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A Comparison of J-integrals based on

Deformation and Incremental Plasticity Theory

Kenji Havashr, Kohsuke Horikawa and Matsuji Sasapo

In this paper, firstly the elasto-plastic finite element analyses of a center cracked plate are performed based on
deformation and incremental plasticity theory to investigate the difference between solutions obtained through both

" thetry and some factors determining the path independence of J-integral, and loading condition of an element in the
vicinity of crack tip are examined. Secondly, the analysis of a longitudinal bead-welded joint with a center crack

is conducted based on incremental theory to discuss the path independence of J -integral and loading condition of

elements on phase boundary.
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Table 1 Loading conditions of an element at crack tip

a $x by By ']
0.90 | 4.93E-4(26.5) [ 6.68E-4{ 0.5) | 6.92E-4{ 3.2) | 6.71E-4
Deformation 1.00 | 7.65E-4(17.8) | 9.26 E-4( 0.5) 9.46E-4( 1.6) ] 9.31E-4
theory 1.10( 2.41E-3( 7.9} | 2.61E-3{ 0.2} | 2.35E-3(10.0) | 2. 61 E-3
SM4l 1.20 | 4.91E-3( 3.9) | 4.74E-3( 0.4) | 4.38E-3( 7.3} | 4.72E-3
1.30) 6.90E-3(11.1) 1 6.30E-3( 0.5} | 6_.03E-3( 5.1) | 6.36E-3
0.90 | 1.19E-4(81.7) | 6.23E-4( 4.4) 7.98E-4(22.4) | 6.52E -4
Incremental | 1.00 3.24E-4(64.7) [ 8.79E-4( 4.0) [ 8.84E-4( 5.8) | 9.16E-4
theory 1.10) 2.99E-3(13.2) | 2.67E-3{ 1.3) | 1.93E-3(26.8) | 2.64E-3
SM41 1.20 | 1.40E-2(>200) | 4.84E-3{ 4.8) | 3.39E-3{26.5) | 4.62E-3
1.30 | 3.28E-2(>400) | 6.32E-3( 4.2) | 5.29E-3(12.7) | 6.06 E-2
6.91 ) 3.56E-5(93.4} | 6.14E-4{ 4.9} | 6.21 E-4(14.9) | 5.41E-4
Incremental
theory 0.99) 1.52E-4(78.1) | 6.58E-4( 5.1} { 7.79E-4(12.4) | 6.93E-4
HTS0 1.07 [ 5.09E-4(55.0) | L.ORE-3( 4.3) | 1.17E-3( 3.2} | 1.13E-3
1.14| 2.83E-3(18.9) | 3.43E-3( 1.7) ]| 4.36E-3(24.8) | 3.49E-3

Remark ; a=on /oy, on @ Net stress, oy : Yeild stress
(il gus-¢ | /¢ X100
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Table 2 Loading conditions of elements on phase boundary

SE

7 BiéilféL<j @ $x ¢ o ¢
'é 0.99| 8.52E~6( 1.1) | 8.42E-6( 0.0) | 8.65E-6( 2.6) | 8.43E-6
% = 1.14 | 9.15E-4( 1.2) 1 9.28E-4( 0.2) [ 1.01E-3( 9.0) | 5.26E-4
g - Element 1 | 1.23{1.49E-3( 9.0){ 1.37E-3{ 0.2} | 1.84E-3(34.0) | 1.37E-3
ﬂg - 1.3311.84E-3( 0.0) | 1.84E-3( 0.0) [ 1.98E-3( 7.4) { 1.84E-3
| 27 = §.42( 2.33E-3( 0.0) | 2.33E-3{ 0.0) | 2.49E-3{ 6.7) { 2.33E-3
_ 0.99]4.91E-5( 5.9) | 5.26 E-5{ 0.7) | 3.40E-5(34.9) { 5.23E-5
~ 1.14 [ 1.44E-3( 5.6) [ 1.35E-3( 0.8) | 1.28E-3( 5.9} { 1.36E-3
=; |Element 2 | 1.23|2.36E-3{18.7) [ 1.95E-3( 1.6) | 3.18E-3(60.0) | 1.98E-3
A 1.33 | 2.69E-3( 3.1) | 2.59E-3{ 0.6) | 3.21E-3(23.0) | 2.61E-3
t Wu “'J 1.42 | 3.27E.3{ 0.6) [ 3.24E-3( 0.4) | 4.67E-3(43.7) | 3.25E-3

Remark ; a—an/oy. on 1 Net stress, oy : Yeild stress of base metal
()il du-¢ | /¢ X100
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