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SEISMIC RESPONSE ANALYSES OF THE WATER-SOIL-
REVETMENT STRUCTURE INTERACTION SYSTEM

By Kenzo TOKI1, Fusanori MIURA and Michiyasu TERADA

Synopsis

Linear and nonlinear seismic response analyses were performed for the water-soil-revetment
structureinteraction system so as to investigate the effect of hydrodynamic pressure on the response
of the structure and back-filling soil by the finite element method.

Structural responses such as acceleration, velocity and displacement were not affected very
much by hydrodynamic pressure. In general, the existence of water caused higher stability of
the structure and less yielding of soil, hydrodynamic pressure, however, yielded large overturning
moment and low safety factor against sliding of the structure compared with those in the case of
without water when the system was subjected to strong ground motion.
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Fig. 1 An isoparametric element (8 nodal points).
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Fig. 3 General view of water-soil-structure system (a) and its finite element
mesh (b); Model 1.
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Fig. 4 General view of soil-structure system (a) and its finite element
mesh (b); Model 2.
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Table 1 Physical properties of the model. Table 2 Natural frequencies
- SYoTETT of Model 2.
. . a’
t Unit welaght velocity Poisson’s ratio Natural frequency
| (ton/m3) (m/scc) Mode T (Hy)
Structure 3 2.35 1600 0.17 1 3.37
Backfilling soil | 1,70 120 0.40 2 5.07
3 6.60
Surface layer 1.80 160 0.40 4 6.99
" "Velocity of sound in water i
Water i Lo | 1440 (mfsec) N

Model 2
MODE 1 =337
= T T =
| | LA
\ \ IR
n T T )
(a) Fundamental mode
Model 2
MODE 2 $=5.07
=" |
A
L
T 1 1 T
(b) 2nd mode

Fig. 5 Mode shapes of Model 2.
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Fig. 6 Distribution of hydrodynamic pressure at low frequency (0.29 Hz).
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Fig. * Distribution of hydrodynamic pressure at the vicinity of the resonant
frequency of the system (3.36 Hz).
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Fig. 9 Frequency response curves of the structure due to horizontal ground motion.
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Table 3 Maximum response acceleration, veloci
the top of the structure (linear models).

response acceleration of the structure
due to horizontal ground motion ;
Model 1 and Modetl 2.

ty and displacement at

Component E Item Model 1 Model 2
Accelaration (gal) 330 313
Horizontal Velocity (kine) 14 13
Displacement (mm) 6.0 5.9
Accelaration (gal) E 61 58
Vertical Velocity (kine) f 2.10 1.81
Displacement (mm) | 0. 60 0. 56
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Fig. 12 Frequency characteristics of virtual mass.
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Fig. 14 Distribution of initial stresses due to gravity force; Model 2.
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Table 5 Maximum response acceleration, velocity and displacement at the top
of the structure (nonlinear models).

Component ] Item l Model 1 ‘ Model 2 Model 3
g Acceleration (gal) 327 L3810 § 304
Horizontal Velocity (kine) 14 1 13 14
‘ Displacement (mm) 6.2 1 6.1 6.0
i Acceleration (gal) | 66 63 D a4
Vertical | Velocity (kine) 1.84 ’ 1.87 | 1.93
' Displacement (mm) 0.59 [ 0.60
i

0. 64
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Fig. 15 Failure zone of the back-filling soil elements and slid and/or separated
joint elements.
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Fig. 16 Hysteresis loop of 7;y—y,y at point A in
Fig. 11.
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(a) Model 1

(b) Model 2

Fig. 17 VFailure zone of the back-filling soil elements and slid and/or separated
joint elements.
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Fig. 18 Vertical displacement showing settlement at point B in Fig. 11.

