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Dynamic Response Analysis of High-rise Pile Cap-soil-structure
under the Wave and Earthquake Action

WU Chong-fu' , LIU Bei-bei'
(School of Civil Engineering and Mechanics, Yanshan University, Qinhuangdao, Hebei 066004, China)

Abstract: Finite element software was used to simulate the internal force and deformation of high-rise pile
cap-soil-structure under the wave and earthquake action. Meanwhile, wave force was calculated by using
Morison equation, and the mechanical behavior of structure was simulated by inputing horizontal El-Centro
wave. Then, the initial state and the state of the largest positive and negative acceleration were selected to
study the structure according to the time history curve, and the displacement, bending moment, shear and
axial force changes of pile foundation under wave and earthquake action were discussed, which was
compared and analyzed with the structural response under the action of earthquakes solely. The result
shows that the moment of front row of piles is biggest, and the force of pile bolck is the most dangerous;
the axial force of the corner piles is the largest, and one of the center piles is the smallest under the action
of wave and earthquake. When the wave forces and seismic forces are in the same direction, the
displacement, moment, and shear force of pile bolck will be increased, on the contrary, the displacement,
moment, and shear force of pile bolck will be decreased.

Key words: high-rise pile cap; Morison equation; wave; earthquakes; pile foundations

WEEER AT AR R G LS HA 2z, mKREH TRE E B W G 5
Wi s 2 . i A K B A 52 B TR 0 07 R ) ﬁﬁ?ﬁﬁi%ﬁl%ﬂﬁi%ﬁEyﬂﬁﬁiﬁﬁﬁﬁyﬂﬁtf&

5 H #:2011-04-21
BETE :[HK AR AW (51074140) ;3 J6 45 # 8750 H (2010-221)
PEFE A SR (1966-) , 55 L Rl 304 . B 1 45 4 15 ot 6 St I ol 7 FH A 5 -  E-mai) wefl1@263. net.,



http://gks.cqu.edu.cn

8 P RAEHRERKRE IR

% 33 A&

M TR TR O TR LR LRSS
P MR TR A R OR [ R B ST T
VEIREE TINS5 . &5 K4 78 IR A% 199 ) A2 2 174 4o 284 4
TR TRE VAL DRI b 7 S o IR T R e B
AW R . T E AL R b2 AN R
BRI HLAR A e 2B A EMERZ —. EHEZ
b R I T S 4G A SR ) 6 B AT PR R
SR G 5 0L R 24 M 78 & A, 25 4 45 [ B 52 %)
b 75 R TR0 S [ 1 T S RO X 285 ) A T OB TR N b
SRR RS R LB,

B P A2 3 R 56T bR R YRR R 45 4 1Y)
S Sy AT R E RS . B SR A Morion
J7 FE R AT RR A R 454 B sl 1 i 4%
SR e B B B K R SR L BEAT T OB A
S5-I A B AR 2R 04 7K ST 1 R S 43 AT 5 5K 2 A
TR 2 R IR T B R A X Sk 5 4 2 AT
TN SIS B SR AR G 4 HT 1 b 2 FA S
PeTRAE T KR R AT T 8 9150 #1

H A Er g - @ sy Mt ox 2 il 15 LKk
M R 25K, X 1 35 AT HE Z2 25 #4) 1 ¥ I £ 3940 1)
FRDZ N, LS R R G R — S5
B A TR AR | Hb AR A7 28 T 3 A T A7 B R )
SE[) 1 F T PR AR i SC AR [ 1R A R B ST
G 1R R IR A R AR SRR SR AN, TR
BN 2R B R GO B R 200 m, i K
W 3~6 m., FIF ANSYS 4 R 50 514 % 5 0 7k 6 -
- EREE R IEAT AT F 5 A I Al U5 TR R M AR 3
Il £ T 19 32 3 VA TE S b 8 50 40 ) 1T 4 it
WA
1 HREA
1.1 ERAWHE

