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Boundary Element Analysis of Elastic-Viscoelastic Compound Structure

2

of a4 =
Lee, Sang-Soon
2B Ew

Kim, Tae-Hyung

gr

o] mRME AZtYY AALLUE ALgste @-He B} rzAe WA Y& Fehe HHE
gEa gtk 2449 e =438, FRES S9N Yedddes Wrdn T2ES SRBAR
o Wed&zY U HYRAL A Estd, A4 FAE FEstth A EAo A FAHA

Aag A AT

Abstract

The time-domain boundary element analysis has been attempted for investigating the displacement
and stress in an elastic-viscoelastic compound structure. The subdomain technique has been employed
and the whole domain has been divided into two subdomains, which are respectively a homogeneous
elastic zone and a homogeneous viscoelastic zone, The boundary element equation has been formulated
using the equilibrium and continuity conditions at the common interface. The numerical results of

example problem has been presented.

1. M 2

ARAAEE FEFERENN EFAE HolT
U HEAS T 2ol UAERE AHEHTE 81
gt B g dolt HetdEIY ¢4HE7
Y @Az At ALEE 3 Aot ol ¥

2@g7zEel FYolt FWYS AZs] A

Ne S8 Hyo g e sirjo] a3t
o}

AREY AALLYELE gde /A &
Aol oi$ f-E3tn E7FHA FAHA YAl F
deo] g} FEAAEA g AAsLH
g H2ye A& Banerjees} Butterfield”
off ojs} &3} © olal, Shinokawa? ¥, Tanaka®

» g ATL, dxzr|AR el dddT4
w SZUHAF L, YRRIVALE AT

o] =&l dF EE¢ 19953 12€¥ 314 7A) & 3o
BUFAIAE 1996 69 5o 1 ARE AAAFUCL

—147-



S -Hed Meredel gy

728 3 Sim® Kwak? 5ol o]s) 385 ojgtct. of
B3 Azt HA 2498 Leest Westmann® ol
ofs) iAol HeAdi} kY Ade] AA AMHIYL
o, Lee” 5, Lee'ol ofa) 3t derAdw 9] o
A e b2k gk

o] Rl = GA-HaA Btz iy
of AAA HUE 7Igstd I e} FA LAY
o o1& HZ & 2%l 2HM 3] 9 & Hol,
HA-Aed SE4AY FAo) Ug S

BE A A,

lo

t

w2 go o

olw g AYE EAatA ghevhe Aok, 4
2ol e 52, $u4 A FeAA B
AAYRPEN S e go] FolThd

ci(y) y(y,t)

+L [Us(Y’,t)Tu(y.y’:0+)
Y ) T e
+[! ) TRIY D g, Jest

_—.js[tj(y',t)UiJ(y.y':O‘{") (1)

an' ' ,:t, , ,
+J;+t,(y’,t~t')#———)-dt :IdS(y)

Aol A st tie 2zt FAAAN M2 H e}
#FH ¥ (traction) & Vel 1, S& Folzl At
ARG 70 c(y)e AR 78e 3
Paolvt o &t grolth Hebd v U
(yy:t)8} Ti(y,y i) ES B A dojx A
Bl(Kelvin) 2A9] 7]2&o) &Ad-Heay 29
HE HEgIna N doj ¢ ks

Aol daiA, AIH 2 i de £
£3F4 (modified Simpson's rule)&, 7 A& E-of
BN BEHAHEYS olgsluzd, FE
FAE DS FrF A AAF dE e FuEd
(5] Fo14 9t}

A2 SHY e dd AAHELH
Holt. 19 1o HojEA MY, gA-dad B

Interface

)/

elastic
zone

viscoelastic
zone

Interface

elastic

viscoelastic zone

zone

T8 L e -EE BaTxdol (8 SaYY HaY.

