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Table 1~ Stress singularity indexes A, of the ideal bonded bi-material specimen

E,/E, X X, X, A, As Ag
100 -1 -1 0 -0.499+i0.132  —-0.499-i0.132 0

EZ/EI A7 AS /\9 /\10 /\11 /\12
100 0.5+i0.132 0.5-i0.132 0.999 1 1.5+i0.132 1.5-i0.132

R2 WO (LA mA L EE) REURER N A TR A,

Table 2 Stress singularity indexes A, in region {2, with free-fixed edges

A Xy A, A, As

-0.499+i0.132 -0.499-i0.132 0 0.999 1
R3 B0, (Wi A h) REURm RN ERE L A,

Table 3 Stress singularity indexes A, in region {2, with free-free edges

Ay Ay As Ay As Ag Ay

-1 -1 0 0.5+i10.132 0.5-i0.132 1.5+i0.132 1.5-10.132

W2 2 3 AR 1 IR ) PEHEEON L R B, AR ARV RG24 (G Sk 25 ) THE R R )
APERREC A, (LR 1) 3848 T30 2, (WIPE/N) Al Q, (WP R) THEL AR ) AR PEFE B A, (L3R
2.3).
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Table 4 Amplitude coefficients A,{/mm_“ of the crack from the XBEM analysis

scheme 1 scheme 2 scheme 3 scheme 4

k Arg Au

A Ay A Au A Ay A Au
1 -1 0 -8.6E-4 0 7.28E-4 0 -4.49E+6 0 2.83E-3 0
2 -1 0 2.71E-4 0 -7.6E-4 0 =2E+7 0 -2.5E-3 0
3 -0.499 0.132 -7.5E-4 -1.1E-3 3.71E-4 -3.92E-3 -6.2E+5 -7.03E+6 -1.08E-2 -7.87E~-1
4 0 0 2.06E-5 0 -2.15E-2 0 -1.27E+9 0 6.48E-2 0
5 0 0 -3.85E-4 0 -6.13E-2 0 1.98E+9 0 6.53E-1 0
6 0.5 0.132  3.86E-5 -4.56E-5 -14E-1 -2.24E-1 -1.6E-2 -1.6E-4 -44.293 -231.073
7 0.999 0 4.23E-3 0 -2.682 0 3.05E-3 0 -3.649 0
8 1 0 3.05E-2 0 3.191 0 -1.83E-2 0 47.611 0

F5 PRBFICESH PRI SLG R IR F K /(Nomm™>743)
Table 5 Stress intensity factors K [ /(N+mm™2723) of the crack from the XBEM analysis

XBEM

E,/E, ref. [20] ref. [ 18]
scheme 1 scheme 2
2 650.9 -1641.6 658.9 658.9
5 640.5 -634.1 655.1 -
10 701.2 635.9 644.9 643.8
100 740.6 627.4 623.7 629.8

YRI5 WAL Y B B = 2,5 B 55 VISR K FISCHR] 18,20 138 2R 2
B4 E,/E, = 10,100 BF, 5% 2 TR TSR0 K, FISCHR 18,20 18005 58 1 3. IR L, #  y
LR VBT E 2 EE R E/E, = 2,5 BIRSEEMSMN 15, TE 2 BirE 1 ik
B E,/E, = 10,100 B 24802546 4380/ 1 1371,
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Fig. 4 Variation of interface stress o, along y = 0 mm
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Table 6 Stresses o, and 7, near the crack tip with the bonded steel and aluminum

inner point coordinates o, /MPa 7, /MPa
(x,y) /mm XBEM scheme 1 FEM XBEM scheme 1 FEM
(0.002,0) 4 530.4 3597.3
(0.01,0) 1913.7 1 880.9
(0.234,0) 546.1 493.6
(0.99,0) 259.6 481.7 268.4 552.4
(3.19,0) 153 295.6 170.3 333.4
(14,0) 104.8 106 118.4 123.9
(61.9,0) 98.2 98.2 103.5 105
(130.0) 95.5 9.8 96.6 98.4
(-4.8,5) 9.1 12.8 76.3 164.9
(45.5) 140.9 156 106.3 112.5
(33.7,5) 100.2 102.5 108.7 109.4
(103.2,5) 98.1 100.5 99.1 101.3
(-4.8,-5) 50.4 100.3 17 247
(4.5,-5) 145.5 154.4 81 98.6
(33.7,-5) 98.1 100.1 105.2 107.2
(103.2,-5) 95.4 98.6 98 99

