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IR RS dy = 1.6 cm , EEF R L] 5 4> Gauss IAAAANAARE I
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Table 1 ~ The comparison of accuracy and efficiency between different methods
method K, /(MPa -cm"?) errore /(%) time £, /s
analytical solution 2.510 - -
SFBEM based on Erdogan’ s solution 2.506 0.159 2.234
XFEM solution 2.514 0.159 211.567

M 1 LB, SENTREAE G, 25T Erdogan JEAS A i X388 X FE 2% 1 i1 B otk
THE LR A4 0 7 3 88 PR R0 AT FROGIE T3 th ok i 4 R B A R ARG BE T HL ol TR 5%

HEA Bt otk A i R i

FRICE IR £,
T2H/HT

DT RA IRITIE B LR SR R ST TSR B L R A

FESR I AT A AT IRTTIE TR A T B e R R R AR K 3 4
il T X PRI E T R AT B P A (v = 0) AR AR BT R AR

F2 ARINETERE ERTFEEART

Table 2 The comparison of displacements at the upper crack surface between different methods

displacement u /cm

x /cm deviation 6 /(%)
SFBEM based on Erdogan’ s solution XFEM solution
0.000 2.660x1073 2.703x1073 1.619
4.000x1073 2.662x1073 2.694x1073 1.190
8.000x1073 2.634x1073 2.666x1073 1.193
1.200x1072 2.587x1073 2.618x1073 1.197
1.600x1072 2.519%x1073 2.550%x1073 1.203
2.000x1072 2.417x1073 2.458%x1073 1.680
2.400x1072 2.302x1073 2.342x1073 1.705
2.800%x 1072 2.157x1073 2.195x1073 1.729
3.200x1072 1.977x1073 2.012x1073 1.744
3.600x1072 1.746x1073 1.780x1073 1.902
4.000x1072 1.449%x1073 1.477x1073 1.866
4.400x1072 1.036x1073 1.040x1073 0.419
4.800x1072 0.000 -1.000x107° -
displacement
0.006
£0.005
Q
\; _ra/m
20.004 _B,_Faé’a_
[}
=
8 0.003 S P M
5 0.002
S
£ —O0— XFEM
2 0.001
- 43 - SFBEM based on Erdogan’s solution
0 . . .
0 2 4 6 8 10 12 14 16 18
y/cm

Fig. 3

B3 Pihzk (« = 0) fidsAs kil Lk

The displacement on section x = 0 of the plane with a centre crack
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M2 AT LUE 38 A SCHE T 1Y Erdogan JEAS fif v v 8% bR 50t 2038 3K 1O AE 4% R 3 7
TUETHR R R ER 51 AT BROTIE BOTT IR A5 R M 2507 2% AN B TR B2, i)
PRIE TR, 7 2R A0S AL 2 B i 1) 3 8% B 2 g S0k oK il ) 2 B8 45 2R 0 e, T
P RA BROTE IR R il ) 288 - 1x107 em, T RATEIX — s T4 b (S FHAR T4 5 1ok
(1) Erdogan FEAfiff o (37 pR K0 AR AORE A7 HE 10 SR OCIL ORG E i T A BROTIA.

B3 45t 1T PR IE AR A Bl (7 RS RO A, FT LR 2 T Erdogan FEASR BORE 5%
HE Ao R R B RS i B AN AT BROT AW 5 45 LU B, X TR AR LA 1 Erdogan J
A figt P L RS R RAY AR AU IR Y.