Morison A H . 7E F TAERAT B E (i
JEVL B R B DR KE T fu B 2 A s aE s — 02

PR T R332 Bl 1 K R e 51 X AR 1R B A
T——IKPAEATT fo + 75— T2 PR K B 38 3l i 7K

S Y SR R XE (B S T — kT AR A

Ty O AR U B BT S A R
Su = fo+ fi @Y)
So = %CD‘OA#J ‘/h ‘ (2)

: - du, - du,
flzpvoﬁ‘i_cmpvoﬁ

- <1+c,,,>ﬁo%:chVo% (3)

St YL o A R <
A UK A 190K TS LK I 3 Ay 9 i

RS T 1 U0 O BER T Vo R B R 1 1 Ak
A p it K BB 5 Cyy o T 1 T RE PR 2 7 i 1
S R Co BN B R B Co W R R
Lot~ fo B4R B 7KOF 7 K P44 ) ROt
T,
1.2 iEh 5%
GERTE MO AR FI R 9 3 12 R N
[M]{&y+ [CHa )+ [K]{x)=—[M]{x,)
4)
G A TE B 52 R U TR A R PR R R B B g 2 U

[(M]{x 4+ [Cl{z}+[K]{x}

=—[MJ{Z, )+ {fu) (5)

Horp, [MT L LCT L DK 23 50 8 25 ¥4 1A & 14 it
BHE MW R (o) o (2} M (&) 705 2
PR 2R 1 AL B L B B AR B (2, ) Oy 3t R
FE. {fu) RAKFETT .

2 BARTHEEPEIL

SRR IE AR RO« BEEE R Ry 3 X2 5 6 2
HEZRZ548, 3 40 3 mu AR RS2 6 m X6 m, 7K
BAEPARE REMRIER 1 m, K G T B R L
B 49 PR N 1T mX 1 m APFEH B BERK S 22 m,
PR A B BKER 7 m, REBRHHHNEN 2 dd
RBEAR) o HbEE 2 BRSO 2 A S AR
AR R e i i S — ROk I R 12~15 d L 1%
] M 5~ 10 d , 8 H I 3 [ Ak 1) 17 ) 0728 T Xof s B -
MR 2 22 AR /N, Hb 3 = RSP 53 m X 53 m X 22
m, b AR R R DA WA 3 Gk 30 A N i
PE P AL B E LR .

FKHEIH N 50 a M X IR S8 &
3.2 m, i 35 m, RO K SCRTED) B G,y =
1.2, Cy = 2.0 . R’ ANSYS $ff- gt 57 i 51 bk
FERlHE SR 25 0 A6 U YR 5 b R L R VE AR A BR oo
AT AL . b ER R A SR beam188 HL T, R SR
shell PG, B3 7K & A+ KR solidd5 ¥oo,
FROGIE R Q& 2 s .

3 REUSHER
X A K V- 5 1 AW B R 0. 1g 19 EI-



http://gks.cqu.edu.cn

% 6 RER, F . REPEERTHMEARE-L-EMS A 9

PP

21looo|4 0004 000]4 0004 000] 4 000[4 000 |2 000

—| O O 0O O 0O o 0O |—
— | O O 0O O 0O o 0O |
— | O O 0O 0O 0O o 0O |
—| O O 0O 0O 0O o 0O |
—| O O 0O 0O 0O o 0O |
—(yd O 0O 0O 0O o 0O |

Al A2 A3 A4 A5 A6 A7
—||O0 O 0O O O O 0O |
x

2,00014 0004 000|4 000]4 000] 4 000}4 000 |2 000

2L00$¢ 000%1 00(?4 00(? 4 00(? 4 00(?4 00(?2 000
2’00% OO(gl 00(2; 00(g4 00%4 002)4 ooog 000

1 W TEHER

LRAAANARN

I

g

llll,"ﬂ"ﬂ"l

T

===
LA

=
=
=
5
=
=
=
=
g
I
&
I

.
[

i

it
il

'.'.H%HI%Humunm

2 ARTER

Centro MAEH JUHLHT 10 s JEA7 30 . M 72 30
R R B 3, SCofBL 2 R B 4
B T 1 M SRS R s 100 2. 40 7 43
PR 3745 4 TR 8 G R
BETACRS B 5 8 250 09 A1 A

