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Development of pile-soil interaction test system
for jacket platform and its application
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Abstract: Jacket platform suffers the wind, waves, earthquake and other lateral loads; while the stability of platform has strict
requirements for pile foundations. Therefore, studies of the behavior and deformation mechanism of pile foundation under lateral
loads are of great significance. A new test system has been developed to simulate the response of pile foundations subjected to lateral
loads. The system consists of a jacket platform test model subsystem, an electric servo loading subsystem, a sensor and data
acquisition subsystem, and a vibration test subsystem. It can be used to study the deformation mechanism of pile foundations, the
response of soil around pile foundations and the vibration characteristics of jacket platform subjected to lateral impact, static and
cyclic loads. The test results show that the system can simulate pile-soil interaction and vibration characteristics of jacket platform
effectively.
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Fig.1 The pile-soil test system of jacket platform
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Table 1 Dimensions and key physical parameters of model
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Table 2 Parameters of sand
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Table 3 Parameters of clay
TOKFEw GRELy W we B we BB ¢ WEE Mo
/%  /Nm) /% /%  /kPa /()
279 18.0 51 27 11.6 17.3

£50

0.0217

2.2 HBfEARINERS
BT O FE AP A ER, B
KA RSN G A I RS, % RS Ak
HLBhEL . KB S HIR AL, B EI Y S
) WEC160, 47F£4 0.35 m, Al 13.3 kw [ K
FIAZ AR L, REd (i KHESI A 50 kN, 5
KIEEH 0.2 m/s, FERESEIL 0~5 Hz HITEH &L
51 R geik ] Parker IK a5l 45 (1458 C3S300V4
F12111T40MO00), i AR A% Rl )4k [ e % ST IAT

MRz, e dEa BB TR T AR RS
(AR, A2 A RE R T SR e o AT 2
BT AT, [N 25 B KA 30 HAR-F- 5 11
EERW, R 1Z20-2MUQ - & HER ) &5l
132U vk oy IR i et s R, KT R
2etnlEl 6 fro, RSB TAE 2F- B AR VKA BT 1
B = TRV ELA ] S RS N

B4 fARFESIE

Fig.4 Servo electric cylinder

B s KshiEtiles

Fig.5 Drive controller

140
120
100
80
60
40
20

VKA 3/ kKN

-20 . .
0 10 20 30 40

I/ s

B6 st J220-2MUQ FERFG UK FE ML
Fig.6 Ice load recorded by the load panels

on JZ20-2 MUQ platform

23 FRRBSHEERERR

A E R e e W e e A (S D)
RN R B d s ALK AR
a7 RS NS R s AR, AR
BISJAE 15 AHPHN AR AT s 2R (1



ERVE PENIE: AP G - AR TR R R e A ] 3837

BEG SR, HERIAT R IR KRB, H R AIbE
A PN B A 2 1 7155 LA D B B0 A= 1 TR AH B AR
(52 o TP AT N A A 6 I AR B
T M E A FRFE AR p-y Mgk, DA 2R
JESIZ AP 725 AR e 2 it 1O, g e
T SRR G LY p, WEFEHET KRS
KAFHEG A, BT = A AR R
PUIIA O (1) 25 RIS A A B o FEATE THUAS, A
SRR AT S BE G SRR UK, S ARk
WIE, WSS R GUm W S A B R &
(07 AL S & L5 . s R LAk RRLE
(7= R AR AR A E R, RIBEEBE S AR
MR, LA LR E S T, SECEARN
SORE PG, PR SS RN, AIRE RS
HE B HT 5 23 A B T AR LB e v, DA R
R AR LR H T AR A o T A B AR AL BRK
FETE A SR I S G AR IS, BT
INETT P, A 1@ PR. LA RS
it TST5915 30815 5 RESCGHAT REE, %X
e F AT (KPR 0, MK, $u
T-Huhe Jroik, Beie SLHLIT A il A EdE ) AR il ok,
W 8 R o ik o A A A T RS AT I b
SIS (R MR U ARIE