KT R A ICIE N B 3 R A Mt BT 58 1 TR A N 18, i3k IR 3 % O 4k
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mm ) o, {E1 5.54 5,38 0, A (-4.8 mm, -5 mm) BT A9 T, {EZ IR 0, A (-4.8 mm,
5 mm) i 7 {H8Y 1.53 £5  FF6 1A R N 22 1 W9 i oo ik mT LAUERA 345 P AR A R
HAERRGEE E,/E, =2.94 WS 15 TE 1 43800 71 578 SO A A 16} 24045 44 4 381 g
TG EE R VAL R BRI T .

4 4 i
AR SOR I TR FTEI ST T WA BER R 505 4 DK S 17, 6 A 6 X Sk 235
i, EBRIT

1) SRARZLSCAII 13750, 4 i 120 50 12 P A FH 650 /0 B4 B 0 50 A AR A 42 A Y )



B 4R [ IR o BRI 935

Y, i FRITIE AR BEARAT A 0 AR5 DX 355 11 107 77 37 01 R 9 o DX a8 A7 % 273 e o oK At v 4 Ao e
B LEF I IX Sk 2 S N 135, AR Al R A PR L B A AN ] IO %o 79 A IX sl 43 31 B 3
e ) 482 o 4 A0 J T 2 4

2) BXF E,/E, WAERIBCRTSIE (I E,/E, = 100) , 35 .0, (MI¥E/N) % FHBRAR 25 & Bh 45 61k
(RN ST REAE RS, 388 02, (WK ) 4 B S5 & Bhas AR S 4 [ &5 Fe 00, J5 8225 T i B I
SRV % 2) RGP B A otk i, vl LIS B e300 b 113.

3) % E,/E, WA RIEIE (40 E,/E, = 10,5) , 38 0, (RIPE/N) 7T BAR 25 5 BE 45 b
BHOERIEXT 25 E,/E, = 10 HAESEIT MR IETE T, 30 0, (WIPE K ) 3t 25 AB 454 Bh 45 bR S 4
R J 25 S, SR s TR e (A% 2) 24 E,/E, = 5 SR A S5 , 38R 0,
FI, 0, Y% FH AR 25 B BE A ADR B 1 B X (BIJT 28 1) K5 FEY R St sk i, T LA
1530 43 Ry F13.

4) Bx¢ E/E, WAHMIATRYSE (I E,/E, = 2) , 3.0, T 0, Y% T 25 5 3645 bk
(RN FIRFAEST (B ZE 2) ARG I e A oe iR i , oT LAERAAS 2 3800 N 71 5.

5) Xt E,/E, AT HOfE B0 0, Ak Q, RAIITSE 1 2 SR A0 B IR H58 X ] 1 3 24
0. T A BIR TG T AR it BT SR FH A 58 1) DR St 198 g ) (A B B8 R o B 1~ 2 %
(I35 )7 A

2 2% 3k ( References) .