1.2F
1.0p
0.8F
0.6F
0.4F
0.2+
0.0F
0.2+
-0.41
0.6}
0.8}

1N
—1.U

S/ (m - s2)

s} ] /s
3 El-Centro it 7Z i 7in i B BT 72 #h &
3.1 WESHER

TEFEAT Bl 153 Bt Z BT e BEREA TR 25 0 # AR B
LBl ) S A RRAE . SR B IR IR B IR

ST Y G5 R Bl g R AR T R, R A
FROCHF ANSYS 3150 45 # f9 A 60 Bir i <. K
I 6 1 JRA3 308 B UL 1

R 1 ZEHWET 6 M BIRME BIREH

4 1 2 3 4 5 6

BEHR f/Hz 1.0007 1.0063 1.1333 1.2364 1.295 1.3088

B T/s 0.9993 0.9937 0.8824 0.8088 0.7722 0.764 1

3.2 MG 4 Hr

TK b G5 AR a6 Z0 A A5 1 AR TR A% ik 2 K b
HEAFUAN R T — M b T A SR B R . AR TC R
YER R ML T B, W 4, I AT LA W, 7
El-Centro J# fI IR L FAEM T . c=2. 24 s B %
IKF) T R KA R OR(EN —12.3 mm,1=2.76 s
I #3831 O [l g5 RAE B KA 9. 32 mm, 1E
TP RAE AR t=2.24 s B8 —10. 5 mm, =
2.76 s B 10. 1 mm, LA 2 #0100 BE
00, % W] T 5 TR A FE X A T2 B A 5

(=)
T

BE TRV % /mm
|

|
—_
(=]
T

I
—_
w

5} 8] /s
B4 #ETRABEEMZNITLEL

3.3 WEHMBSW

R 408 i 52 gt 2k 0 31 IR Jed bR 28 L T R R
TR 3 A I 8] g %) 25 48 AT WF 5, 23 S0 % B ¢ =
0.02 s,t=2.24 s J t=2.76 s, B T HHNZ S8
R HASCUL Al 2 6T 10 (8 A1 Ay 461 34 4 BF 59T

XFHETE K VAR I 0 34T I 5T A B 46 2
M AL A 7KL 8% o Bk A 2 A0 R SR [ AE TR
ML RE Q& 5 B . il T W R & 8 A7 A FR A
PRI AE A AR THUASE A A AT ) AT TS B (A T
b 5% B it fin AE A A AK b AR T AE AR LA IR 4y
T A 1 bR U L B A H IS A% B BE TR o B e
Jil B WY R ER 43 BE A BT LABE IS Y AL S L e
A BRI AL RS KT H B B TR AR R
EHEAT A B TR A2 B8 LK



http://gks.cqu.edu.cn

10 T RERE xR R %33 %

8t sk
6F 6F
af AL ar —— ALBE
o —e— A2JE 2t —— A2

g of —.A.—AB%LE £ of +QZ}E

B _ob A 2-2p sk

2 f v £ -t S Nehi

ﬁ -6 —— ATHE E —g' —— ATHE

1ok
—12F
_14L
_16- 1 1 1 1 1 1 1 1
-8 -6 -4 -2 0 2 4 6 8
HEAY AL ES /mm
(a)1=0.02s

HEAH E /m

HER A /mm
(b)t=2.245

—— A1
—e— A2HF

HE A E /m
A

—a— A3
-8 —v— Ad4ME
10k —— ASHE
_12b —— A6
—— ATHE
—14f
-16 L L 1 I 1 I L I L L
-6 -4 -2 0 2 4 6 8 10 12
BER A7 /mm
(c)t=2.76's

BS5 MWwEMKRERBTHSCE

t=0.02 s I HETIAL B AR /N R BOAE A7 75 L 45
R AR RIFE LR 45 R i B 1) g (AR A I KA T A%
e =S 1 A VA R LT 0 I I (1P NI AR
4.2 mm;=2.24 s W, Oy 72 5 B KOIRAS S B B9 102 #
[i) $7 7 i) 38 T 25 A 4 057 % 29 BT 38 O A% Tt o7 7 3
iR B F] 7 — 12,4 mm. N AR AL RS AL £ =
0.02 s P A K 56=2.76 s I, A7 i de RORES
A B S2 # 16) 1E 77 1) 38 AE T KA RS 4 9. 7 mm,

