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EXPERIMENTAL STUDIES ON THE DYNAMIC
CHARACTERISTICS OF WELL FOUNDATION

By Kenzo Toxi, Tadanobu Sato and Fusanor: MIura

Synopsis

The purpose of this experimental study is to verify the theoretical results on the dynamic
characteristics of the enclosed soil inside of well foundations.

Vibration test are performed using three different model caissons embeded on/or in a sand layer
which is mounted on a shaking table and it is comfirmed that the enclosed soil behaves such as the
mass of the caisson is increased by the amount of the enclosed soil mass and the contribution of
enclosed soil to the rigidity of the system is negrigible compared with that of surrounding soil.

Numerical simulation on the dynamic hehavior of soil and foundation system are also carried
out to compare with the theoretical and experimental results.
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Fig. 1. General view of the experiment. Fig. 2. Model caissons.
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Table 1. Data of the model caissons.

- Model | oW M ‘ G
Height of the model (m) i

(Including the thickness of weight plates) 0.432 l Ji
_Outer diameter of the model (m)” | 0180 | 0423 | T 0128
Inner diameter of the model (m) | 0.173 | 0.117 ‘ 0.117
M odeI! ~ Inside  Empty ,j,i Empty | Sand ,,,(,, Sand
| Base plate Removed | Attached Removed Attached
" | Mass moment of inertia (kg'msec?) | 0.885 |  0.888 | 1.165 | 1169
W Weight (kg) 706 751 124.8 { 129.2
i Height of the center of gravity (m) 0.330 0.310 0.265 0.256
" 7| Mass moment of inertia 0386 | 0387 J 0.509 |  0.509
M| Weight 34.2 | 36.2 59.3 { 61.3
' Height of the center of gravity 0.321 0.303 0.262 | 0.254
"~ | Mass moment of inertia 1 oa91 0192 ' 0281 | 0232
N Weight 30.2 i 32.3 ' 47.1 49.1
Height of the center of gravity | 0235 | 0220 | 0195 } 0.187
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Fig. 4. Travel time-distance curves,

D R, KEOBAT A8 AROLRE L e
W I, ZOMEE Fig.5 WA+, NAENOFMLRL
THBEFBICE, B ETHORERMRIC kb,
BOBDRLICELTREDEDOBELEEYLN, #
HOYBEMNE MLB LS Br, Lirl, COBE
OYBHELOBED SOTHEHRYTHLDT, MEE
HEEHBILHORE (Fig. 3 ORME) <, WE,EW 0
14\/¥\fkjm/\J\/ﬂﬂva\ HEOTREMR TREOHE ERA T 5. TED S,
L BB DB, WD B & ARICAE L2 S0 BT,
VA 3EEDOBADSITLb. CN53EOMEREL S
ZJ*A/\V/\/A\vAu/\V/’\ L, ML EHBA THE LA 0 PR bOS
AOFHMEE D ¥ 3 BRE (F 5m/sec) /NS %L % -

THBNL, TCT, REOEEE LTHE, MEKHEE

, \ DREBHBELE2 LB OBEOTFREE LD L
J—/\//\/\/\/\/ kL,
1

(2) HEHBOEFEZBEMEER
%£&®RIZ W, M, S 0FHBHREO>WT, (BR - ER
awva i), (TR EiRE), (PX-ERE, (bF-ERKE)
DABEY *WBOETEICRBLILBAL, BDETREHR
1/ DENEHLTHELIBERONT, 8@ DBEK
/2 — DNTHW, ERTRTDEFMIDOVWT2ED OBEIT
DNTIT = Te
BHEE®RILICLEE-C, HEBECZIIDEL»S
p; - OENDEELA—CT B LIRAED, HEABRDER
T T Y omtset RLIBELER L ABE L EUBT 2T L XD HERN
. WOBOHBYMEVSRIHTELLELOND, E7, EHR
Fig. 5. Recorded accelerograms and travel
time-distance curves for P-wave shot. DEAHEIE, AROBLPEESERLEY, ATO
BTk B2 RBMEIN L, IS, REXE L HR
OWHTEITICERE-T, HEOBRDBBITHEINZ AT A OREY, BRTHILITE-> THIM

—
Q9 5 1071000 (SEC)

Fig. 3. Directions of strike and recorded
accelerograms.

