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DYNAMIC RESPONSES OF RIGID FOUNDATIONS AND GROUND SURFACE
DUE TO OBLIQUELY INCIDENT SV WAVES

R FTEx
by Yasutoshi KITAMURA

This paper deals with the harmonic response of the ground surface around rigid
rectangular foundations rested on the elastic ground and excited by the incident
SV wave with arbitrary angle. The frequency responses of the horizontal displace-
ment along the ground surface around the single and the two rigid cube foundations
are examined. It is found that the displacements of the ground surface near the
foundation and between the two foundations are affected by the foundation movements
and that the displacement far from the foundation approaches to the free fieild
motion. When the input loss is evaluated by the transfer function between the
ground near the foundation and the foundation base, it might be underestimated in
comparison with the loss based on the amplitude ratio of the foundation hase move-
ment to the free field motion.

. 3umic

WKL, HEHAGHC K ZHEYOIRLER DV TE, HARMEAE L URBICE D S HE L OWMERE
BREINTVLS., THhRXUT, HBRASIR L HRTOEFNIOL T, i Inclusion VAR
DM X B RRIRES OEEGR2EPHARGL T 35, REESYOFESEIERTOKED
WRIFTHECHEE UARDORDR Y. AZRCEY Lif - MR thEsio A /HR&. BRI 210
T, BITHRATEARHRT & 21, 2OPRESYORS & B stk mikel - Ol T
fiEFnTH32 . —F, BMENCESOTAIEARRT 3 &%, ToOFMCIEIMREORMT —
IHHOLATWE® Y, Z0iEd, BUHREOBHT—y 2, WRSEEWOEELC & > THE
ThAPEPEIHhTVEHOEEZ 6N S . KPR, COROMEORRIC—ERSZEE2EH
U T, ¥ERMERREOELRIEESYIMD THD SFEHS VEOARERT 5 & %, HEDOBTY
WEEEDR, BEVEIOMRESONRIBES LRI HPEOVTHARLRDLDTHS.

BEYOHNSERICE VT, BEYW—HBROEFULRIIEADOLOBEL SN TWEE, 47
APSIFp—i R EIKBITFREHAT S L%, HE-URR\NOERRII2DODOEXBHS5. €
D120 Thau® OEERLBFIIEI T T+ —ADEATHY, O 1 DBFEHIV LKL >TREO
TOAHENHESGOEATS 5. HEOHHELE, BEVORER X > THA T h 53R E 2 DORES

IATBEROELFILH . MEOELZHRESVT, 0ien® 34D AR 2R 2 RO

¥ Tl WEREHHRE TRRLHEmTeMamEs (7657 s/ \HaED

—607—



EEL, &twmg’”ﬁﬂﬁkﬁﬁﬁ@ﬁbk&%ﬁh%ﬁ@ﬁx&ﬂﬂfh% AR TClL, 2O
Sien OFFHWHERU T, HEEPOEEHIHT ZEARIT->-TVS.

2. BT FLORE

-1 R &LH, HRAMEY S VEBHD AT 3I56%2%
A% &%, EPRDMBROEN WL, HEYBEE VLRV EHEES
DOEfin! SHEWOESC L > TREY ZWEFIBEOEGUS OF 8

hREbEEUTHESh 3.
Tb5.
BELBEC BV T, RORS
(u! + us); = UR 4);
(U)F = 0 @
I, THFS sy S oM, F 2k
HELSOFEE, Ut IEEWEKEOMES L UKE
i, clIRIEATHS. 0E, Thau® OIEFEHE
DT, Efiu® 2EHU® u® WA (ws=

+wh), KDV hsOEUBKAORLERIEE
THOET 5.
(u® + wl)s = 0 €))
(wk)s = UK (4

ZOr¥, BEYEEOERBMEKENL T, HEY
OEEHBEABERROD LS TEGL AN S,

MU + KU = —P° )
2R, MAREWORET F Uy R, UL#Em
KSR EOERHES TU={UND, )7, ¢ 3
BTH3. PP UFS4EYTT4—2AT, RD&
D HEHOELHEREHE (U)s=—(u')s &7 3
BONTEMEERLTEINS. DXL, 477EL
TKU+P® %5 3HEEWEE QT 28R
RPEE T B ISR EREE B, HRLEEIES

Z DT EMEOBE LR U DO,

BREUPERETLS.