AT LU H 7 R R TR AR R BT A Y L
Mo fie K AEBETT I IO 58 73 25 D& T 57 2% X 45 44 1) 2
M o

Bl 6 9 ol RAE JH I A BE B 2 8% . i B 6 AT LA
B il 0=0.02 s kB0 88 P A TE A SO AR I
OME S LA PG B s ¢ = 2. 24 s I X I 53R T 1
J7 1 o B IETT 1) B TOUAL A% B A I TR A I 4 A
AL RS AT BT s A Hov B A B 2 17. 90050 =

e
BER A2 /mm
(a) t=0.02s

HER A JE /m

MRS /mm
(b) t=2.24s
sk
oF
af
e ¥
B f
fi -4t —=— ALfE
= —e— A2f
2 -of —a— A3
-8+ —v— A4RE
—10F —— ASHE
_12k —— AG6¥E
By —— ATHE
-16f , L ) ) ! L ! L ' 1
-6 -4 -2 0 2 4 6 8 10 12
WAL B /mm
(c¢)1=2.76s

E6 MEERATHSMLS

2.76 s I I TR DA T O e & W 2 Bl Uy )
A TR, 7% LU AT U YR AR FH B 7 A T 57 3% A e 336 o 34
2k 8. 1% . Al LA H X4 3 TR 1 1) #
72 0175 1) — B, IR I AR 23 1 R A T4 7% 5 A
B2 U0 IR T3 A T 25 08/ N TR A %
3.4 HEHTESMN

S5 AL T 3 7 AN TR AL [ 4 T 9 B 25 4 1
TR . AR YA TR A7 1Y) A AR O e R . A BB
Ay BIRETEA IR BE S 2~3 m I 25 46 1k 3 5 R (H . b
TP SZ S /N, TR TAHRESEN. — &k
[ R i R = 7 el D S R 7 = 1 = e SR 4 W
PETR G AR IR . Horb R A i 2 h0 R 1E

TEWI IR I %) ¢ =0. 02 s I, A1 BEFT A7 Hik Bk T
L SR R AR TS R 5 B e A A B e [ A 0 T 08/
FA) A FA, A H T R B A A A X T 3l e A
Ko AT O L A o) B B g A 2 B K Y R R LR T
53 o B TRE ] AR BT RAE R s o A AT (] - 44 14



http://gks.cqu.edu.cn

%6

REW F R EERT SERE- LM 08

X 1 Bl A I S I B BH g e/, 1 =2.24 s
B Ay 20 R S RO AS  BE TR Ry 22 i 52 . AL B AT
A A5 AT 5 AR R AR U/ ) Fa B RS RS L o=
0.02 s Hf 3§ K, JC I J& BE T & 4, P 1 om T
464. 8 KN MR ,0=2.76 s B, WA E i Ol A b
TS N A v 32 0 AT B AL BE A HE S A AR U/ 1)
R HETAS JE L ¢ =0. 02 s B335 0T 384. 5 kN,
H T b 52 AR A b AR B B AR b 2 Rl — ER A3
A8 1 BT L R HERE 16 32 ) i e R .

8k
6F
4k
g 2F —=— ALBE
= Of —e— A2
2o —a— A3
K _ab —v— A4BE
24 —— ASHE
= -6 —— A6HE
-8F —e— ATHE
_10F
_12F
—~14F
—16F

~600 —450 -300 -150 0 150 300 450 600
MER S /(KN « m)
(a) t=0.02's

BERY K JE/m
N

—— ATHE

~1200 -1 000 -800 -600 -400 =200 0 200 400 600
MRS H/(KN - m)
(b)t=2.24s

8k

6F

4k

2+

=] L
e —— AL
=R -2 —— A2fE
Moaf —a— A3
2 6 —v— A4HHE
= —— ASHE
—— A6
-10p —— A7HE

