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Study on damping matrices for seismic response analysis of steel bridges
considering soil-structure interaction
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In this study, numerical analytical model of multi-span continuous steel brides for grasping

these seismic behaviors taking soil-structure interaction into account is prepared. Firstly,

soil’s damping coefficients are focused. Optimum coefficients are conducted for solving the

seismic response of piers. And then, in terms how to use Rayleigh’s damping, little consid-

eration is given. As a result, if severe response of bridge piers would like to be calculated, it

is necessary that the modes which pier is greatly deformed are selected. Finally, numerical

results given this study are compared with the results from analytical model not considering

soil-structure interaction.

Key Words :

steel bridge pier, seismic response analysis, damping matriz, mult-span

continuous bridges, soil-structure interaction

F—U—F : SLURH, BEBMMBINEARN, BR< M) 7 X, SEMERE,

BEY OBREEER

1.

TAEEY OWMEREL, 4%, RBERARKELE
B UM RERREHE~ L EBERT TV b0 &
Exbnd. SEICELTIE, XBk1) CRERFOR
W, BIQ, BEL OBIEBEELELHTVS. £
DHIZIE, BRYAT AOTHEREHECHT28ED
Efoh<Ttiy, ﬁ%éﬁ@ﬁ%ﬁ%%&Amu%%
THOFERBETHD L SATVA.

MEREHL, BH DAV AT AREET IHE
L HAEOTCIRBLE LT, ZOHLODOHE
REELREL 2 HETE 2 L TiTbhd. BREY
AT LOTHRIERRIL, VAT AREITH L CHEERE
THLY b, FEMBRET MBEEED T iTbh
DEBHETHS. UL, HERSEICEL T, #
B-EB—- THEE— FEEEROREEREE L
i, VAT Lehixtsl L TRESMICHET 50N
BENCTHS. ,

X 2) 12, BRIV AT ADTHBIED 5 bISE T
BT AT HE L A2 DB R R E DT
HY, WL DEREEET HBRL AT AT B

il

BIARITIED Z ZROEDBERE BT H Z L TE 3.
HBRSEROREEZE T, TOMEEM
bRV =2 —r X TEFL BT, SREF
V) BERTBHIRE. FlZE, SER3), 4) T SR
ETFNERANT, HBRBORERRT PAEELEHT
W5, ZOETFNMEL, HEEE 1ATAANTIET N
THHN, BEAASEFNVE LTIL, Penzien E5F/V5)
BhiTFbhsd. XER6) O L5 BREROMEIThTET
MeL, BRETI LIRBETHS. FhiZHLT,
XBR7) Tk, HBEERSEEFRERESBI LI FEM €5
NE LT, EBOBEERICETIRHNZ{ToTVS.
E#£55H SREFNE FEM 5/, £ L CHiRE S
EZRLBVWETLVEDOHE S ITLoT, BIZVATF A
OEFRHIICEE LERHEIToTETWA.
AR THE, BEEZEETIFEL LTHVWLN
BEHEOHTH FEM EFAVEHIET 5 - L 24T,
WBEY - R ERE CEENREZ PO L HITET IV
LT 200, FEAPSHEETHIPEZRATS. B
EECIE, #ELOEFEEK, Rayleigh BEROEE
T FOZEZFIOWTERT S, KNI, O
EHRFBRIZOWT, BHOINEMRIOEREMZ 5.

- 465 -



2. HBEMELEMAFRICET IHET

2.1 BFETILOEE

AR TR, BEY—-HBOBERDELZIRY AL
LOTEBBITETNE LT, HBEY L FDOED#E
HBREREEZ AW CREINT 37 VAT 3.
LUFiz, 0T ETA0OBELE L D5,

a) BRESOEFNLEIZDONT

AR TR BRIT, 4 BEEGEEEEEA A—
VLTS, =L, XEHSTOVWTE, FEDR
O, EUERLRIBRMTAEEE L. KFETIE
AT RIRICONWTIRRB 128, ZOWITHONWTIE, =
LAXEERAVDREDFREBBI LIV EELT
W3, ZZC, Bl-1(a) KBWT, p=LiHEEOM
fiREHi0 DER, Kpi, Kps, Kps =t&HIOKER]
HTHB.

