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DYNAMIC CHARACTERISTICS OF SOIL-FOUNDATION
SYSTEMS DETECTED FROM OSCILLATOR TESTS
—PART 4. EFFECTS OF EMBEDMENT AND GROUND WATER—

Ry Takuji KoBorl, Ryoichiro MINAI, Tamotsu Suzukl and Kaoru KUSAKABE

Synopsis

As a series of the experimental studies on foundation-ground system, the vertical and
horizontal harmonic excitation tests by the rotating mass type oscillator are carried out for
the two identical reinforced concrete foundations, one of which is constructed on and the
other embedded in the typical soft ground in Osaka area. In the neighborhood of the
embedded foundation the ground water level is lowered, if necessary, below its bottom
surface by the well point. It is the main purpose of this report to clarify the effects of
embedment and ground water both on the amplitude and phase characteristics of founda-
tion responses and on the stiffness and damping doefficients representing equivalently the
restoring force of soil medium.
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Table 1. Ground conditions for the four cases of F4-foundation.
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Table 2. Specifications of seismometer and earth pressure gauge.
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Table 4, Exciting force of oscillator for various eccentric moments and frequencies.
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Fig. 8 Effects of the differences in observational points

over the foundation.
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FTIROBAICHOHYURESCBDON TN B CEMbhd, CRAESHBFRTS S &, BEHEDOEEICHIG
LT, SMRHESEOEALTORLOICE LT, SHREEESABCED LTS E055A» LN,
“Dynamical Ground Compliance” DM 5 FHISND XD iC, D &H NEREIC K 2 IMRERTEHAIS
NEBEBOREVEEBBRICLVELBTHAICLEELLDESZ L, L TIMROBAONE DT
B FTFEMIcHT 2 ORI OE(E LTOERDLIUIDIC, T & Hifk & OB & Hik
INBZEEBEOEINE LTELNE LHICEZENS,

6° HTFkDFE

Figs.10, 11icki7 2 FA4B D (FH) & F4C (B, T70b5, & BICER LH Y HI IR % R
ER&D FTFABEEHAKMICH R BEEOHIRN OHA & B ENTE b, KM EFH UM TFARIEEE
12IFHE LS iciE s s (1.65m OBANTER L O 1 15m s TARPICERT 3), IEEiERO LRIREHH
B L, E—20RRMEL0H D HIRRMAMERT 2, LT, THICHBELT 2 2OBEREILE I
W S MICHD LT 3B Z &b d. MTFKROSSRIEFHNEONIHLAEBKL, HEMEDOHLELERT S
EEHiC, BERBRBEERLIETVELOICEDLNG, BREORKMNAEL 3D, ERE MBS OEHRECE
WTKDATET 372, BEL SHENDIENDEES 2 DIZRE = & 0 F —DEEERT LIS B ED
STEHEOLA D B

I, EHICRA—DREICH - T, MEOEREEOTHICH TAMNOESBELZED FABLF4D 0
case ZHRLTHIH, MEORERIEI—BETHEESE I AT E, 2ULT, FBIEFELTRIC
$2 FADICENT, INERMASSEICED L, 2 DOSMEBEBICH LD BEEREIMOERBS SN 5 T &
HMHITH B, KD LT EMMRIOIERAHR - T, EBERO & IERTED L H—FED compaction
GHEY) OIEAAZ CHBEICIED, SOCABEAROMB VIV EET ZLIICE Sh O TEHED
A Do

7 BEIERECHDNIHH

FEREHSEO—BEE LT F4D dcase % Fig 120K L7z, HIFREIZEBRED RRNLEES LML
WCZFDTODT, EREHEOREEIRBEICHREEFT —2D/5 Y +5300RE VS, ROER (UP) &K
# (DOWN) IERTLDIC, WHEIBODBIEHMRERH CENTE 3, LAadi-T, UTORTIEUP
DDA ERIRYT 5 L EiICT b, UP & DOWN D hiHR:ER TINERERAH < hysteresis (IR D HBEIEE
D& 13 CHBTRAEE b - TRV, BEHRAAORE bSO TERBIEE L IZFELORLNT
ZLThY, —fic DOWN DJEZZ UPDehih k&<, LhdbRALVERBHEATHEDOENLD
U5 EWVIRRICIE ST B,

