #, was computed by the FE-analysis with m =20 because the crack length
2a = 160 mm was beyond the size range of Equation (6). Nevertheless, the numerically obtained g = 0,29 was
almost equal to that calculated by Equation (6). Namely, j, for Ry =0,7 and m =20 is 0,1 (Figure 9 in
Clause 8), hence = 3,(160/13,8)%4 = 0,27.

The results of fracture assessments using S are summarized in Table D.4.
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D.3.3 Fracture assessment of CTCP (3)

HW685 (WES 3001 [31]) with the plate thickness ¢=20 mm was used. The CTCP tests and fracture
toughness tests were conducted at —80 °C and —60 °C. The crack length 2a in the CTCP components was
160 mm. Two CTCPs were tested at —80 °C and one at —60 °C. Ry = Ry »/R,, was 0,95 at -80 °C and -60 °C.

Annex A was referred to to determine the reference m -value (lower-bound value) at level I assessment. The
CTOD fracture toughness converted to &5 for a 25 mm thick specimen was:

20V
ras) ]

=0,16 mm at —80°C, 0,19 mm at —70°C

[ [ [ [
Der, ave-25 = L\/Omin TV %er, ave-20 ~ V9min

o,

(¢!

Sincg . 4ve-25 at €ach temperature was larger than 0,05 mm, the reference m-valug'was set as i = 20.

The
2a =
sumn

bquivalent CTOD ratio, f, was computed by the FE-analysis with m £20, because the |crack length
160 mm was beyond the range of the crack size in Equation (6). The results of fracture ass¢ssments are
harized in Table D.5.

D.3.4 Fracture assessment of CSCP

The $teel used was SM490YB (JIS G 3106)[30], the same steel as in D.3.1. Fracture toughness results are

giver| in Table D.1. The m-values determined from fraeture toughness results were m =240 at levelll
assegsment and m = 36 at level lll assessment (see D.3x1).

The €SCP components employed included a surface' crack of length 2c =47 mm and depth a =[9 mm. Three
CTCP components were tested at —100 °C. Fracture net-stresses, oo, Were in the rangel 511 MPa to
528 MPa.

The ¢rack depth « = 9 mm was beyond the crack size range in Equation (6), hence the equivalen{f CTOD ratio,
S, was computed by the FE-analysijs ‘with m =20 (at level Il) and m = 36 (at level lll). Numericdlly computed
p-valpes were 0,123 and 0,078 atlevel Il and level lll, respectively.

The stress intensity factor, K, for the CSCP was evaluated at the bottom of the surface crack|using the K-

valud handbook [29].

Sincs erial fracture

tough

a number of taughness data were available, 0,2 MOTE toughness was adopted as the ma
ness. The results of fracture assessments are summarized in Table D.6.

D.3.p Fracture assessment of ESCP with crack in stress concentration area

The steel used in the tests was SM490B (JIS G 3106) class steel with a plate thickness of 25/mm. Twenty
three-point bend fracture toughness specimens (standard specimens of BxZB type With a7 = 0,5) were
tested at —100 °C. The critical CTOD values, &, were in the range 0,01 mm to 0,16 mm. The m-value at
level Il assessment given by the procedure in Annex A was m = 20, that was equal to the m-value at level IlI

assessment determined from fracture toughness results.

The configuration and dimensions of the ESCP are shown in Table D.7. The ESCP had two corner cracks of
20 mm (surface length) x 6 mm (depth), which were located at the geometrical discontinuities. The cracks
were originally cut by machine and then extended by fatigue loading. Six tensile tests were conducted at
—100 °C. Fracture net-stresses, oy o, Of the ESCP were in the range of 391 MPa to 414 MPa.

At level Il and level Il assessments, /3, was read from Figure 8 in this International Standard with m = 20 and
Ry =0,71, and S was calculated using Equation (4), giving = 0,17.
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The elastic component of the CTOD, Jyp, at the bottom of the surface crack was calculated by FE-analysis.

Since a number of toughness data were available, 0,2 MOTE toughness was adopted as the material fracture
toughness. The results of fracture assessments are summarized in Table D.7.

Applications of the equivalent CTOD ratio, g, to fracture assessments of these wide plate components are

described in

Reference [32].

D.4 Application of the equivalent CTOD ratio, S, to fracture assessments of steel

structures-and components

Practical apy
components
that are subj
crack at the
Reference [3

Key
X load ratio,

Y fracture rg

38

lications of the equivalent CTOD ratio, g, to the fracture assessments of steel structures
are given in References [33] and [34]. The fracture performance of beam-to-column conne
ected to cyclic loading is evaluated with g in Reference [33]. A large welded component V
ocation of geometrical discontinuity is assessed on the basis of the equivalent CTOD conc
4].