BHICIE, EF0RINETEOMARERTET
WAHZ e OHBEHEEA L. RS X SM490
HoHZ L L, BEBRKD Z< EFXNREFVERSETY
WECTH5. HEHERAICIZATBERECHREEINT
WAHEE2HEETNY) ZAVWS. £k, RVERR
RAWTEFME L. AL, frdofE b SRl
EEREL, BFTETN LI, 8L BB RE
URERLRD LD ICRE L. 2b, HITMY, BEBX
EEREL, SLEFRMOEMEARL TV, TOM
DEERBENT A—F X, &— 1 2BREEV.

b) HEHIODEFIEIZDONT

AR COBERIT T EHAEE Lz, ZOED,
ERRIMERERETD. 7—F g, RiEER
REDETO+oEEEEE L, FUISEHRE L, VT
NHLBEEREHRTI I CEEHTEEX, B
BERFEIVIO, VIV of42HERLTWS. 22
T, B—-1(b) KBWTC, mp=T7—F I OEE, k,=
MOBETHS. 2B, MOETFTMEIZIE, Y ESR
EERA L. E, 7—F U7 3AIKE LTEETS
bOr LTHIGERZAWE. £k, HICAWSHE
BEMTHDZ D, BPROBH & REREE 2 thim
ETFNEBBRANCERTS. '

c) BE—-GIBRETL

B 1(c) %, REITETNVOFERTH S, BRkD
BRI B L UERRS 2 FoBEY 2 B NICERE
LTW5., ZETFATR, HBSSE2FEOTHESR

iy

K

sz 1

woe

(c) HifE—HEIEF N OEAR
H— 1 @i e L 0OEER
TREL, {EB X TERICIZ ABAQUS [2#F &
NTNWBERER CERBEZEE Uiz, 3Rt
FUENE, B—2IR7TEBY ThHD. o, HiEE
2REETNVCRETDHZ LICEHLTL, W 13) 23
BET2X51C, 3RIETHRITETT O A, FEOTHE
RORITEFMFBICHEEZMI O LERDS. &
MAETHE, BICHESITo TRV, 3KRETETN
TOTELEDTESEOEEL Li-vw. £k, #E
Wbt L ORFITIL, FRIRERZRITT, 22fE
EZERELTWARD, B8, FEEHIZETE LRV,
HARIL, R— 2R TREMEEEEO 2 BHBER
EL, REHEIEN E=5~25 2{KE L TR
FEM L, MEESERR L LT Mohr-Coulomb Rl
L7, EREIMEL LREEEZRE L. o, H
BIOERERA vy a2 DKE SIZOVTIE, E#fA
ED 0.5mx0.5m T, HELIEAE < TH lmx1m B
AT, BHFDA Y213 100mx2m TR EN TN A.

2.2 HESEFAFEOIO—

FHETE, HRETOHRENEZDAEEEE
BE LI KIERNT 217 5 FHRIC VW TR 5.

a) THEMERECHHZREDOEE

AR TIL, FPRo@EY, HRE CORBRENRELD
NEHEEEELTVADT, £, “hafEies/

- 466 -



(a) £&X

(b) FEZEERIERK

B— 2 BfreEsr0ryval

R— 1BHAT A—2F

R— 2 AT A—F

 ERmE | H,(MN) 1.76 1.76
RRRZENL 0,(mm) || 49.8 49.2

OEBE (TENESEMLD COMESIRET D%
ERHB. ZOEFEITIZ, SHAKEY BE4L T, FET
13EkS5 % T SHAKE ORIEA %% L7 FDEL'
biEbh5., AL T, ZOFDEL 2AWT, 4T
ERmEoOMBEHZEE L. FDEL THEL IhDH#
BOMESERTAE, STk 16) 223BIC L.

b) m%}ybzwmiﬁmﬁﬁémﬁﬁwﬁﬁﬁw
Fzvyy

FH%eCit, FDEL (28173 THMERICHIT 51
BRBOEEZEELLTESHX, FEMEFNMCZOH
BEE AN LEBOHET COBREEF =y /15,
FERERRB D, BL2B—KIHVERV. £ZT,
FHFE T, RS OBEERETA P vI s
RABT LT, BRLh—ETHREEREREE, Zh
EHEISERATRORBER LT E2EXT. =
DRZ A NY v 7T HOWTIE, KREIC TRR5.

o) MESEBRFCELNBEET RS ROEE

HEEYB L UHIROED DA ET AT, B
FEETC Lo T, £ DF— FEEETEZZ LAT
BBTHB. —RE BNz T, Rayleigh HEZ K

Pier 1, 3 | Pier 2 B 1 2
M Iz MR DR L BHE L
ERsE SM490 B H,(m) 15.0 5.0
YoTR E(GPa) 206 BfrfiE s v,(kN/m®) 17.6 19.6
RT VM v 0.30 KT Hov, 0.47 0.47
BERISS  o0,(MPa) 314 BEENK hs AR CBE 0.02
ERTAN EH T mazaig FHNIE 5 |10 [ 15 | 20| 25| 50
HHKTEEE kno 0.25 WABTREE Vo(m/s) || 171215 [ 247 [271(292] 295
75 VE b(=d)(m) 1.31 1.28 W ABEMERRE G,(MPa) || 52.683.2 ] 109 [132]154] 174
wE ~ t(mm) 19 19 % 71 c(kPa) 20.4(58.8188.2[118(147| -
AR S b, (m) 0.125 0.123 VABESA o(E) ] =
R t, (mm) 20 20
CEERATA—F Ry 0.35
MRS TA—F A 0.391 | 0.388
TART V1 /b 0.5
TS h(m) 8.13 7.90

