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Table 1 Types of cleavage fracture toughness tests and applicable standards
Fracture Toughness | Evaluation Target Typical Test Sandard Remarks
Base Metal Large-scale fracture toughness test
Deep Notch Test Welded Joint ClassNK Approval Test (Base Metal) developed in Japan in 1964
ASTM E399-90 (1997) With the 2005 revision, low-medium strength|
K, Test Base Metal (Originally approved in 1970) steel is no longer applicable.
Base Metal | BS 7448 Part 1:1991—BS EN 1SO 12135:2021 BS DD19:1972—BS 5762:1979
CTOD Test Low-Medium WES 1108: 1995—WES 1108:2016 before BS 7448 Part 1:1991
Strength [ 1ed Joint | BS 7448 Part 2:1997—BS EN 1SO 15653:2018 BS EN 1S015653(12135) and
Steel elded Joln WES 1109: 1995—WES 1109: 2021 ISO15653(12135) have the same content.
J Test Base Metal BS 7448 Part 1: 1991—BS EN 1SO 12135:2021 J. test was first standardized
° ASTM E1820-1996—ASTM E1820-2023 as BS7448 Part 1 in 1991.
Mater Curve Approach Base Metal ASTM E1921-2023 " after stress-relief annealing, that have 10 %
(Statistical J, Test) Weld Metal * (Originally approved in 1997) ;:e'e:; :'::gtlh mismatch relative to that of
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Table 2 FATT of nuclear pressure vessel steels'®)

Steel Code FATT °C

7THA -4

ASTM A

533B ClI.1 7HB 3
8HB -22
7HC 10

ASTM A 8HC 1

508 CI.3 8HD 11
9HC 2
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Table 3 CTOD conversion formula for three-point bend specimen of various standards

Standard CTOD conversion formula Remarks
BS 5762:1979 _ K*(1—v®H) rp(W—ag) . I e
WES 1108:1995 0=0e*001 = "2 koyy | rp(W—ag)ragtz P () =4 \ 5. / T
ASTM E1290-1989 r :plastic rotation factor(=0.44 for ASTM standard, 0.4 for others)

BS 7448:Part 1:1991

z hight of knife edge, o,_:yield stress at test temperature

1E T oTyse ) 4 _rIWa,.]
AS_TM E1820-1996 a;:original crack length, W:specimen width, E:Young's modulus \ L._Rota':,on canter
1SO 121352002 | v:Poisson's ratio, V,,:plastic component of clip gauge opening displacement I
] - P
1 (K*(1—v? m
5=J/(moy) = { (1-v7) } (ii) o
ASTM E1290-2002 moy k B(W-ag) ¢
ASTM E1820-2005 | m:function of a,/W and Ry, oy:effective yield stress at test temperature g
Ry:yield ratio(=o, /05, 0g: tensile strength at test temperature), n=1.9 w
K:stress intennsity factor obtained from force P, A, refer to the right figure | Load line displacement,A
WES 1108:2016 _K*F1—v?) +f W —a) _
IS0 15653:2018 T moyE Ly r,,(w —ag)+ag+z ” (i) Effective range
IS0 12135:2021 | r,=0.43, m=4.9-3.5R, Ry=0.6~0.98
WES 1109:2021 B=10~200 mm

f,=(-1 4R,?+2.8R,-0.35)[0.8+0.2exp{-0.019(B-25)}], B:specime thickness

0.45=a,/W=0.55 for BS and WES, 0.45=a,/W=0.7 for ASTM and ISO standard
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ISO 12135 TiX. &.fE % size sensitive fracture
resistance T 5 L LI TV D, Z Dsizen M & f5
LTW2O0BfETIEenn, BHiEodic
“However, these measurements are regarded as
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sizelTiBR A, BEEL T\ 5 ko icEbid,
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BRI D> B~ X BRAEERED JE (FRA I M) &2k 5,
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ASTM** BS, ISO Standard

Jc- 50- 5c* it Ju: 6u >

5.(WES1108) | §,(WES1108)

Ll >

1
]
Blunting line /

'y
Cleavage fracture

Cleavage fracture occurs
on the blunting line or R curve.

For ASTM 1820
if B, W-a,23008,, 54,20,

J value

g. if B, W-2,<3008,, 5,50,
8 if B, W=a,2100J0,/0y, Joc=Je
5 - oy=(0,+0g)2

‘Eleavage Blunting line definition

fracture ASTM E1820-23| I1SO 12135:2016
J=20 Aa, J=3.750g0a,

5=1.44a, 5=1.87(oylo,.)Aa,

0.2mm
Aa, (=SZW+Stable crack length)

Fig.9 Definition of 8", 8¢, du, Je, Juin various standards

o,

Fracture toughness

LT i’hickness[Crack front)
Palastic constraint
(depends on a/W, W/B, (W-a)a./J)

Temperature

Fig.10 Temperature dependency of ¢, du, 6i Je, Ju, Ji
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(5) ASTM E1921 (Master Curve Approach)
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Fig.11 Master curve approach by ASTM E1921%)
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