%040 % B 1 %

2008 £ 1 H

Chinese Journal of Theoretical and Applied Mechanics

= Vol. 40, No. 1

Jan., 2008

REMIEMERR NN —FMEESITEREY

HET - BEE #HOGE-

*(AER TR S TREABREWBILARFTHE LR ZE, JL 100022)
H(HFBBTRE AT, H5% 266033)

T BRSBTS R 3 1 B IR D A RN 4, SR T — T S M R A B 0 o B R B R U
TE UL ST RS B T 425 B i Jok s BT B T ek, OISR 3 W 2% T kA SR Y S T A X A0 R A 2% T B

VPR Ll R4

RBW L - SMSITHEER, WETERE, RS, AR, Sk

hESEKS:. TU470+.3 XHRERIARG: A

Ell

][

WEDURIT RIS R R, S REh
O T A6 25 e i Bt MR R T A AE )R R OE H g
SIRAAMTEM. AT a8, HEEh T S5 Kb
RN, HBIBE - S A I AR R T A L
LT RIRERR, Wil B, RSN, X
R G R @MY B R SO Bk, S b
AN EIEL - MBI IR R 2
T R A M R TR A B B — DN BB ST T
], X — W57 1A R R LA R sl T S5 M PR
DA R B3 32 i 5| S 1 B85 4 3l <4 548 9T 3 (R T I
TR, FB Tt - G583 A0 ELAE 5 e B S5 R &
Pegh Syma R ATk B AT EE A R AR N, — 2
ARG AT, TR T BT R, 4
W% 8 L4k, AP AR, AREERE R
DAK -4k - G54 5 o) B AR ks hAR EAE A, (H
P % B SR R R DI TR 2. R
B — Rt £ AR A A B B Ak - 4
) 51 16 3h 7 A AR P B AR R, (R TR
KPR AR KA TRTE. B, W75 3
TIEAKTZEN. BTSSR0 RE TN
Rt R B YT B L B B R, IO B Bt
AT R BT oK B 5 AR B R AN B R (L8, R
B E) B3 BR B B B B R . I et B B

2006-04-18 W H|% 1 f, 2007-10-18 W EE .

1) ERANHEFEESE (50325826), EZK A KRB FEEESE R 1R

(4700001401509) ¥tB)H H.
2) E-mail: zhaojf@bjut.edu.cn

NEHRS:

0459-1879(2008)01-0059-08

MRS RESWIHEB R L - M3 THE
YERBFIET7 MDD A2, — 250 P bk £L
ke, R ERERS KA ETTRR. A
KETHE K AW BN EH KEMRE, BAZ
AL E S, BXEBRERETS% I (1), A&
XHE SR X RS 2 M E. RAIAE, 4
BEL BT BRI 250 30 3R AR SR e PR E S8 I, 2 5 5 BH T bR 3
B8 A YR L B B O IS Voigt AR A Ok 26 3K i 4
FEPHBU . AR, ELPRHEGHT LR AYS
PE DL R B i B A R S N R R, BRA P bt
B} 50 0 0 2R AR A R R AR S AR, R R 2 A
WA R, 3% 6 7538 5 Ee At B P iR BB B Rk
ey BN 3t B B BT T ) T R R A BRI RE RS X
K 4 2 it PEL B B 250 PRy — SRR PR AF 5 ik Ja e 2 B
HHERAMTETEREE T AER. BRX—N
JBIC) A 35038 A S T M 5 B bR B R AT R AL AR B,
B A S L A 3 o7 BH BT o i1 S5 3R A 5% P A
FERRE, OB % S B B DU T AR I 5
HSEH.

H BT, S X A 30 28 4 5% PHL BT bR 20 ik 38 6 16
REELPTHANTGE, —REIELSEER (KT
B - PR - BB ARG AU LR g
TR MR A S 0 AR g B A R 4 B S M AR
Pk 4k [(1~16] ) Lysmer F1 Richart!? 2 H 7 —
DNHABE R R - 3% - SR E