BT BHIENEL, ZOEREIKIT2ODE— FELE
LT3, ZoOEEY N ZRCELTIE, BEETC
BILTiX, ST 17) MR L TR Y, FRpfE
HHZB W TH IR 18) BREFTLTWVD. ABfEEH Zh
LXERERESEBRD L ZAIARVE, BHOEEK
EFEBLERHEITY. 228, EE2E—F2BIRTS
PEXRH AR, Zhid 4 TR,

d) BEGERFOEG

UETEDLNHEEH, EEE—FIEI&H
RICERF21TH 2N TED. 5EHTIE, BWEECHE
TAHBEEITY, HEY - HEERROIGEEELIC
DNTEEDB.

2.3 HEMHAEICELT

AFEOHBLERITICIZ, WRABERTRAS e/
5 4 ABAQUS!? Z{Ef L7-. BEEEFRBOETHRE
IEEEEZEA L, REMRITSREES % 0.001 7
L L, HENERHSEEIIC LY, SRRBEES0.018
PNTCHETZTOZEE LE.

BEELTWAREEEIL, BEcET3ERT &
BRI, BB XU EESEER2IX0.05 L L, HE

- 467 -



—
T

!Given outcrop wave

o
tn
T
-

Acceleration(G)
<

—
INENEEEREE]

-0.5
0 10 20 30 ;o
Time (s)
(a) BEHED
1 .
S F
F 05F |
S
8-05F
< N .
- 0 10 20 30 40
Time (s)
(b) HEEMRHES (FDEL IZ TLE)

h = 0.05

e
n

o
TTT T ryrrTysy

Acceleration(G)
=]

-0.5
‘0.‘II10.”.20 '30'll‘40
Time (s)
(c) HiREHERE) (KL OBETEESR h=0.05)

05F

Acceleration(G)
(=]

20 -30--'--;0
Time (s)
(d) HFEmBERS (EELOBEEL h=0.20)

H— 3 FEM EF VI X 2 hRmtEsh o EER

BT 0.10 & Uiz, A2, THEMERICHEYT I
BHAY, BEEERELTWANRFDEL KBV TYH
AFTETMIBWTHOBEESIT0.02 & L. BE
EEREHIC L > TRRBOT, FFETIE, EEE—
FAVBEL LT, BRERTERIA L CES- R X —
WHHBIT 5 & 5 ice— FHAIBREER 2R -.

3. MEOFBEERICEIINEESEREF
vy

FEM EFME, A v oSzl o TEBEL
THOR—MEIT, BIZERPRED L 5 REFNETNVE
EZDHEE, HEBENIELT, Ayvahf XbE
TV RITHRIEWT W, ZoEIC, Eff2 L bz
TWaRESIPAREE2S. £, HEIERTHEZ
EZ2 D58, FCHBOMBISERTEL, XE19) i
HREMOBEY, FOBREITEREICLLADDMN

'“56 [ . |Given outcrop wave
& | ]
Bal :
g [ ]
g | ]
&2 .
5 [
% !
- o0.1 05 1 5 10
Frequency(Hz)
(a) TREHIERE
‘%6 T h = 005
N\E-/4 i ]
5[
fé [
7 -
g [ ]
I
&0 1 '
0.1 0.5 1 510
Frequency(Hz) :
(b) HiREHES RiELOBEEEE h=0.05)
'gﬁ ‘ T ~ [a=020
g ]
N§4 i ]
51
8 [
a2 | -
s i P
2
n_‘ 1 el
00.1 1 : 5 10

05
Frequnecy(Hz)
(c) HIREHIERS) (REELOBFEER h=0.20)

B— 4 RURRY P L BHEEFROKE

CoWTHERBBR ERERDD. £ C, LTI,
HIRE CRE SN B BTN S % bhEic, FDEL
FRWC, EFAETEICHEYT 3 TENERETO
HBEBEERL, TNOZEEELbX, FEMEFL
2T, WIC TRAEEEH O AS LRI, HERET
DHBEGBENOBEHES & L OBRE, BELHE
ELTWBENT, HET3Z LicT3.

E— 3(a) I, ABFETHEEL T3 HRE COHE
BB TRB LT 7ChD. BB, ERER
FETREENTWA LV 224 7L HIBEHD 5 b,
JRT-NS-M VT3, SEHET 0.7G BEDEN
A ENBHBECTHS. “hik FDEL 2HWTILE
OB E CHEE L7 lias, B— 3(b) TH 5.