&7 Z A (elastic-viscoelastic compound struc-
ture) EAE AAlg Ao g 7] sy e, 1A
A F9E 4zt @4 d o (elastic zone) % Het
3% | (viscoelastic zone) 2.2 Ha gt} Heald
Ztztel ool SPE FAAHERAHYL FH L3
ool dl=dl, o] A ¢ e dho gl &
G AAAEEHAE, dAE G dAdE
A BAAHERHAE AFEFT) o] & ztzte]
AL O3 H g PP oz & £ U}
F, e doaM e
1 1

(m 57 { :,2 |-=te' @™ :,2 [+m1 @

oli, @I FANX =

u’ t?
(HEY | | =162 6™ ol 3
olch. A(2)9F (3)ollA,  HA ‘1's} 2& ztz
HEdd99s @44998 7187z, 1279 2'e
F999 FH9¥(common interface)& el
ot He} G= Ztzhe] oo JIPPEL
Bz, Re JaAdA9 o8 9§ 482 7ta)

Ak,

% 9o FRHANE Wsle] sz ¥
Wee) YYzo| MEofof s, 29} ge
ZAEL thest 2ol Foizith

—148—



Az Feh A8 @ A 2 5(1995. 6)

u! = ut?

tZ = % (4)

2(4)& A(2)9 (3ol tidsted Fstd, o
<3 2L PP o] ol

1

[H‘H’ 0 G”] u* _[G‘O]{t‘}+{R}
0 H" B G"] | o’ 06’ ]¢ 0
t* (5)

A(s)o] AAZAEE A el A, B
EERPEEPE CLECE RSl

3. X A ol xf

2ol dgg wyge ag4R 8L RY
F71 9 S4-ded 234d BAE A
fnt. o dAGME, FedA ] =d=2H A
HAFE GYAEE, ADAFE EE AP LA
A% S o 7MY A F,

K(t) = K,
G(t) = Go + Gy exp(—5) (6)

2(6)oA, Ko Gy 133 GiES FFol, t*
 AEY o] ¢AI g ERITE

9 20 BQluls} o] g@A-HEA Hi 4dY
o] ugUFg wet FAE A4 PH(t)7}
2833 Atk A7loA, A ad) AF AP
t A3 gAdAola, wrxgol 2t ast bl uhg
% AddE A% FeygdA ol H(t) & Heav-
iside unit step ¥+ Yepdch Ao HYA
oz s, 27 BFUACY 429 1% 2d 3}
stasged, 25709 23 HF FALLE o]Fo]
A A mdo] 23 2o velY ok of A
M Py=100 ksi, a=6 in 18] i b=10 in7} A}&
et olalAolA ALER e FAFES ofA
o veput Ut

G*® = 55000 ksi

o -

ARviscoelastic zone R

lastic zone !

f — < - =X
<———a—-—'>'J
B b
02 2 S8 A0 HAIS 2

V' =0.24
G(0) = 464 ksi
G(w) = 127 ksi (7)
Ko = 1000 kst
t* = 2 sec

A7) A Gt Ve 4zt @A AdAls
o} ¥ol& o v g 7l

AALA AN A doj] WA FEHA u,
AW o 28D AFLYEEY o7t 1H
3-68°] JetIdR, &g AAEL o] Al
& Aasiet vla= At o] EA diE B
e ad-Fed fgdel s ad Sl 4 &
st Pt ALY dde oa 3 2t

