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Table 1. Data of Analytical Model and Ground.

CAISSON
Radius 2 (m) 10
Height z (m) 40
Height of the center of gravity H; (m) 20
Unit weight 7, (ton/m?) 2.0
Mass m (ton-'sec?/m) 2564.6
Mass moment of inertia J; (ton'm-sec?) 1431882.0
SOIL Surface Base
layer layer
Unit weight y (ton/m?) 1.8 1.8
S wave velocity ¢ (m/sec) 120 360
P wave velocity V,, (m/sec) 600 1440
Poisson’s ratio v 0.479 0.467
Damping factor of soil &, 0.05 0.05
Depth H (m) 40 oo

Damping factor of rocking motion k,: 0.05
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Table 2. Dimensions of Model Caisson.

Radius @ : 137 (m)
Height H : 2.00 (m)
Mass moment of inertia about the : 0.571 (ton-m-sec?)

center of gravity Jg

Mass moment of inertia about the : 1.881 (ton'm-sec?)
center of bottom J,

Height of the center of gravity H : 1.24 (m)
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Complex Stiffness Detected from Vibration
Test by Three Degree of Freedom Model.
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Table 3. Data for Analysis of Complex Stiffness of the Model Caisson.

Surface Base
layer layer
Unit weight 7 (ton/m?) 2.0 2.0
S wave velocity ¢ (m/sec) 160 370
P wave velocity v, (m/sec) 800 1480
Damping factor of soil &, 0.05 0.05
B Depth H(m) 2.0 o

Damping factor of rocking motion #,: 0.05
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Fig. 12. Theoretical Complex Stiffness for Model Fig. 13. Comparison of Damping Factor.
Caisson.
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Fig. 15. Comparison of Calculated and Recorded Fig. 16. Comparison of Fourier Spectra.
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Table 4. Data of the model.

Filled with

Inside of the model Empty <oil
Mass moment of inertia (t-m-sec?) 1.96x 108 9.84x 10¢
Mass (tsec?/m) 3.43 x 104 1.17x 10°
Height of the center of gravity (m) 34.9 26.5
" Height of the model (m) 46.0 46.0
Outer diameter of the model (m) 36.8 36.8
" Inner diameter of the model (m) 34.4 344

HENBERERE LiceF v A, HERSIAB L H—Ol#EBAE LiceF v B, 20 FRHAEARTOL
DEBRE LVWERBRG 2 EAIZAEM L= COIBEEOEF VIR LT, BEODOFA -2 —%E
LEET, #EERSUTEOL L OHMHERROMELEDLT fi, i BRICRIZTREETHET L oAbt
Fig. 17,18 T#% %, Fig. 17 G HEHNEBERETH 5270 A, Fig. 18 R L EdEss 57w
Biti+ 2R THY, o/o, 1 BENLTTREZCHEEZZRAD SN WY, TN EORBREK
R LTieEsr A TRIBEERIICELT A ORRKL, =50 B TRIZIE 2 KB B LT3 T
Eitbh b, HEFARRBLEOERLINRELOATH LD S, COFKROERINTLOFELED
LTwbZ Tk 5,

o
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—— 015 3
L%.‘

Fig. 17. Complex Stiffness for Hollow Cylinder Fig. 18, Comple Stiffnessx for Cylinder Filled with
(Model A). Soil.
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Fig. 20. Forcing Moment. Fig. 21. Normalized Dynamic Earth Pressure (Model B).
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Table 5. Observed Resonant Frequency (Hz) Table 6. Comparison of Resonant
Frequency (Hz)
Ne plate attached | removed
inside of model ~— Model calculated ‘ observed
A 163 | 123 A 10.7 10.2
empty
B 14.2 9.9 B 8.6 8.1
A 14.3 10.2
Soil
B 11.0 8.1