B7 NEREREENEHRE

Fig.7 Strain gauges and earth pressure cell layout

K 8 TST RIFNFLESHKEX

Fig.8 TST series of dynamic signal collection device

24 #WINWRRL

PSR R GG N RS . 55
JBORZS B AR A RS TR AL,
B =AM AR N ST & R B R, ST
FUARBEAT A P AL~ S5 ) ) (0 AH B A A 2
T, ARG TE 0 BB AE AN [ 55 AOTR A T 4
BERL RSN, SR FERESE R (R e T 1 & P
SRR REM o ZR G0 P 8 FHRE 10 10 skt P £ S
GG AR ML, 2R, Al B R
Wl s e B AE MR PER T, B 9(a) Ay 3L (E G 48T
AL (P INTH FE AL I o« B RN AT IR A Ay 22
1 CRAS RYNEE BT RS, WK 9(b) iR,

(b) IBREE ARG W Af

B9 waRES
Fig.9 Vibration test system

3 I RGN H]

3.1 REHMMERRR

IR A SCHTIR RIS R4 O sh 5e ik T xS 48
B (R ) RGN Z ARG, AR SO XA 45 Lt
A7 17 B LSS AIE TR 6 2R G104 Rk MK 3 R
FERT A MRS . B IR S AT
AT, Wikl 10 PR, o gk &gk ik
M55 100 N, $5% 2 0.1 Hz [IEH 3k, %,
T B P (BRI R I LU AR e, IR R 2 L 0,
ARSCPTIRIRES RGNS, R T
Y BRI A B0 1) K



3838 Z- R S - 2012 4
150 ARE), WO s ) & A T s sE
100 ARG 3 s e AR R BB PE PR o, i A R 25K

z 50
g 0 100
-1% =50 80
100 = o |
-150 -Q;i
0 20 40 60 80 100 120 140 160 2 40 —— z=0.6m
I £ /s * 20
B 10 AKCTAESR ISR Lk . , , ,
Fig.10 Curves of horizontal cyclic loading test 0 | 2 3
fi# F /KN

32 WBZEIMTER
WRIGAEI TS AR5 1 Ty o3 A B, B SR
AL (S R IL

2El¢

M= (6)

b MBS E N PEYT G s kA
s 1 OB RIS s & Ay SR AT £ N AR 5
d AtEtE.

K11 S AN R RS A 8 (0 B 2 A
thihek, HETLUEH, BEFE g g, b
T N R A N N S DS AN
Wy R, A SR 2 m FREF| 2.5 mAb, EIS
P BRI SZ B KA 2T, VRJE I AR T
FEAR, oIR8 B PEREIR, 328 i bk S B8 AN T 1) R
AbR R, 3 AR A AN T2 SR 1R KT 17 55
B RAE ARG

1.5
1.0
0.5
0.0

2555 M/ (kN - m)
S

. —a— 6 mm —a— 8§ mm
-1.0 —— |0mm —e— 12 mm
—— 14 mm
-1.5
-2.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0

KE z/m

B SRR

Fig.11 Curves of bending moment of the pile

3.3 HERAARMINY AT 45 R

P12 526 K 0.6 m AR 4 s 0 G Sl - 9T
TIARAEE, ATLAE Y, BEAE AR 8 m, B
J L AR 52 B (K ) 5 B3 20 A8 Y AR IR 7K
YU, BN, AR AT AR B L
UGN W, B A 38R, Al s IR
A, LU IR DN, A ) AR A R

B12 Ty

Fig.12 Curves of soil pressure

(BT (A E I NP1 9 o5 e e v CEZN VAR (B
AL, TR AN A = Al FLBR K s g, B 13
AVE T 0.2 m AR TR ALK s oF A5 FR O P 20
BEFA AR SLBSUK B D A A i 2, ATLUE Y, BlE
AT BRI, AR R A T R R L AN
TR LB s PR 58 ARORS 1t e - A4 258 i J82 A o
S, JUHGERD L, R LR K S ) BB
Sy 1 AR BAL DT o AR S il 1) 22 4 1 ke