(90715032) MR T HBFTER SR ¥ BHEARGHRE £& &



60 ) £

= i 2008 4 F 40 %

MSEER, WX — ARSIt - ZH3h T
HAEH IR AT, A S R AR R R 4T T
—BM5EE, PETREFOVRERE. W Wolf
A Somainil®! Xt FHBREAIEH T —NEH 5 ME
MSE, HEAFRBE. WAEBRM 1 A
RGN E BB R Barros 5 Lucol! i T—4
1 AT, WAHEASMEAMEARE 5 &
BRER,  Jeanl® 2 AKETF Luco 28R H B MR,
R T 3 ADEGE 10 SHER, 8%HE, A ¥
PSRBT —FMWNAHE 8 SR, MR,
B 7 RED T ZFHr wolf #A, FH4 3 Al
oA TEmMEEEM _HELSEER, 3
FERABIAT 6 NSERBWA NI A HE; &4
2 (8] 3 3 70 S N AR 2R 9 B VR0 2R 8 PEL B R
BOR AL B B 5 R TR B F R - B - I
B RS RE FN A B HE - ML g 7 A B A
KT, Wu, Leel® 5% 43 Bt £ 5 =03 8L B 77 3%,
P TRUNY—FREELSEEAE S EFR T
B4R sh 1474, Wolfll0 4l T W A8 A A
B SR LSS FRTEREDNSHER, HT
) AR TR SR A O, ARSI RS B —
HIRERE, BT DL {58 A B JE 26 1 5 44 B0 0 OB ) .
B2 EANFEAER L E R B, FREBA 55 2R
MM BHPLRR B, F £ AT DA AR B B — AN e A8 B
B Fam U4 52 B i B BT h 28, DAE 35 T8 1 R
i B P R R M 4D SE B R P ek Bl 2k, T LAl
B/ £ R S B A 5 S B BH B bR B0 i 26 1004 R B 1
— B PE TR AR A T ¥E. LR B, RS EER H AR
S At BH B bR B0 S B AT 5 BT AR I A R e
TEFE 43, BPAR 2 T 00 B T B 2S5 ma (9 AR50 40, SO
RESEFY W, HAG V7 AT A . B AR A 4% B I DI R AR
A W AR AR R BIAI, A AR
CERMEFAERE. XthEELSHEEREITIA
T S HOR R 5 % BHLBE bR B i 28 6 AR DL ARG BEAE
A 0 R T 7E. ZEAR P88 S 33 AR e 11 5
FEL 43 1 S5 S P BT R 1] A AR i 2 Y DR B B 4 LR
T,  Wolflt 5 H 53 xof 417 25 7t BHL 475 o B R AT 18 (G R
AR e AR AT — A B SR i SO 1 7 AT - 13D
FIRBE4MHT;  Nakamural'?13] 1 53 %5 i 55 i BEL 3¢ g
R BUAL e Dy 2 R 2 D A 1 bR B0k S B R AR O
BH BT oA 25 A I 3804k, 3 52 5t 2 A 3 AR e o ) — A
PR, Yan &5 14 SR o B Jk v o G B B0
AR T AR F 7 SR 4R T AEORS BE, 90 o B B AR ik
T 1 bR B4 R A — A 2 1 R BOR — S R B Y

BB, AT MAEEROERSITHE, Wolf
2t 15 4R M b 38 338 09 O ok R o S MBS PR 7, HieR
33 JF 7 2 1) 2R B0 S bk i e 0 AN AR 92 A B 3 3
#E;  Wolf & 116 RTF 7 2#dy i T il 5 5K
PEL . R %5 1) T B 1 5 BELBiE g il St IR B0 0k, 9F
JH B /1N 3R 3ok 3 3 45K N 1 0 R 2 T K 1 L A R
LA PH BT bR BOR S 58 T S 8, 3045 A 20 1 PEL T
77 FH 24 {20 B4 22 58T A A DA R AT LR 25 B A AR
RS SR KT EL  Safakl') 4 H KRR A i B
T 55 1 I 45 22 43 5ok AR BN P F A 3 e e BEL BT ) 9 R
W, RE AT A D B A BE B R i i IR AR, B
RGP AE — R 4 BF T FT A AR B Y D U S BR R
MSHEE kR, MR ETHEL - &35
J7 AR EL A B 3% B 45 4 AR 2R M Bl T B AL {HL
F i 35 2 s DR A B S R 5 3 I B A PEL B bR B
YRR S, AR N B 0 38 08 U A R B AE Nyquist 33
R A AR A BT B BB, BN BN B 98 Ik 88 4 Nyquist
BR SR I AR, X ORTF A e at BE B R H i 4 L 5
B EXAEEESHESA—NEINERBOREIE
JERCBT AR 8 15 A bR B R B T ok R m AR, B
S bk — B0 SRR T ILA B, BRI T X I e
BT I7 1 BEIURS FE.

