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EXPERIMENTAL STUDY ON THE EARTHQUAKE RESPONSE
OF THE STRUCTURAL FOUNDATION EMBEDDED IN
SOFT GROUND

By Hisao Goro, Masaru KiTAURA, Hirozo TAMADA and Yasuo MITSUIE

Synopsis

This study deals with experiments on the response of a rigid structural foundation
surrounded by soft surface layers subjected to harmonic excitations. It is shown that the
resonant frequency of the structural foundation-soft surface layer system is lower than that
of the structural foundation-hard surface layer system, and that the damping force of the
former is stronger than the latter.

It becomes clear that in liquefied sand the dynamic behaviors correspond to each other
of the pore water pressure, the vibrational earthpressure acting on the model, and the
amplitude of the deformation, the plastic deformation of the model.
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Amy

Cushion Weigh

Am; : Accelero -meter of Model(i=1,2)

- As :Accelero-meter of S.T.
Shaking D : Displacement-meter of Model
Table P; :Earthpressure Gell (i=1~9)
U; :Waterpressure Cell(i=1-5)
(mm)

Fig. 1 General view of experiments

Table 1. Dimension of model

TTT— Model . Square
Dimension T e -
Area of Section (mmXmm) ¢ 250%x 225
Height (mm) " 600
Weight on the Model (kg) 60
Total Weight (kg) ‘ 114 4
Height of Center of Gravity (mm) . 497
, _ i

Moment of Inertia about a Hinge (kg-cm-sec?) I 385, 5

KDY, AXTREDOEEB LUV INEITOEBREEL -TVBEEEFFEELTHRRBZLICT B,

R U2 ESYEMERIIE 3K bdkg O IEH N (250mm X 225mm) 253 55 600mm DHHHED
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Relation between accelerations of
surface layer and excitation fre-
quency, dry sand
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oML I 5o fedIic 19H, HLICETIER T LA 6D
LEZOND, FAMERE FOMEE Ay A TH
BRSO IEE A LHERBENBDIEF > &
sl —-snRoh, MBIcks7 s —fEHE
HEEAz R 55,

ERERICERY 2 RE - EOBE X Hh v /KEME
WIC B 20808 om P INREHE f 12 L VET 3
{AMIIFEHE D 7o 8 L IZIZRBE T H 2 (T E ),
RELEDEE D E DI B EDHBD 535 DT
N EBRSNTL, FTHLCDEIRLEESHEE
ICLTROohBEES kB e vy Ebhbhoe -4
Y Ma ik om O¥EME & biT, WAL RRORM:
AU, TESGEHS S TFRINE L DIC Me DEZD
LDEFE—D pm B—D fICE T EHE 7 H#
BICET BIEALD /NSO T EBH LD EL -7,
0 Mg Z#dict b, BRERO ey Ehbh D
BT -4V &, om OWRRICEET 2 2 BT & D
MELTEADODNB E—4 v} Mp %4fillc & - T
RRU7-b DAt Fig. 5 Thz, #5odEe ks
DORREET 2 L, MBENKSHLOCDEEITIE L
NWDINZINE EN LD HWVIREE (Fig. 5 Tl My
=Mp X 2ERLEOEEEKRT Z) BENTHD, &
HHREDORERI DB BPON TR EDhh 5,



o + - T <R ¢ BRSSBRET BAN ST SRR OIS EICNT 5 RRIHK 311

1 BRSSO & D Iciisa i IR AN

L] e 10 Hz
FNTOREAICESANEAT S L, REOHL 3@3*‘ ° ° 1& ::
MBOGEEH LD (TRbbMEENEAEL ST L), ) fo °
H@o FLAVT 3 e FRENGY, KEROD P ° 0 \‘\
BETRINSORESESERICERLNEN 57 & E: o o o
DEHE LTH om EIMLT S EEIDOMMOBE o [ oo
RHEDETFLALCE, ANOBS OREEERISE  § %o
WEREEL BB EICE+AIRTED -0 s, BE = of
DBEZL SN, T/ CDREDKSH S DRRIEED € . °
WA, BB LRSS L - THBTY B :
SNAMBORRMBERNITLALERONLID 7,
4. WEHBOFRLE BELEROE | N
& 0 1 2 3
Moment Mg dueto Earthpressure
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Fig. 7 Response of plastic deformation, excess pore water pressure, accelerations of surface layer
(a) complete liquefaction
(b) partial liquefaction
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Dynamic pore water pressure BT L, MRESKEEBEMOBANGRBHITD
IKH Uz % Us 8K & 12EERT S, BEofas &
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Fig. 8 Behavior of excess pore water pressure BRI DR DI IR B & 1) ZEERA A~ & 24 LT

in liquefaction process CClARTFLbEEPTbOTRANEEL DN G,
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EDREEI/NS O E VS ERIEE (RICgi+ 2 Table 2 ® No. 8 & No. 1 0T &) $ETNS, Zhbd
D ERBEVOIHRERTHRO—BANESLTL, HOBEE-AhETHADIEEZOND, H-TEHE
BROGBETE—ERRU/BELRIERRMTELICSSREEEL LD,