i, F4A & F4B (iE+O%E), F4B & F4C Ui F/KOEE) LU F4B & F4D (HEME) O
WAz neh Figs. 13~15 1R L1, ChOORMSHMS C L, HRREBOMESEBETRTOZ
NEERTLH—FHET, F4A, F4BBIUF4C THBERHEMIC, F4D TRECEREEMCTH
TiRWVBH, & case OTEIRBFHMAICOVTIIRE ZDOAELKE IOAEBEENERO LR & B
HHAED - TVNBLETHD, THbb, HEAFF4ANLS FaB I3 e, MEIOEENEBEEZD
bDENS Ly, DOERT B EHEHO—BEREL8ME LTS NEDT, LEESRMGIECEH]
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HE LTINS 13, L L, CZOCOEHNEALDSONFRHULEMRHOZBICLE0E 0K
BOHMOERIEI TR, FaAB S F4C I3 L, IREMBRMAERICERTFHMCETL, -0
P S THRRNAHIRT B &0, HTFROEESHBO KT LEER T 2 L S MaffmE Rk U AR
1 -TWB, ¥/ F4B o FaDIc 3 s, HRADKBEIREDSIIVD, HRRMBEEKIHLD /NS
<D, WEOAHRGEUEH L, M—0EREHICH L THREOHN TS T &b b, & case &
BUT, 3 °0OREOREEICET 2 ERNICRED SV, BHLAKE SOMERZY case 5
EHLTEYD, BHFEOAHICIEHENS T DHENT, case BIILESIHEHNEDEZLITHE, Lk
BT, TOEIBLFREOEFGHORTHOHELT, LWL L& OBEMIRESDFMICIIERD case &
ICHYKESEFHLTNE Z ENDN B, HCEAE, AL TROFE MRBRELEENRERREG T
HU B ERE & & OEMIRED BT ZER, BOTHRY THELREL LEIETICEA TS T ot
AINBDTH5,

3.3 XTIROHE

1° SEHEO—KTE

F 4D mKFENS JMRICH T B4R 4 E & AR A Fig. 16 IR Uz, IRBEHEMOERED/ <7 ¥ + DR
¥, B&y, UP & DOWN DfHRIBIZIC & - TIEE4EMEIC hysteresis 2sifib N EF B LETIHRD & & &R
RICRHLON TV IDT, UTOREHMLEDTRTIRE S UPoNRBIEORD A EZRT, %
WD 77 7ICDO0TH, 4 POBHIE» S 4 DOBHMEMET A2 LICIRD, T—2D/57 v E 0T/
FRESBEMINEROEFHHLZOBMLOOT, BEISBONAT -4 DFEETRTCEICT S, 0B
KEIREHCIE, NS & EW iR A b 57, FIZEOOBRESE SNBFENIE LA LA SN,
-72DT, KBTI NS IHROBEDHAETRT,

2° RANhOE

F5 (BRICDBHA) & FA4A Gdich -» TRIEEAMEALEVEE) SXF4C Gdicd h o
RUMHBEBE) ® 320 case 20T, EEMEHOAKT (N—NS) HLULET (N—UD) FHEDMEEN
BEOREREEZNEINFIg 20 DEHEEBR TR LU, T, o0v + V7 REEET 3 COKEHRD &
Xicld, ETIMREEZLRERY, fELSERALEGE, ERERORBMEIMhICH -Thd F44A)
HMRICDBEHE (F5) TH, BREFBEHR EWBORBHFICIEEALEDLNC EMEEE NS, —
H, BRUETEOARELERAT 2 LK 5 &, 80 e —2 28 DINEHENE L BRI BRIRH
ERE LB LLBIC HEHRADOMEBELSREBPMCHECEE SR, $UD5, COKEIMROES,
HETOSEE EFIHRD & & LDIE20ickE {IERL, BEBOKEEMICHT 3 BROBIEI BRI
5 L& bic, ERRNREOEmEEORINCHEL S Cofiimd SHBE~DERBRERTOELIBRIRTVS
CENHEEINZDTH B,