255 R B S B0k R I T S B BE 5T R B
B S VA A 0 I S8 9 s 7 Uk RE S R RS UL
S it BHL T R 50 P 3R 40 S 4% I 1E U 4p AR 38 20 B9 25 B A
R, RSO B S HRRER S B2 203 15 1 98 B A
BERIMIZE &, PR T —Fiar se 8 2% 8 A A BH 47t o 4
HR AT S SR IE DU SO0 B 17 8. S P ELORE JBE T 4 F) e
ML BHPT T B SO . AOCIR I T B R Y
HIT A 221 B I 83 2 B BT 77 1) 22 90 B WOt ARk
VA IR T 4 B R SR B 2 AREBOR, — R
T PH JE 5 4 5 S RO R AR SR i R 25 5 e 19 BHL 5T 7 8
Gr, T — R BT LA I 20 B I 5 BH B0 0 i A
Yy 8 B3RO () SR SIE SR 5 W ) B o BEL ¢ 7 88 4>

1 EFhPEHU R

5 it BEL 7T BRI 00 S SC A e £ R A R0 4 5 T B
R J7 (BE S HE) FIARR W IR ALRS (BE B ) 19
PofE. HRBREER A B AR s IRIEE, AR
PRI ARANR, T ELANEERE TUAT TR DL ] B A B
B ITRRAER K.

I, Hm
NBRAATEA

- S A S BRI AR EAE A -



FAB 5% RS BE T $E M BE B 4T 1) — ol i 22 2 o SR 61

F(w) = S(w)u(w) (1)

He, S(w) AEREZH TR, F(o) fl uw)
G AR AR IR R . XX (1) o so
WiAR e, WLAB RIS AT AR T - B R R

F@ﬁiésu—Tm@mT 2)

Horf,  S(t) A0S UL Bk ot ma B R B B B 7 B
PURR B S(w) FILES AL ik e e 15 bR 20 S (¢) AR —
AR E )

1

T o

S(t) /+wswmwmw (3)
B T3 3h FT B BT R B S (w) RSP AT R,
EEARKMNA DR, FFAREE R R HEAM
HAER.
LA sh ST PP R B S(w) AT 4R A A R
S FIENER 40 2 H, FoRA

S(w) = S5 (w) + 5r(w) (4)

HAofGFMa NG P ABE, AI5H S(v) =
K +iwC, IENFR S S, (w) 2775 TR .

AR AR g Lo PEVE BT, ZEA - S5 SE S T
ERMEAERT - NBRRAEH

no:mmmxmo+4%ﬁ—ﬂmﬂw (5)

Horb, A v AP IUR B TR N, 5 3 BB AR AR
T SE LW . 4 T B R R R, B IR AR
et S 8 92 5% 1 90 4 o) i AR LAk 2 7 B R 2 S (w)
I IEWER 20 Sy (w). BT IE DU 20 AR T S 458 g it
oy, SRR N IER, F AR IR R A &
S8 by = 0 BT

M EFAT DUE i R AL A A RN, RE L
M5E A TAER E AR, RIEHAE S
RO, %k T BH DT bR B B 7 A 5 S SE ma N 5 | R ) AR
HAERJTH R T Stk 32 (LTI RE (T
AR I T AR B S P Ik AN AR 2R Bt BR DA 3R BT D ¢
A%, PR E IR B A —, SR BFIBBR) ,
T 45 428 PHL 7C bR 5 ) 1E U 0 h 22 1% LTI REEHI RS
B BT I WA K DR R R — AR A B A (6
e Ar ) i — I IB SR B AR 5 — 4l B
TR (B0 AEAER 7). 385 B D8 s A2 i I

AR ZED TR E R, — AN H B 7 iR A AT
T #2293 T R s S

y(t) = 2": bix(t — iAt) — i a;y(t —iAt)  (6)
=0 i=1

XH x(t) Foy(t) 558 ERESRIEHES; o M
by FADIEE T m oo NRZWEEROHE; T
RSg ¢ FonmEl, At BSRRERT R E R, 598Uk
HF a; F1b; AEAE, ZIRBHRA B AR IR, R
B AT B i) 3 6 U)K Ay B AR D R AR D gk mT DA
kEREEMRS.