-12F

—460 —2(I)0 (; 2(l)O 4(I)0 6(I)0 8(.)0 1 OIOO
BERYZSHi/(KN + m)
(c)1=2.76s
E7 #EMEREATHSSE

AP LI o AR R R R IC F AR AR A HE B Y
R RIS S Wk By fi K25 A AR e e AE B TO L A B
TS 07 24 30 Al HE AR LA T A IC 757 DR 9T 3t 72
P XA 254 9 2%

FEAK S T3 AR LT« B T 52 245 6 {2 e K9
SERILEA TCWER A T BBE TS FE A AN 3% 2 P .

11
®2 AREREATHREE /(KN-m)
HE e TR A
BB
0.02s 2.24s 2.76s 0.02s 2.24s 2.76s
Al —486.7 —937.1 —45.9 —486.4 —995.1 —67.1
A2 —359.8 —763.3 32.8 —359.3 —811.6 15.1
A3 —194.0 —590.5 191.5 —193.5 —637.3 174.4
A4 0.3 —396.4 386.1 0.8 —443.0 369.0
A5 194.6 —201.9 580.1 196.1 —248.7 563.0
A6 360. 5 —43.0 753.0 360. 9 —91.4 735.3
A7 487. 7 37.3 928.5 488. 1 —20.6 907.3

MFE 2 W LE W, c=0.02 s. 7EH LI BIERTF
PETH A 25 55 A8 AR AR /N5 0= 2. 24 s W)L IR ) R0 M AR
FIWIAE 5 T ¥ o il I 1 A5 B R T A A R
PBIRAE T L IC IR AR R A B g s v, & 451
BIROm T 11.0% 50=2. 76 B, P IR I3 094 H O 10 W
2 Bl TE (] o (E b B b 2 0 T RE I o Bl AR )L 25 AR Y
WETHUES 56 75 A B IR AE TR e Jo 8RR T A i s
L HR L BB T 4.1% . AT RLE L G
R 7177 1] F b 52 ) 75 1) — SR IR T B A AE S 3
SR 5 FE) B8 Bl T SO NE o RS DU YR 7 4 ik 55 4 ) 1) B
J1 RN
3.5 WM S

WEAE 52 K- I3V FE B s — A To BT 32 19 B ) f
K 3R 3 FNH T 76 158 sy L [ 4E R DL R b 5%
HmAE R AR ST R X . AR 3 AT LLE
WL TERIIGE I %) c=0.02 s I, 2 Ff T8RN B bE
T Y Sy A AR /N AL R AT B B AR T 8T ) % K
A4 BERIMETISS 8 /s e=2.24 s BF. 2 Fh T 0AE
T AR TRSY g ¥ 1) 0 5 1) 3G K A R AE T Y Bk
T ) b ICHIRAE I S A A B 5 0= 2. 76 I5F, 2 Fh
AR BB T50 5 g 385 6] £ 07 e 3G OK L A IR A
PN WIETI BT Iy be T R AE T RS A b w I
TR T Rt R T A O 1) — SR . 23 1 0 A TR BT )
8 A 23k /0 B T BT 7 {E .

R3 BRKRETE DXL /kN
2 b 7= B R

i)

0.02 s 2.24s  2.76s 0.02 s 2.24s 2.76s
Al 98.2 178. 4 21.2 98.1 183.7 23.1
A2 61.9 125.4 1.3 61.7 127.7 2.1
A3 31.6 90. 0 —25.0 31.4 92. 6 —24.2
A4 —0.1 58.5 —55.9 —0.2 60. 0 —55.3
A5 —31.6 27.7 —88.3 —31.8 29.4 —87.6
A6 —61.9 1.6 —122.6 —62.1 3.9 —121.7
A7 —98.3 —18.1 —175.4 —98.5 —12.9 —173.5




