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Seismic Analysis of Underground RC Structures considering

Interface between Structure and Soil
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ABSTRACT

The real situation of an underground reinforced concrete(RC) structure with the surrounding soil
medium subjected to seismic load is quite difficult to be simulated through an experimental work
and, even if it is possible to arrange such an experiment, it will be too expensive. So development
of analytical method can be applied usefully to seismic design and seismic retroflt through an
analysis of seismic behavior and seismic performance evaluation.

A path-dependent constitutive model for soil that can estimate the response of soil layer is
indispensible for dealing with kinematic interaction of RC/soil entire system under seismic loads.
And interface model which deals with the dynamic interaction of RC/soil entire system is also
necessary.

In this study, finite element analysis program that can consider path-dependent behavior of RC
and soil, and interfacial b¢havior between RC and soil is developed for rational seismic analysis of
RC/soil entire system. Using this program, nonlinear behavior of interface between RC and soil is
analyzed, and the effect of interfacial behavior to entire system is investigated.

LME

= Y AA 4= L Aoz A3 A AAHE AJ Y FEES AAFAY &R
e Biol oA 3 FUME B #Ho FFHAL g 2 F¢ ASEAYE(E RO)
TZE9 Y, A £ eIt ddf B A7Vt JYHY gy, Ante Ao e A
RC #2849 Zfole A disf vz e Aoz A4FH $7] Wi ogc & d77}
ARG o] Apdolnt, stA gt A9 WA AN Yebd vig Zol A5 FREE A dis] ¢
AeA gdrie ol BFHUL, I ol F A T2 WA hE A7 deAo] BRI 9ln.

» 24, AR EEF e WAy

w» A3 dAYTR EEFEAY By
ok F39, MY EEFHY EuF
ek Y2, QAU R ESFSE HAgA

20009 % 718 U R =2y 87



FH9 A wAdAN AREFE B As RC-TFREY 44 43 9L 53 285
7t whg o] HEol A $WE T Aak RC 2B WY B AT M, YAy
% %7t 5 Q4 As RC F2EY YA AA0 £434 AH4E £ YL B 7 o, /E A
RC 7229 Wz 2% FoAE #88A AH8E & Atk Ad 72EL A4 F2EJE g it
WAl N F528e 3t AFE 87 e Ao $9E 452 & d: Awe ARy 3
AEdo] WEA Fadey =3 RCY AW Alole] 3 F5age wAle FAWL T3 23}
ol BATH Agol AYA e Hojol gk e WA Y ZaPdMEe oG 7
Ade AgE F¥3) zesn YA ¥7) Wl A& RC FEEL AFTL AHdHo2 Fse A
o] A8 E7bs3tth. tigo] RCY Ak Ato] FAAY B¢ ANHoZ BE FA7 At AW
wygel s ZAW AdAN FAFE o] oyt AAWC HaA @Ay dEo FAN e
AW 82E dIATE AdFR H8Y & Ao weby A29EF RC TARY, AW FAR
a3 A FAE e RCS At Alol9] AW FARDE /fLste o] A3 Yo AFo|r)

Gt & =&dMe Ad RC 72EH F¥ A F344E 1 A A2 dd &
A B 4L 93 RCsH Ate] A2oEd FARYE /Mdsta, RCY Auk AARY FHR
48 /MEdn. £ RCS AwE st A2z 183t A& Fatd As RC F+2E9 A
& AYsHA Hotetn, AU AFol A A2dd wXe Gl tist] Lol '

2 MEe 7429

21 AZE3EY FHEY

reinforcement

shear stress transfered

°
g
5
5
H
H
F

% H : § <

: : ) % -, T
O | B 7

concrete ’ ’ ’ *4 go crack width 0 mean normal strain in x-dir.