Model A: dia=2365 mm, length=365 mm
B: dia=245 mm, length=365 mm
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Wk D LTORBATSHY, ERNERERTLEEN L LCOMBBLSOBYHEDHELZHELH
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HAUTECBAR R EHOHEMERITE ) 2 EA OB % L L T 28 2 BREROHME
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> TKRELEHE L, Fig 18137 T X5 KEEREFEERD XS 2411212 2 RBRHITKED § 5.
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Fig. 24. Schematic Representation of Complex NAHMTIRIOES AREREEEIND &
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DX EBERH LTI EMERDOEL F @M+ 52 L 3REHBORN L, Fig. 24 OfROTEL
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T, 1217 o/w, THABTHY, TORARKRIBLZ0.5TH L. Litio THAMMOER Kr i3 kR
THEUI NS,
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KI# 7"2770 (4. 5)
® 4.5 & 4.3), (4.4 %R Q.17 KRwhE, SHrzREEENEL 2,
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= OEREOHEZ—BITBEEOZNICHBE L THEIRENC DS, ChElikELTRITE
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ke B%ELS 2EBOBBRERTITENSLWALRFESNELONLY, RIMEILTEANEZOR
Btk BHEEFAMIZEB_IDTH A, Fig. 25 BHEERLZ LD L 5 RBANDORERITH T HREIK
2HAE=F VORI TH 5, BEYOEREZLOX I KRANDERWHAKRIE, BEdER ke LKFEE
Rk ERBCALES LT 2 BITER L TWLLRET LT LHHFENLY, BANORCEEREER
AP CORIBIERIZL D, ke & b DEBL T 2RI REX BB LRILREY, Chitks
HAERBEL 2, LicdisT, BAROBEWSEOHBEHIRAUCL - TEDENL,

mi+ 5 ha— 3 kl,6=0 (4.6)
J=1 i=1

Job— _)”:1 Bl x+ (ke t il Byl —mgHg)0=0 @.7
J= J=

ZClT, o, 0 RELETOKEEN, BEAETHD, mJs 3ROLHEER, BO0EH)OHEBEE— 2~
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—%, Fig. 26 Kf+ &5 %, BEcoBEER by, EELETOKERXR b BRAMLBETOER ks
FOTHEINLIRRE N TREZOHBEHOEH FERIRRNTEDLIND,

Fig. 25. [Illustration of Caisson and Ground Fig. 26. Two Degree of Freedom Model of
System. Caisson.
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Fpths= 2, k (4.10)

kpHpthsHs= j“_')":1 kil (4.11)
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p2
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RATEDLDEND, 2L, BLEOBEICLB3E—2 v mgHe 3 kr WEHTHEZLDZbDET B,

mi+ (kp+ks) 2 — (ksHp+ks)0 = —miip+ks(us—tn) (4.13)

Job—(kgHp+ksHs)x+(kp+hr+hpHp +hsHs?) 0= —ksHg(ug—up) (4.14)
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'l Wy
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Bt (4.28)
ko=kp+ksH* (4.29)
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BEABRBRIHRO2ERER» SEEINDS Ve th ) SVBWFhOBEIETLTEY, ThiIZHE
BUEAREZIDOTH D, 37, BEEBROVWTR, 0,20, OBERRIHERAER KD REDHRBER
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Table 7. Dynamic Properties of Equivalent System
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SEISMIC RESPONSE AND ASEISMIC DESIGN
OF BRIDGE FOUNDATION

By Kenzo Toxr

Synopsis

While a number of studies concerning to soil-structure interaction problems have been
performed, the results of those studies are not necessarily reflected in the design of actual
foundation of structures. The reason is mainly due to the fact that the physical model for
theoretical analysis is different from that for the design purpose and they do not have the common
contants describing the models.

The procedures to introduce the mass and damping effect of surrounding soils to the design
model is discussed in this report on the bases of the theoretical deduction and experimental
confirmation of the complex stiffness for cylindrical caisson and sheet pile well foundation.
Succedingly a physical model is presented, which has a modified mas and spring constants

reflecting the interaction between the soil and bridge foundations.



