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In the present paper, the boundary element method (BEM) for transient elastodynamic problems based on

the Laplace transform is discussed. In the Laplace transformed BEM, the accuracy of the numerical results

is generally governed by the numerical treatment of the inverse Laplace transformation for the transformed

solutions. Two types of numerical inverse Laplace transformation (NILT) formula, namely Krings & Waller’s

method and Hosono’s method are applied to the 2-dimensional boundary element analysis. It is shown that

a stability condition exists between the element size and the time increment on the computations. The

characteristics of two types of NILT methods are found out through 2-dimensional BEM analyses for the

transient elastodynamic problems.
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Fig.1 Numerical results by the inverse Laplace transform
with Krigs & Waller’s method (Test function : f(t) =
H(t— 1), broken line is exact solution)
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Fig.2 Numerical results by the inverse Laplace transform
with Hosono’s method (Test function : f(t) = H(t—1),
broken line is exact solution)
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Fig.3 Model of analysis : 2-dimensional elastic body



Table 1 Results of CPU time of computation (Krings
& Waller : Np = 256, Hosono : Ny = 300)

CPU Time [min]
29[min]
6496[min]

Krings & Waller

Hosono

goobooobbobobooon

gbogboboobouoboobobooboboobo
oo0d0Omw =4, p=600,00020000000
0 At = c1At/a=0.1(1000) 0000 40000000
AT =c1At/a=0.05(2000)000. 000000 N O
0000 Timas = Citmee/a=10000000 N OO0
0000 (32) 00000000

oobobo0o NyOD0DO0OD40000D0DODODO
go0oodb,00020000000000 Fige 0,0
0b40000000000 Fig7ODODODOOODO
2000000000000Nyr =750 Nr=150000
godooooobobbbbbooooooooob o
gogboobbbobdoooooobobbbboooooo
Krings & Waller 0 FFTOODOOOODOOOODOOOO
goobb0o0obO0oD 40000000D000Nr=1500
Nr=3000000000000000000DO0D0ODOO
NrOODOODO DO 200000000000000

gogboobbbuooooooboobbbuobooooo
gogobooooboon

C1t
B= ALN(D) >2 (37)

gbtbogbooooobobobooboooo,

N(t) > cit

2 SAT (38)

Jooooo0o0o0o0obboboDb DOoD 2000000
T=ct/a=100000000000 NoOODODODO 120
goon

0000000000000 (370000 ¢/N(t) O At
0000000 Krings & Waller 00000000000
00000 36) 00000000000 0oooooooo
00000000 20000000000000000
gooooobo,doouoobuoobbobbbobobbo
00000000 pg0O0000000D0OD000DO0O0O0O
ggo

0000000000 Krings & Waller 0000000
00000000000 (CPUTIme) 000 O0O0O0OOODO
gbo40000000000D0DO0 Nr=300000,
00 Krings & Waller 00000000 N, =256000
O CPUTime O Tablel 000000000 OODODOODO
gogboobbboodoooooobbbbooodooo
0000oo0o0ooooooOo0ooOoo (0)Jul/170 (Sun
Ultra Sparc 00 0) 000, Solalis 2.5.1 00O Fortran 0
0000 (Sun Fortran Ver.4.0)0 00000

5. O O

goboo0o200000000000000D0O0ODO
O0OD0O00O0OKrings & Waller 0000000000 20
OO0 LaplaceD00O0OO0OOOOODODOOOOOOODO
gboobobobobdobobobooboboboboo
gboobooooboobooboobobooboob
gboboboboboboboboboob

Krings & Waller 0000000000000 O0COO
gbooboooobooboobuooboboobob
gooobobboboooooooooboobboboooo
O000000000000000000000 Laplace
gboobooooboobobbobbooboobob
gboobooooboobobbobbooboobob
0000000000000 000000LLaplace000O
Laplace 0000000 OO0OOCOODOODOODODODOOO
000000000 C0OoO0o0000O0n Laplaced OO0
gboboboboboboboboooobobobo
gboobooobooobooboobobbooboobo
00000000000 0000 LaplaceDOOOODO
gboobooooboobooboobobooboo
O00000000000000000O Krings & Waller
gobogoobooboobooboobooboooobo
gbooboooobooboboobooboboobob
gboboobobobooboobobboobooboob
gobogooboobooboobbooboboooobo
gbooboboobooboooboobobooboobob
gbobobo

ogooao

(1) Arai, M., Adachi, T. and Matsumoto, T., JSME Inter-
national Journal(A), 40-1, (1997), 65-74.

