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Improvement of simple estimation formula of J integral under elastic-plastic stress field

by Yoshifumi TAKAKI, Koji GOTOH, Yasuhito IMAI and Shoma ONUKI
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J=(7Z"O"8e+f(n)'0"6‘p>aeq (3)
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a,=aF’ (5)

F= Fo/¢

F, =M, +M,(a/t)" + M, (a/t)’
M, =1.13-0.09(a/c)

M, =—0.54+0.89/(0.2+a/c) (6)
M, =0.5-1/(0.65+a/c)+14(1.0~a/c)"
¢ = (1+1.464(a/c)" )"
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Table 1 Mechanical properties of applied materials.

Material ID 5576 EB A2
Young’s modulus [MPa] 216950 209100 207350
Yield stress (oyo) [MPa] 416.7 490.6 396.0
Tensile strength [MPa] 562.0 581.4 562.2
Uniform elongation 0.143 0.115 0.139
Stress at rupture [MPa] 342.6 305.1 353.5

Table 2 Applied surface crack shapes.

Calculation ID alc alt a[mm] W[mm] Acq[mm]
1-1 0.2 3.54
1-2 0.4 4.57

0.25
1-3 0.6 6.25
1-4 0.8 8.30
2-1 0.2 2.54
2-2 0.50 0.4 291
2-3 ' 0.6 3.46
2-4 0.8 4.02
3 60
3-1 0.2 1.82
3-2 0.75 0.4 1.97
3-3 ' 0.6 2.18
3-4 0.8 2.37
4-1 0.2 1.34
4-2 0.4 1.39
1.0
4-3 0.6 1.47
4-4 0.8 1.54

[Note] W: Half breadth of specimen.

Minimum mesh size [mm]: 0.0077 x 0.020 x 0.047
(a) Overall view (b) Detail of the deepest point for a surface crack
Fig. 1 An example of finite element subdivision used (a/c=0.75,a/t=0.60 ).
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Fig. 2 Stress versus strain curves used.
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Fig. 3 Comparison J-integral values by elastic-plastic FE analysis with the path integration
with by Equation (3) (a/c=0.50) .
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Fig. 4 Comparison J-integral values by elastic-plastic FE analysis with the path integration
with by Equation (3) (a/c=0.75) .
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3. 1 BERH
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JZZ,I{[ﬂ.a.e‘e]-i-[f(n)-o'.gp:l}aeq (7
MITZZTHATOIEERETHY, UTOLOITE5R 5.

A (Onet/0yo 0.5)
A=424 (0.5< 0 /0y <1.0) (8)

(1.0 < 0y /oy g £1.25)
ZEM~Ns 1T, LT OFECTRE L.

(H M
FNEFNDOT A7 k (a/c) OBRZUTKTT D% a/t ® Jeem / Jromua L, T 1.0 L2 57-01C
WBERMEEM E L TEHE 2D, MiZEalc,a/t #85E LTS EAGAEI L.

(a) #K} 5576

A(a/c,a/t)=B +B,(a/c)+B,(a/c)’ + B,(a/c)’
i . 08664 0  4.098 -4362
B, = A, +A @/ +A,@/0) 0 3430 -7.037 8.607
B, = A, (a/) + A, (a/t)’ + A, (a/t)’ . A= 0 8540 -3.227 0 ©)
B, = A, (a/t) + A (a/t)’ 02859 -2.554 0 0
B, = A, +A,(a/t)

(b) B} EB

2,(a/c,a/t)=B, +B,(a/c)+B,(ajc)’ + B,(a/c)’

BE(f &2y att @ :1):3 £(8/0)"+B,@/0) 0.8675 0  3.793 -4.058

= At A@D +A“;( /" . 0 3216 -6.195 7.678

B, = A, (@/t) + A (a/t) + A (a/t) Al 0 7750 288 0 (10)
B, = A, (a/t) + A, (a/t)’ 02454 2331 0 0

B, =A, +A,(@/1)

(c) BFEk A2
A(a/c,a/t)y=B, : B,(a/c) J:BS(a/c)2 +B,(a/c)’ + B,(a/c)* - 0.8585 0 3043 4269 0
B =A +A,@/0)" + A, @/Y 0 3214 -6332 8199 0
B, = A (a/t) + A, (3/t)” + A, (3/t) , A=| 0 7452 3323 0 0| (1)
B, =A, (a/t)+ A33(a/t)2 0 -1.870 0 0 0
0

B, = A,(a/t) 02564 0 0 0
Bs = A51 ] )
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JFEM / JFormula @{ﬁ%gnel /GYO O)E?ﬁ;i CE L/T, K (12) K%’?‘ﬁ"zﬁ%ﬁ@[ l/f: KEFU)’%%%Z Fp 6i0net /GYOZ 10 ()
B 0 Irem / Iromua DIE E U, M 1dE S a/c,a/t #8%E L CHERIEI LT,

A= 2{Fp(a/Caa/t)—%LM,WO_S $(One /Oy —0.5) + 4 s (12)
(a) ML 5576
F,=B,+B,(a/c)+B,(a/c)* +B,(a/c)’
5 0.5955 6.540 -7.049 0
Bi= A+ A (8/0+ A, (3/0) -1.261 -12.87 17.66 -3.229
B2 = A21 + Azz(a/t) + A23 (a'/t)2 + A24 (a/t)3 ’ A= 4087 5009 _5902 0 (13)
B, = A, + A, (a/t) + A, (a/t)’ 2.194 0 0 0
B4 = A41
(b) #Ft EB
F,=B,+B,(a/c)+B,(a/c)* +B,(a/c)’
) 0.5940 6.061 -6.496 0
Bi= A+ A (8/0+ A, (3/0) 1.084 -1229 16.13 -2.516
BZ =A21 +A22(a/t)+A23(a/t)2 +AZ4(a/t)3 ’ A: 3.704 5.191 -5.937 0 (14)
B, = A, + A, (a/t) + A (a/t)’ 2.037 0 0 0
B4 = A41
(c) MEFA2
F. =B, +B,(a/c)+B,(a/c)’ +B,(a/cy
5 3 0.6914 4.781 -4.256 -1.044
81=A11+A12(a/t)+A13(a/t) +A14(a/t) 1111 -1015 11.40 0
B, = A+ A3+ Ay 31 A 340 5007 5606 o ()
B, = A, + A, (a/t) + Aj(a/t)’ -1.945 0 0 0
B4 = A41
(3) A3