-2

Total Field
u

i

Free Field
wl

;8 +

Scattered Field

) ws

al Decomposition of

Displacement Field

bl Sub-structure Method

b x

Fig.1 Description of

model

-
Step 1

W_&*_A
K
Dynamic Stiffness

Step 2

]

S

:5 wix)  xes

Free Field Motion
Step3
Immovabie Base
&
PO

Driving Force

Step 4
e
N7

Structural Analysis
MU + KU = -pP
Step 5
qix}  xes

Z "
Scattered Displacement

Lalddx=Ku + PP

Fig.2 Outline of analysis procedure

FAEMWS BRDIZEPTES. B, BHFEOT WU LB ES. Ik, B
BBLUFIAE YT T3 —A%RD S LD OBIBHEIZWUILLD OAFERFIHT 3.

;y' L% ‘7 % %

3. HHEREEzOER

TR T, BESYWOERE A E(b/c=1,
h/c=1), SVEOKEAHAIZO® , EKEWLL,
WROK7IHIE1/33T 5. R-3RRT LD
W, IEMUIEROBE(Case A) DD R
Y8 c OIERDIBEH(Case B) 2R &L, HKHE
LORERGE xMB LUy EICEKEY 5. £, 5

b} Case B

Fig.3 Arrangement of response points

—608—



BRERECOVTE, SVHEOBREALNA I BIUNSYE HROEEL o BNIA—YEUT, BXLHE
WE o (Fwc/Vs, I ASROOKESL, Vs HHROEKEE) W 2HEMEE RS &
UMRES 5O x Ak LG OREBINER2RT .

EZAT, AMECREFHMB AU BT 7+ — A0 ERXEILD OfEEefELTY
%, ZORETIE, BEYEitBoRME 2 HREOCERCAIIU, RIEMECET /2RO
BitRsto TV 3. Lkd->T, BMEOSAERMUERENE TR, FHEEEILAmMET 5.
EERAMOHERE T 211 ORFRRLEETSEED
I, WEQA P OED» S, AHETIIIOKI0 O ERET 3.
BEDRD, ZOHTREOBET, HEAY V2 OFEV, B-
3R T Case ADSIREDOR, x5, x6 OKEIEMIBITTRE 2.0
EANLEOOPR-A4THS. TEZREA VY 2T, HMBTOR 1.5¢
FIETLEFL T, BBREISSFEENEREELRELTHS.

3.0

2.5p

displ. lul

FE&Y, BEIXY Y 1OBOPHEEEMOHERBELCRITTE — Equal Mesh
BUNELOLOEER SN, £k, BEPOKEEICOVT > T Non-equat Mesh
H-A4rPABEOERSBZ->TVWS. Thiy, UTOFECH, Fig.4 Accuracy of response
10X10 OAEWOEAE Ry V21 RAVS. (Case A)

(1) &Y ORBEISE
B—-5, B8dSVEOAHAIE

w
3
W

1

EWOKFERMORBERIGE (Case o i o 0 il
BizOWTUHEY 1) KRETE © fulfree) 30 ullfree)
BEARNEDLOTHS. BB, 2h 22 p=1 gz p=t

& OEIOEEENL B thirEhiE O iR
DIKEER THEWMOERBRUE
AR T35, £k, p=0 12
HEYOHBNETHAZ EREK
T 5.

BEH o0 =0 OINELHEME
2EHULTHBY, BlEae PAE = ! N
(BB EEDEATREBEUTY i / s;i\ - 7 oelE

§=56.25*
BZIEBHDMS. B, AFABO NI . .
0 1 2 3 0 1 2 3

1

=90 , FRHBBETHH 5 AL ° -
¥ 356, HEWKROSAILFL Fig.5 Frequency response Fig.6 Frequency response
HATIE B O ATHESULE U Tt o Soundation o Jourdation 1

—7, BEYNEB RO =1 O

BE, Case A, BOWIFARBLTd, ao =0.5 BLUL.5 [FHERIGEOE—IBEUTVS. ZOE
— 7 IR AR I & A BKREL TORLY, Case BOISEHEBIITEEWOEEFAC L SE
BIRESOEELZ I ThIPRESLTWS. £k, REAHA (COBE, 0.=60° ) LITTS% 0
=56.25° QISEE 6 =67.5~90° OIEEOMICEIETOERBAONS. BB, 6=90° OWEETAN
HEIBE SRV E EOFEKICE T, SEYOEEYREZOL LTV 3.