F FH BS {5 5 Fourier 1E #1728 #e ¥ & X, AT LL7&
|

N
Fla(] = X() = >ose™ ()
Flz(t — kAt)] = e kAL X () (8)

Hep Flz(t)] M1 X(w) #84 =(t) B HEH, N
% x(t) B RE

Xpa (6) 3L R BEAT 7 AR e 3 N K
(7),(8), ATEAR 5

1+ are WAt .4 ame_i”mAt]Y(w) =

[bo + bre WAt ... 4 pe WA X (W) (9)
EX H(w) =Y (w)/X(w), F4%
5 = eiwAt (10)

757 (9) tA

Y(w)  bo+biz7t+- +byz "
Xw) T4az7l+-+apzm

XE,  H(w) A 080538 1 5048 5% e bR B, BR 0B I
ap ™ttt amp™™ = 0 BARBEREME: (] <
Lok=1,2--,m, BRFTA MR T 57 AL R A,
WIZECF IR SRR R EN.  pe AR IBBAK
W pt, X FHR e R 50 08 U A B AR K DA SR B X i B
K.

ZBE BB At = 1/(2fNyquist) = T/WNyquist s
WH 2 = explinw/wNyquist). SWR w BEETF
Nyquist $Z wnyquise B, 3 (6) U B A 500 804 #e
R H(w) MBI LRAE. MREBR, At BANG®E
SE IS ] TR, conyquise P 36 S FFD B #BCERT (1) (7] Bl TG
A5 Ak, T 235 BH T o) B AN O B 32 S #p B IF) i) o 2

H(w) =

(11)



62 i) a2 =4 7 2008 4 #E 40 %
Wk, ET H(w) BT wnyquse T A BIMER B REE MBI T R 5

SRAFE A MM Hi e P E 08 BRI, sk T

S 351 2R A 26 FEL 4G R 8L B TR R V=) WwWIK +iwC+ Hw) - SW)*  (16)

A SO B TR U AR 1 R 48 bR B R 3 T B
BUE B S(w) I IE N 4 S, (w), 7E5RF Bk AL H
YETHELE 0SB 58— B AN T 1B 2 Y 1) A SR
A Ss(w) = K +iwC WS K, C, DK IENH
S BB a; R by BT IE TS 4340 BT A A 5 3
4, SBRE W N IC %, EREFE IR P AR I &S 4 by = 0.
ASCWATT S X [17] NE, Frikfr G m
A K +iwC + H(w), BEGE B3 77 B bt ek 2 i)
EREA, NALRBENIFE 4, Hah R A 7E Nyquist
2R B AN REAR L 402 1 1) S
3 SEWItE

H _ERHE AT A, R ATk EL S(w) e
A K +iwC + H(w), $iAT LIRS RBTTFE (6) $k
FEAWHER u FF RRN. AERSHEE
ZU T B S 08 U AR T R A R, TR R 2 A O< 1 B
PUR B B 5 - BB SR R — N S F B I
98 T 77 8 T 551 %R A 5% BEL 0 58 5 F Fof 38 S 0.

=[K +iwC + Hw)|U(w) (12)
[FAE, i BH B0t 43 A PR 40 B 2

F(t) = Ku(t) + Cult / H(t — m)u(r)dr (13)
2 (12) ALt B R AR R PP B S(w) A K +
iwC + H(w) MATE, 513 AH 5 K BH 5T ok B e 51 A
564 AT LA RN D8 U A 1 S U R B R k. HE
HEHRFH K, C 5IEHREH Hw) = (bo +
biz 4+ bz (Lt arz 4 amz™™) HH
SR, R PH T 78k AT DATE G U5 A

F(t) = Ku(t) + Cu(t) + Fu(t) (14)
Hrp
= Xn: biu(t — iAt) — i a; Fy(t —iAt) (15)

ZHK, C, a; Tl b; KB ERBEATHR A KT
PR BN AL R 6. S H K, O, a; FD; LA
B BRI e T P DT PR 2 S (w). X AT DR A iR 22

Hrp W(w) ABCER . BUE & B0 N R A
B B4R BHL BT R B0 S (w) 75 3 8 1 R0 B 480 6
AT DR R 2.