18 gtM

2a5°m

— 4 —



i - G - i SRR BT 3 KRBT 73

BHPSDELHBLEZII L) K EKF LB S,

HEEEL, DEOFOMBIIKESEAVOKECHELL. REREBDS B, BREBRAT s
NDFEE, BEBBDERICKETTA2BNES-720T, FRIZBLTIERI, W =743 10mm,M,
S EFITIL Smm DIEE I DY v/ EHUHY, MEORTOHILIIEDI, 1, #EELTRET L
sz, PEEErE =Y~ b CH, DEOGKRBELEMEELTILORVEI B,

BRI K 2T BBBESRTHY, Licti- TAZRIBENBEOBHETH L L HEE L
{, ZOEREBNTANRBTELRGE LV AVRKHAZL2L4ENSH D, LAY, BHAEITR, 40Hz 25
50Hz DM+ ZE#+5# 4gal © ) 1 Z4H D, SN WEBLFTIDIREBAN Vv~ E LT BT LBBHEL
HWRT 2LEWNE Ui, 2 LTHER, BEORREVDOANMBEE % 50gal & L1z, ERIZTRTAS
—EDEHDOD LI, MEREBREEMSE, SEHRCEFEMELT - 7o

(3) WEoEHEZHEMIER

FHEROBERT, DEOXBERBIBITOADBTLY, FLURBOBH YR/ L101T, —do
HERB LR RROBRTH, DERICIEESEHDT(2) LRBOMBE LT - 7. WERN L, BE
O EF T Sem 12 TKTE, BHEO 258844, BT 25cm, 45em T TENRZFHKERS Dt 4 RS TH 5,

3. EBREREIUZOER

3.1 WEOEEE
22 (1) Tl FEZIYROIBERAE, BIUCREOHMAEER ISRINSOEHV
THEH L-HkE S % Table 2 (TR,

®iZ, BBOZ%ME L BOEEHmE % Fig 6 Table 2. Constants of the sand layer.
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Fig. 6. Frequency response curves at different depth in
the sand layer.
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Fig. 7(a). Frequency response curves of W-model.
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Fig. 7(b). Phase difference curves of W-model.
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Fig. 8. Frequency response curves of M-model.
(Surface setting)
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Fig. 9. Frequency response curves of S-model. (Surface setting)
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Fig. 10(a). Frequency response curves of W-model. (Buried)
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Fig. 10(b). Phase difference curves of W-model. (Buried)
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Table 3. Resonant frequency (Hz).
Surface setting

Table 4. Contact pressure between the
model base and sand.

~.

\ . &e plate
Moddl ™~ Removed | Attached
Inside B s

w 16.3 12.3

Empty M ‘ 14.2 9.9

N i 21.0 11.8
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Sand M k 11.0 8.1

s 161 133

Buried
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Mx@ﬂ:ll‘ .| Bmpty | Sand
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(kg/cm?)
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Fig. 12. Frequency response curves of S-model.

20

30

Frequency (Hz)

0

5 ZEMTEBLRBTTHD, Fig B3 M=

FADBFETH B, RBKFMEESE

(Buried) D 10Hz D v 7 I HEEBD 1 kD



7

HBETHHCEBWOHT 3IHz BLU
40Hz FEO Y — 7 BWEOKEB LRI
ADTHH EWbhd, (1T
Lahickd B O #RAHHETIRIESR
CH~AERN 2 U LI HEINTED,

$1738Hz TREBOHERIILITLEL,
DORBEHINEE T >V CHib Il L ®
2Z5E, COMETREMOEL 0l

101

Magnification Factor

—

il e T AEBEL T Edtbh b, 0
BHROBEH Fig. 14 TH 5, (1)T
BFe kS CRDBORBERELSRD
ZOCHMME SAEUOBRERLTHY,
Fig. 6 ORPIE D % 53T O 7K il s BE NG5 i
BOBREBIZ—HL TS,

33 EBHE-FE

ULEBOoNF -2 OBFETH LYY,
HEHBBEOREZEH L L T2 et
BL, ERETATHEEFAVEREL
2y hE Aok, £CT, TZTHBEL
N ERSrBERsTICLITE

Magnification Factor

Fig.

0 25 30 W0 45

Frequency (Hz)

5 10 15 3 50

13.  Frequency response curves of M-model.

(Surface setting)

TH
BH

TEMRBHFITER L CHEERO P OO
BE el

MEE TS L CEMICETEH- T
BEZOMPARHORBEFHEL 254, £
NBLUTOHEILE 27,

At T, mEEE a=a(), #EE v=0() L3N,
Wt ilBFrRERRATCEDEN D,

u(»):v(z.,)+5 a(é)de

Fig. 14.