(2) WMEFBOLBRZRIFTAFHAOEE
H—-7, 8k, p=1 OBHIOVLT, B 30OFELDH, Case ADx3, Case BOx3, x8 TD

—609—



KEEMUDOFFEISE I RIT T ATAEORELANELDTHS.  30-
VThOAHBR BV TS, B ao =0.5 FEREEOR 2
DB oh B, SThiEB~5, BIIFUEEEROINEIIN
LRaDEiR-Tw3. -7, BEWIEEOE 20—V TH 5
Qo =1.5 BRI T S HRESEILAFNARL K BEREREL
BITVA. Thid, BELKEISORN L B hHEsisOEMOHL
HEBAHARL L > TE 3.0

v, wemewgEe 3 | oo ST
EBE-FOEEVES 3L V< /
RHTHE. Tk, H- 2oy A n /o

8Wx8 WIEERDOVT
3, RRSHSIEEEY
EiOhRgg it i@l T8 1.0

Y, WEWMOHEEIEE  Fig.7 Frequency response al x3 Fig.8 Freguency response at x3
OEEE2Y, HEUH for different 8 (Case A, and x8 for different 6

p=1) (Case B, p=1)
SOMIEMNEL VX3 O
BELODEHPAEL B> TS,

(3) HERER BT S REEIE

AHHAED 6 =00" ¥ 0=67.5° D&%, p=1 OEARDVT, H- 30BSHEIITET ZKELERHD
BIEEINERER U2 DOBR-9~14TFH%5. £79°, (ase ADE -9~ 1 11207, #H:EWh S
h3 & D RHMRALEOEINE <Y, BHEESFSOXEEN (REld ao =0 OET, B
HMUTHE) RESWTWETEHO»S. £k, xWEOINEE vy EORER T 54 %, viiE

8=90° §=67.5°

g

N
o

displ. lul
N o
v

g
o

N
tin

~
o

N
tnin

1.0
Fig.9 Change of frequency Fig.10 Change of frequency Fig.11 Change of frequency
response along x axis response along y axis response along x axis
(Case A, p=1) (Case A, p=0D) (Case A, p=1)

—610—



2.5r

displ. fut

N

Fig.12 Change of frequency Fig.13 Change of freguency

response along x axis response along y axis
(Case B, p=1) {Case B, p=1)

DIFECRARB L L ERERERTAZ oWV, KXPETUL, B
HEFLOBRELCBVT, AFEHS KOS x 8L T
BEUTOWS. ZOkY, #HEWCE xMAHOKEES, y#E  Fig.13 Change of frequency

D OERGES S LU EFEBUPEURY. Uki->T, HEWO (eoporse &1ong x axis
EEY y 8 EOINE I RIET I BEERLOIRZ EEL

2hB. —7F, 6=67.5° T 3xMEOLETE, HEPOUNY (x1~x5) &% (x6~x10)
DIEBFZEREBELUTHY, #iAx5 ORBEES X6 OFRhLVDREIEHUTS.

DEW, Case BOF—12~14&D0T, £AEHHRERMOSEICase ADEEHNTHES
REFERUTOEY, ThUIHBRESPOHEEHOEEBNL5EHTH35. UbL, BEWIO
B (x1~x5) BIUMA (vi~y5) OREEISEE Case AOR—-9, 10& &k <PRERERL
TEY, BEYD BN S & EHRISEPE L RY, HERHBOKEELIESVTVS. —F4, 6
=67.5° XY AIGEHEMROMREISE T, HEYW I 0% x6 ONEOEBIIFFSF x5 OFhk
YNEL, FRHEYIORNN 210 OIEEE x5 CABRAEXLEHUTHS. 2B, IEwiiodsh
HOx8 REBGBEZEOEH LT U BN L RoTORY. Zhil, #EYHOREERPHEYOY
A XEREEETNhZ LTS5, PRETHHITIESYEIOHAEHOEEBELORV TSR
RO—EERLUTVEBDEELSN D,

(4) HFEmH - #EEYROEEEE

WK & EEVORORERBIC & > TATRELFANS L &, #HEPOINEIINHEWORENED
BIFhCV3. £, KI-9~141RUEL DR, MRAEZAOELIIINED ORI & 2 WRHER
B (BELHBBOELD HINEh 3 L, #EYRIIHROREBISE L E hFSROLTOH Y 2%

—611—



BUTVS. £, BEYWORES LU Case BB ZIGERHEVHIOZIRI T, 20EHIRE
{B>TV%. Zh&Y, ASBEBRONELL, #EYORBYRE 1R, WRHE LOVPREFEH
EYWORIOERMEHARZ PBEHL T 5.