THRBELTEYD, BEEEYE AL LOEMEBETORBOE FA (FEX6m) KETEL, HEEd3
mOFEIFEFTELTCOS, —F, TF 1 TREALORRES, B, H#OEUHEEE bices 12
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WKEBLTHA320Y a4 v VEEMLD S F2EET 3,

3 DEF M L TEKRIMERE % 100gal LU 200gal ic&iE Lz El Centro (1940) NS 54322 A
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Table 6 Maximum overturning moments and S.F. values.

Amplitude of | Overturning Eccentric

input acceleration | Model moment dlstance } S.F.
(gal) | (ton'm)

Model 1 26.9 0.57 ‘ 4.43

100 Model 2 31.4 0. 66 3.20

i Model 3 23.2 0.49 ‘ 4.90

| Model1 w7 b 05 1.64

200 Model 2 45,1 0.95 1.62

Model 3 38.4 0.81 ! 1.71

N2DBBERTH Y, ROTEHKEOHELEZRCANZEFT V], BENSVOMNEF LI EL TS,
L LsdsS, 100gal AFBED €70 1 DEEE— 2 » MIEF L 2 DRISSBTH 3 25, 200gal A HHEICIZ
BRFECREI LB ->TVS, BEICHT 3 ZAMDOFMIIROIERE ¢ ZAVTTRON, BERKICBLT
RIS ¢ IBEYERORIE B O1/SUTTHNIURALAILIEINE®, 22T 200gal ANHED e=
0.95m, B=4.5m Zf UL ¢/B=0.21 %15, AN LTI 200gal AHBICENTHRLETH L &N
HE,

WICBD B LI LTS, BOREBTHEDREFLV2THY, RATEFLL, EFVIDIFEN -T
BY, Ff, 200gal ANMICENTIREF VIO S. F BEFAV202NEBEAERELTH D EEE—
v P ERBOERDED 505,

Pk, ZOBICENTRIHPIERHEITICEKEDEELIMNICERICANS CENTHTHEC &%
JRU, HBRORBR, MR EHEYE OROBREPHBER R ERICANOK- - B ESEYROBBIRIT
T, EREEYOIRE, BNEERKEUTRITENATE 2, Z0OEE, M, #E, BAOBEK
SERICH UTRBKECRERIZEAEAONIEM >, KIC, HBROERES, EMETOEEPHE
DOEUBHIE, 3ORRBEEMEMCIERTIERNE— 2 v+, B LI 2akiEic BT 2 R 525
SR, CHOORRICH U TKOFEERLTLMCERT S CEMBHESMELYD, BEREYDLLME)S
BOERELIDIROELELBOIEETHZ 0¥ 7, L LSS, ANIEEL <A i3
EEKEDEBIABEE LLSVEAL ZREEET THREYOLELULETIVIH40H 5 C SRS
o $8b5, TITHRE LAEEHRRAESS EEDREINT 05 EBNEIKEDEZEETHIC
VA, RRXBED LS ICebAEICER, FIOKERS - LBECEASRRBEKEDOFEIZ SickEL
BAETEBFHRENS, TDLIBIPAITR T T THWERFESICX D EIKITEZEIC AN L THiE
BEYOWREEMEICH UTRIZITS KELH S5,

5 # #

KBTI EREREE A O THKEDH 8e Z e ANoK- - G R ORBIENT £ IR B 3 s
TITY, ByREQSHPREEHEIC OV TRFZ A%, JEREBBETICEIKTORBELFRICE
BICANS CEDTRETH S T LERL, ERMEYROIFREREEES LU BEYO B RERIC

RETEKIEOEBICONTERENA D TH %, AFRTESNICRELZENTUIUTOEY TH
%o
1) BRI 2BKEOKRE S, (BIREMIEIRTII Westergaard © Zangar & DU THEQT

&5, ROMFRHHAFTRINSOEPADOEZL 2 HOMEICHEL, bIPTOKREEEZINS

OHEPATREET 52 LRTEI,

(@ BKERMMERL UTRBRUER T2 L050, BERBHEETIEE0, AFEOMRE L
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ETH b
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