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Seismic Hydrodynamic Effects on Group-pile
Foundations with Caps Merged in Water

WANG Junjie , LAI Wei , HU Shide
(State Key Laboratory for Disaster Reduction of Civil Engineering.
Tongji University, Shanghai 200092 . China)

Abstract: To meet the seismic design demands of bridges in
deep water in China, an investigation was made into the
hydrodynamic effects on seismic response of bridges. The cap
of group-pile foundation was idealized as a truncated cylinder
at first,and theoretical solutions of the added mass matrix and
the added damping matrix for the truncated cylinder were
developed. Approximate methods were proposed to obtain the
added mass matrix and the added damping matrix for the
truncated prism with arbitrary section by modifying the ones
for truncated cylinder. The seismic motion equation was
developed for bridges with group-pile foundation in deep water
in frequency domain, and a software was coded for the

computation of seismic response of bridges in deep water. The
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seismic responses of a bridge were obtained by the proposed
methods and the software. The results show that the
hydrodynamic effects may increase or decrease the seismic

response by a percentage of *20%.
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Fig.1 Truncated cylinder in water
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Fig.2 Correction factor K. curve

T SRR IE 7K 65 B 8 BE 17K [n] HiL 72 )
JK 335808 VA B o 5 £ RN BELJE AT 7 (B A A 1) 7K P
HFE 7K I 5087 B o R0 BHLJE 3 E A TE &R 2K
K. 135).

P T B2 S 3256 A0 B T AF 9 BCSR » 1 MEX S
JETE 75 £ TOU T RFC 1 1 7R 2J) 7K He 7 38500 1) 188 ) A
Bl sl 7K B in 5T S5 BRI BHL @ 247 B0ORS B 1Y) S A0
ARSI S IR K SCHE ) (JTT 213—98) Hy

LT AR TR O TR YR 0 A S AT 58 vk e R g
FEURH 25 J5 DA 5 0 v 7 6 28 80O R R T K 6 55
MR 2 a = DB/ % 2534 R R E & &
T TA 11 G 16 40152 57 s g %k 187 4 30 7 s 7 B o o
BRI BEL T 3 RUE Sy 5 38 T 7 15 AH B 1) 8 7K R
T B B S {EURR B E e A

FEHRAE R T A RN 7K 5 S8 KTl 1 5% 3
— BRI SR 1R S RO T AT I LA BT TR K R
v Y AT 7 £ 118 4 S R ) A

2 MWERIERTRAKGTREEKPIIIEE
Tt

MK /INEAR A RTERT o Sl ) i Hh AR AR
AT 3l % T 54tk ] Morison J5 #4635 7K
XA B Bl R0 . A G A ) TR O M ) LA —
HBKRTF 1.5 m, A4 SCHRL8 I 5% . 2% Morison J7
T o B JE T X B 2 6 P M AR S I A R T R R A
1. 5% . FEAE 1) Hh 752 2l 7K J7 8800 T LA 2o B B 2R 4K
K, ImeiZE p&. X A FAE SRR i 3lk I a)
S|
P(z,t) =~ C,pAu,(z, DK, (®)

Ko Co B BRI B 3R 8G w. EEHITE « il
7 ] B2 X TIGEBE 5 G, eA B A L JEE (9 M 72
7R IR R T
AR (8 Al LAAG B R 3l K g 5] 1) 4

foe = — Myt €
B cu g TR 225 A £ 24058 7K P o B i) i 5 ML
R REEZE R 1) Sl K BRI B e D R AR R 3 TR
AT , X0 T2 8 1 ISk B s i

ma = K,C, pr%zz-, 10)

KD g5 L ITERE IR AR s L AP 245
i BB I A K.

WM RZ 3o oW R RN w, () =
(Uge Uy Uy b s Uy sy T, S3 B R 2
y 1 2 Rl ) Y M RE Bl 0 B I AR Gl 3 Fourier A%
PR AT B AEATIR 1 R pR AR

iy (o) = | i, (Dedt
XAE S AR N R A e 2 P s s T FE N
[— M + iwC + KJu,(w) =— Mu ,(») (12)

an



%5 RN

5 UROK R A A A

2 1 7R K Bl 1 808 43 b 653

KK, CHM 4351 R 17 52 4504 19 Wi BE | BEL)E A it
SRR sus Co) R AR L% S
B N R AR FE K T s s T R A
(= w*M + i0C + Ku,(w) =
- Mit (o) + fro + fre + fux (13)
s fro s Sre N o 20 R B K B FIRE AR 25 A0
Bk Iy
I3 AT R B AL & B8 4 B 45 s 3K )
FIRAMARXAD A
[~ &’ M+M? + M, +M,) +iw(C+GCG? +
Co +Klu(w) == [M+M" + M, +

]Vlapg]l'd.g(w) — 1w G’ + CJuy(w) + o*[MP —
M? Jul (w) — 1[G - G? Ju$ (w) 14
MY FGY 5350 g 25 BB b TR Az
7 A 5 B K BRI T AR R o BEL e R 5 MY
G 53 A i b b T B o v 4R 3 7 AR 10 3l
JK BRF 0 i e 6 B4 01 RS o BELJE R s ML AT Ce 23500 0
ARG b Bl K BN BT R RN R BELJE #E R 5

M, A FERE_E 19 2l 7K B0 5T 2 5 B 5 gy (o) R & HF
BIOK T &8 43 19 7K 7 A8 X W44 32 3l 1 4 3k 35 O
U, () Fll g Cao) 3 50 R 25 W BIOK TR 345 FRRERTE 14 7K
SEABRH RS SN A A R s ue Cw) R 425 7K 5 A
XA RS A R

153 u,(w) 5 » A F) ] Fourier 1 7% 45 5k £5 i} da,
FEE us () . R A SCHEST I HLS T 78 g il T 4F &
A BRI AN, o] LASE R B R TR .

3 EBIsth

3.1 HESH

VSR SEAG F 3255 T W DR M FE A7 A WUAA A%, A% B85 A
BN 95+3x180+95 m, WA 3. NEIH /2 2 B/ 5
G5 17,27 .37 47 Bl MRBEON 2.0 MU EE S, BE
J& 2 m, BOREGEE 8 m, LAY 24 AR E AR 2.5 m
BFLAE HEIFEE 4.5 m, Bk Ab e KKK 33 mL 7K B
o B e K AL 3.2 mL BRI 3.

73 000
9500 18 000 18 000 18 000 9500 |
T 1,

[[os &

@i = & |

HHIRE

2.5 mifLHETEE

a S HEE

1700

HRPOL )|

Bz Glli Y

1720

b JLRIATRE S T A
B3 FEiBRXHFEGHER(BEM:

Fig.3 Overall layout of a Strait Bridge (structure geometry:mm;elevation:m)
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Tab.1 Dynamic characteristics of frame bridges
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Fig.4 Earthquake waves used for calculation
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Tab.2 Internal force coefficients of key cross-sections
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Tab.3 Internal force coefficients of key cross-

sections of piers and piles
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