ABHD 6 =00° O&EWR, H-5, 6hdATBREABEURVIEBhH->THE. LT, %5
Dk, KEYD o BEEQICHY T 2 hESis0othXE & SEWKRTES (Case BTIIHEEY )
C OMOEEERE, ANBREORY 6 =90° OEEERBTRULELOBRI-15, 16T#5. Znld,
6 =90° OHEYORIEBICERELL U T, BEYOEEYRLBRELVLDBODTHS. B, p=1 K
DVTiE, B-5, COBAHANT ZEHEICER 0 =90° OISETCRULDOEAEIUTHS. HE
PRONE WV o =0.0lOEFHEKER -5, 6Dp=0 QIEEE—HULTBY, BEL 0 =0.01fEET
ShIEEBEOREY L AH2Y

5. —7%, o=1 OBED, FAH ) T Iul!(lfjrlee) [lull(?r'ee)}a=go° o T () rll(%lé_e—y [Iu(l([:rlee)]&ggo
BBE(R3EEDR=0.0l0 3 | ' o s ot
FERECES {HmERL T gz- ;\ gZ" | ° .,
3. COMMIASHOBARL r ’ '.\ eli.zs- §=90° | / ' 9=56.25° 8=90
2BZEROY, BEYHEEL S \\\ :
Bols, BBOAMML LT | |/ 7= |
WiEY — MR OB MEE e A 1 ‘e=57x.5 \8:78}.75 |
RBRREEDTHSS.

O, B-3RRTBELSD I p=0.01 [ p=0.01
P, Case AlZDOWTIEx5 & ! =T 1 =T
&Y, Case BROLTUX6 B ! T i B
& U x8 LHEEY I OMDEERS ey e
¥efAkbOoBE-17~19 g e
TH5. ThoOBD, GillER  Fig.15 Transfer function Fig.16 Transfer function
e, o= omuwmmok o wriasor T el s
RE & HEYRORERR TR foundation (Case A) foundation I (Case B)
TH5. p=1 QIFEH, HEHEE 3. ul u 3.
BUBRMBORGIIE 2 [ (A B v 3 e
B, AsgmRckoTis 2 p=1 2] ) p=t
EEBMUEN- 15, 16WRY £ \ gﬂ 1 e7eTsL

B L VDI ARERST
W3, ZhaOERE, AW
B~9,14&KREN3x5 (Case
A) B&U x86, x8 (Case B)
ORBEEELRNTHOHTH

3295, £k, p=0.01DBEK> [ ) p=0.01 [ p=0.01
VThH, HEWMOEBHRY /I 1L T TS
Whidpo=1 OEEIEIEEE T T -
R’V FAEOMERS S &N gt R
b3, o o
- 2 _ ~ — Fig.17 Transfer function Fig.18 Transfer function

ETBT, B-17~190k& between x5 and between x6 and

EEMERDE x5, x6 i#E foundation (Case A) foundation [ (Case B)

—612—



Yo i » & HEWOHE ¢ B #
hrEaTHY, x8 3 cHthh
HEEEPROFTRGETHS. U
i->T, BRLEEHBLEVT,
WEVOERSIC L ZEELZ IR
FTORELCHS. 2T T, Case
ADBERZDOVT, 6§=67.5° O
&, HEYD RIEIPEHNS
EEDRERBEBEDLORE
L9 B3NERUEDOMBE-20
TH 3. RIRADPEEYD S8R
%5 (x5->x1) &&d, miEH
BOEBINELRY, p=1 8
KU p =0.010W T h OIZERI%
HH—- 15D O =67.5 OFHII
ES{HIERLTNS.