¥ BANDDH BI5EOEMBRHOMER

Figs. 18, 19ICT7RLUBANDSH B 32D case (F4B, F4ACE XY F4D) 20T, 4 20%MEHD
RBPUCHE T2 ABHTEENAEA B &, TNTO case 438U TEDOEEESMHE L TOERMIHIRITIED
57, LobERMMERICOS (203) K-~ F1IUOF2HEBLEIOEBA (0 3) o Figs. 16
~BH] LEDBOIBT AHEHEL - TVB L EMbh 3, T1HDS, BWICEEY 3 %MERiH: Ke & HE
ICHY 2 FMEEREL Cr BRI E & SIC—RRICRD L, B3 2 SOBMIcBd 3 SMBEF K Ca & H#E
1CBR T 3 S MM Ke (2BYI00CBRDOBERZRTY, REENEL LI EHETILICEHLIWEES -
T3, Ik Cr OERBEIRICHE N TZOENRUCTE B0, EBOER &RMED ST 2 BROKFEE
THOENE LTOERMNENEBETICH 5 & LD ED, BECESCHRWTIEORMTHAS,

£ WTFKkOEE

BANDHBEACDOTH IR A LTS /7 F4B, F4CELU F4D 320D case DS
Fig. 17ic, ZO%M{F4 % Figs. 18, 191TR U2 HMTFKAZ T 72384 (F4B.F4D) L ARKOES
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(F4O) %RET 2L, WMEOIEMSMES KOFWAET ETFINRO & & ERBLBEHRICH S T Ehd 5,
Tbhb, HTAMNEL 85 &, RIEESSEICEBREHAICETL, HRRGESHOIICHEL L E
bic, HBRBRMACDEING 5, HITKOFEEMBEMEEDFE 0 & R HERE & R & ORORE 4 v+ —
DR T2ERT 2557, BERICE VT S KEL LUREIEORAICILEL T, EEREICHT
KOEIET B H MM « BEEHESHOMIUNSOE VDI ERITIE > TWE, —F, MWTKEOEFRE TR
DBEAMICIRALZECIREED FA4B & F4D EARNTHS L, EFIMROE FIZEREBEZAELTOR
W28 FEICA B SR DEREGBOATHRVCERbM b, KEIMROBAGERER L MimiciEd
B2E0HROFNAE K Bh, HOMEHLNEKRED LT EMRDOMEERICEZ—HD compaction ()
SRBEADHIZEICHEBEES5LTHRONS, F4B E F4D DIMEDENNE L >TWBDTHA D,
5° MRHLRIVDE

BIRBORLET -4 Y POREIZFEZLYEE, THHLLIRAIVANVERRZ 2 EEBOIRE L~ F i
L DI L N DSIRERIC S 2 B %% Fig. 21 i€, #7:2 DS FEHIC & 3 %514 Figs. 22, 23 TR L
72o Fig.21 O &5 BHEAMRIIM O OIEFORRAE 5 & &, WRETIMNESICHEOWEA LD
Bi, TNOOHFUITNT—HKT 5 LIC83h, BonsoBRIc, MRV ~rvoignd & bIcHRA
DB HMERBBENCHIRBITT 2 & & i, IRBEMROE — 7 BB BDRRBRMB2WT Z 05, FFE
ICHRETS soft BID & 50 d underlinear ZLIFMER MBI ONT B, —F, COEBEEMHRDO LTH
3, KE -« BEQHEBCHPH ST, THEADOHEAL S HICLDORROENIEBITIE->XDREDPLTEY,
BIME « Bt E B OMITNS STV R Z ERhh B, CD XD REMIEERAMERICDBEEICHHS
N3EDTHBD, BANDD B COBSICFRENCEEICRONTVS, BEREIOF 0 I—TE&RIC
£ % underlinear 7SI ToENE L, BRIERmICE T 3 IE AN A OELCE JEMERORD 1L EDFRRIC
AT, BEOISERMOBANEBIGEOLICE L v£4L, ERd L LoEmmicd T/BI0IT0REBIC
LR AEDL B —FEBRNEEICE 5 THRRAINTVEZ——, BBHILLOBMR - BEBOMT & b,
BE O EIEEIOBE T HER T 4 v+ —DEERNOE CORBICHBTE A ST RE), E
B FICEERRIERLTHE LD ICEbLRS,