EBETHWS FEM €540 5 5, HEHRIOH
FEDH L EF MR LT, ERMEsE AN
T5&, HIERETIEE— 3(c), (d) ICRENIERE
bhd. (o) ik HELOEEERE %L LIEBED

- 468 -



15k T ' ]Time history of Acceleration

Magnification factor

Ly IS T L
0 0.1 02 03
Damping coefficient of cray

(a) BEORE (RXIERY CTOHE)

! |Time history of acceleration

1 e Y

OJW—" ]

—— N=5

Correlation coefficient

- N=10
L, ~g— N=15

0.1 02 03
Damping coefficient of cray

Py IR
0

(b) FRBIRS (BESIEERET © D H)

[
T

O Nz=§
—le— N=7
i Ne=10

Magnification factor
&
T

o

0.1 02
Damping coefficient of cray

(c) BEDEE (/TR ML TOHE)

Power spectra

Correlation coefficient

0 [:X} 02
Damping coefficient of cray

(d) HBIRE (XU RRY R TOHED)

EH— 5 FEM 5 L A iR EH BB O ERE

BRTHY, (d) i, 20%& LIZBAETHS. (o) itk
B L 2~8 BHIET 0.5G X ARV ONELE
L, (a) E RELBRAZLIFRVWBETERS. Zh
#(d) THRBE, BBDRA—HKLTLS. ZDX>
I, #tELICE X A ERERERIC L > THIRE COHE
IEEETAETHI LN TES. FFETHVTNS
LI A HRAIC, A v a2 RBORSITREE
LORMER DL LTH, BEERERETDHIL
T, HRE COMEEZ B OBEHBENE ST 5
ERWETHD. Thk, BEEESCRELLD
B, B—4Thsd. EH—4i%, HEHIARTRRT bV
2Ly, HHMICAERE LoLOTHS. (a) ITBE
HiES, (b), (c) ITEEITIC L BHBEEIO/RT AT b
VERLIELDTHS. (a) & (b) ZRHE~RB L, BAE
BHEBRICKRERBVBRENLTNAZ LB 5. (a)
& () HiZIEF—H LT 5.

UEE23T, &HECTHE, NERETS/72 b
Uy 7B, Bt oBREREBL 5Lk
B, BEtBRBE LOREFRTEIPET =y 7
L. Zot &, ERORKSTHE, do&h LA
WOOT, BEMES L HEEMES L O OBEREE
RBZELICE->THH L. TOREREZE— 517
2B, HERKOAZ T, HHABROEAVORER
PTLicizB0T, (BEMERE)=ax(HEEHREE) &
LEBOE o (ZNELKREEHTEITH) %

B2 RBECHE LR LABCRILE. T742b

b, a =1 oHEGRER 1 0BESIIEE—FK LT
BIEERLTNS. 723, N=5~25, HitttomHsE
EH=0~0.3 DEFE TIFo7-.

“B~-5(a), (b) L, HEBORABEEFC VT

bDTHY, (a) L, REARILKEE e T, (b) 13
EAMEBGRETHD. WE L DRI EL
BEERERLTVWD. £, (¢), (d) v ARS
PEBIZOWTHEROKREZ LibOTH Y, HEh,
B e hensisT 3 (a), (b) LAETHS. =0
BlizksE, RURRY MATEELEFH, NEK
LBEEDEERHBLOD, FLLTHLEEER 2%
EETIE, SEICHEBRENRRLRY, TR Ry
ZLISESWTWL FEE RoTWS., Bk, BE
EER10% 28X T B L, HEREN09FBAT
5. #lziX, N=10&95&, h=15%TRU AR
7 ML TOMBERENR 09 28X, 1EEa=1
LpoTW3., ZZToOEMIE, —BRIEEIRVWH OO,
BEYDOREEZRD Z LIZEREBLBEOHIEOR Y
FNVCHE L TREZBRDRVWEEILL YOI HER
FRLTNWS. 2B, RECRPBOD TN RBE
B, FERFRER KUHBREN /P EL 2o TV DI,
EFTICB VT, BERIEESBEE L 2hokicd
EZzbN3. F, BIThBRELRBERICE, &
BEERSOHREY, HE LTOERMEI RS
HbOO, EEMRRIIIFERIND D, HERENT
EL 25 EHAAHD.