R 22 bR B i /AN 1 K R 7 8 R — A R B I
A, BT LUE S 2 R LA SRR R SE R, b g R
PATEE. AXWERE K,Ca; 1 b IHEH, R
FH 55 EB ok K I A MATLAB {46 T H 4§12
BERIPLAL R B, S5 T MATLAB BB RiItHERH
K,CLa:,b; A RE.

IV P 3 R H R — A S B ) B A 3 R DR U
B, om R 0. —BORVEIR AR B BB S,
AR BERURYE. AR, K&K m fH AT B8-S BRI
AT E R R AR, HTRAT &
AL HBEHITSEONE, #iE K,Ca M b &
B M E R ORIRG B LR, {H LR - BE0R
BT — DT B R AR AR B R R
BHRERE.

BEAEB RS, ZHTERBEEWESH K,Ca
b BEIRBEIF LA S8, 4B e R4
HALRIEEREH ML Kt ER, MHES
B € 5 R G 8 7 R4 B R 4 S AT R, e
—HEEBNESEN AT BPTFEL R LT
B RGARE S A &7 VR T ER 2 L T 1 2
BN 31 3R A 5% Al 31y BH e bR 20 H 40 B R FE U E,
B b A AR A5 B R R BBE K 10 S 000 7R EERE 1Y S 8
PAKMITHEE. HE 2Z25MNSEREAERESN
K, MELSEHEAREN N T SHEN YA
K& PN WA ST v BAR, T B AR & R AR AR
M. BMEEE, AT R AR B T, T R
B - BER A BN Bk R MR, E
AT EF T ERS I EE GRS, SHEL
SHEERMMLL, TR TERRKREHRY, ACNEE
HIF I EREE.

4 ZFEL-FHHNBEERNEETER
Bk

M ERALUR o, H#jaEast )l F () KiH5E
R SE ARG A B SR R AE TR — IR P T AR
FEHT m 2D RIB AT 8 Fa(t) FIET n DR u(t), X



1M

FAB 5% RS BE T $E M BE B 4T 1) — ol i 22 2 o SR 63

X AR e IR S AT R P — T B B R T A
AR L - 25K 3 AR AR R ) 4 A R ST
CIPRE WIEEY)

i)
J’_

0 M,
| Cbs Cop + Co]}{ }
sl L)
| Kbs Kb + [ko]

2 0
_m{ }_{ } a

M, Fd(t)

TR s ARREEHT b ARKRIPE LA,
T B
EARHSBMEYE LRI ¢ = C,
ko = K, Fu(t) Zb u(t —iAt) =" a;Fy(t —iAt).
i=1
J:J‘izsbﬁqzﬁﬁﬁ_ﬂ/lkﬂ%%%&ﬁ%ﬁﬁ&
BEAT R

5 HERDH

K WA LB E AP Z TR L - 4K
3l 3 AR TR F 2R G i s g 23 e B A
B 1 JR0R L 2 1 5] T 5T B R B i

LA R 2 IR e 2 T O 5T I T P
AR BHGTNE A, B 5 TR W A e fA [ A e, A
AR 1 PR, R B E N TR L
 EBEARBEN LR, HitESHCh

E(t) RoRHLE

Hiro=1, V5/V! =08, p/p' =085, v=v'=0.25

A T3 X A, AU RSP T 19 3 g L
PR B BA_EJR £ D0 AR T I BE AR o AT T B
Ak, AR K BB o8 B TR AT A 18, e
3 (18) 4 i

K(W) = Ko[Kl(ao) + iCl(ao)] (18)
H ag =wro/Vs, ALBRER, Ko=8Gre/(2—
v), AERACFERIBE. G, Ve M v 55100 2 4E K
BYUIRBER, BYUIBOEMIAAA L ro 4 B B3R T B A
VRS

P eiwt
— welwt

BT R M 5 T T 5 A T M P R

Fig.1 Circle rigid massless foundation on layered ground

MR T Ki(ao) FIBHBE T Ci(a) EEHN
PR ap KA 2 i se g 19,

5
—— real part
—— imaginary part
AT e peal part (proposed)
= == jmaginary part (proposed)

Ka(w)/Ko

dimensionless frequency ao=wro/ Vs
B 2 Al K P B 5L R 05 1A R B0 E
Fig.2 Comparison of foundation horizontal impedance

function with the fitting function

KP4 S i MATLAB 27, 2055 B 08 B 4% 1
MrEm=1n=3 UGRBISHILE 1.