3.4 EBREROEEH

1° BANDFLECONWT

BANG B ORAE OB EFIRE KTEIMRTRY - B84 2 5, ETIMROBAICE, ME
THORMEANRIZTEBI/NS L HFUENRESARVOICH LT, BEEEEAITRERNENTOREL
BER%ED - Tl B, WEERICE TS MOMEENS FEINS K51, BREBICKZIMRERTEL 2HE
ORENGBEBREICLD EEELHDE DL L, BANORRITESE UTEERERD S AR ~O ©iiREDE
MELTHELDNBE LI TH B, —H, KFEIRDBESICH S &, WL REE~DZBIIE bickE <, Mtk
BLUBEROEME LTE b, HRRIHEERIEIANBITE RS L L DICRRRTEZE L EDSE
Bo THHL, MANDSHRITESE UTHEBDKFENICHTT 2 RO BRI ORI & ARNRES S g~z
A3 RBRECEARLELTHROLNL LI TH S,

2° HWTFROEEICDNT

WD EEL ETE LKOKEIMRO BE&ICIL@T 2 884 52, RIETHOME: & BEEE & b ICED
SHBEAED > TR, TUbhDL, HITKDORKRIED, —FHTLOEHFENIHUOEE U THRIIED &K
591k (& LTRIMEDFHL) £&W®L, $A—FTHEBE T EDOEMEICEWOTKONENRE T 41+ -0
EREATE DRI L, BRBEZRL B2 20 2E51CBbN5,

3° HWTKEDLS - TREABOEELDONWT

WTANMND ETFEIMRIDIERSAET S &, OB THRETIORE SHETL, Mitks XOEEME
WEBIEINT BHEREL B, COKD INIREEERRALICET 21— ED compaction (FE¥) fFH%
B5Z, BAOEIVNEBEEREMNT 2L ESICEBARERICEET 2L 5ICRE1HDTHADEEL NS, COERY
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RIIEELLUTEBERICBVTHELEDLNED S, FTMROEAIK TS LAgEnL o HBICEbLATY
3,

4° TEREOHHEEELELOBELCDNT

TERE L EFIREOBBICONTA S L, ERREBONEZLT LS —HLAVD, 2NICRIZIEE
TEMEESH - T3, UP L DOWN OMREIE THIC hysteresis & 2 W M L ORI T KO &8
HHDISEMRICR L LB bh T3, LhL, RHAICET 3 LEIBEOBREEEETEENICEED
S50H00, MSHEDBRNIIK S SMNERD case HICEHL, UL d—RICERORTHMED &N/ D1
EH5TWB, BIEERBEODHENCOIIICEBORHICE - TRANEEELZH AL, BBELTD
J:8D L& DEMIKESRIE O FEEPH T KROER, MMRERLSEICK-T, BRI #ibich 2EEEIC
EHLTVBCEEZERT 2, WU EOERRIEL LT EFTMEROERTEICETEDTH L, KEMER
eI, EETIE & SIENRE K BODTHAD L% 2HE N385, FRELMCHLT LD
WEBALTITRELEHLTULE S 128, L LTORBNISEAINE T ERSICRE T ETICRES LD -
t2o L L, SR ETNREDERFICASNE LD s HEEd > TV B LD TH 3,

5° EREFBIOLLDEMREOZECDONT

ERBEoREEEICHE, STEOLEREDWERY G SHMRUI NG LD i, TORIEOLEDOEMIRE, T
WA B EEBE M EDORICEL ZERAERI T 20 F - D REBEIMDICH DBEELTREELE5I TS
KHCBDONE, L&A, BERBEDINRERICERES S>NS underlinear ILIERENEIC S, By 1297
F DN —EEROIEREMEE &SI, EASHOEOE PEMEREORD L LI EINZBA¥INE D
D ORE COEMIREDEFY, EERREERL TR EEIBZLLENTEEITHS,