4. EFEE—FOEUAICEHBEDEL

AFIECHT D FEM ©F M L 3BT OEE~
MY 7 R, Rayleigh BEZAWS. 2L, #HRHY
7 P THD ABAQUS 1T, =—FHTA—F L LT
BRAZEMAAFESRICH L CARERSIEIZAW S
ZERTERVDT, FOXLHIRESR @EHZRVE

- 469 -



) EBewE—F

(b) HE2KE—F

(g) BT®RE—F

(c) B3I®KE—F

(h) HEBWE—F

d) BFARE—F

() BOWE—F

© B5KRE—F

G) B1ORE—F

EH— 6 BHEMFTICL2EHBE—F

%— 3 BHEEFBTICL T FOBREH

F— FRE || BH (sec.) | HEE (Hz)
1 0.978 1.02
2 0.517 1.94
3 0.486 2.06
4 0.464 2.15
5 0.441 2.27
6 0.403 2.48
7 0.401 2.49
8 0.357 2.81
9 0.338 2.96
10 0.318 3.15

BE®R) (i, BELHEOHZ D15, Rayleigh BE
WEREEE—F20%2FH L, HEWLHIRL Bl
HOREZED TS, FZIT, ZITREDLIR
F— REFIRTAZEBLEIERHFTS. =7, 8
& — Hig— AR T F VO BEEFRT 2 EIT L.
FOREEE—3, A—6IcELD. 228, B—6
ik, BE%Z BERERLERTHADOT, EINE
W, ¥, ZOHLY, HEOoELO NEIX10 R
ET5.

%1 %E— RiX, ZOFEFMCBIT2EEE—
FThsH, B—6(a) 2R LEERED, FCH
BN KE LS BRT HE— FREEE—FTHHZ
LR L NG, HBROZOEEBIIIEHERZT-
oA, 0APBRETHHDT, EAHTHIBEER
SOBHPERRE— FRELIRE—FELTED
iz eic/zd. 81 %RE— FIZoWTiXk, BR84S
OEERHNEDLD Z LT, BXFHREINE. IO
Hi=0ix, KB TIIBR_RWR, RRHETO FE
IZLTWa.,

BRMSyORBREZEART— X, B—-6 XV,
%1, 4, 6RE—FTHDIZ LABBLRITND.
FZC, £7, FEE—F2E1, 4RE—FELT
Rayleigh BHEZ K, BBMHBRISERTEITo. &
METHE, TBHOBRZICFEBL TSR, ZZ
TREREDY L, BHOBTAREEZ 7S 7LD
5. B-7TREFOERERLELOTHY, HEIIE
MO -E T HEBRKFERE H, TERTIELED
O, BEHIZIEHESOBHERIC X 2 KFEHRE

- 470 -



(a) Pier 1 (ZEHUAEHD

(b) Pier 2 (sFoLiGEHD

Pier 1 [Model + Mode4 Pier 2] [Model + Moded Pier 3} Model + Moded|
1 ) A 1] . / 1 N L 1
SN/ AViRR S Y JARE
%0: / °F °f / ]
b iz / af / //// ik / / / ]
! 1L A4+ N =10 : LA N=10 A N=10
F h =015 . h =015 - h = 0.15
2 o0 2 ¥, ¢ © s 22 0 2 vs, ¢ 6 s 23 0 2,4 6 8
(a) Pier 1 (ZE{UREHD) (b) Pier 2 (sPI4EHD) (c) Pier 3 (H{UREHD
B 7 BRSNS L 2BHOET RS 81, 45— FERR)
2 Mbier 1 |Mode2 + Mode5 2 [Bier 2} [Mode2 + Modes 2 P 3] [Mode2 + Mode5
i 7t Hr A | A |
| A 5 RAL
: / 1 F 1y /4
N = .10 v N=10 “ N=10
Lt h =015 of =020 -t } 1 |ja=0.20
-2 0 28/8,4 6 8 -2 0 28/6,4 6 8 =2 0 2&53!4 6 8

(c) Pier 3 CH{UAEED

H— 8 MBS ERNIC L A MMOBT AR (B2, 55— B

Pier 1] . |[Model + Mode9 Pier 2| |Model + Mode9 Pier 3| Model + Mode9
F 74 ) F 7 VARE N , JER
. AR 7/ VIREES: /|
E O YEBEEREY/ ¥ 2 O 1/
N 7 / N/, > 1 4 /
// N = 10 L__,;/,/ N =10 ‘L// =5
. h = 0.15 s h = 0.15 - h = 0.15
-2 -2 -2
-2 0 -2 0

‘-—’2 (] 28/5,.4 6 8

(a) Pier 1 (U

2g5 ¢ 6 8
(b) Pier 2 (H4GH)

25/8,4 6 8
(c) Pier 3 CHHUAEED

E— O BESEHHERGEHITIC L ABHOBETHEE (B1, 95— NBRE)

IR R ARTERL 6, CERTL LEbDTH S, 128,
Z DM BN EHESORIER 2EER S IIBREL
EHTRLTWS. EbIL, (a) i, ZRBH (Pier 1)
DISEERLTEY, (b) BRI, (c) IERNEN
ThH. Fihk, HELOBBETRL, HHOERYE
T h=01528ALTWA. B—T7IicX5 ¢ Pier
2 DRERREFMOBIIL Y bASMEL R THY,
Pier 1, 3I3BKRISEEN L LT, Bitrh6s, BEL
BoTWB., ZhicslL T, #ixiE, $2, 5KE—
FEEEE—FL LTHREY M 7 X2ERLESE
. DGR EELDDL, B-80LdicR5b. BF
DR KOS, E— 7 LABTHS. H— 8(a),
(€) ILE & Pier 1, Pier 3 DRARVEZSHIIE 45, BB
Thy, 1, 4kE— FEBRLELELTKREL
RRBERD Z LAHHNB. Thid, FTEE— FOE

