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A NONLINEAR DYNAMIC SOIL-STRUCTURE SYSTEM INTERACTION
ANALYSIS BY FINITE ELEMENT METHOD

FOME R NEERTT
By Masami MORI , Hiroshi SATO and Kanta KOGURE

This paper presents an analytical approach for the dynamic soil-
structure interaction problem under impulsive loading. Herein, an
attempt is made to introduce separation and sliding phenomenon
between the soil and structures in addition to the strain rate
effect of soil, into the nonlinear dynamic analytical method
based on the finite element procedures. At first, the basic
equations of the joint element which represents separation and
sliding  phenomenon are formulated using 6-noded quadratic
isoparametric element. Then, the specially devised computational
algorithm is developed by introducing the joint element together
with the elasto-plastic constitutive model of soil, so called Cap
model, into the nonlinear dynamic analytical method. Finally,
nonlinear dynamic response of a pipe buried in a cohesive soil
subjected to shock wave is examined numerically, and is compared
with the experimental results. Especially, the influence of
separation and sliding on the earth pressure and displacement of
pipe is discussed.
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0.04}
0.02t
0
-0.02 2 8 12 16 20
Time t (ms)
BI-11(h) RPERFOLTOFTERE S ERES
DL
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i %%E%ﬁl“’ﬁfﬂﬁ@%&ﬁbf&@@f& Y. 0.12
EBRRELERT. (ase-( OBUTEREZLL — :Measured . :

0.10 —:Calculated(Case~C)
------ :Calculated (Case-B)

EEET. Case-B OBWERLZSETRLTL
I8

W& 0. t=12 ms F TRHHFORITRE R
BEVWIZZE—HUTOEH, t=12 ms DIET
WYa1y P ERXEEALRES (Case-C) @
IR ROABEMEIKRE LR, ERERR
L BR->TWE, ZOZ&WE. 1) t=12ms &
Tt H-9(h) »HaBHahR& SN TR ~0.02 . . s . :
DL ENATOBRRE TOBEIC & B : %mtwi) * *
do= 45T AlERINE Y a Y P ERY F-11(c) RPEMSA D LEORITEE & ZRER
ADOWEBHEIZHN NI E. 2) ULH L. OH#s
=12 ms LIS T, YVaf Y 1 EEXZLAALE
158 (Case-C) W LEN A TOHRETOH 016
BT &k BB MNRKELRY, RT3+ ~— :Measured

VP EREMALRVES (Case-B) WHAR O e e ) 93
0.12¢} A%

(MPa)

Earth Pressure o

ORIk B3 LEN 4 T H—E{LL T M
EREMT AMAOEANH[ESLDEERLS
N3,

TSR, t512 ms ETURBERELIBX
W, FhUBTHENGFEET ZEmcS 5.

(MPa)

Y
o
[
o

o

(o]

(o]
T

Earth Pressure o
o
o
oy

ZO3BEFROLTU. DERBROEAR 0.04}

A HEEE COBRREHBLT UL ELREE 0.021

RR->TORLI & & Y REFEOFEH B il

Bybm < . B> TRATIOERIAAE < RS R b 2
NWEDHECHREBDTREEL ALY, -0.02 2 8 V) %6 Wi
iDUML. BHFTEEOBE I LERETO Time € (ms)
BRAUERZLEEE U TV A RDERERD BI-11(d) RPEEEBD +EORTHR & ERER
BA S REROEENB Hh. BRI DB
BLVARCBLTECERRIBDEER SN S,

GidERLE

B-11¢a), () () (d) WB/ARN L TTERR. HRA. ERH KRBT 3EHLE~REEFERRL 2
HDTHY. ERFELRET. Case-C ORIFTEELAVERET. Case-B ORITERLZ A TORL TV 4,
ZIT NATEMAOBITERE U TIIHE. WERXHONHM D SHENAOBTEREHV TV 5,

Zho & VESHERBLU TR, t=4~8ms FTRY a4V N EELEALRBE (Case-C) OBTHR
OHHKELBE>TV S, ZOEAD. H-10 WRU L BEELMNE AR REEOFEOHA S EER S50
3 t=12 ms B RBRBIONE (R IMEIC S UV XBRER S OMSHEOBELED SN S, MHLEZH
Ui, t=12 ms ¥ CUEEOETHRICHBRIGELED ST, t=12 ms DB TRY a4V VEXREY
AURIBE (Case-0) OBRFREROHHZLIEEAZI RS EHEDOINS, RBLEREL T, t=
12ms FTRY 342 M EREZEALRIGE (Case-C) ORIFEROHHELMNE S ERERE O
BRAOYWEINTEY. t=12 ns DB TRELHENPARXLRIEMAEFRL, LIOEBLEOMEE TE
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WM R .

DD VaLy PEERBAU LGS (Case-C) ORITEERI. MFLEREL TREGHELD
BREELORERERRER M TV AR EUBIRBERERALE TV 5. UH VEBLEC RS LE
WHL T BRENELOEREIERERZLUTO 2 H0OXRRERE O OBRFMT SIS 5.

DE. £2ERELTHNEY 240 P EREBALRIBE (Case-() ORBNTRRIIKIEN PR LEDE
BREREOWICHIBLUBINIREZOYRED SRERITE200EEhN 5,

5. &

ol

AHZEd. L& EEYOBMAEEERMEC BV T, 1OV T AEESROMRESEEICMA T EH
EWOBRE BT 2 CESHESOEEEREH2EER AL, FFRERZ U 2 L L HEY OIS
BIEL TRERIToROOTH B, KPR > THEINEHERINEThELTOL SR 3.

(1) BEBEOARUTHAEENRLEE L L LOBSAERCHE. Va2 FERLEALRERE
BERFOHE 7L XL HBRL . ERERE EBHRGHT 2 2 L IC X O ABRITFROR IR ITITHEL
2o

(2) NATOEZEL T, KEFFECLVERERLOMEHOUENZDLRBD OO EREZD
REHEL 2,

(3) P ALEREL T, ARIFFRC L VIEBLECET 3 RBEE L OWEHEOHESHS HED
5N Fe

Ptz &5, ARETCESEFTELZT 5L HEVOBVHEFAMECEL T, BEFTOA
RUTHEENRLZELEIATY a4 Y N ERXRBAT I E WS~ FERIRTRL. EREREOX
EREXETBET+HRBARKRLUTOEN. ZOEPLEIBEETHSNTEIENTELDDEED
N3, UhL. UFAEEDRIBERTOA L IEREOETITCLRAS L. Vals Y [ B
OBRMFEOBRFTECEEAIRIN TV S, 5%, ULEOBEERLEREZUOEFNILOMER R T
BBz, MADHELRSY AMEMCHT 2BMEEERHESEEEL ThE RV, BB, KHETH
WEERF— Y. BETERERTEROBEA S SMEERAHETHNMEAREALWRFTIT > 2D
DTH %, &h. KiEHEEBERFREFFHAETTEHED HITAC M-680H AL k. ZIYE
UCHERRLEY,

2EW
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