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MODEL VIBRATION TESTS CONCERNING THE DYNAMIC INTERACTION OF
SOIL-STRUCTURE SYSTEM FOLLOWED BY SLIDING AND SEPARATION
AND THEIR NUMERICAL SIMULATION

EADKT-HBA G

By Hiroyuki WATANABE and Hitoshi TOCHIGI

It is indicated that the stiffness of bedrock under foundations evaluated analytically
by FEM tends to be larger than that evaluated from in-situ vibration tests performed on
the concrete block foundation. One reason may be considered to be owing to lowering of

rigidity in this surface layer, another owing to imbalance of rigidity comming ocut be-
tween both parts of tension and compression sides in bedrock during rocking vibration,
in extreme case, being followed by uplift. In this research some vibration tests are car-
ried out with structural models on ground ones of silicon rubber, and the phenomena
mentioned above and its characteristics are clarified. At the same time numerical

simulations are carried out with the computer program developed here which can simu-

late nonlinear seismic response followed by sliding and separation. Accuracy of above
numerical procedure is confirmed comparing the numerical results with experimental

ones,
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Fig.1 Dimensions of Structure Models and Ground Models.
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Table 1 Material Properties of Ground Models.
Material No. Material 1 | Material 2 | Material 3
Properties New(1:t} (3:4) olgliit}
p tg/erd) 0.962 0.969 0.979
Vp(cm/sec) 1050 1370 1210
Vs (erm/sed) 443 760 543
G (kgizerd) | 0193 | 0.571 | 0.295
E(kgl/cnf) 0.537 1.459 0.811
Vv 0.392 0.278 0.374
W Tensian 15.2 21.99
(rad/sec)| Comeression 14.83

w ¢ Natural Circular Frequency
of Rectangular Column of Material
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Fig.2 The coefficient of Elasticity due to Parameter a.
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Table 2 Fundamental Characters of Structure Model.

Mass
m
h
Foundu(icrl;m :
m¢ G hs

Structure Model

Model 1| Model 2| Model 3| Model 4
m (g 142214231423 (1427
ma (g) 3 4 7 9
hs (em) | 6.615 | 6.614 | 6.603 | 6.603
me (g} 1912 [ 1856] 1867 [ 1790
k (kgtkrry 2.989| 4.284| 7.034 | 8.504
h (%) 1.44 1.26 0.885| 0.860
fo (Hz) | 6.23 | 7.57 §.67 110.86

Foundation

Model 1 | Model 2 | Model 3 | Model 4
me (g) 228 227 245 246
I (ger®) | 1919 | 1910 | 2062|2071

hy (em) 0.385] 0.386( 0.397 | 0.397

Table3 Natural Frequency of Four Unit Structure Models.
Medel 1 | Model 2| Model 3| Model 4
£ x perimert| c
f2 () 6.23 7.87 9.67 | 10.86
Mode (a)
it | 7.22 | 864 | 11.08 [12.16
Modtiall 6,45 7.72 | 9.85 [10.86
fo (Hz)
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Fig.5 Resonant Curves at the Top of Structure-Ground
Systems {Without Uplift, Ground I ).
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Fig.6 Resonant Curves at the Top of Structure-Ground
Systems (Without Uplift, Ground [ ).
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Table4 Resonant Frequencies of Structure-Ground Systems
{Without Uplift).

unit (Hz)
Structure Model 1 Model 2 Model 3 Model 4
Ground I 5.25 6.10 7.10 7.55
Ground II 4.95 5.60 6.45 6.80
Ground 11 ¢.90 5.40 5.25 6.45
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Fig.7 f,~ Ground No. Relation for Each Structure
Model (Without Uplift).
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gal).

Table5 Resonant Frequency of Structure-Ground Systems
(Followed by Uplift).

unit (Hz)

Model N:l 100 % 30 A 80 4 70°% 60 7
Model 1 5.90 4.69 4.50 4.35 4£.32
Mode! 2 5.40 5.32 5.23 510 4.97
Model 3 6.25 612 6.00 5.80 5.60
Model 4 6.45 6.20 6.06 5.90 5.76
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Fig.10 Variation of Natural Frequency of Structure-Ground
System due to Uplift and Intensity of Input Motion.

23V 77 N

i) EEEBEOMESRELENETNVATIE, AT
MIRE A 80 gal DIFE, BEMEDOETIC >N TERR
OEBEHHIABRICET S 21260205, AN
HEAS0gal DIPE, FOETREEAETDHNE
V., ZHAIRH U T ESEEORMARLEVEF VLT
W, ANMEE»S0gal THLEMEBOKTICO>ATHE
BADEEREEBIHABICETLTOS., £EF04ICH
T, BEY - B R0SNEEERERCL<aS
NTHVE LS IIHEYORIESEH LB IIO>NTAT «
ARBICT v ¥ ¥ TREAMKRINTLS BHENET N
LENZELLC 25, 50gal DANIEE R L TIEE
FICRFELTHRE EXBICRESS, BEHEI100% IS
HWVBEEIE 2> TWNHDIIH LT, £7 01 Tl Fig.8
IZEFD—HERD 5N B &5 ITHEEY O KT ISEIEE
MNEFNVALOHL6FELELRE O ze, it
HEKEHERE L 50gal DA NIBHEEIZH L T HE
HECTEEB O ZET TR EEST BICEVWKERR
DHBRMEDORT 26156 U &R R EHRSROR
HABEbLNLLOEEZLND, £, TFL1TH,
ANMBEERKEL LD E, Oy X 7IIEIFLEOD
HEHMK E NS 2 HEFREEOE T E Fig. 10 (a)
CALENEEIIEHIELL LD,

3. VaMlrREERAVWLEARERARICLS

Y3ialb—-Y3r

(1) BEBFET L

W2 FEO T A TR e, LEBEoEE L8N
FT—AY P ETAIKERLTOSBEERORITS
FETHOBMNEIORICERLL. COo&E FRBED
BERSESE L ZNEIICIEREREZED TS,
HEBEAE LT, 2Ok ICTRILELEEE TV
% Fig 11 RS, BEBEHBOBGIIEY 54 ¥ hEFRY
EFRALTHA.

M EBEO—AREEO FEM 27 {tL, &
8751713 Lumped Mass & Consistent Mass & D15
BELTHEAL.

Number of Nodal Points 108
Number of Elements 176

Joint Element

RN VAVAVAVAVAVAYAVAVAVAVAYAVAVAYLY,|

I AVAVAVAVAYAVAVAVAVANAVAVAVAVAVA!

Fig. 11

L

Finite Element Idealization of Tested

Structure-Ground System.
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Table6 Comparison of Natural Frequency between Theory

and Experiment, unit(Hz)

Structure Model) | Model 2| Model 3| Model 4

Experiment] 5.25 6.10 7.10 7.55
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Experiment! 4 .95 5.60 6.45 6.80
Ground I

Theory | 4.98 5.52 6.11 6.30

Experiment| 4 .90 5.40 6.25 6.45
Ground I

Theory 4.85 5.33 5.83 5.99
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Fig.13 Comparison of Numerical Results with Experimental
Ones (Without Uplift).
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