ROBWZE-T, BE~ M 7 AR TEINLT
5. Rayleigh 3T, ME<PI IR C %,

C=aM +pK )

LIRETH. 22T, M=HE~IIV X, K=Hl#
< U IR, a BIHEETHD. £I T, I0RETK
H-EHE—FIZX LT, B0 28— F2HHL T,
B o ZEELE, £LOHETTT7HE—-10 THA.
hBRELRBIZONT a bRELSBRH>TWVD., &
ECTHE AT HARER L OBRICH L TE, B—10 X
D, h=0.15 ORREH/NEVaZRLTNS. ZO
Bb/hEV o 2T 2BHOEER, B-91R-&Eh
3. ZoOELY, Rayleigh BEE LTERTSE—F
Lo THBHOIKREIRIEILL, FZ, aBhELRD
oNT, BRERKREL 2HERABDTHD. TOMD
BRE—F, BEEEZIZOWVWTW O fTo7- 2%

471 -



10

0.1

0.01

0 0.1 0.2 0.3

H— 10 BE~ kU 7 RHAIEORE & a0 Bk
%~ 4 Pier 1 BHIOBARVELN Spmas /0,

. .| Lo

@ | Omaz/dy | BRLUIZE—F —
0.406 | 6.38 |1 4 0.00
0429 | 631 |1 4 0.05
0452 | 625 |1 4 0.10
0987 | 5.05 |2 5 0.10
0433 | 6.25 |2 3 10.10
0475 | 619 |1 4 0.15
1418 | 4.39 |2 5 0.15
0052 | 729 |1 9 0.15
2097 | 345 |3 5 0.15
3508 | 194 |9 10 0.15
0498 [ 6.13 |1 4 0.20
1.850 | 3.97 |2 5 0.20
0567 | 6.19 |2 3 0.20
0521 | 6.06 |1 4 0.25
0544 | 600 |1 4 0.30
2.714 | 355 |2 5 0.30

=—4, B-11icELHs. B—-11 LY, BHoOE
BIZEB LEE, BEtoBEEROEITZ, &
FOEE TRV BRSNS, R, alUSCTE
KRISEEMNNEETE S.

5. AMEEOHINLDE— FER

AIEiCIX, Rayleigh BRICHEL 2D 2E— FDE
RIZE > T, BHOBREPELLTEZ RStz
HETIEX, LOXIRE— FEBRTIONERENL
EABDIOVWTERTS. L, ZZToRi
HETOHLBROBBIEREZBNTWAIZ LIZEE
shicw.

ST, REMECET2EEEBT T, &#E—F
DRBHREH D VVTEHEREZEN T Z L BT

8 h
O 0.00 O 020
6 O 005 & 025
v 0.10 @ 030
<& §§§;: 0 015
T >
& o2
2 e
O-nvu FI WO T | I TR R T U SV SUUUE ST
0 1 2 3 4
a

B— 11 B&~ MY 7 REPHROFELE L Pier 1 O

ERRISEEAL & DOBR

» Y, Rayleigh BEZRETHEICDH, £1, 2 KE—

FERBEFEOMIZ, ZOFHEEORENE—FE
BREMICBATEEY M 7 22 ERT 2R B
Wik > Thsd. £ T, FFETHWTWIHEEY—
HE—RBREATE T MICBWCHDRRICEDERZ £
LHTHDBE, B—-5DLHIRB. F, BRO®
FCI— RN R RO R T AR TRE L ZED
AEHEECELTHLELDTHDE, AR (D) DLS
IZ% 5. :

#£—5(a) LV HEPHEELOKREVE— FIZE, $F2
RE— FRRITND. B2%E— FIE, E- 6(b) IR
ENB X5, HBOEENEBWRE—FThs. £
T, FREOEHEF N TR, HBEHyE LOERE
TEETHINCE-T, ZOEDEELIZAELEL
L, FZETNTIIHERERS OEEPBEBIICHAT
EERICRE VD, B2RE— FARLEDEEL
DRENWE— RE ok LiTRB.

—%, HBAXEZRWEEFATE, HEBEOERIC
MY TIRRARVED, BRORFC LHBEERENE
BERIZREVWED, ARHEEROZROREVE— NI,
FEIRE— LB, 2d, AT T, B AXTER
RUEBOBAEREFCLPE L, 2KE— N, —
BRIFEET MBI 2EHEEBTOE 1, 4KRE—
FIZAEY LTRY, BIEiT Rayleigh B3 L L TGRAK
EF—FDH>H, B— TITRENDEUHIZ, H# X
CERELEBEOEFMIB W CEMICE/NE—F2 2
DEFET DL DOEBAIEZ LICHEYT S, 2hiks
B CIIERNRTE— FEREZ LIZL, BETON
BELBICFIATS.