x1 #UAESH
Table 1 Fitting parameter

K 0.909 215
(& 0.021 312
ay 0.616 185
by 0.028 785
bo 0.114631
b3 0.234 328




64 ) £

= i 2008 4 F 40 %

PEL Bt bR 2 1) 430 S5 400 bR B R R
S(w) = Ko (0.909 215 + iw0.021 312+

0.028 785271 +0.114631272 + 0.234 32823
1+0.616 18521

(19)
BEL 0 R 05 400 6 bR B A0 ) %o LG LI 2, I
FRT LUE Y, 7RSS0 B U R R B AR B AR
Ak — AR ot E T B AT AT, ®ES
# ro = 10m, Vs = 300m/s, v = 0.25, G = 180 MPa,
KR8 E 3 KmEn e, 4 5% F B x5
% TR AT AR) « AT H RO SE A BE BT 7 B i 4
FOPE, RWENERSEERRAH BN ZREMYE
M — 4B - SRS - BH R AR A3 R AT I I 4 AT,
IHEMBOABRNENE 4 iR, AEHRTLEH
A LT VRN BT I8 W) 5 U

x 108

0.0 0.1 0.2 0.3 0.4 0.5

B3 mEpiE
Fig.3 Load history

0.02 = —_ analyticél result .

S E Jin Feng method
A - - - proposed method
0.01 2 —-=-- least-squares .
&
4
9

/

) \ sy
\
§
—0.01 V
.1

0.0 0.1 0.2 0.3 0.4 0.5
t/s

B 4 BRI R A

Fig.4 Comparison of foundation displacement history

Uz /m
(==}
(=)
(==}

—0.02

BHl 2 WAHRIPER S KRR
B B RIPE R B K 3x3 FEAE AN K K 7
PHETPRH, EAtEERIE 5 s, HESE: -

ZEMBL 8 = 0.05, IR v = 0.4, HEH ¥ 54
Kb S/d =5, i E,/E, = 1000, A+ 5%
W pp/ps = 1.42, HEK AL L/d = 15.

| 2sp.Q@S |

2sp.@S

B 5 WARIMER & R R
Fig.5 Model of pile group with rigid cap

L5 S8 K5 1) B 3 ST B DT R B DAL A K P
F NI BE A AR HESEAT T B AL, R Al K7 P BT B
R0 T AT AR 2021, TR (20) 45

K(w) = 9K§x [Ki(ao) +iCi(ao)]  (20)

Hd o = wd/V, ATRMAWE, KoL AHbKF
BRI, V. A ERmBYIsE, d ARER.
RIS B 7 Ky (ao) RIBLB T Ci(ao) BETE R
SR a0 HIZRALIHIN I 6 52 & TR,
A BE IR PSS I B m = 1,0 = 3, AR
BHNFE 2.

4.0 -
real part

3.5 — imaginary part

3ok real part (proposed)
=t = = = imaginary part (proposed)
Ly /‘\
< 25 /

N\

< /X
3 20
2 15 / “/
D
< o pd /

0.5

0.0 0.2 0.4 0.6 0.8

dimensionless frequency ag=wd/V;

