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In this paper, some novel transformations based on arcsinh and arctan functions are presented

in order to evaluate the nearly singular integrals accurately for boundary element analyses of thin,

shell-like structures. These transformations are shown that they improve dramatically the accuracy

of the nearly singular integrals with comparatively small number of Gauss points through some

bench-mark examples. The effectiveness of the proposed transformations in the actual 3D mode] of

thin-shell structures is also demonstrated.

Key Words: Boundary Element Method, Nearly Singular Integral, Numerical Integration, Thin-Shell

Structure

1. BUSHIC
BREFEICB VT, FEICHAVSEN S Green DA
Somigliana DK, BLUZ oo X2 HIRE DN
s, AL 2 0B % g BBucEATu 5, L
HoT, Fho ekl THRMORHET A% E
ABE, ERRDY — A BHPRST 2 BHICIE VIR, BEAL
B —ARIGEWE ZATRMICELT -0 (8
e O | HERIIC & B EEIE AT 5 2000
LkRZ2HET S, L AEFigl KRT X9 %, NEHICHALT
TEAETVAREDMCNEBINZIT ISBGEEL 5, HASY
DG ZERHER T 20121, 3RTEFLICE S
figre B e L, 2 OBREREIC & 2T, NELD
V— AR ENE LOBEORBENEHE L D320
CHBBENHEEW, ZhicLT, chETUToREN
EREI N TV,
() V—ARGES OBHFEY 7ERIAHAT 24O
(i) Stokes DEBE % VT, ¥V — R AT DR % 14
IRt ic T 3 A ©
(i) ¥V —ANOFEATUEM L 28an:lE BhébE T,
ERREE Ry LT EHE®

(iv) RIS & DR R BN 5 Ak (D00
D95, (v) 0%, ZEREROESZENT 520 T

kv dificd b, QEMTED CLIEHTE 5,

FHHESWF, InE T2 XGMEOEARMTIZE L TER
Y2 AT 2 R BB E, R @ Gauss-Legendre @ B
GRRXEMWT, L) EEECHEEMT T 2200 80E
WEREL T2 D, CoZBHEEBREH O, 1/r OE
YEDOSERLHEVTMELE LS 2 ER2R LA, KAWL T,
3HKRIGHEICEHTE AP A EHEBRELZIREL, R
HayamiD ic X DB ST 2 EERE L i+ 2,
6 TR O 3 ROCH R SR M T~ E L, 20
xR,

Fig.1 Defects found in the inner surface of a thin-walled tube.
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Fig.2 A source point in the vicinity of the element.
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Fig.3 Radial direction of the element.
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Fig.4 Numerical test model of a rectangular element with nine

nodes.
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Table 1 Results for integral 47 [ u*dS (@ = 1). Source point is
atxy = (0.25,0.25,d) witha = b = 0.5.

distance log L, log Ly  Present  Analytical
d NexNp NyxNp N, xNpg solution
1.0 8x8 8x8 8x 8  0.88974470
0.01 §x16 12x14 8x8 3.10111233
0.001 8 x 14 6 x 8 6 x 10 3.15687043

Table 2 Results for integral 47 [ g*dS (¢ = 2). Source point is
at xg = (0.25,0.25, d) witha = b = 0.5.

distance  log L log Ly  Present Analytical
d NexNr  NexNgpo Ny xNpg solution
1.0 8x8 8x8 8x8  —0.71920527

0.01 14 x 16 10x10 12 x 14 —6.12351543

0.001 20 x 22 22x24 16x18 —6.26721018

Table 3 Results for integral 4 [ N{u*dS (a = 1), where NY de-
notes the quadratic interpolation function for node 1. Source point
is at xg = (0.25,0.25,d) witha = b =0.5.

distance  log L, log L,  Present log L

d N,XNR N,XNR N,'XNR

1.0 8x8 26x26 10x12 0.02852010
0.01 12x 14 24 x24 12x 16 0.24436723

0.001 14x16 12x14 12x16 0.25221794
™ Integrated using N; x Ng = 128 x 128.

Table 4 Results for integral 47 [ u*dS (@ = 1). Source point
Xy = (¢,¢,0.1) witha=b=0.5

position  log L, log Ly  Present  Analytical
¢ NxNr N, xNp N;xNpg solution
0.00 8 x 10 8x8 8 x8  2.95328090
0.30 10x12 8x8 8 x8  2.46038937
0.50 10x12 4x6 8x8  1.61272394

0.55 10x12 8x8 8x8 1.42293122
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Table 5 Results for integral 4 [ ¢*dS (a = 2). Source point is
atxs = (¢, c,0.1) witha=5b=0.5

position log L log L,  Present Analytical

c N/ xNr N/ xNgp N;xNg solution

0.00 10x12 8x8 10x12 —5.17019802

0.30 12x14 10x10 10x12 —4.50632493
0.50 12x14 6x6 10x12 —1.42996045

0.55 12x14 10x10 10x12 —7.15180084

Table 6 Results for integral 47 [, 59%dS (o = 2) for various aspect

ratios. Source point is at x; = (0,0, 0.1).

aspect log L log L,  Present Analytical

ratio N, xNr N;xNrp N;xNg solution

1 10x12 8x8 10x12 —5.17019802
2 12x14 10x10 10x12 —5.39983349
5 16 x16 16x18 16x 16 —5.47777871

10 20x20 20x20 20x20 —5.48961421]
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Fig.5 Boundary mesh of a quarter region of thin cylindrical shell

subjected to internal uniform pressure.

Table 7 Results for maximum displacements u (R}) x 10~7 ob-

tained at the nodes of the internal wall.

t analytical BEM
[m] no transformation  arcsinh
0.20 1.72783 1.72804 1.72804
0.10 3.88241 3.88265 3.88265
0.05 8.2092t 8.20656 8.20656
0.02 21.20514 21130 21.20736

(**) Solution is non-uniform in circumferential direction,
varying from 21.13 x 1077 t0 21.27 x 1077,
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Fig.6  Deformation of thin cylindrical shell - without transforma-

tion.
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Fig.7 Deformation of thin cylindrical shell - with transformation.
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