ZhOoDRRLY, HEWEE

@8] p=1

2
5
S
o

,\ 8=67.5* 8=56.25°

8=78.75° 0=90°

p=0.01
T~
SIS S S
Ry
I 1 I 1 L j
0 1 2 3
Qe

Fig.19 Transfer function
between x8 and
foundation I
(Case B)

3? lu:?li)/[ﬁlf%d]s-so'

p=1

amp. ratio
N
T

0 1 1 J
[ p=0.01
1—%
1 I e i J
0 1 2 3
Qo

Fig.20 Transfer function
between ground
surface and founda-
tion (Case A)

OHIF & HEY TCOBMIIE £ B THEROZERBTANBALFMT 5 & &, Z2OWRRENFHE
I EBENSD. Eh, BEYOEBYRMNEVEETSH > TH, BGHEYWKELK & > T2 fH
T SRR FAMREC KLY, ATHREOHE R IHEYD 6+ ELOHMKRE TOHMBELLEE ¥

BZLEWREBURINIRe V.

4. Bphok

FHREHEY - tBROEF VB ELD TRETN LRI DD TH B0, AHSVHER K
ZRREEY S X VRIS BREROKPEULERI 2O THREFEDHEDEOLS5THS.
() WBEVISEOE — I FHEIES VEOASARIEEALKREL ThRRb.

(2) RBEPELIRDEEDTHRASTIAFBLCIHELAZIRITEY, BEYEHRED
EEE—FMEEVE TV 3.

3) HBOETHMEEA ST (yi#l) OHREEKIHT ZNENOEPAFHOERINE L.

(4) BHOEEYWICS VEDMDANT 3 & &, HHOEITAE (x#) OHRESE[DLEIHEEY
DA EEFTERRLEUTEY, HEPESS 2 TERA L VO TR LT SifmE
RoTW5.

(5) WHEHEVOHSOHREISLIL, BMOEEYDORSWIENTEMIRS M S S, 2689
WIEBMOBA SHHPROHERERU TV S, 23, HiEPHOFRE TORRESEILT UM
<RB>THRL.

(6) HEEYNEH OHRE & #HEYOROEEES TANBARFMGT 5154, hRERENC IKEHE
OEMBIMEhE R, HHERSEOMREESNCHNT 3 ANEXL Y D EOHR2ENFET S
aJREME NS 5.

S#il, RBOEEY - HRREDS T 30D, HROSEYE, #HEYORANOLE, HROERFEL
OPRBZEREBURGTAERORVEEZXI TS,

—613—



BE
D IR i iR OiE) SR OATIEA (1) , HERERYLRGREE, $£165%5, pp.6l
~66, 1969.
2) Hpk A Z: FEMEBEHLENIAT—AYF LB ATHEEDROTERIYEE, Fo6OH
AT VRV A, pp.1585~1592, 1982.
3) EHERE 44 HEBICHT IERORMBYRE ZORER 20T, E6HHAMETEY VR
V9, pp.1553~1560, 1982.
4) FHER 24 FHHEROHER S TORNGN X S8, IAFRWE, 3625/ 1 -4,
pp.435~440, 1985.
5 Zk 3 24 BREHEIE R L 3 REEYORIIMRRESRORE, ARYERBEUEFX
FHRRRAHE, I —458, 1986.
8) Thau, S. A. . Radiation and Scattering from a Rigid Inclusion in an Elastic Medium, J.
Appl. Mech., Vol.34, Trans. ASME, pp.509~511, 1967.
T FEHEER h2 4 BRI EE Y OMBIS ST E T LOEB X A, LRFSHRREE, $
3345, pp.173~176, 1983.
8) Oien, M. A. : Steady Motion of a Rigid Strip Bonded to an Elastic Half Space, J. Appl.
Mech., Vol.38, Trans. ASME, pp.328~334, 1971.
9) Wong, H. L. and J. E. Luco : Dynamic Response of Rectangular Foundations to Ohbliquely
Incident Seismic Waves, Int. J. farthquake Engng Struct. Dynamics, Vol.6, pp.3~16, 1978.
10) JbHEEF | MREO X TREH RN U L B RS, K@M TEMFERSImE (WEAE) |
®3%, pp.93~107, 1985.
1D AEREE - B EE | EREEOESZICE T 2 8%, LAESHRUREE, $290%5, .
43~-52, 1979.
(1986410 17TH =D

—614—