—149—



G- BgTzA 9 AARLHA

0.400 = oo [ S 0.40 I
£ ~
fT ‘E’u 0.30mmmer P e :'r:/?_, =: ';766:7: 3|
=§ ‘ /Zzee’Tr
‘>_<. 0250_ o e sasern i nn . . - e et e e et g CJ
é £ 020 "
8 0. 200 -t e __EX_ACT SOLUT|ON 8 -— EXACT SOLUT[ON
8 - 4
% 01504 .. 0BEMRESULT 2 oo © BEM RESULT
& : 5
2 o100 e e &
[24
0.050 . . : . : 0.00 T T T T —
0 2 4 6t & 10 0 2 4 6 8 10
Time, & Time, &
33 3 =g A2I0e| U2 s 03 4. =g ARIC{0) UYL sig
13‘j 14
8|S
- |
SID_ 1 gg—
' 4
% g Ss=oeoes
2 e 5 s rfa=133
g —EXACT SOLUTION E /f ] ; :
O BEM RESULT 3 ~ —EXACT SOLUTION
&— ‘ o s o o e 5 o : DEBEM RESULT
7 T T T | r 1 : T -
0 2 4 6 8 10 o] 2 4 6 8 10
Time, £ Time, -
03 5. =8 ARIC9| Bzure B9 13 6. 28 A2 WEwE 88
i)r<a 25
x (0.5625—-26.29 )1y (1)
u(r,t)=-Py 1073(507.66+70.74e 041> r?
—0.88e M) (t) —P0(1.5625—5—6r-§2i)ﬂ(t) (9)
a; (1,t) =-Py(1.0739-+0. 1496 ~0411% p
—0.00187e “%)H (t) u,(r,t)=1—0°§r[(28977. +8071.6e "*1¥ 40,45 ~04
Uﬂ(ryt) = ‘Tr(ryt) (é) _7291.8e—0.4514t)
ii)a<r<b +(237830. —2931.2¢ ~*4113% -0 15¢ 045
o:(r,t) =Py(1.0739+0.1496e ~¢4u& —160840.e‘°-‘m)%2]H(t)
r

—0.00187e ~%4%)

—150—



MrZzEE Al 8 A Al 2 3(199. 6)

olgE - WY

P -
—1_8:[(7'4952—0'72926 061ty

2
+(61.52—44.68e“°-‘*9‘)—‘;-‘2—]ﬂ(t)

2gel vehduist ol AAas el H
e ol g Beatn YR AN AHE VE
k.

a8 g

SA-HeEA BTz U AALsH
ol A=HUt MA F9& el 54 oo
Z Ul A3, Ztzte] g s SgE A
ARE B4 o] HEHAUG ol EAe &
FAzte FHRANAM WAL =dn FAY H
YxAg FH L3t AU o] =& dAlel
A BojFule} o], FA g4 B AL
o] $ HEHAee AYE HAGgFT Ao mEbA,
o] =& 71&% Wy AAl BgTzA &)
Aol &8 471 vz A&}

L]

ST

1. Banerjee, P. K. and Butterfield, R. Boundary
Element  Method in  Engineering  Science,
McGraw-Hill, London, 1981.

2. Shinokawa, T., Kaneko, N., Yoshida, N., and

—151—

Kawahara, M., *“Application of Viscoelastic
Combined Finite and Boundary Element Analy-
sis to Geotechnical Engineering”, in Boundarv
Element VI, Brebbia, C.A.(ed.), Computational
Mechanics Publication, (10), 1985, pp.37-46.

. Tanaka, M., “New Integral Equation Ap-

proach to Viscoelastic Problems”, in Topics in
Boundary Element Research, Vol.3: Computational
Aspects, Brebbia, C.A. (ed.), Springer-Verlag
Berlin, Heidelberg, 1987, pp.25-35.

. Sim, W. J. and Kwak, B. M., “Linear Viscoel-

astic Analysis in Time Domain by Boundary El-
ement Method”, Computers & Structures, Vol.29,
1988, pp.531-539.

. Lee, S. S. and Westmann, R. A., “Application of

High Order Quadrature Rules to Time-Domain
Boundary Element Analysis of Viscoelasticity”,
International Journal for Numerical Me*hods in En-
gineering, Vol.38, 1995, pp.607-629.

. Lee, S. S., Sohn, Y. S,, and Park, S. H.,, “On

Fundamental Solutions in Time-domain Beundary
Element Analysis of Linear Viscoelasticity”, En-
gineering Analysis with Boundary Elements, Vol.13,
1994, pp.211-217.

. Lee, S. S., “Time-Domain Boundary Element

Analysis of Viscoelastic Solids Using Realistic
Relaxation Functions”, Computers & Structures,
Vol.55, 1995, pp.1027-1036.

(B 4=} : 1995. 9. 23)