%7
to+T

l”(t“+T):v(t“)+Sa a(§)dé
LZABTRRABTHIH D,

v(to+T)=v(t0)

LEoRPhEAR6F, Licdo TROLB%H 5,

to+T

S a

FTibb,

MEERED 1 RRITD 7 ARMEN 0 L 2520 hEE S %\,

20 2 30 0 4 50

Frequency (Hz)

510 15 35

Frequency response curves of M-model. (Buried)

BRI t=10 ICB T 2HBER 0(t) TEDLIN, B

COE&EETRAT, BT

F—2 BRI BICE > TRONIMEEHEITH L TOPOHBMOMBIEXRKL, TOBIEXRD IO EMELR
BLLTHVE, TOREEES L, TOHMORELTALKEELESBONIDI T, RABEOFILRET
FHRgrBoNnd, 1ANARDLIEMELZ0 LT 252 L REEIICE 1 AMBRICRBEEMEELSE LR
WZEEERL, CRRIDEFRRBERD LB, MEELEH SEMERNOLHRO 1 % Fig. 15

Rto kB, MEERELT 4+ V2 MLTHITY- TR,

F=ava—F—DEHFET—-SRAEC-F %L

LewaFa—F—ZHAL, CORBET -2 LBH (AXEFRFEHMU OT5028, Pk BER L v 2 —

— 9



78

500

REXFHEHRTERE 2L 5B-2 (9 53. 4)

WIZHRE) K& TRE LI 7 ) VI8
REROEAERBERITE VT 1THENHD

30l LEE LTz
//’/A\“\\ CD& S UTHETRBO KT H & RE N
i, HEESOKERHOEMERD, *15t

Acceleration (gal)
-500 O

10

\/\/ HOEDTOEY OREABMNTH 05
HESOREZMBEBOTLICELNEL,
wlhe— FR%ZHi%, Fig 16 CHREREOH

&%, Fig. 17 TEROHEE W =7 v 2HIT
R LT P TBREO =~ FR% Fig. 18 (TR

////—‘\\\ ko %5, BMBHAELTSH S pBEE

Velocnt)(lJ (cm/sec)

-10

002

%L % Surface Disp. & LTRMIZEALTH
5. MEHFADEMIRSND A, BEAKI
PMBEEMBELTNLZ LB TR, K
SEEEMLITH L CHBEEIIIIZRRTEL O
tnzdd,

Fig. 16 OXHERBOBRATHMELM TR S

////’Q\\\\ LEEEERA I HIRY, FRHRAKRSY

\ HWICHT SEMEMER S0, BERED

Displacement{cm)

-002

0
</
/

LEEAREOZRNSHTHY, LicdiaT
COBERERPCED O 1 HHEDHIER
HEfT-Tnb3DLA5%E 5,

Wi Fig. 17 3, EBRRBREEI N ER

ig. 15. 1 i ion fi . . .
Fig. 15. An exam‘p e of 1x.1tegratlon rom OREBICEVEEEA SN, W% W%k
acceleration to displacement.

ERECHEORRAMMEOREH = — FRTH
%, et Fig 18 [TRTHEOHIELMFEOR

Be—- FETHET2 L, PEREEC TR, HRHENOHEBRBEO2OEH L) L RE NRIGTEY
%L, BRANEBOESETR, DEOAOEBOWIELD/ME L Zo TnDH, AERMITENM, HEHR

Model W 6Hz Model W 10Hz
Surface Setting (Sand Plate) Surface Setting {Sand,Plate)
435 26 1712 81910 74 8 5 9 10
005cm Otcm [
= Surf i
Surface Disp — %‘,’;.2‘;&5%‘59
Table Disp.
0:05¢m 01cm

Fig. 16. Vibrating modes of W-model before and at resonance. (Surface setting)
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at resonance. (Buried) at resonance.
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Fig. 20. Real part of complex stiffness for W-model.  Fig.21. Real part of complex stiffness for M-model.
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Fig. 22, Coordinate system. Fig. 23. Ring element and displacement components.
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77707 WAW 7 L Table 7. Constants of the ground model.

. ‘ Shear wave Unit weight
2nd la_Yef‘ | velocity (m/sec) (t/m3)
- S ‘ 120 1.6
T Ist layer 240 1.7
35555”55:5553355:5“ Base rock 360 18
9nd 1 | 240 1.7
Fig. 24. Schematic representation of analyzed nd fayer t 480 1.9

soil-foundation system.

H

68 st :
Layer .
XTI
2nd -’
3 d .
2 Layer .
‘Baserock™ T
Inside of the foundation Inside of the foundation
Filled with soil Empty
Number of element 51 Number of element 48
Number of Nodal point 67 Number of Nodal point 65
Number of Freedom 177 Number of Fredom 171

Fig. 25. Finite element models treated in the analysis.
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Fig. 27. Frequency response functions of buried

caisson for one layer system.

Fig. 26. Frequency response functions of surface
setted caisson for one layer system.
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caisson for two layered system (S-wave

velocity of Ist layer is 120 m/sec).
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Fig. 29. Frequency response functions of buried Fig. 30. Frequency response functions of buried
caisson for two layered system (S-wave caisson for two layered system (S-wave
velocity of Ist layer is 240 m/sec). velocity of Ist layer is 360 m/sec).
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