S

FUBRKIE 7 u/kPa
(=)

_15 1 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140 160

I/ s
B 13 EFLRRKE R LR

Fig.13 Curves of excess pore pressures

34 SEEEBEESSITER

ARG A Ik W AR BEAE AN [F) 95 AR S A 4
IR N, KA AT SR ) AR E X S k3
FEPERIRZM, B 14 2 T ARSRE AT AR (1) 06 54 48
B — s MRl — B B, i 25 i e 2R A
# 4 7.613 Hz, —BHHEBEISNA K 9.516 Hz. il
I abaqus 7 PR G I — B s i3 4 9.012 Hz,
— W F AL B R AR Ky 12.912 Hz, 1A B IciHr%
F 6 REREARAL R e, 3X T B 5K i 4 AU AR
H—E 25, IAREE N = TS 4 2R, B DA
BN RS e e RS B PR SRR



512 3 PEWISE: S YCF S HE- A AR AT R ST R & N H 3839

(a) —Bras e

B 14 SPERBEAER
Fig.14 Mode of jacket platform model

(a) B

4 4w

(1) 3&F Buckingham e #4237 (1N 15U AH
A, KT O3 B it Sl B Y (R AR G &R,
AN F N T 5 o v S EIOG) ) ok R 1 T A
P, DI EE AN K.

(2) WHR A 8/E N S R & -+
MEAEHRE RS, SIF PR R SEBR & K H)
B0 38 B8V 6 - L AH BAE T 204, Reie A
BE TR (AT T AAT 2 IR TR A R DK fr 28 B A 48
VB IR A SR

ORI RGER A BB ELVE D IR 4,
PC AR e il o, A B8ORS B i s ARUE MEAT
REAE UERFRALL AN R AT R B R PR B A 2. 1K
SR FBEL YA RIS % A SR S it ) A8 T
PE, (RIS Ay Tk G0 25 RE EAT — Ay SRAS P I
WA, RV IE S A B L s ) B v R
FEMEIERI A U)o Bt 3R FLBK Hs 11
SRV PRSI AR M R, MO R4
TEREJE FIAS FYR AT E T 2 ALK, fg
i SIZIST W I B0 rar 2B B ] L AR L BRZK s IR AR A
B, OB PR SR A R .
g8, R el KATEAE- P RIE . L5 K&
FUBRAK 7 (ARG DL o

(4) WHEFAE R AP RSN RS, 6
SRR B A B R S A8 6 RS N,
XA FCEREE Ar B FH R Bk - b2 ) (R A BAE A

(5) W Rg A5 RARW], WK S8 LT bE-
TAHEAE RS R AR LS PR far g, RIS
REMS HERAIN E Sy 80 N BERRAR TR . AR S
AAmE N S5 IR BRE, 1Z0aR5 ZR GE AT I BIT

FUABEATECT S SO 6 IOBEREREE M RAT B2
SC AR BIC A SO 6 10 2 A PG S It KA .

2 % 3 M

(11 Edt, BFEE, KRIEF, % S0P

py W E BTN BT[] A+ TR R, 2008,
30(3): 309—315.
WANG lJian-hua, QI Chun-xiang, YU Zheng-chun, et al.
p-y curves and lateral resistances of piles in saturated
degradation sand[J]. Chinese Journal of Geotechnical
Engineering, 2008, 30(3): 309—315.

[2] American Petroleum Institute. Recommended practice for
planning, designing and constructing fixed offshore
platforms, RP2A-WSD[S]. Dallas: API, 2000.

[3] MATLOCK H. Correlations for design of laterally loaded
piles in soft clay[C]//Proceedings of 2nd Offshore
Technology Conference. Houston: [s. n.], 1970.

