03 A AR & HAE & O TIERNIC T 2 AT IIRTSE

§1 EH ®
BFFREBEOLSIT= v 72 RMBREY
DHBERINL, B EBBEWOME NN BER
EHITRhETEETREACca v, COMAETE
HHBCHET ZETOMR LI T TLHSS
Z3INTnwb, L LEBEDSEATRASE
TOoWTAhDLE, BAATOEKIPHEDS
RAFEREAEO LD, T RBRULZEE
BMEBEENT WS,

AwI Tk, FEREERBICEATIL LR
B OMBERECREZTBALSR Y BRI
KRPFTH o0 —~FHEEERFL, Bliish

EEFEREOSEOBBIRERFERER T,

52

2.1

BWAE

BT OmE

AW TCRTUBILEEN L, B~ 1 RS
L9 VbW LY T2 b T 7F v ~T T —F
ST 5,
BELEZIOT T v - FIT T 5 Impedance
fifH & Scattering M ICH + 2 Bt L ¢,
S EEBBE LD 7 ) — BT B, E
REFE (BRAKSHRREF EMB 2 ER

o -2

RE B O HEBHR S56 T —
cE ¥ EANT zHTEES XW &z

ftr L vap e REFRBARER T 2FE)
BB LM R R LEY chbo2 o
OMBOBREBEDO FrERERT ALK
LY, RBERKROBALAT 28T 2MEY O M
BICEBRWM LTS CEHBTE DL IR LA,
Impedance M & Scattering i f o @ KX
BERESFBEX
ChbL0220MBRMT BRSPS
Bk ckbI s,

2.2
(a)

cout+ jiu&qﬁﬁs 4,j'q&u;ds R
S S

{ f =0 ( Impedance & )
fo= 2c;u”} ( Scattering [ & ¥
TR, ul g R OEME £

Bl I RENEER (KR TIT,
EABOMEM L L THM Kelvin HOHEHR Y —
AEEHERNL), ok aw b p R HR T
0.5 &% 5, %/, I EBESEOEE &
bl, AT 2WBWs A TRIVERLZ, A&
XTHELTIHEAFTL2SEOBEITRX
545602, (7L Vs wAMBER)

IhbHo

i
uy,

wi= 2 w(f2)  (EmwsVsY) - (2)
(Ks( ) [[Ks( )]l [Ke(w)]
[ Kuuv Kud
[Kﬁu K689
e (Ke(w)]
D T + [
sz 528 Ia 4 4 AR N
IR M AR > > D
el
$ Agon o alxs § R
BAH SO BRCENR Impedance R3g8 Scatteringfisd IEE#EH
B! YIRS FaATTTA—FIIL BHBICEREN (MEBROSS

w« BAFHREGR RAEEHE TH

*: EEEZ REFRE

* BEED WEEVX—

—187—



b BREZFCZIZBESAERAOEEL
BRSAEMIEZR(RRER) THHAL T,
FEMPZFETURXREHRELT22RAD L
SREABRANE LN S,

CCI{UT+(HI{U}—-(GI{Q)={F}

{

nE, EFESF, FERERELT,
—EEREMH VI
BRCBIDHEEMDBER
ZERARZ L Q) DERIITHIET 5 H
EZOHER Ae 2T B EBREF AT MU

{P &N, B~ L { U} DMK
BRATCHEASGN S,

{PF{

22, (HI=CCO+(H), (K) 371 >E

={0} ( Impedance [ @ )

{F}=20Cc){Uf} ( Scattering 188 )

“=HED

(c)

CAYLG) (HI{UI=C(KJ{U}
( Impedance 43 )
(KI{UI—2CA) (G) CCO{uUf} .4
( Scattering [ 55

—F AR R Y I RATH B,

d BXBEDEEOBIFR
E#R2 )72 TIEHLT,
kAN EEND,

W xv

{Pi=)T)" (KICTI{U}=C(KJ{U}
{ Impedance fifi fZ )...(5)
(KI{U}=20T)" CAY (G 0y {uf )

( Scattering f )
CAUut=CT3{ul}, {Pi=CT3" (P},

> > g
ZZIiZ

(KIRBMERBROD -9 22 MY vo R
TH b, 8, B ) v A0—8FE (H
HIEHETEHY Te BKATERBEEIND

1 z

-y

(Tel= * —Z X

1 v —=x

BEORULMEBR~OANMECCZORNIZS

VT, {Pl={o} X ULTE<,

4)
b
7

<]