B 6 RN K S B4 o6 B A oR B LU
Fig.6 Comparison of pile group horizontal impedance

function with the fitting function



FAB 5% RS BE T $E M BE B 4T 1) — ol i 22 2 o SR 65

x2 UASH

Table 2 Fitting parameter

K 0.656 621
C 0.010 399
ai 0.321 242
by —0.702493
bo 0.388 621
b3 —0.129370

PEL Bt bR 2 1) 430 S5 4005 bR B R R
S(w) = 9K LY (0‘656 621 + iw0.010 399+

—0.702493271 +0.38862122 — 0.129 37023
1+0.3212422—1

(21)
BH 0 B8 %5 5 400 A BRI BAE 388 % B L IR 6, AR
AT LU Y, 7R A0 BRI B AR

6 & it

FEH IR+ - S sl A AR AR i) 454 AR 2
Pl g ma N gy A e, RS S5 S () I A A
TR E R RN B —. X — W K 758 H
W EEA P RER, —REBAEMTE, ZENET 4
Mok, HE T DASE . HERRIE IS LAk, S5 BT
BRI AT, ARGt B DA K Ak - 254 FTE ) B AR
SAEsh M I AR, (BT B SR R
DIA TR, 58 — Bkt R0 25
PEAY U 2 W LAk - S ST 1R 3 0 AR SR R
e PR m, BT B E A R KR TR
R, FHETAREZE T TREANTZER. i
IR T G R B ME R AE T I O R BB SR, H
T PH DT oR BB R AR S ., X AR 7Sl a2
it BEL 0 R B0 B 0 385 1 I Jo 3 2 BH T 7 #9553
Bt E AR, O T A0 i S0 L B T 9
H, CRETAMELSHEER. £ESHER R
T L B YT R B P R B AT 5 AT AR B A SR A
W, DU TBRARW, T RELEE W, AT
Ti ARk, EAREE 2% B TE U4 A 5 0 U SR A5 B 4
B, ERHIERE KA RS Safak
P R I8 2 2 5 DR AR TR T A S B T g B 2R
W, B SN T A B T R B ) IE U
FURS BEAE — 5 45 8 T A 3 /8 R 1 B 98 Uk 45 B 2
HE S B R (E T 2 A AR R R
AE 50 B I WL At BH B0 bR B i) ) B SC BT, HC AR D B DR
P A% R BAE Nyquist S5 50 B o A7 7E A BT B B, 3X
W PR AR T 0T I e B B0 ) AR BLRE B A SO 4R
BSHER 5 P 08 H I IR B A R 4

P T — AT e 8% R ELAl P Bt ok 2 & R IUR IR
DU Ffy e (3R . S RS 8 AT 4 ) e 3t B Bt T f
TREDT . BUE BB 3R B 7 R AR RO R 1 3
T BBl PR A3 2R A K B BEL B o B R AT BAR LA, T
L #ET7 {5 M AE R U IR A BT R R

VT BEREAU T A:

(1) 583758 T H Al BH b ok $i o &7 5 ORI 0
Wi, Yrel s S, i HLA B 7R A R A A R
S

(2) 1 3 7 4 U dp 25 1) i T DA 40 A RS B

(3) 38 3 34 B A T bR B0 AT T SR R 1) B AT 1
KRR, W HAEE LA B

(4) EITEADRT AN FTE £ - 253 ST A BAE
FA ) A, YT BRI RAHE ) B A 28 A 5% bR B I
AP

s % X W

1 Wolf JP. Dynamic Soil-structure Interaction. Prentice-
Hall, 1985

2 Lysmer J, Richart FE. Dynamic response of footings to ver-
tical loading. Journal of Engineering Mechanics, ASCE,
1969, 95(4): 65~91

3 Wolf JP. Somaini DR. Approximate dynamic model of em-
bedded foundation in time domain. Farthquake Engineer-
ing and Structural Dynamics, 1986, 14(5): 683~703

4 De Barros, Luco JE. Discrete models for vertical vibrations
of surface and embedded foundation. Farthquake Engi-
neering and Structural Dynamics, 1990, 19(2): 289~303

5 Jean WY, Ling TW, Penzien J. System parameter of soil
foundation for time domain dynamic analysis. Earthquake
Engineering and Structural Dynamics, 1990, 19: 541~553

6 ZEIRH, AR5 HFESD BB B B AR A S B, KER T
K2, 1996, 36(4): 477~482 (Luan Maotian, Lin Gao.
2-DOF lumped-parameter model of dynamic impedances
of foundation soils. J of Dalian University of Technology,
1996, 36(4): 477~482 (in Chinese))

T OBEER, BRNE. REETBEA R B SBRR. iET
5 TR, 1999, 19(4): 6~13 (Hou Xingmin, Liao Zhen-
peng. Lumped parameter models for impedance matrix of
rigid rectangular foundations of the half-space. Earthquake
Engineering and Engineering Vibration, 1999, 19(4): 6~13
(in Chinese))

8 4, WA, Eo64. B - HHFh Iy HE AR A I AR, +
ARTAEZH, 1997, 30(1): 43~50 (Jin Feng, Zhang Chuhan,
Wang Guanglun. A time domain model of arch dam-rock
foundation interaction. China Civil Engineering Journal,
1997, 30(1): 43~50 (in Chinese))