http://gks.cqu.edu.cn

12 P RAEHRERKRE IR

% 33 A&

3.6 MM ADW
BELEA TC IR 1 V8 T ik 7 B RAEL EE 5 an &
8 FIE 9 Fims,

1 300f

1 200f

1 100}
1 000}
900

BETUN J3/kN

800F

700F

600

All AIZ AI3 AI4 Aiﬁ A() /I\’/
B
B8 hFEMBIRERTHEIRE AN

1400

1300

1200+

11001

000 |

kot f3 /KN

900 |

800 |

700 L

600

AL A2 A3 A4 A5 A6 A7
BES
B9 uEERTHEIHEAN

o & 8 FNEL 9 A LLF A T 4l ) 43 A R B
FARE e L R TRDATE S5 /N ) 43 A REAIE S T B W7 T AR 1Y
RS, BT HERSEN PN EE. 5
PR B AT LA T K TR 1 R R B A AE AR A
A 8 3 8 0 20 AH 55 o 5 BOAT 28 O B ) R BE R R
PRI A T 22 18 A7 T g LR

1=0.02 s WF A5 JC IR AR FH X E T4 %l 75 52 iy
RN t=2.24 s BF , A1—A3 BEFETC W IRAE R He AT
BIRAE T R F K 4. 1%, A5—AT EFE
TR AE T H AT B IRAE R B A /N 7 20/
5.1%;t=2.76 s B, A1—A3 BEYE TGP IR AE T He
HPTRAE T BN PN 50100, AS—AT BE
FETC WA T B AT IR AR T A0 R, S 2 R
4.2% . PRI R 1 R XS A T00 4l ) A R s e T
R 07 38 40 25 BEATE T00 7% 32 (1 Bl 7 305 224 38 5 A ) 7

4 #Hit

X 2 A T R AN M B2 S TR A T AT 1 3l g
BT FE » HF FO B T A G IR AR IR A B 19 1A g AR
o oy Braf R PR 1 T 1) A0 LR T 05 1] — 2L

I o AP 00V 8% L 25 R A0 B g 8 R R S UL T 57 %
SRR Y )y o A TR R R S W AR TR A B
B KA Al 5 R 2 R A A AR TOUAL i HL » i HE R
1932 3 B R AR BT I I3 25 38 RO T 2L % i HE A
V14 T 51 5 A T4l 7 73 A1 2 B H A A i O o T A B /)
B AR o TR BB R A5 A W I N I8 R TR
Mo AR X FE A

5% 3K :

C1ImZHE XA R k. miR S 6l 550 R mm

ST AR WP R %=k B AR ML, 2007,
35(9): 1163-1168.
YE AI-JUN,LIU WEI-FAN,WANG BIN-BIN. Dynamic
interaction between high-rise pile cap foundation and
bridge structure [J]. Journal of Tongji University:
Natural Science, 2007,35(9): 1163-1168.

[ 2 ] MURAT D. Integral abutment-backfill behavior on
sand soil-pushover analysis approach [J]. Journal of
Bridge Engineering,2005 ,10 (3) :354-364.

[3]JINGHAM TIM J, RODRIGUEZ SANTIAGO,
DONIKIAN ROUPEN, et al. Seismic analysis of
bridges with pile foundations [ J]. Computers and
Structures ,1999 ,72 .49.

L4 1frmess, 8%, MRS BORKA/EN T #FET 63

TR )], W TR, 2007, 25(3) :348-351.
HE XIAO-YU, LI HONG-NAN. Dynamic analysis of
offshore platform under the combined effects of the
earthquake and waves[J]. Ocean Engineering, 2007,
25(3): 348-351.

[ 5 1SUN K, NOGAMI T. Earthquake induced hydrodynamic
pressure on axisymmetric offshore structures [ ] ].
Earthquake Engng Struct Dynamics,1991,20:429-440.

[6 ]BHATTA D D , RAHMAN M. Wave loadings on a
vertical cylinder due to heave motion[ ]J]. International
Journal of Mathe-matics and Mathe-matical Sciences,
1995, 18(1):151-170.

L7 JAHR. 25 rB k- A B AF T v A 0 Sk 58 7 2 1oz [T .
WO TR ,1997, 4.30-34.

Y1 WEIL Seismic response of high-piled wharf pile
Considering the pile-soil interaction[ J]. Port Project,
1997, 4. 30-34.

