o5 34 4 4 1)
2021 48 H

Ik o T

Journal of Vibration Engineering

% R Vol. 34 No. 4

Aug. 2021

Z[RK-EEi- T B EAE R T RKEERI M = i R 53 1

"X, R OEL ERAEY, G, &R

(1.6 Tl K2 g 40 TR 2B, dLET 1001245 2. 354k AR £, dbR 100084)

FE: LK b B R B8, 25 K458 - B9 A B AR W1 98 R0 A4 285 4 A6 b 7% Rl VR AL TR VR F T i 3l e R . SR
FHAT R T 1 2 P A A 85 49 12 15 R T 1 85 R 3% BT, 7K 235 A R A% PR o RS om i A, -5 4 A B A o
LRPETAEACR . BT AR B IR ST, I8 b 2 K -4 R AR AR X 25 R A IR AUR R . BT -4 R A

AR R 7K T R0 TR T XA R 2 K ) g e I F S

KRR : MR RN 5 K -SE R L AR EAE T BB ALK BB 5 SR

FE4S%ES: TU3LLS XERFREAD: A
DOI:10.16385/].cnki.issn.1004-4523.2021.04.009

5l

T

BiE h RSP SR AR kR, dial Tk
2 B A5 s A 5 T B AL N T
XY R Z B TRk o i T
TR AT 2R T T A5 A R T R S R A B A
oo BRI, b Ab M RE AT 0 [ 5, b RE A 2RO L 25 4
/RN (O S SN oY AN S s A R S T s e a7
P 2 4 A A B U T 235 R W) A b 7R R I TR R G AR
FHTF 049 2 7y e g #4705

SR TREH BT K -S5A 0AR EAE T, e A ik
TRF 45 A6 %) b 75 0 L7 P A AR T SRR IR D 5 . A
FEAR AR TR PR Bl ], 2377 A= B ) 7K R g, 5 = W)
1Z 8 7K R AL 23 W08 S5 10 3l T3 R Pk, Ok 5 48 1Y
Hby 752 W) 7 A A — S B SE I RPN AR AT X R
K -L5 s I AR EC &7 7 —R75)
B WF 5% . Liaw Al Chopra ' 3% F i #r 7 ¥ #0F 58 7 wf
JE 45 7K A rb st v B A A 32 B %) 1 72 2l 7K R 77 3 Han
XS F R AT S T S K R A A
FI 4 450 1 18 4k 28 35 55 46, Williams™® #1 Tanaka
SE 0 B R 3 BBy O T RN AR AT I AR5 T KO Hb
AR R K rp 8 AT 45 0 1Y B 01 RO 5 B AE AR R
R T KR AR M L H R T I R KO IR
SN B R 45 74 T 32 Hb 52 2 K R D7 0 5% a5 A g
SO T AT R 48 K AR SR T TR A A T 2 M
Bl K R 7 11 s 35 5 3 A0 i 3R 7 1R A 285 Wang 26
P& T — O a0 i el Ak B AL R AR = 4 JT BR K )

W B H#3: 2019-11-06; 1&1T H #3: 2020-07-01

X EHS: 1004-4523(2021)04-0730-09

K -5 R R AR FE TR) L, 25 SR SR B, 2 Z W K AR ]
JE 25 i TR BB K A X 45 R 0 5 w0 5
R

T BB AR BT I YR T X A R AR 25 A Y F 5
MOk £ . Morison % H T — RTS8 M A 1A
SER TR 0 2K AR P 2 56 00 35 R AN X
H RIS T RO I R AR A9 IR 7 ) MacCa-
my I Fuchs ™ & 5%t 7K i K B A% S5 84 18 IR J1 1 H 53 10)
BT —Fh BE 55 B 8 s Chen Il Mei W2 1 T —
Fofr 5006 T A T AT O W R T TR D A A T
fiff s Li SR T — R T AT RO W R v R R )
TR 77 19 2 fife A fie