JrEM / JFormula ®1ﬁ%6net/GY0 mfﬁllé;i & LG, ft (16) @:ﬂi\‘ﬁ—;ﬁ%ﬁgﬁ{ﬂ L. ftqj@%j;ﬁ Gp liGnet /oye=1.25
@%/El\o) JrEM / JFormula 0)1E L L, A3 6ig§£& a/ C,a /t "Cgiﬁitﬁ{yx L7-.

A =F,(a/c,a/t)-4{F (a/c,a/t)-G,(a/c.,a/)}(0,, /oy, ~1) (16)

(a) #E 5576

G,=B,+B,(a/c)+B,(a/c)’ +B,(a/c)’
-0.6654 6.628 -4.826 0

Bi= A+ A8+ As(a/t)° 2,547  -1836 14.74 -3.201
BZ :A21+A22(a/t)+A23(a/t)2+A24(a/t)3 ’ A: _1213 1369 -5356 0 (17)
B, = A, +A,(a/t) + Ay(a/t)’ 0 3.598 0 0

B4 = A42 (a/t)



(b) ¥+ EB
G, =B, +B,(a/c)+B;(a/c)’ +B,(a/c)’

B it it X -0.9235 8.193 -6.254 0
=A,+A,@/t)+A,(a
= At A @0+ A , . | 3336 2277 19.82 -4.723 s
2
B, =A, + A, (a/t) + A33(a/t) 0 -4.056 0 0
B4 = A42 (a/t)
(c) MEF A2
G, =B, +B,(a/c)+B;(a/c)’ +B,(a/cy’
B ( /t ( /t 5 ( /t ; -1.262  12.17 -15.82 5.208
=A,+A,(@/t)+A,@/t)Y + A,a
1= A A )+ A ) , As ) X A 3.106 -26.37 33.92 -10.15
BZ = AZI + A22(a/t)+A23(a/t) +AZ4(a/t) ’ - 0 1159 _1099 0 (19)
2
B, = A, (a/t) + A (a/t) 09937 0 0 0
B,=A,
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Fig. 5 Comparison J-integral values by elastic-plastic FE analysis with the path integration
with by Equations (7) to (19) (a/c=0.50) .
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Fig. 6 Comparison J-integral values by elastic-plastic FE analysis with the path integration
with by Equations (7) to (19) (a/c=0.75) .



X (7)) ~ (19 ZHNWDZET, 025<0,,/0,, <1.25DLHED Irem/ Iromue DIEIZITIE 1 7225 Z & D3k
RBTxDH. —F, KOEEEEZED D70, RFERTERA L 3 DOMEIO[F—BZRFARITBE T 2 s R
W2 2T Jrem / Jrormuta & ) U THETEAR M~ 2t — 95 2 & bR AT20, ZOHRE, Figd (2R3 L9572
B RIIS SN2 o7 LI > T, BURTIIMEZ S ITEEREM~ A 2T 2 2 E MRS
5.

4. 5w

FRIEBPE J B E O S HEE U SV T, FE fTHRIR & JGA RFM U K DR R & i % & & 612, fiti5 K
DOHEERELEED 12D DEEIBE AT OW TG L7z, 2O, KR TrR Lz 3 MEZ &1 T BEoaFi
KIS 272D DIEEH A RS L) B EOHEEAGE 2 Ui L7z,

A%OBME L LT, ABFFETRE LB EHDRHFIH OB BHI 3 L T4 2 720 O BHI 3 L T O
ABLY, FATEOHEICERE LSS, MEOMEDEELUET 2EEHERFXRIXOBMHNTL2Z L (Bl
X, BRIGT, SRS, TR EE AR L LTEAN) RETLR.

SE X

1) N.Nishio: ANEW METHOD OF ESTIMATING DAMAGE RATE OF PIPELINES DURING AN EARTHQUAKE,
Journal of Japan Society of Civil Engineers, 316, (1981), 1-9. (in Japanese)

2) () BAT AR 7 ALE NSRS OME R HBRE T (JGA 15 210-04), (2004).

3) T. Hoshide and K. Tanaka: Analysis of Fatigue Crack Propagation from Surface Flaws by Elastic-Plastic Fracture
Mechanics, Transactions of the Japan Society of Mechanical Engineers Series A, 48, (1982), 433, 1102-1110. (in
Japanese)

4) The Japan Welding Engineering Society: WES2805, Method of Assessment for Flaws in Fusion Welded Joints with
Respect to Brittle Fracture and Fatigue Crack Growth, (2011).

5) C.F. Shih and J.W. Hutchinson: Fully Plastic Solutions and Large Scale Yielding Estimates for Plane Stress Crack
Problems, J. Eng. Mater. Technol. 98 (4), (1976), 289-295.

6) http://www.mscsoftware.com/ja/product/marc, (accessed on September 20, 2019).

7) M. Mitsuya: True stress-strain curve of line pipe steels after uniform elongation, Journal of High Pressure Institute
of Japan, 55, (2017), 12-21. (in Japanese)