UEXY, FHEELOREVE-FZREI LI,
FRFED & 5 RS & B DI OBEEERY
EThY, RROEGHERRLTHOTHIUI, AEHD
HEELSEXLT, HBARTRELEEOT— REF
DEREBENRTHIEEZBELRThIERB20.

472 -



®— b EREMFITCRTSFADEEL

(a) HEY — R — AT E T L

KERRGY | SRERRSY | [HEahsy
1 11.6- 0.0 0.2
2 81.8 . 0.0 48.6
3 0.0 1.1 0.0
4 0.0 0.0 10.0
5 5.5 0.0 1.5
6 0.0 72.1 0.0
7 0.0 1.2 0.0
8 1.0 0.0 0.2
9 0.0 2.0 0.0
10 0.1 0.0 0.0
11 0.0 0.0 39.4
12 0.0 - 236 0.0
10 A Ty Interaction
8 - non considered
—_— considered
6 i ‘M
S 4l
7] i ¥ ]
) T YT IRTYY FYYeoe,
v \vav--vvv L4
0 ' ¥
00 g N«

E— 12 FBHOINEEAL R
6. HhiE:DEMMTICET B

FEITHE, AIEiECTEONTERLY, BHORE

AT ADICEENRE—FLLTEL, 4KE—
R, #ELOBEER%E h=0.15 & LI-BE 0B
MBICERTERB L, Hl L OERERIBEL
BROBEOMITER L ZHEL, ERPRICOVTE
L95. , ' '

FFRTHE - T BEGEBIT, FEHOKERIEIC
%%ﬁtﬁrw&wtb,mgﬁﬁhﬁehE%m%
bRV, BEFOERELTHBDIE, EHFHETE
bRBMEEREERZ L THNY, BHIckoT
ETERR>THWENLTHAB.

BHBOREDZEIZ, LTy, ZhilE
HRICRIEERH o2 BER Y, ozl Ens
CERFIET B, SHROBEL L2, FR T,
INEBMDOBE L REN- Pier LIZOWTE L HB.

- 121%, HEREERLEEALEB Lo
BB LD Pier 1 OISEEMEZRBELELOTHS.

BBz, HBEERAEE L F AR ER NS o

TNWBZ ERGnD. Zhix, —BHIZEbh T3
Bl — R OBMHEERICL2b0THY,
T, BHESICAHShIBESRRELE-TNB I
o5 (E— 1338 . H—3(a) LMEED
EEE~2 L, —EVIELISVEERSTVS. &

(b) HERE Y — HAR S FAET N

F— RYE AHEEW (%)
KERS | RERS | By

1 99.9 0.0 2.8
2 0.0 0.0 19.0
3 0.0 15.0 0.0
4 - 0.0 0.0 71.9
5 0.0 82.8 0.0
6 0.0 0.0 4.3
7 0.0 0.1 0.0
8 0.0 2.0 0.0
9 - 0.0 0.0 2.0

10 0.0 0.1 0.0

ITH, 36K, RHEROEGBICER LTSS Z
Lz 5. B- 1413, HBERZSETTVCBITSE
BOEGEAZRABCRALEZLDOTHD. BEXTH
0.0lrad IZETH Y, BHITBEHOBELOEE LD
& T, BHIER T, 20, HOKEEMEICHYTS.
RRNNEEMICERT S L, FEEAREYS (26,) LB
REIBHLESY (16, BE) 2k T, HEDOBD &I
THZENRFRETHD. 1B, EROEERRREZER
HCRLELOPE— 15 Thad. FEL, EBEZ 25
FIIRLTWBOTEEINEW. £, B Pier
1BERERLERKTHD. BERLY, 7—F 7
EliE L TW B RIER DB,

FHIRIL, SERESRBOERH2 T3 Lo, #
BICEEZRD BRICHER LCERONREZERET
B EICLDEEEINGRT 5728, FEM ©F/VOHEE
ERBI. TORIC, HBRSOBEER, BE~<
U7 RAET B DICUE L RBEEE— FIZoN
TOERZToT. UTIHRZELD3S.

D HMRETHEZONIHBEZHETE 2HB OB
RERICETHEREITo7. N=10 BEDHMKE
THERE T, BEEEE 5% RE LT L
T, FEHTET N CIIHIRE TH LI IEES
BEHRS L FAEEICRS.

