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Table 4 Computed results for; with various values oN (8 = 1)

N 2 4 6 7 8
Ref.[1] -223276x10°3 —-22.4006¢10°3 —22442 <1073 —224559%10°3 —22467 <1073
Ref.[7] -226068<10°2 -225836¢10°2 -225836¢10°2 -225836¢10°2 -225836¢10°°
current  —225931x1073 —225836¢10°3 —-225836¢10°3 —-225836¢10°3 —-225836¢10°3

%5 3MTRBEAHTSHEMHTELER (N=8)
Table 5 Computed results for 3 source poiis< 8)

Point a

Point b

Point ¢

Ref.[1] current Ref.[1]

current Ref.[1] current

—-22467 (<1073
15.993&10°3
15.993 &1073

—-22467 <1073

-21.8920<10°3
-11957 <1073
44.067 %1073
2325491073

l1; —21783%10°3
l12 —120403x10°3
lpy 43.987 41073
l,, —23132%10°3

-23254 %1073
44.067 9%10°3
11957 0<10°3
-21.892 k1073

-23132910°3
43.9874%10°3
-120403¢10°3
-21.783 %1073

-225836x10°3
16.077 k103
16.077 k1073

-225836x10°3

F 6 N ERAREMERIEHE 1 BT EER (B=5)
Table 6 Computed results for; with various values oN (3 = 5)

N 2 4

6 7 8

Ref.[1] 28.827 1073 28.827 k1073
Ref.[7] 28.778 1073 28.778 %1073
current 28.827%10°3 28.827 %1073

28.827 %1073
28.776 %1073
28.827 %1073

28.827 %1073 28.827 %1073
28.777 %1073 28.777 %1073
28.827 %1073 28.827 %103

INIRBBURS. AFDRE SRR [7] 1R AR RO ikin &, A3
JHEAERGE & (V1Zk) B8t EAMB T, A HE
B v A S AR 23 A AR

6 4 it

AR SCHR Y T o ) v B A ) e A
LFFR IV EEGE, WEAEBGE 2 EX LRI
VB, SR T ARG IRAESE 2 bR R NIRRT 57
PRI SEBE s Ay S R AR UL RE, A A4k
BUERGRIPT A S R . 8 S0 AR S AR
X JRi B I AT AR AR ) — B A e B 3, Dk it 2
SR U T S S H ARk (R T
BLatl, JUA AR R AR bR R R (AR ) J
TR, DRAIE T e AT SERG L. TH R ],
BT BMA R 75 e B VE S LS S A bR R R
(A BT 0 A E

Z % X M

1 Gao XW. An dfective method for numerical evaluation of general
2D and 3D high order singular boundary integr@atsmput Methods
Appl Mech Engrg2010, 199: 2856-2864

2 Guiggiani M, Krishnasamy G, Rudolphi TJ, et al. A general algo-
rithm for the numerical solution of hypersingular boundary integral
equations,] Appl Mech 1992, 59: 604-614

3 Karami G, Derakhshan D. Anffecient method to evaluate hyper-

singular and supersingular integrals in boundary integral equations
analysis.Engineering Analysis with Boundary Elemerit899, 23:
317-326

4 Huber O, Lang A, Kuhn G. Evaluation of the stress tensor in 3D
elastostatics by direct solving of hypersingular integr@lsmputa-
tional Mechanics1999, 12: 39-50

5 Mukherjee S, Mukherjee YX. The hypersingular boundary contour
method for three-dimensional linear elasticWSME Journal of Ap-
plied Mechanics1998, 65: 300-309

6 Marczak RJ, Creus GJ. Direct evaluation of singular integrals in
boundary element analysis of thick plateEngineering Analysis
with Boundary Elements2002, 26: 653-665

7 Gao XW. Numerical evaluation of two-dimensional singular bound-
ary integrals——Theory and fortran codelournal of Computa-
tional and Applied Mathematic2006, 188(1): 44-64

8 Liu YJ. Analysis of shell-like structures by the boundary element
method based on 3-D elasticity, formulation and verificatibi.J
Numer Meth Engng1998, 41(3): 541-558

9 Ma H, Kamiya N. Distance transformation for the numerical eval-
uation of near singular boundary integrals with various kernels in
boundary element methoBngineering Analysis with Boundary El-
ements2002, 26(4): 329-339

10 ZFRB2R, EF5E, MO, =4 Sk LT85 B e L
Bk, J12244R, 2004, 36(1): 49-56 (Niu Zhongrong, Wang Xiuxi,
Zhou Huanlin. A regularization algorithm for the nearly singular in-
tegrals in 3-D BEMActa Mechanica Sinig®2004, 36(1): 49-56 (in
Chinese))
11 SRR, PNRE, 455 B iR iE B e BN v SR — T

L, F1224R, 2008, 40(2): 207-214 (Zhang Yaoming, Sun



% 3 W A S Ch T AT R R A R A I ERE 435

Cuilian, Gu Yan. The evaluation of nearly singular integrals in the 235: 4174-4186

boundary integral equations with variable transformati@inese 13 Gao XW, Davies TG. Boundary Element Programming in Mechan-

Journal of Theoretical and Applied Mechani@&008, 40(2): 207- ics. London: Cambridge University Press, 2002

214 (in Chinese)) 14 Zhou HL, Niu ZR, Cheng CZ, et al. Analytical integral algo-
12 Qin XY, Zhang JM, Xie GZ, et al. A general algorithm for the nu- rithm applied to boundary layeiffect and thin body féect in BEM

merical evaluation of nearly singular integrals on 3D boundary ele-  for anisotropic potential problem€Computers& Structures 2008,

ment. Journal of Computational and Applied Mathematjc3011, 86 (15-16): 1656-1671

(FEsmi: 1A H)

A DIRECT METHOD FOR EVALUATING LINE INTEGRALS WITH ARBITRARY HIGH
ORDER OF SINGULARITIES Y

Gao Xiaowei Feng Weizhe Yang Kai
(State Key Laboratory of Structural Analysis for Industrial EquipmeBalian University of TechnologyDalian 116024 Ching)

Abstract This paper presents a new direct method for evaluating arbitrary singular boundary integrals appearing in 2D
boundary element analysis. Firstly, geometry quantities on a curved line element are expressed using those projected or

tangential line. Then, singularities involved in the integrals are analytically removed by expressing the non-singular part
of the integration kernel as power series. A set of formulations for computing the first and second derivatives of intrinsic
coordinates with respect to local orthogonal coordinates are also presented in the paper for the first time. Since the
coordinate transformation is at the real spatial scale, the operation is straightforward and convenient, and can be applie
to treat arbitrary high order of singular integrals. Finally, some examples are given to verify the correctness and stability

of the presented method.
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