(2) 000DOOOOOOO, 00 (A), 54-501, (1988), 1024—
1029.

(3) 00DO0DOODOOO, OO (A), 58-549, (1992), 738-744.

(4) 00000000000, 00 (A), 61-581, (1995), 161-168.

(5) Krings, W. and Waller, H., Int. J. Num. Meth. Eng., 14,
(1979), 1183-1196.

(6) 00,0000000 (A), 99-10, (1979), 44-50.

(7) Abramowits, M. and Stegun I. A., (Eds), Handbook of
Mathematical Functions , 9th Edn, (1972), Dober Pub.,
New York.

(8) DODOOOLOOOOO,0000, 14-1, (1973), 23-29.

(9) D00DO,0000, 14-8, (1973), 569-575.

(10) Wilcox D. J. and Gibson I. S., Int. J. Num. Meth. Eng.,
20, (1984), 1507-1519.

(11) Durbin, F., The Computer Journal, 17-4, (1974), 376

(12) 0O00DOOO00,00 (A), 55-519, (1989), 2271-2276.

(13) OoooDOoOoOOoOooOO, 00 (A), 57-542, (1991), 2523—
2528.

(14) Pipes L. A. and Harvill L. R., Applied Mathmatics for
Engineers and Physicists, Third Edition, McGraw-Hill,
(1970), 34-37.

(15) Cole, D., M., Kosloff, D., D. and Minster, J. B., Bulletin
of the Seismological Society of America, 68-5, (1978),
1331-1357.



2 ——— Exact Solufion ‘ 2 - Exact Solu‘tion
—— BEM (N, =32, 20Elements) b 1 —— BEM (Np =64, 40Elements) 7
o b o
g | g
o) ] o}
3F i
-4
2 T T T
1 ——— Exact Solution | ——— Exact Solution
—— BEM (N, =64, 20Elements) 1F  —— BEM (Np =128, 40Elements) 7
S 0 ‘ | | | | S 0 ! ! 1 1
~ -1r = -1r |
o) ! | I o' | 1 ]
2t 20 b v !
3r ] 3l
-4 -4
2 ; ; ; 2 T T T T
——— Exact Solution I Exact Solution i
15— BEM (Np=128, 20Elements) - 1 —— BEM (Np =256, 40Elements)
0 0 { 4 ‘ 1
S ! S L | il
= at = 1
b | b Il
2F 20 ! A }
-3+ 3+ .
-4 -4
2 — ‘Exact Solut‘ion 2 ———Exact Solution
1F  —— BEM (N,=256, 20Elements) 1 1|~ BEM (N, =512 doElemen
0 | i
S S
= -1 ™
o] ©
2 U
-3
-4
0 2 4 6 8 10 2 4 6 10
tc/a tc/a
Fig.4 History of Stress o1 at point D Fig.5 History of Stress o1 at point D
(Krings & Waller’s Method, 20 Elements) (Krings & Waller’s Method, 40 Elements)
2 T T 2 T T
——— Exact Solution ——— Exact Solution
1 BEM (Nr =40, 20Elements) b [ —— BEM (Nt =75, 40Elements) a
S 0 } } } } b OO 0 I I } | ]
= -1 7 =, -1r B
© o] | I | |
-2 ‘ 2 v ‘ ‘
-3 F - 3 B
-4 -4
2 ‘ ‘ 2 ! T
——— Exact Solution ——- Exact Solution
1 BEM (Ny =75, 20Elements) B 1 — BEM (Ny =150, 40Elements) B
0 B 0 I ]
5 1 S | ]
= -1 4 ~ 17
e} | | | | o Lol ) J
2 b -2 i
3t 1 3r ]
-4 -4
2 T T 2 T T
——— Exact Solution ——- Exact Solution
1+ —— BEM (Nr =150, 20Elements) 1 1 —— BEM (Nt =300, 40Elements) 7
0 | 0 ; " \ -
S | S | i
< 1 1 =1
e} e} |
2+ 20 ¥ T ¥
_3 F - _3 - -
4 I I -4
2 { —— Exact Solution I 2 ——- Exact Solution
_—_BEM (Nr =300, 20Elements) 1 b L BEm vy = oo0. aoetementy
; | T
5 | 5 RTLI T
= -1 } B =
e} | 1 o) ]
2 i | L
-3 U / ] ”
-4 1 1 1 1
0 4 6 8 10 4 6 8 10
ta/a tc/a
Fig.6 History of Stress o1 at point D Fig.7 History of Stress o1 at point D

(Hosono’s Method, 20 Elements) (Hosono’s Method, 40 Elements)