(1] TRWLAR, BASEDT. ZEHE 2 M]. dbat: W2 it 2006; 3-5. (SHEN Guanlin, HU
Gengkai. Mechanics of Composites| M ]. Beijing: Tsinghua University Press, 2006: 3-5. (in
Chinese) )

(2] B4, 4008, BRAE, . STk R Ray R (I ). i, 2015, 32(3):
310-320.( GE Renyu, NIU Zhongrong, CHENG Changzheng, et al. Propagation analysis of
two-dimensional linear elastic crack with boundary element method[ J]. Chinese Journal of
Computational Physics, 2015, 32(3) : 310-320.(in Chinese) )

[3]  Edk, mRE. B = AERAIERY [ 350 2 REY JRA ROt J]. TR %%, 2016, 33(1):
32-38. ( WANG Zhen, YU Tiantang. Adaptive multiscale extended finite element method for
modeling three-dimensional crack problems| J]. Engineering Mechanics, 2016, 33(1) : 32-38.
(in Chinese) )

(4] ZEbig, 8P, X —0g, & B TRHBIEY 3 ¥ kN Ry RN [J]. LRI,
2017, 34(12) ; 31-38.( QIN Hongyuan, HUANG Dan, LIU Yiming, et al. An extended peridy-
namic approach for analysis of multiple crack growth[ J|. Engineering Mechanics, 2017, 34
(12): 31-38.(in Chinese) )

[5] VLSFHE, FLuOak, Wi, S5 KA SO BH A T 2 a0 o B N Ty A IROTE[J]. TR
22015, 32(3) : 22-27, 40.(JIANG Shouyan, DU Chengbin, GU Chongshi, et al. Computa-
tion of stress intensity factors for interface cracks between two dissimilar materials using ex-
tended finite element methods[J]. Engineering Mechanics, 2015, 32(3) . 22-27, 40.(in Chi-
nese) )

(6] B, SelEsh. XU RO A Ry 5 #2051 [ I ). WL Tl KReE 224, 2017, 45(2) : 130-
136, 158.(LU Jun, CHAI Guozhong. Integral equation methods for the problem of bi-material
crack[ J]. Journal of Zhejiang University of Technology, 2017, 45(2) : 130-136, 158.(in Chi-

nese) )



936

SRR VU AL R B K A R 1 S 4 el ot ik

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

058, B4, RECHO N, 4. V1 VIR D) BN g i [T ). i R BB )
R, 2014, 44(1) ; 79-90.(NIU Zhongrong, GE Renyu, RECHO N, et al. Evaluation of
plastic stress singularities of plane V-notches and cracks in hardening materials[ J |. Scientia
Sinica . Physica, Mechanica & Astronomica, 2014, 44(1) ; 79-90.(in Chinese) )

WILLIAMS M L. Stress singularities resulting from various boundary conditions in angular cor-
ners of plates in extension[ J |. Journal of Applied Mechanics, 1952, 19(1) . 287-298.
A, E5. HRER AR V B G AR BRSO R R A [ T ] 22N TR 274, 2018,
44(4) . 162-166.( LI Youtang, WANG Yong. Characteristic analysis of crack stress field intensi-
ty at V-shaped notch root of functionally gradient materials[ J |. Journal of Lanzhou Universi-
ty of Technology, 2018, 44(4) . 162-166.(in Chinese) )

MIRSAYAR MM, ALIHA M R M, SAMAEI A T. On fracture initiation angle near bi-material
notches-effects of first non-singular stress term|[ J]. Engineering Fracture Mechawics, 2014,
119; 124-131.

R, KA HYE, S RS R XU R R R S I 13 [ T, B EE R
2008, 29(8): 947-953. (LI Junlin, ZHANG Shaoqin, YANG Weiyang, et al. Study of stress
fields near interface crack tip of double dissimilar orthotropic composite materials[J]. Ap-
plied Mathematics and Mechanics, 2008, 29(8) : 947-953.(in Chinese) )

AYATOLLAHI M R, MIRSAYAR M M, NEJATI M. Evaluation of first non-singular stress term
in bi-material notches[ J |]. Computational Materials Science, 2010, 50(2) . 752-760.