SR, b Xof 5 0 I YR 3K G A FH T 30T 96 45 4 3
30 R BRI SR AR 2D o B L M W | Penzien 26
WS T BEAL IR R G A 1R N I 135 U8 4 1 2
FI R 5 Liu 25 0 B 58 7 AR L TR AOK Bk A
YRR X k7 477 B A 3 Al 9 52 0 5 Wang 26 43 BT
TR RN IR B A R R BRSO sh S .
& -5 M M B AR, Yamada 25 URESE T BEMLIE IR
FBE B b 72 37 R 1 A 2R A5 48 1R 2R 1Y 2l 77 i)
I ; Goyal 45 # i Xu % 18 1 A TR K45
4 T A - 25 46 FH B AR G it K 3 45 R B e R
S

A R W A K - R - A A R &R
{14 By 1 5 Rt 5 R IR TR B A VR R A 3R B0
N A BIE ST IR AN TR o AR SCHE T — i b R R
I 6] AT 7K - [ A - A A R AR 2R 3 i R G
Mris il R G 38 T 45 #9 R oK 45 44 AR A X

HE&WB: K HARB¥IELSKIIHE(51708010,51878384,51678015)



Bal

BSCER S - 5 IBOK- SN A AR TR TR K B Y b 5 ) 1z 53 BT 731

S5 R Bl I3 R AR Bl R R

1 zhJ1mm R 75 72

1.1 EZHKEATFELAR

AK-BFE - A AR BN 1 TR . a FoR
P FE 2540 B A2, A oK TR h R SRR H R 4544
P, MO LR A K BT o WA R A O RIAE
T AR B Ry SRS B 1O SR R L Sy ER A
SREENIRE . EA AR R 2 MU AL A e | A
P DL T R AR R 5 A M A DA P e T T i 2
iy =U,e ", w A FITA KA E A v 46
/NI SR AR O 200 R T D PR R . R
S5O FE A WY, K Al A BEL T X b R W Y 5
Wa AR /N, AT L2200 o PR, AR SC 2w T K A BELJE
ER

— M, 3R
= Z
B2
_|_|_¢_> 2a
WR ’b?ﬁ x ToR Ak |2 | H
B AR T
4
4% x hy
X
— u(0) Fn

FIT K-S5 Kt AR E AR A AR

Fig.1 Water-structure-soil interaction model
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Fig.2 Water-structure-soil interaction simplified model
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Fig.3 The variation of ratio w,/w, with respect to y, for

different values of /, and A with 6,—=2 and 6,=—0
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ferent values of &, with /,=0. 2 and /=40 m
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Fig. 6 The variation of critical depth R,, with respect to o, for
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PEER NGA Record Information

Motions PGV/

1D No. Record Seq. No.  Lowest Freq/Hz File Names-Horizontal Records Recorded PGA/g (em+s™)
1 953 0.25 NORTHR/MULO009 0.52 63
2 960 0.13 NORTHRLOS000 0.48 45
3 1602 0.06 DUZCE/BOL000 0.82 62
4 1787 0.04 HECTOR/HEC00 0.34 42
5 169 0.06 IMPVALUHDLTZ262 0.35 33
6 174 0.25 IMPVALHE11140 0.38 42
7 1111 0.13 KOBENIS000 0.51 37
8 1116 0.13 KOBE/SHI000 0.24 38
9 1158 0.24 KOCAELUDZC1B0 0.36 59
10 1148 0.09 KOCAELIARCO000 0.22 40
11 900 0.07 LANDERSYER270 0.24 52
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Earthquake and wave analysis of the circular cylinder considering water-

structure-soil interaction

HUANG Yi-ming', ZHAO Mi', WANG Pi-guang"?, DU Xiu-li', LIU Jing-bo’
(1.College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China;

2.Department of Civil Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The potential threat to offshore structures in zones of active seismicity is caused by combined earthquake and wave ac-

tion. In this paper, the dynamic response of a cylinder structure under the combined action of earthquake and wave is studied by tak-

ing the water-structure-soil interaction into account. The flexible column structure is discretized as the Euler beam unit by the finite

element method, water-cylinder interaction is replaced by the added mass, and soil-cylinder interaction is replaced by the linear

spring. Based on the analysis of natural vibration frequency, the influence of soil-structure and water-structure interactions on the

natural vibration frequency of the structure is analyzed. The effects of soil-structure interaction, seismic hydrodynamic force and

wave force on the dynamic response of the submerged cylinder are investigated.

Key words: earthquake response; water-structure-soil interaction; cylinder structure; added mass; wave force
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