9 Wu WH, Lee WH. Systematic lumped-parameter models
for foundations based on polynomial-fraction approxima-
tion. Farthquake Engineering and Structural Dynamics,
2002, 31(7): 1383~1412

10 Wolf JP. Spring-dashpot-mass models for foundation vibra-
tions. Farthquake Engineering and Structural Dynamics,
1997, 26: 931~949



66 il 7 = i 2008 £ F 40 %

11 Wolf JP, Obernhuber P. Nonlinear soil-structure interac- forces of unbounded soil in the time domain from dynamic-
tion analysis using dynamic stiffness or flexibility of soil in stiffness coefficients in the frequency domain. FEarth-
the time domain. FEarthquake Engineering and Structural quake Engineering and Structural Dynamics, 1989, 18(3):
Dynamics, 1985, 13: 195~212 365~376

12 Nakamura N. A practical method to transform frequency 17 Safak E. Time-domain representation of frequency-
dependent impedance to time domain. Farthquake Engi- dependent foundation impedance functions. Soil Dynamics
neering and Structural Dynamics, 2006, 35(2): 217~231 and Earthquake Engineering, 2006, 26(1): 65~70

13 Nakamura N. Improved methods to transform frequency- 18 Veletsos AS, Wei YT. Lateral and rocking vibrations of
dependent complex stiffness to time domain.  Farth- footings. ASCE J Soil Mech Found Div, 1971, 97(SM 9):
quake Engineering and Structural Dynamics, 2006, 35(8): 1227~1248
1037~1050 19 Luco JE. Impedance functions for a rigid foundations on a

14 Yan JY, Zhang CH, Jin F. A coupling procedure of FE and layered medium. Nuclear Engineering and Design, 1974,
SBFE for soil-structure interaction in time domain. Int J 31: 204~217
for Numerical Method in Eng, 2004, 59(11): 1453~1471 20 Makris N, Gazetas G. Dynamic pile-soil-pile interaction

15 Wolf JP, Motosaka M. Recursive evaluation of interac- Part II: Lateral and seismic response. FEarthquake Engi-
tion forces of unbounded soil in the time domain. FEarth- neering and Structural Dynamics, 1992, 21(2): 145~162
quake Engineering and Structural Dynamics, 1989, 18(3): 21 Makris N, Gazetas G. Displacement phase differences in a
345~363 harmonically oscillating pile. Geotechnique, 1993, 43(1):

16 Wolf JP, Motosaka M. Recursive evaluation of interaction 135~150

ACCURACY CONTROLLABLE TIME-DOMAIN DIFFERENCE APPROACH
TO CALCULATE FOUNDATION RESISTING FORCE Y

Du Xiuli* Zhao Jianfeng’? Han Qiang*
*(Key Lab. for Urban Security & Disaster Engineering of Ministry of Education, Beijing University of Technology,
Beijing 100022, China)
T(C’ollege of Ciil Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract Interaction forces between foundation and structure is one of key problems in nonlinear dynamic
response analysis of structures accounting for soil-structure dynamic interaction. Currently there are two kinds of
methods dealing with it: one is the direct integrity analysis approach, and the other is time-domain substructure
approach. Because of far less computational cost comparison to the former, the time-domain substructure
approach is very important in engineering. The fact that foundation impedance complexly varies with frequency
makes the calculation of time-domain foundation resisting force time-consuming. To simplify the calculation
of the time-domain foundation resisting force, many lumped-parameter models have been proposed. Lumped-
parameter model reflects the singular component of foundation impedance which is not square integrable and
corresponds to simultaneous effect. Nevertheless the regular component can not be reflected accurately, which
corresponds to time-delay effect and can be square integrable. The time-domain recursive model proposed
by Safak (2006), used for representing the time-domain foundation resisting force, can simulate the regular
component of foundation impedance. But the whole essential of foundation impedance can not be reflected in
this model because the corresponding filter function has intrinsically limitation at Nyquist frequency. Thus,
the time-domain foundation resisting force can not be simulated accurately. Combining the lumped-parameter
model and the time-domain difference recursive filter model, a time-domain difference approach of accuracy
controllable foundation resisting force is proposed. Numerical results demonstrate that the proposed procedure
can perfectly fit the frequency dependent impedance in an interested frequency band.

Key words soil-structure dynamic interaction, time-domain substructure method, foundation resisting force,
impedance function, digital filter
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