N
multi-system [ set of cracks ] LOCAL RESPONSE AVERAGED RESPONSE

comp. strength reduction
i‘/

a7 1 ¥Z232EL pH=Y
2 =R 85 ATEAYE AERYDS E3HES AT A PFstE FAUAELE =
#gozM FAHUYG. (Okamura and Maekawa, 1991) A2 EZ 2 Ed] X FELHolY #EE
S @A 27v B2 AR A7) g @A, 53] ¢ st dEHE FTIEEY
He IZNARY F FddZeld. 28 19 vehd wieh o] FaES] dAAHT AEeHE IN
€L A2 A 27], FEIY T W @AA Hed, olF 3¢ FHFHYA SHHE o

88 2000¥%x 7HE sedis =3



@ a/age Aoaadey 249 AN FRANE FAY £ Jow, ¥d FFAYE] ¥4
o z27)0] BAGe FUHTY 2ol 2l FRA TAYAL A4 & Yo BN 29 1]
A BezE AXNY HE Ad2sdM Aeld WY $9-UYE BAE ASYORA FIAWA,
Faus, dae 470 d ArAse TR #el EAste TAYEY ¢, 4%, A 3
A2 Qe el #Y4e BERHE FALRAE 4¢ F Aok |

22 Aol FAHEH

AABFE BE RC/AT AA A2
eE8ge] F3RAE GF7] AfAE A
o AzoEd 74 Edo| W=A Fasn
Hgo| FxEd oprige AdHL AwE
E3 724 AgHE P I Ao, A
whe] BNy E4L A5 RC TEEY FE
Agsts AurtgEe] a7E #H$3A Ao
wtA Aukel MAY §4E F EIE 7
Qe A PARDY Hgo| W FLIIT
A Awe 74 Rd2ANE HEFIHE
3} AARFL dE F Ae F /A 2o
gtk & dFdAE AAE B AHEe ¥
Ay S9e 2% 4 Y& Ohsakid) A¥ 2dE o g3t FEatsHl Hgud. 19 2=
A 2ol A2AEH BAE HEHE Aol

‘Tutning point(T)

Reloading Curve Axis4 1o i

a8 2 xg 2del FzelEN T4 A

23 RC/AE AARS TR

2zEs AW Aol AATFHE RO/AM WA Axde EREE BT A8 Fast A
A4 FzEBD ANe T Y e EUe e GE AR TEEE ARz Eft o4
aaqre Wit ARdes FREN AW § EWe FYHoRE A Tl AFH At
e AU rEe ASols T EW Ao|g 9d PHoz RY £ dAT uR AWHT
ot AAY So| TN FHUAl AFeH FxES) EEHel TAMA At
Heo FxB-Aue 4528 Bay TP AFANE AN} F2E Aold) gREe ¢4 ¥
oz A4sn o ola® AR wadd AEUAY AFsAL S Aok WA g
AAE 228 A8 FRE-AW 43ed A4l sl 4 Fash & 5 Atk

231 4% @4 ZA%d 24

guigoz AAW 248 A FE A lE RCY AT Atolg FAE dAFFHoE 7+
a4 9. o] AS AMozRE FEEE AgHE P9 oy 2dto] YA HEE AF}HoE T
229 Byo] s o Y zdo] HA Bk AY @4 AAW 2de] B9 I 3l vebd A
o] AA +2Q B @ ASL olAdYoz ASA A1, FAU BIR kel A%
& Agoz ARYY BN £3LPe AAW] £Ad Al 00] Hof A} FxE Atelel &
go] AgHA Fevh £ ATLA-AGHURE VA A Ke& 72ES FHEZ, vk, 27
Eqt 59 wfo 8 9FE wA Eh

0004 % 712 &4 =83 89



1.0 Type(A) nonlincar bond response
(sepration is allowed)

2|; Type(B) 2| Type(B)

£l gl

& &l

2l ali

ElH w1

gl gk Type(A)

S| 7]

Z Type(A) Normal Strain Shear Strain

Type(A)  linear shear response
(shear slip is allowed)

K K,=00  (Opening)
n i K, >00 (Closure) Type(B) perfect n{,m,-,.muy bondage
] H {no sepration is allowed)
#| Type(B) perfect numerically bondage
Type(A) {no sepration is allowed)

(@) Normal response of RC/soil interface (b) Shear response of RC/soil interface
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