YA
1,6
14 |- Omat = Ocr 4
’ 69 ...
12 L / 5—WP \ . Loading
’ cr o path
s
1 o
.0
08 |- Constraint loss
’ correction by ﬂ'.’
o
0’6 B o'. Omat = 5WP, or o é‘cr/ﬁ
0. e
04 o / 55WP “p
R Fracture o
02 . FAD
K (BS 7910:2005)
0 | | | | | | | |

0 02704 06 08 1 12 14 16 18 X

L= Uref/RpO,Z

- Swp
tio, /5, = JUE

mat

and
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vith a
ept in

assessment diagram (FAD) in BS 7910:2005
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Fracture toughness, &¢r

Key
X Iqad ratio, L, = Uref/Rpo,z

SWwp
5mat

<
-

rcture ratio, /5, =

Constraint loss
correction by

YA
1,6
Wide plate A
14
1,2
1 Loading path
4 )
) . 0,8
Stress intensity factor ! - -
Smat = 0 =5 _Ip
4 = NN A mat WP or a /
WP 0%V a1 \arvvy) VA 58
5 V/V; Fracture
st = (Kwp)® 04T ;
WP ™ o Loading path
\ E'Rpo2 J 9 B FAD ~
. (BS 7910:2005)
| | | | | | | | =
(| Equivatent cToD rato, ) 0 02 04 06 081 12 14 16 18 X

!

Fracture performance, L,

Higure D.2 — Procedure for failure assessment by FAD approach with equivalent CTOD ratio, S
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YA
1,6 .
Wide plate A
1,4 -
12 -
1
FAD s ~
0.8 I (BS 7910:2005) 4 ‘ .
, 5°Wp, req Stress intensity factor
06 |- Vé} req = \V Sm rqu KWP = Gt H\'I;Y(W/L /)
’ k ! ,req
04
5e - (KWP)2
0,2 = S WP, req E'RpO,Z
0 L I 1 1 1 1 1 1

0 p2 04 06 08

1 12 14 16 18 X

—€ Egquivalent CTOD ratio,

éreq = 5mat, req xﬁ

Constraint loss correction

Design requilement, ¢, req

—>1 Lr, req

Required fracture toughness, S

Key

X load ratio,|L, = Gref/RpO,Z

Y fracture rgtio, \/5T=

Figurg D.3 — Procedure for determining CTOD fracture toughness required to meet design

e
Swp
Omat

requirements of deformability of components
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Key
1 fatigue pre-crack

2 through-thickness crack
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Figure D.4 — Configuration of CTCP used in the case study D.3.1
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YA
2
—1
i e D
15 - (BS 7910: 2005)
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Key

dad ratio, L, = cdRpg 5

fracture ratio, \/(ST

dvel 2A-FAD
dvel 2B-FAD

N —~

Figure D.5 — FAD curves at level 2A and level 2B in BS 7910:2005
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- ——— 1  CTCP (24 =50 mm)
e 2 SM490YB, Ry =0,82

Key
load ratio L, = 6o Ry o

fracture rgtio, \/§7r

level 2A-HAD

level 2B-HAD
no-correcfion (= 1)
level | (£ 0,5)
level Il (BF 0,12)
level 11l (4= 0,067)

< X

o O b~ W N -

Figure D.6 — Comparison between fracture assessment results using different f-values
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Table D.3 — Fracture assessment of CTCP (1)

CTCP (Centre through-thickness crack panel)
Dimensions in millimetres
AN
- 1 2 — S
O 4— » — O o
D
I I
A
B 450 X o
N L 1]
-
Key
1 crack
Loading mode Uniaxial tension
Test femperature -100 °C
SM490YB (JIS G 3106)
Yield stress: Rpo,z =530 MPa (at test temperature)
Matetial
Tensile strength: R = 646 MPa’(at test temperature)
Yield-to-tensile ratio: R,<0,82 (at test temperature)
Oref or TP-No. uT-1 uT-2
Fracfure net-stress '
(MPa) Oref or (MPa) 560 534
O (MM) TP-No. UT-1 | UT-2 Range | Max. | Min. | Ave. [0,2MOTE
Critidal CTOD
Swper (M) [ | dwper(MM) | 0,62 | 0,51 Oy (Mm) | 0,37 | 0,027 | 0,1 0,068
Assessment level Level | Level Il Level IlI
Weibull shape parameter m — 20 (see Annex A) 6
Equiyalent CT@Dyratio 0,5 0,120 0,p67
2
Elasfjic component of CTOD | e se. K K = F(2a]W
of wileplate owp WP ERy 0 olma F(2a1)
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Table D.3 (continued)

CTCP (2a = 50 mm)
SM490YB, Ry = 0,82

Key
load ratio, L = or¢fRy0 o 3 no correction (8=\1)
fracture ratio, \/§7r 4 levell (#=05)
Results of 1 level 2A-FAD 5 levelll (8=70,12)
fracture 2 level 2B-FAD 6 levellll(s=0,067)
assessment
Fracture-assessment using FAD
YA
10
B =1 B =05 B =012 | B =0,067
95 % limit
95 % limit Mean
1 S Mean 0,2 MOTE
8 8 0,2 MOT oo
95 % limit 5 % limit
5 % limit
95 % limit T Mean ’ .
0,2 MOTE
01 F Mean -
0.2MOTE 4 5 9 jimit ]
L 5 9% limit -
0,01
No correction Level | Level Il Level llI
Comparison between wide plate critical CTODs
measured and estimated with g from CTOD test results
Key
Y  critical CTOD, WP cr (mm)
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