32 EHHEHANESGHRNYRER

4 M RN BRF RS, e e Hofths
A KR a=20cm, R b =15 cm, #tERiE R o em ‘
E =2.24 x 10* MPa, Poisson [t v =0.2; 248075 4 : L
A R L MK E R d = 1 em; RIEIX
T Ay 5 6 5 P B PR ¢ = 1 e, B2 F 02 3 5
BN 1 Nem, 1 4 FiR, L
KT Erdogan FEA R B 20 I8P LA FE
FENFICEMY A RITTE IR IZEE R o 37717 x
14 10 7758 B PR AE A % M il S on i v SR 280 g=1N/cm
A HEILFITH 140 4> ik A Im AT KA, e i B4 TR il BRI
S R EEIEES d, = 0.38 em , BUE A R Fig. 4 The cantilever beam with an edge crack
Bl S AR A Gauss BUY. A0S B AT BT subjected o unifom foad

H SR 1 200(40x30) N B,
FHFET Erdogan FEAS A i 3388 M FE 5% 1 i1 AL oT vk THR R A 0 0 5 B PR - fn 5%
3 R ARSI S 25 R A& 5 FE 6 s,
F 3 RIF ML AR 13 I T4

Table 3 Results of stress intensity factors

deviation deviation time
method Ky /(MPa-cm'?) Ky /(MPa+cm'?)
8, /(%) 8, /(%) t, /s
SFBEM based on Erdogan’ s solution 2.343 0.255 0.318 4.605 38.439
XFEM 2.349 - 0.304 - 59.502

3 MEEREY TER N ASRMEOT BT Erdogan AR M FOoTk L &
BURE FJ 5 B2 R 455 597 AT BROTIE 3T, HIE T Erdogan JEA M FUAE 55 M 2 FOTIE Y TR
RORES T RA RO,

MBS AL BT A e AR B AR AL | 33X 2 R Ry B0 S F) oL 1 A7 A
Sk SRR T LI %Ay SR R s BN KL BT 6 HhoSF I 1) B A7 A X R , Tl HLAE
UL PR R S SR TF AR S AL 68 (i) (S A% Bt I 85 (7 o 228 11 738 K5 i HL Ak ZEE TR 3,
KA Fifp 25 5 1) o7 A% A A AR AN A AE 27 S, IX L EIE 1 AR SCHE 5 HH B9 Erdogan HEAS fi o
(07 7% PRACA LT SR RO 2L
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(a) o, stress contour
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4.36 1.59
2.55 1.38
10
0~17?) . 1.16
y _2:91 Y 0.95
-4.73 5 0.74
-6.55 0.53
-8.36 031
-10.18 .
-12.00 0 0.10
10 15 0 5 10 15 20
X x
(b) o, NI (¢) 7, NS A
(b) o, stress contour (¢) 7, stress contour
B5 nilixk
Fig. 5 The stress contour
u/cm v /cm
0.0040
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ﬂ 0.0035
0.0005 0.0030
0.0025
0
0.0020
0.0005 0.0015
0.0010
-0.0010 0.0005

15 10 15

X

(a) KFTrml u iR

(a) Horizontial displacement u contour

(b) BH I 0 iF
(b) Vertical displacement v contour
E6 (it
Fig. 6 The displacement contour
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A L3 Erdogan FEASR | i T/ 8% pR B 1 SURA 0D 1 HBUE AR I 76 9% (g It
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EIPIREZ 32 @ B |2 g T
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The Explicit Expression of Erdogan’ s Fundamental
Solution for Plane Problems With Cracks

XU Zhi', FAN Xue-ming'"
(1. School of Civil Engineering and Transportation, South China University of Technology,
Guangzhou 510640, P.R.China;
2. State Key Laboratory of Subtropical Building Science( South China University of Technology) ,
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Abstract: The fundamental solution plays an essential role in many numerical methods such as
the boundary element method (BEM) , the method of fundamental solution and the boundary-
type meshless methods. For fracture problems, application of fundamental solutions in domains
with cracks can avoid deeming the crack surface as boundary condition and simplify the prob-
lems significantly. Based on the complex variable expression of Erdogan’ s fundamental solution
(EFS) for plane problems, the application conditions for EFS were noted, some faults in EFS
were corrected and the explicit expression of the displacement in EFS was obtained. The com-
puter program of the spline fictitious boundary element method (SFBEM) based on EFS was
compiled to calculate the numerical solutions to mixed boundary condition problems. Numerical

examples prove the correctness and accuracy of the derived explicit expression of EFS.

Key words: fracture mechanics; Erdogan’s fundamental solution; explicit expression; spline
fictitious boundary element method
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