2.3 WMIUERE A A T 5 HEE 1 O Hk S B AT
Scattering [EH DM TR &6 N 5D 72
BHERE~ KT 8 & O A N #EE (Uo (o),
@o (@) ) % Rl 7= B W o J B BB IS 817 %
EHHBRIRRTEDEIN D,
((K(w))—o (M) {U]}=

S OMI ({1} Uo () + {1 o (@)
(K(w)l, (Mugznzn, Mt
F) w2 Z2BIXUHBE ) v I XA TEORS
BRRICFETEOIBETEDEIND,

> > )
\_-\..{(\_.y

(Kﬁ%ﬂ%ﬁm foi o
1 i3 2 '
WWN:r"jMQ;& N IO
Sym il kg 0 Kl
L o kMJ fl(hl kpaj
e ® S HEOL /-4 2
[M‘ | e} RFE
i 1 EmLA O E AT
(M) = |------- e e 2 HEmoG b
0 'm, w ol K E B
| A PO IR AN T
i, (), {(LIFEO0ZEN, KTFANBE

UREANCK T HHEN7 PLEEDT,

£z 5T, BEBADANKU(0), W(0) &
BEER OB Yo (o) DBERRRA TR
N,

Uo (@) = Hu(w)Yo (v)

o Haari oy T

Z 22, Hu(w), Ho(e) FKFS & UMIEA
HCHTZEERRTH 5.

RXEORCHEAT ST 2IC&Y, HAME
EICH T 2N EIEEEE Bu(e) ), 2T
B MEEEEER P ()] BRADED
Ec@Bensd,
Bro(w)f= ((K(w))-olMI)

(=M C{tHoCod+ {10 Hy (@)

{@AA(O")}: 0 {®pp(w)}+ v} Hu( o)
+{ls}Hs (@)

BRI O IR B I AR TR FE 2 I8 E

BET7—-YIFEERTHILICLIDESGN S,

—188—



§ 3 BERAREKIUBRHFY - R

3.1 BEHREED
BroMBELAEEDII® - 2RRAT LS
ZBWREAEI (MARK-[) o RBEBB CTRER
80xX80m, FMiIs5s0xX50mn0FHEBF
Mx AL, T2 5WEERINEE, S, v -
v EBETh D, BRESOEEB =T 4L, Th
LOoMBERX 1 EomTe ABBTERL,
toEE, BRI EBTs -2 TH- LA,
2L, ARG OmMEIHEREE LM
HICTRHTHI L L,

3.2 My — =

BH 7y -~ 2EHRALEIORCRID, B~
3RAT LS %3y —x% (F—=21; AL %
L, #=22:GL—-135m¥THEASL, ¥
-~ 235 GL-265nETHAL)ETERL
BECERCRETHALZPGRIIOGTHRHFL
720

¥, BB — =g 53 % Impedance
Bl Xk Scattering MO BT ITH W2 HRE
FexFr AR -3 RZFOBHEBER LTSS X
S50, ¥—2A1TIX728E, r—227Tik
1208%, ¥ - 23Tl 168EFo =i A
Wz

3.3 BMW&EH
MR, AW B BEE D 500 nosee , R
Ty HO4, BE20t/ " THE-BLZY
EREEMBE IR E L,
ANBEEIHEXEAMECT T 2 HRELES
ElTxrty e (1940 ENSRA D %
BAMBEE 100 gal & LTHWA,

¥, BEBDTORERLS BORERE, #
BEFRTOWTIES 20T FETHELEL v
e—FUvABERLIVREIIERENREETOET S
Bn7RARBECEBTRIDIEERETT - %0

—189—

78,000

P T‘

58,000
40,000
7,000
G.0
g
(=1
I Uz
— -
ol o
S
ol g
wi
(=3
o
L L
<o
!
15,000 50,000 15,00
80,000
o) ¥ @ X

M2 MITHREER

SN
V4%
v
/]
NN

X3

C(a) H—x1 (BAA% L)

E3

]
N Yavava)
)4
KL—L
N J V
120 &%

(b) #—22 (GL-13,5miBA&)

|

2

(c) #—23 (GL-26.5m Az )