[ 8 BE2R M. I 5 o R AT Sk 5 4 32 3t 78 RV YR 407 7R T 1
TR EL ] R8I 52 W, 1993, 13(1):17-23.
JIA XUE-MIN. Approximate calculation of coast piled
jetties under the earthquake and waves loading [ ]J].
Vibration, Testing and Diagnosis, 1993,13(1) :17-23.

L9 1R, ME-- b AR 4 M OFF 8O- A A B AR Ik R Y
W FR R Ay BT ). MR R, 1992, 4. 67-75.

(F#% 58 )



http://gks.cqu.edu.cn

58 X K #EH

LRENE A= 4

% 33 A&

Journal of Structural Engineering, 1988, 114(8):1804-
1825.

[ 8 ] SAATCIOGLU M, RAZVI S R. Strength and ductility
of confined concrete[ J]. ASCE Journal of Structural
Engineering, 1992,118(6):1590-1607.

[ 9 ] YALCIN C, SAATCIOGLU M. Inelastic analysis of

columns [ J]. Computers and
Structures, 2000,77:539-555.

[10] X E . =5 MATREE LM dbat. P EH )
AL 1999,

[11]PRIETLEY M J N, PARK R. Strength and ductility of

reinforced concrete

(E#% 12 70
ZHENG HAI-RONG. Seismic response analysis of Pile-
soil-structure (pier)-fluid interaction system[ J]. Bridge
Construction, 1992, 4. 67-75.

(100 REHZ, PRICTT. M. BRI Iy LR /R F T

Bt Jyma RS LT ], b e SRS B 5, 2010, 36
(6):21-25.
WU MING-JUN, CHENG WEN-YUAN, XIAO SHENG
LIAN. A study on the dynamic response of bridge piers
under the combined effect of earthquake and wave force[ J].
Sichuan Building Science, 2010,36(6) :21-25.

[11]JROLLINS K M ,GERBER T M ,LANE J D.et al. Lateral
resistance of a full-scale pile group in liquefied sand[]J].
Journal of Geotechnical and Geoenvironmental Engineering,
2005, 131 (1) :115-125.

[12] 52755 B 4E - A Ae 22 25 18 [ G I A9 ¥ V1 & 2
AR B 0y 43 B [T 0. v [ ¥ K 2% 2% 41, 2005, 35
(5):823-826.

ZHANG XUE-ZHI, HUANG WEI-PING, LI HUA-
JUN. Nonlinear dynamic analysis of offshore platform

considering fluid-structure interaction[ ]J]. Journal of

concrete bridge columns under seismic loading[ J]. ACI
Structural Journal, 1987, 84(8): 61-76.

[12] BERRY M, PARRISH M, EBERHARD M. PEER

Database
(Version 1. 0)[R]. Berkeley: University of California,
Berkeley, 2004.

(137 st AR SL AN E 2 1536, GB 500112010 #4541 & %
RS, bt b 5 ol AL, 2010.

Structural Performance User’s Manual

miE W %)

Ocean University of Qingdao, 2005,35(5) ;823-826.

C13] BHE T/NAF - BR AR 53 TR 0 0 8 AR Sk 445 K40 114 5 Wil 3
BriI]. # THAR.2010,47(3) :8-12.
HUANG JIN, YU XIAO-CUN, CHEN ZHI-YONG.
Analysis on impact of wave force to high-pile wharf
structure[ J ]. Port Engineering Technology., 2010, 47
(3):8-12.

[14] TATJANA ISAKOVIC, MATE] FISCHINGER.
Higher modes in simplied in elastic seismic analysis of
single column bent viaducts[J]. Earthquake Engineering
&. Structural Dynamics, 2006, 35: 95.

(151 MR, b 52 F1 IR AF AT 3 K A B2 0 3l 3 B2 BF 5%
(D] k¥ FHF K%, 2004:49-51.

[16] 24, WFPe TARBIR 2 (M. RKigt: RERZ R
#t. 1991, 42-48.

C17] X g B AL Jr. S5k ah i IMD. Jb st JL Dk b
Ji 4t . 2005 46-68.

(hig HRED)