@ RayleighHFE L LT, 200XEE—F2ERE
&, TOBUFHICL ST, BHOGEERKELE
LTz enghote. —BETIEHEH, KR
HHIEDRER/NIWZE, BEEINNELD,
BROBEIREL 2B,

@ AFATET L TR, BRI OB
% 0~0.30 OEI T E BT HLHBHOEEDEN

-473 -



1r —
o f i
Q 05 '
s 0 PAARAR A
§ v
o
g 0.5
<« .
X N=10 Pierl Basc
JY [ SN RN M - 2
0 10 20 30 4
' Time (s) -

E— 13 BRI MmEERLIE

! S AN U TN A IS0 O

NS N

E— 15 BHOBKGEROETRE (25 FICEHE
FER)

WRIETEEII/NEL, Rayleigh BEOHERLS
OB L OB OMENITIEFE IRV,

@ HBERETEZR LGS, BHOEMNRISEE
P& 2B, Zhix, #HiEY—HBROBEE
HERIZ LA BHDTC, 7—F 7 DEERIZFED R
SICHLEERLETHD.

AT, HBORZFEHOTHATRRALER, B
HILEZ ROBRICIE, 3RITMITICE > TRITEHA
BT ARBEIEDERTILERD . BTETN
OEFFFCBRRTNB L HE, INEEOEBRELZER
THITIE 3R ESELTS.

SEXH

1) PR - BBiEE  @SEY OB R L UHER
BEICHETIHERYE, TAFRRIUE, No.668/I-54,
pp-1-16, 2001.1.

2) TARESHEEEZRS - MREDOHBRININEZRS
RET R T HOBRRRAT L TS\, 2000.4. ;

3) WTHE, RERR . EH - R -SSR 0OERTE
FREERZER LSE AR MCET 58%, +
AEFLWETHERE, Vol.47A, pp.591-598, 2001.3.

4) AFER, FEFRT : LA T SR —HEYR
| ORISR BT S EMOTE, TREAHETS
L, Vol47A, pp.599-606, 2001.3.

5) Penzien, J.: Soil-Pile Foundation Interation, Earth-
quake Engineering, Chapter 14, ed. R.I. Wiegel,
Prentice-Hall, pp.349-381, 1970.

[ N=10
00ty h = 0.15
 © i et
°© .
-0.01 1 l
[ 7Y P BN R B
0 0 e 30 4«

- B- 14 REEROERARIE

6) JILRAITT, FEWERE, PER . 2RTEELENCLS
MR OB AT & HBR AT HEOLE:, 53 EH
BRRETHBECES S BROMBERFICET SR
DU KBRS, pp.27-32, 1999.12.

7) KEAYE, WEHEE, /DMURER, NER  EREEHRO
BRTC R 2 EROBERRICET B8, k%
S THIRCE, Vol46A, pp.729-736, 2000.3.

8) BEEME, WIAEES, FHeEsh  FRUGH — R — HiAE,
ROXHBREE), TRESHETHRIE, Vold64A,
pDp.745-756, 2000.3.

9) WEHE, FhEM, KFEZ  BEZHFHTTVICLD
WEROBR D IE UL - SRR HTREARN, 1k
L4, No.525/1-33, pp.1-15, 1995.

10) BAERES  BRERFE - FES IV THHES),
FLE, 1990.2. : -

11) BAEEES  ERERHE - R (V RBRHE),
FE, 1996.12.

12) Habbitt, Karlsson & Sorensen, Inc. : ABAQUS User’s
Manual, Version 6.2, Vol.I~III, 2001.

13) K, HERE, R, HAES  BRHD=RT
HBREER L ENEREBED O _RTFRERE
BT ET VOERR T, TARFRRIE, No.356/1-3,
pp.303-312, 1985.4.

14) Schnabel, P. B., Lysmer, J. and Seed, H. B. : SHAKE
a computer program for earthquake responce analysis
of horizontally layered sites, Report No. EERC 72-12,
University of California Berkeley, 1972,

15) HFEX, GHHEE, HBERR: BEEMSEEZSELE
FHOTHIC L B OMBISERITECET 558,
TAESRIE, No.493/1I1-27, - pp.49-58, 1994,

16) BRE T ADIEET B, IR IEE - HiAk DB
ISR OEIERET 3 — SHAKE:DESRA — (:BF&EHE
%1778 §), 1982.

17) (LEFE—, FERT . SSERTCRIETESE~ Y >
T RAORBIET AR, RESBIGRES, 334
%, pp.43-51, 1983.6.

18) EERIE, WRE, B9, MRl  BEYOIHERTY
BIRETICBIT AEE~ M) 7 ROBRECET 3R,
5% 4 EHIBRHEA TR A RICE S BROWERHICET
DV URVY AERRXE, pp.115-122, 2000.12.

19) TAZSHBTHFEES - BHBRAICHT 5 LiEEDH D
BRI ECET OHANERS BB AICKT 5+
HWiEHOTRRIACET 2 8RH%E, 20009.

(20024E9 A 13HZA)

474 -



