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Evaluation of Fracture Toughness by J-A, Method
Considering Size Effect

Y. Lee* Y. J. Kim**, Y. H. Kim*** and J. H. Kim***

ABSTRACT

The size effect on fracture toughness was investigated by introducing J-A; theory. For this application, smail
size specimens were chosen to establish J-A, assessment curve with FEM analysis. Two-dimensional FEM analysis
was conducted with plane strain model using ABAQUS by domain integral method to calculate both crack tip
stress and fracture toughness which were used to establish J-A, curve. The assessment curve predicted the fracture
toughness of large specimens very well when compared to the test values. The results showed good prediction for
deep crack specimen. though there were acceptable deviations in shallow cracked specimens, presumably caused by
constraint effect. When the curve applied to reactor vessel in order to predict end of life fracture toughness with
assumption of on-power pressure test condition, it provided the reasonable pressure compared to the existing
design value. Better predictions would be possible if more test data were available.

Key Words : Size effect(=17] &), Fracture toughness(3}3] 9143), Cleavage fracture(® 7} ¥}3), Constraint effect
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Fig. 1 Opening stress distribution near a crack tip*
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Table 1 Stress exponents of higher order terms, Mode

I, plane strain

si= -1/(n+1)

! (HRR value) i >

3 -0.2500 001284 | 02243
4 -0.2000 0.03282 | 0.2656
5 -0.1666 0.05456 | 0.2758
10 -0.0909 0.06977 | 0.2304
13 -0.0714 0.06468 | 0.2008
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Table 2 Higher order term of opening stress values

Bzg(ﬂ) at §=0, Mode I, plane strain'®
B=1
" (HRR values) B=2 B=3
1.9407 0.2834 -1.2764
4 2.1042 0.3092 -2.1506
5 22171 0.3184 -3.2240
10 2.4969 0.3130 -6.4128
13 2.5775 0.3036 -7.2798

Table 3 Mechanical properties and material constants

for J-A, analysis®”

Properties Notation Value
Young's modulus E 207 GPa
Poisson's ratio N 0.30

Yield stress 0o 452 MPa
Ramber-Osgood n 6.30
constant a 2.71
Integration constant I 4.85
Highér order Ef;ﬁ(l) 2.2898
opening stress &\;6(2) 0.317
(dimensionless) 8;9 (3) -4.0519
Stress exponent of 31 0.137
higher order term 2 0.05831
S3 0.264
Strain € 2.185x 107
Characteristic
L 1 mm (Arbitrary)
length of crack
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Table 4 Specimen dimensions, failure loads and J. by Smith et. al.

(6)

Temperature w a Failure load Je
a/W | Spec. No. Span (mm) a/'W
() (mm) (mm) (kN) (kN/m)
4 -40 81.3 20.3 1.60 0.079 87.6 2115
16 -40 81.3 20.3 2.56 0.126 69.4 706
18 -40 81.3 20.3 2.36 0.116 87.6 2178
14 -40 81.3 20.3 2.18 0.107 67.8 534
01 39 -40 81.3 20.3 2.18 0.107 70.9 673
24 -40 81.3 20.3 1.73 0.085 85.9 2025
5 -40 81.3 20.3 1.98 0.098 81.8 1878
Average - 81.3 20.3 2.08 0.103 78.7 1444
8 -40 81.3 20.3 9.58 0.472 20.9 108
9 -40 81.3 20.3 9.65 0.475 21.4 158
i1 -40 81.3 20.3 8.89 0.438 23.6 116
0.5 12 -40 81.3 20.3 8.61 0.424 25.8 174
15 -40 81.3 20.3 9.3 0.457 26.7 407
25 -40 81.3 20.3 10.08 0.496 20.5 172
23 -40 81.3 20.3 10.34 0.508 18.7 133
Average - 81.3 20.3 9.49 0.467 22.5 181
Table 5 Specimen dimensions, failure loads and Jc by ORNL‘”

Temperature |  Span w a Failure load Je

a/W | Spec. No. . a'w

() (mm) {mm) (mm) (kN) (kN/my)
26 -40 610 102 11.0 0.11 740.1 169
o1 37 -39 610 102 10.8 0.11 745.9 142
38 -39 610 102 10.8 0.11 755.3 115
Average - 610 102 10.9 0.11 747.1 127
25 -39 610 102 52.0 0.51 238.4 91
05 31 -40 610 102 515 0.51 205.5 57
36 -38 610 102 51.6 0.51 176.1 44
Average - 610 102 51.7 0.51 206.7 64
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Table 6 Specimens and FEM results

Table 7 Prediction of ORNL specimen fracture

Smith ORNL toughness (*unit: kN/m)
Conditions |10 % |50 % | 10 % | 50 % ; ORNL
° ° ’ ° . Load Openning . Cal.
Crack | Crack | Crack Crack Specimen N stress J i -A; . | Test
L (mm) 81.3 610 &N T Mpay oy
B=W(mm) 203 102 10 % 11353.550 1250 |96]0.300
a (mm) 208 [ 949 | 10.87 | 51.7 o 1: 2(373.55] 1281 [117]0.354| 130 | 142
racl
P. (kN) 787 | 225 | 7471 | 206.7 31393.55| 1318 |144{0.354
Jo (test,kN/m) | 1444 [ 181 142 64 1/100.00| 1343 |60/0.202
50 %
J. (FEMKN/m) | 543 | 81 | 126 65 - ]: 21103.55] 1367 |66]0.194] 65 | 64
Crack openin rac
p 2g 24 | 1451 | 1281 1367 3{110.00| 1412 |8010.185
stress (N/mm”)
-0.43 [-0.168 | -0.354 | -0.194 ) _ . .
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Fig. 5 J-A; failure evaluation for A533-B
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Fig. 6 Schematics of reactor vessel wall for analysis
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Table 8 J-A; Prediction of reactor vessel pressure
limit at the end of life assuming (a/W)=1/4

crack inner side wall (* unit:KN/m)

Limit Test
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(MPa) (MPa) | (MPa)
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Fig. 8 J-A; failure evaluation for reactor vessel
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