BT —ABLUBERERETT

!
1168 &=

VI



§4 BEHR

4.1 A ve—-gra B BYBBERED
B R

-4, ¥ —21~%—23 OHIZEEDA

Y- X2z o 22D MY v 7 AT
BHravIFIAT ALYy 2 RADERD (
@RKFarF74 72,
OKEHEER2Y 754 7 v2) %R
LART, RBEEROPLAEBIRT TR
TR LA E 0 BBE (KTFEML KA )
FERLTW5,

CORLY, RFRIEBEKa Yy T4 7
ZEHALBEIORRKERTHATHI LR X
CEHBHNT 2BHEBOLERA CRBE I
BAHIBIBKEVEERESE o TWTRE
BEBRKEL 2D LRGP 5,

=4, B2 T4 7 v R IBRAREI R
RENHBREZMBEESR > THT, BASER
TRHHEHRHEOEERKREVWI LETR LTS,

B-53kiLnd ve—Fr2e L BHEE
BE LA voBMERLIETL L0,
FRVvATFA4 v s 7T NE(ESS ) TER
Bmbimik Lz 2 omig N1 ton B biTs
FToOmMERAMBOLMERMME 3 ¥ — 2 k>
WTHHELTRLASDTH 5,

C@Eibﬁ@&#ﬂ%(&émonfém
BBEFPERDGEHNCBH T LI LR -7
EIWRASLTB b, ALK ISRE
PRIPIVBEDRERD L EBT 2D,

2 g~ D A JI R B

M- 63 LUN-7TXMEF~DOANBHED
(AFEPRXREEGAN) OBHMBEERE ITH T2
EEBRBE P LELL 202 ) %R LADD
ThHDH (HEEEEE P LAETHE ),

KFART S — =21 (METWHEE) CTIEBR
BewEB LR URKXMBEE 100 gal TH 5 H

bHEE2 754 7

v A,

4.2

0.5

S (K
- & (B8

—EEER (KB

N T EEB e
',// | ) r ‘‘‘‘‘‘ !
0 5 107, 15 Hz
(o) kFEGEERD L TS5 7n LI rad/ton
M4 BY—ARZBITOBIEED

aALTI5AT R
micron/ton

r—21 -
=0 !
=il
r—2R1
— N =213
) -.__-4:
0 5 10 15 Hz
K5 BEEMIEFOEGILIRSR (IRGEE)

=22 TIEERMEE 92gal, & — 23 T
W81 gal LERAMEERBED LTDELD
CEBBMRT A PE3NLEANE 24 &2 %
PY-REPVWTHIRETE 5,

— %, EEANRDTHRDLE, REBEEDL
53205 L5CHANRTPRECETS D
TEDBGh D, B, BEMEBE 100 gal
e LTy — =2 Tk 3.9 % 107° rad.ssec® ( ff
fobkTFHBIRTSHEL 5.6 gal [ITHY)

23 TiE 6.3 %X 107 rad/se® (), 252 gal )

B o—

Lk o TwWh,

—190—



@O( w) @O( w)
u, Uon( w) Uol w)
—e plid ey e
P
=212 T—2R3
o s (R) a2

(1)

0.

(b) EEEAN

M6 BEBE~DANMEED
BEMREICHYT D RERH

Max Acc = 100 gal

43 HWEDORBIGER

by EH & I D I G B R
K- 8ixamtbEmicN T mMEERESR
FAv 174 vy oanTHBRER—2 =y
P ERABEOGRDODNTRLAEZDIDTD b,

CoRIYVEBRO 1l REHHEMATE, BE
LHTHEIRBAACL > CIHERERRY
T5%, 5Hz B2 2REBEFEAR ( THz
) Tid, BEESE, BEANSERT, &
RAARLDEEREROERBET LI ME TR
W EHRTRBEINDG,

100; /q Max Acc = 92.2 gal
0‘ ﬂﬁbl 4 \/AV I\VA. Ap /\\J PN
[
=22
gal
100 / Max Acc = 81.4 gal
0 /\U \/A\/J \ J\/\Vz o As Ja\ A 5
-3 L e
) KA -
(mErTs 200a1) P T ey ace = 0.0039 ’Egﬂ\g;
0.0051 rad/sec? (BELETH :15.6gal) =2 s=
br—x12
2
rad/sec Max Acc = 0.0063
0.005 (BB LETE :25.2qal)
0 A Aadh Mo A A Ab -‘/.
.u\\
r—x3
(b) EEEAD 05
0 T ‘ 15 <Ay b