Table 2. Grade of liguefaction

Experiment Void Ratio l Input | Grade of
No. Beforeil??; 7Iifter Exp. E):g;at(i&r;) ‘ Acc. (ga]) | quuefactlon*

1 0.81 | 2| 100 l A
0,89 10 100 A

2/ 0,79 10 100 c
3 0.8 2 50 C
3 | 2 100 A
4 0. 89 10 ‘ 50 A
& 0,83 10 ‘ 100 B
5 0,93 20 50 B
5/ o087 20 100 A
6 0, 88 \ 2 50 B
6’ : ‘ 20 50 E A
6 ‘ 10 | 50 c
6 0.81 10 ‘ 100 | c
7 0,89 10 ‘ 25 B
7 10 ! 50 ! A
7" 0,79 2 100 ' c

A denotes complete hquefactlon
B denotes partial liquefaction.
C denotes non-liquefaction.

Fig. 7 2RO 7 7 7 2 HELBLDT, 2noEF L0500 Table 2 ThH3, RARICIZERD
e B LU ENOERICE T 2 BOMBREE ANEEEORE K, IEERIE EBREREZRULL &
PRI-FSOERZ TN O IET TERS N, EROMICHBNWEHONKED - EE2EDT, TLER
HEOMICZASNTWVS A, B, C 752 3 BEEERISEBEMICIERT 2 8RMBKED S 7 7 (Fig. 7 &
B, Lo ICERKRICKE T MO TRE GHERE EOKAO EFRGD, EBEHNOBREMOKE XS
ELRICHB LAcdDTH D, AREIRIENH SO IcRE UL EBDbNS 0D, B IZamiciikibhstE L
EEDLNBEED, CRRIZBEAERELTWRNWEEDNEZ D EETNThEDT, UTREOLTIEEYR
WRUBOEARILE ATIDBEEHE Table 2 2RiCEET 5,
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WHIMRICRNT 25RTHD, 2H: O No.3 TiRF LA SRR RE LTS0S, BR—HBRRDOEE
REHTH 3 10H, LB EHSOEERIETHS 20H, i34 L TIZIZMEBEEORIKILOREL TR T &
bbb, ELTAM, No.ldk No 2 WRERBEOHKLD, 100gal BEDOKELANIEEICE TR
2H 1BV TH 10H, IC63 2D EIZIZRABREOBIRENRE LTS ZEPBEINZ, 2O EMEE—
DIEFRBER -2 AT H - T HRIRILORAERE IMRESHEIC K - TR, HicEB—gRok
iR SR AR O IR RS & DR B E IO AR I K X SIERE AR T B IMRIREIIC B O TR RA L
TV ENPESDEN 57,
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Fig. 7 ICRERRUOEMNIZEEZORRLTH B, M Dm & EEBER IIMOENOEEEHEEE D
LT 3o D (THENENTH 508, REEZEN Ds OIREPIMEBRINRPESH L THEODOT, HEOR
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EACEBICFRL, HBORMERETLTVIDT, MEEMLPTODTHAS EEIOND, $kL
ICHRAL T 3 L EBERICATIERLAEL 850D T, MEBEEMNOBIIRTEL LT3, CORD L biEE
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gal) TITERIEDHEE T DIC WVREBICIE > TV B L EAR LTV B LD EEZ GND o A EEPIC KT 2 n
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Bl TOEEG As i3 300gal icE T FRELTWVA A, 100
Fig. 9 Relation between excess pore gal {55 (7 BEIHE) 15T ERRIRUKE S 21 3 & &
water pressure and vibrational B ICKIED Z T A i Ly - b 2D LT3 ¢ &

earthpressure acting on the
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N3,

VI B~ & S ICHRRALER D RGBUK E & HHEDRSRBINZEA L IER I L SHIE LTV 3, 78 BREBKED @D
FELDERENIEENEH B, ChLLEFEAEHD o s hEn#b+E (BAEZEO) &
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LIS S BKERERT L, WEDLLHIATE 3,

LEHBDHRAL T 2 S BB MUENOAROTETTIHBAEALONEY, ARRICE O T TR
RITZBEALBEINGD -7, BRERIC VY CEHORDMNT oM T EERETOBELILTTaC L
B0, eV BOBOEETHETLTNEY, ZOXIMEREN 12D 4 €V S Efic & 0l
WL D 3EHANMONTVT, BEER KD FEHICH 2 BB T2RBIE > TOBD -7 2 L0 D
RKEBENTHAHEEZS5NS,
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