MR, K. I BT ) AL R IR PR AR B AS AR [T ] T 2B AR, 2015, 32
(4): 543-548, 701.( FAN Haijun, XIAO Shengxie. Elastic-plastic exact solution of polar coor-
dinates on mode II plane stress cracking in stress field[ J|. Chinese Journal of Applied Me-
chanics, 2015, 32(4) . 543-548, 701.(in Chinese) )

LAN X, NODA N A, MITHINAKA K, et al. The effect of material combinations and relative
crack size to the stress intensity factors at the crack tip of a bi-material bonded strip[ J]. En-
gineering Fracture Mechawics, 2011, 78(14) . 2572-2584.

4ol FRAKAE, BIS7E, 45 VIR TN 7 B W 7 —Fhl ST/t r i [ J]. 1R,
2008, 40(6) : 849-857. ( NIU Zhongrong, CHENG Changzheng, HU Zongjun, et al. Boundary
element analysis of the stress intensity factors for V-notched Structures| J|. Chinese Journal
of Theoretical and applied Mechanics, 2008, 40(6) : 849-857.(in Chinese) )

EHR LEBBARITEIM]. dbat: hEZKFDKHE S HE, 1996. (WANG Youcheng.
Boundary Element Method in Engineering[ M ]. Beijing: China Water & Power Press, 1996.
(in Chinese) )

s, FRORHL, XM, SHRERR B AR S ZS Wi R # A 1 AU Tk [T ], J1eedik, 2015,
47(5) . 868-873.( GAO Xiaowei, ZHENG Baojing, LIU Jian. Dynamic fracture analysis of func-
tionally graded materials by radial integration BEM[ J |. Chinese Journal of Theoretical and
Applied Mechanics, 2015, 47(5) . 868-873.(in Chinese) )

YUUKI R, CHAO S B. Efficient boundary element analysis of stress intensity factors for inter-
face cracks in dissimilar materials[ J |. Engineering Fracture Mechanics, 1989, 34(1): 179-
188.

R, RS, BT, . VRIALICIE ST ) F LSS R N ) e[ ] AR T
#2, 2018, 39(5) : 539-551.(LI Cong, NIU Zhongrong, HU Bin, et al. Accuracy of the extend-
ed boundary element method analyzing the stress fields of V-notched/cracked structures| J].
Chinese Journal of Solid Mechanics, 2018, 39(5) : 539-551.(in Chinese) )



2Ol AR WEE W o B KIE 937

[20] KM, BR4RDL, RLPCAE. XUBHRH LT RSN 70 B K T R i [ I 1. 1284k, 1999,
16(1): 21-26. (ZHANG Ming, YAO Zhenhan, DU Qinghua. Boundary element analysis of
stress intensity factors of bimaterial interface crack[ J]. Chinese Journal of Applied Mechan-
ics, 1999, 16(1) ; 21-26.(in Chinese) )

Computation of Total Stress Fields for Cracked
Bi-Material Structures With the Extended
Boundary Element Method

LI Cong, NIU Zhongrong, HU Zongjun, HU Bin, CHENG Changzheng
(School of Civil Engineering, Hefei University of Technology ,
Hefei 230009, P.R.China)

Abstract: According to the theory of linear elasticity, the conventional numerical methods are
difficult to calculate the singular stress fields of cracked bi-material structures. An extended
boundary element method (XBEM) was proposed to calculate the singular stress fields near
crack tips. Firstly, a small sector around the crack tip was removed from the cracked structure.
The displacement and stress components in the small sector were expressed as asymptotic se-
ries expansions with respect to the radial coordinate from the tip. The amplitude coefficients in
the asymptotic series expansions were taken as the basic unknowns. Secondly, the boundary el-
ement method was used to analyze the cracked structure without the small sector. Consequent-
ly, the complete displacement and stress fields of the cracked structure were solved through
combination of the boundary element analysis and the asymptotic series expansions near the tip.
For the 2 domains near the crack tip of a bonded bi-material, reasonable terms shall be chosen
in the asymptotic series expansions respectively. The computation results show the accuracy
and effectiveness of the XBEM for determining the stress fields of the cracked bi-material struc-

tures.

Key words: crack; bi-material; singular stress field; extended boundary element method; as-
ymptotic series expansion
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