X7 BIEE~OASDHES
(51 LER Y =)

M8 BEOTBAICH!SARMIEINT S
MEELEREE (BAHFRSOPE)

—191—



b) BmRKHEIGER
R — 9B EHEE 100 gal T+ 2EMEF
FREREHROBAMBICEEZ, DBEALE
MEE, DERXEETABHNDTOWTERLLD
DTHbe $h, - 1PILUrE-2RIEIZN
Z2h, BROXZNBR P I ABRACEMEE
BEBRRDETAMNDER LR T LI, #
AL BREBNRERT 201K, ¥ — 21
(BRAAPZ2LIRH™TESr 22 L5 — =
SOBRRIGEMDOE L FE L,

IHhOLDREIDVDUTO EBDH 5,
 BARERIBALBEIORRKELEI R

AL, =23 TEr—2107THREDE
MELZ > Tnvb,

M BWABDOENY -3 DBEFTY BEEA
NREDBRBEE~OEZBI AR KRS
THE2HRBEDALN LV,

) BEOXHESOREEERS LT oM

HEIEE A2 b

H-1 0 XU0R-1 1ALV, 54 v
e 7R E -2y } WO ME IR
LDREERRF LIV FTOMBEREITE 2~ +
(5%) B or — 2RDWTHE Lk,

B-10%52L8RAL08 Ny —x3 Tk
F—21RHBR, A=y aoTcIEABERSH
RUDEBITE > TBE0RML, "—2 =<y
FPCTRHBEREAYRSBY » P ENARE LA
2TCNDBTERDD B,

T, B- 11 TCChLDEBDODR~2 ba
BHE*RCA2E, Ax7uafiETIE, #BAS
ZTLoBERILNIWRLE € - 2 BBAL D
BTy =23 CRIBEAELZWVWTE, 0150~
O.3PHEEDOHAMERTIIBAAIMMTLE R <7
PAEOEBIEE AT LIRORZ O LB S
5o

§5 &
FEBHETABCHAATIN LRI FERO L
FET v T ERHEBERERORBINERCR
ETHAZHRERNU T 22008k LT
S EERME RO 7 ) — v BEE BTk
HINIERES FREXEXF EMP 2 BERLF
BrMoTREFERXCESR LR FHE (8
REZEFE) ERMCLHBREBNEL R L,
COFHEITID, TAMBEELS00 mose
OWBREATLZEERTFFEBOAERLE
BCRETHAL DR LM ERRELZHOL &
REBWTHREF L 2,
%@%%,§E®%kﬂ%m§§mﬁﬁ$ﬁ
SOBRKELIRBYT A2, BB EHBITH D
ZREHERSEMELTIBEIREL T LD
BAARZ LD EDEBIIHHTE 22 &
KRB IR,
S8BT, MEBIL) TESEBEEEE LA
HBEXHITLBERFP O TOHRARDRIIT DN
TIRATHILERD S I,

g & X R

D Lysmer, J. Tabatabaie-Raissi, M., Tajirian, F.,
Vahdani, S. Ostadan, F., "SASSI - A System
for Analysis of Soil-Structure Interaction,"
Report No. UCB/GT/B1-02, Goetechnical Engine-
ering, Dept. of Civil Engineering, Unvi. of
California, Berkeley, April 1981

2 Brebbia C.A., "The Boundary Element Method
for Engineering”", Pentech Press, London, 1978

GBR ERAEREAMN, BaR HRM

3 Brebbia, C.A., and Chnang, P., "Application
of the Boundary Element Method for Solving
Elastodynamic Problems," Soil Dynamics &
Earthquake Engineering Conference, Southamp-
ton, 1982