4 & I U

Koigs & EEMBROERBORG I IEICET 2 — SO ERUHEO—-BL LT, KRRHDEOMBEIKTS
I, BANERL JOMBREREERE VI E—TEO 2 DPOEBBESER LR L, BACERETIIM
LD ERDEEICINA TH TR E AN THICIEIEL 0S5, BIRBICIZMEEREZERL . ERESD
B IR E O M & Gkt s KO MBIER & fIcA L 3 LERESHEHAL, BALG S WEMEL
DR EH T AROEEZDLIC, SERRERET 2 REEH0Z OREHED LicE b 2 %#0E 2RI
ST L7,

KRR DD 5

1) EICHBHOEMFICGEE FRLNRELIRBEED 0 » + Vv 7 REICI LT, BEo BANEA
BB, WRETHOMELBFEEE S biIcEms €, BERBRERLABEEb-TVECE, —F
ETFRENCH U T 12N BRSEANICIT H 248, HbhhFORERSKITNS <, & ICHtE~D B8 hsb 13
Wz ok,

(2) RN RILO 1.0 RFIWEYTSFRIL « BiEEEL 2O THUE I SEICEHN» T, BANOGEISZN
BEMFETELILE T,

(8) IO FHEBIMBETHOMBOF L BBEUDRBDELERT BT L, Licdi-T, #TFKOHEL
MR O BB ORI & O EHERGE & R S DIREIT 4 L ¥ — O EEERICE N R S RS E 52 3 &
SicEbhs T,

(4) LoEHEWIIE—ERERICINAT, REEEL B0 L EDOROEMERE &S~ Blkag)
HRROREISHICEELRELERLTHB T L,

REDFEIERNE SN

RETIE, EREROSF & BHNLTRFICOSHEREHRE L TV S5,

(1) BULERBICL 2B RICE IO EREROERL

2 COEINERTORBEEELEBYTORBLEDR Y —LVOHENEB N HERICEELSZ 2L
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SOKBISEHPETTERBI8E B (150, 4)

W& WD Aost

(3)

IIRFERIC & O BNk ROIEBRO N IC bz T 50 & 0D BB R E T < Bk

WEMSBOEEIRIEICIEA D,

1 B

AEHEROKSZE5Z Sh/ B ARSRAEERT, HXRFEAES LT B AR (), HEpEmn
DOBEE RBHBOBRE LB RHS O L —ER IR EER, KREEROERICEB IO/ 2V IR HEE
SHBOLBEBREDL 21, £ LTEROERE F — 2 BBICHEAHT S b KPRROKZETIERKL
ERIFECBMIN/AMEROHINIC, ESBRHOEER LT, Rikic, SMERERNT 2HMEHFIC
FUESRFARHAER L~ 2 — “FACOM 230—60" % L7 & & AFET 2,

D

2)

3

4

5)

6)

g E X #

INFSEZ « FIHR—EB - 88K F: EROREICKITHEBEEDKEICONT
AiEt—— HBABEYTEFTHHAREE WG, |\ 6, pp. 5—8.
INEEET « BEHR BB K EBREORBICEDON S RO IERMERNISHRICOVT, BA
BEFXRDENBEEYE HER, W47, 10, pp. 487—488

INSE— - BEHR BB - SR B - B FRE: ERBERICIIEBEEORIFE— (£01) JE
WHEAYSEEICOWT —, FUBKFPKARER, $175 B, 1349, 10, pp.115—138

INESET BB 8K B - BTIRE: LiRBERICISEREBEOREE — (20 2) B
ERABORBICONT—, FHMRFEHLPIETEH #1755 B, E49. 10, pp. 139136,
INBSEZ - BEHR BB - 2K« B THE: SREABRICLIEBBBEORIHE:— (£03) M
BT ORI & BEMICDVT —, FEBREXPIRTER $18%5 B, #8350, 4, pp. 5978
Kobori, T., R. Minai and T. Suzuki: The Dynamical Ground Compliance of a Rectangular Foun-

Epiger vick

dation on a Viscoelastic Stratum, Bulletin of the Disaster Prevention Research Institute, Kyoto
University, Vol. 20, Part 4, No. 183, March, 1971, pp. 289—329,