9 HEBI, SHBT—, BREA FHEER “SRERZEC
LB EBHREBBEEDROMEIYN (L0 1~FD4) 7,
HABRFEKLEHE, 19828107

8 JIEE, PHIE—, “ERERBCLOITEMME LOBE
BOBMEY ", £2 8EBETEY v AP v A, 1982
#£28

© mE, ABEET, " ZROUHHSHEEEAHMEO LA
BEXDIER (ED1) ~ (ZD3) 7, HEBEFRKRXL
RER, MMS 5820, TA, 128

—192—



4
0 100 200 303a1 0 1 2 3 :]0 o Rl BEOILAREDIS
Lo T 1 T T T 1 %kﬁnﬁgm‘é‘:{g
T 7
.’I/ ) 21 =212 r—23
; —_— =21 7 7
i/ Bl || 279 220 B 190 931
I/ —— 721 N ] 1.0 0.90 0.71
T -
i i b—=3 $~x7n | 176 147 118
:T i N0.3 JH] 100 0.84 0.67
1] ]
j%] !II ~—zwy | ] 127 102 87
1 I ! NO.TO |k 1.0 0.80 0.69
g H
r—23 /] 1 1 . "
7R T 5 l ®2 BEOEHREEBILHITD
A w,[ BRICE ¢ AR RS
Y i iy
s .: ! ; I r—=1 21 r—23
T T e m| 0.4
v *TR7R . 0.21 0.17
Al H] |
7 I3 1.0 0.88 0.71
i i 1 | L 1 1 I
BACEMERE BAISE® AR =27y b B 0.15 0.12 0.10
} _ - o £l 1.0 0.77 0.65
X9 #EHEEIgaicHT 2HRKRICER
200 Max Acc = 176 gal 200[ Max Acc = 127 gal
0 AUQJAUMVNAVAVA /\v - VA\I{\VA /\V/\ . 01 n\//\vv‘»’ s AVA\/ A A
=21 r—21
200 Max Acc = 147 gal 200 Max Acc = 102 gal
0 Fat /‘ A\ A A
AV vV
21 =22
200y . Max Acc = 118 gal 200 Max Acc = 87 gal
0 xr AV VAW ,.MW_AA/\VMWA/\ T AAMA A " 0 v/\v ool
L
23 23
e T L
$xvn sec R—27y b
0 BENEERICHS T ZFLELF (BAHRSOIZE)
gal gal
1000 —— 1000 T
= 2
= =
= a
S—
h=5%
0 0
0.05 0.1 0.5 5.0 0.05 0.1 0.5 1.0
sec RO

FRT0

Hil BEEERCBT2IEERERRY b (BAKRS ORE)

—193—



ANALYTICAL STUDY ON THE SOIL-STRUCTURE INTERACTION

OF THE EMBEDDED STRUCTURE

K. Muto*l, T. Murata*2, M. Takahashi*Z2

M. Motosaka*2, M. Kamata*2, A. Amano*3

Purpose

In general the soil-structure interaction has considerable influence on the
earthquake response of massive and large structures such as nuclear reactor
building. While considerable effort to this problem has been made in the past,
analytical difficulties still remain in case of the embedded structure, primarily
due to the complex configuration of actual structures when embedded and the
three-dimensional semi-infinite nature of the soil medium.

This paper describes an analytical method for the embedment effect which
influence on the earthquake response ¢f the embedded structures and analytical
results of the earthquake response of the nuclear reactor building with rigid
embedded foundation.

Analytical Method

The earthquake response analysis described in this paper is based on a sub-
structure approach where the analysis is divided into impedance problem and
scattering problem and the authors developed an analytical method as such for
these two problems that the boundary integral equations involving Green's func-
tion of three-dimensional elastic half-space are transformed into algebraic
equations by the discretizing method similar to FEM to obtain the solutions by
approximation.

By combining the structure model and the impedance functions obtained from
impedance analysis and by the input of the motions obtained from the scattering
analysis to the coupled model, the earthquake response analysis of arbitrary
shaped embedded structures were made possible.

Analytical Results

In this paper, it was investigated the embedment effect which influence on
the earthquake response of the vertual BWR type reactor building embedded into
the elastic half-space of which shear velocity is 500 m/sec.

As the results, it was found that quantity of the earthquake response of the
structure decrease with the increment of the embedment depth, but it was sug-
gested that the reduction of the response due to embedment is not always
expected in such cases that the response characteristics in high frequency
range of the upper part of the building are objected.

*l Professor Emeritus of University of Tokyo, Member of Japan Academy,
Director of Muto Institute of Structural Mechanics, Tokyo, Japan

*2 Research Engineer, Muto Institute of Kajima Corporation

*3 Kajima Corporation Information Processing Center
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