[4] REESE LC, COX W R, KOOP F D. Analysis of laterally
loaded pile in sand[C]//Proceedings of 6th Offshore
Technology Conference. Houston: [s. n.], 1974.

[5] EL NAGGAR M H, BENTLEY K J. Dynamic analysis
for laterally loaded piles and dynamic p-y curves[J].
Canadian Geotechnical Journal, 2000, 37(6): 1166—
1183.

[6] MOSTAFA Y E, EL NAGGAR M H. Response of fixed
offshore platforms to wave and current loading including
soil ——structure interaction[J]. Soil Dynamics and
Earthquake Engineering, 2004, 24(4): 357—368.

[71 JEANJEAN P. Re-Assessment of p-y Curves for soft
clays from centrifuge testing and finite element
modeling[C]//Proceedings of 41st Offshore Technology
Conference. Houston: [s. n.], 2009.

[8] CHANDRASEKARAN S S, BOOMINATHAN A,
DODAGOUDAR G R. Experimental investigations on
the behaviour of pile groups in clay under lateral cyclic
loading[J]. Geotechnical and Geological Engineering,
2010, 28(5): 603 —617.

[9] DOYLE E H, DEAN E R T, SHARMA J S, et al.
Centrifuge model tests on anchor piles for tension leg
platforms[C]//Proceedings of 36th Offshore Technology
Conference. Houston: [s. n.], 2004.

[10] Ed, AR, AR ESHHE 8 e 2K
PBRPTITIERIT[I]. ALK Z24 ], 2008, 41(4): 454—
460.

WANG Jian-hua, QI Chun-xiang. Ultimate lateral



3840 b + 0 2 2012 4F

(11]

[12]

resistances of degradation stratum determined based on liquefaction [J]. Chinese Journal of Rock Mechanics
soil strength parameter[J]. Journal of Tianjin University, and Engineering, 2004, 23(3): 450—456.

2008, 41(4): 454—460. (13] Ye#end, JAmite, 45ght. B OB I AN 5y
IRUK, RIS, FE. 203 R LA 24N 2k Mr[I1. J12%Z50, 2004, 25(2): 291—296.

T 25 AT, 75 2 012, 2011, 32(4): 1596 — YAO Yan-ming, ZHOU Shun-hua, LI Yao-chen.
1600. Boundary effect analysis of centrifuge test[J]. Chinese
RONG Bing, ZHANG Ga, WANG Fu-giang. Com- Quarterly of Mechanics, 2004, 25(2): 291—296.
plicated loading device for pile foundation of wind-driven [14] FEMFAL. W LR E TS AR S @IEES]. Jbat:
generator in centrifugal field[J]. Rock and Soil N RASTH H it 1992.

Mechanics, 2011, 32(4): 1596 — 1600. [15] AT, 5T B35 52560 (9 45 1 B LK A 293 BT D).
wRH, TR, T -t AR A s A KIE: KHEEFLT K, 2006.
HARMIRE) SR AR BRI, A s [16] EWE, ERIK. Bt py IERREHITI]. &1,
THEEAHR, 2004, 23(3): 450 —456. 2009, 30(5): 1343 —1346.

LING Xian-chang, WANG Chen, WANG Cheng. Scale WANG Teng, WANG Tian-lin. Experimental research on
modeling method of shaking table test of dynamic silt p-y curves[J]. Rock and Seil Mechanics, 2009, 30(5):
interaction of pile-soil-bridge structure ground of soil 1343 —1346.

Ft+—EEEHEIEFEARSN (—S@EH E30
20134 10 A 16 H—18 H 1L.7% HX¢

EV 8 H1A

T AR TR s 2 Bt R TRy B SR 2 R 2R A

Hh | TR A AR AL Db MRS Lo b 2 B 2

TL0E BAR TR 2

AT HAL

TN R; AR MAT IR A F] s WL TR

SN EM

Be S RIOHE I R TREBOV U S e MR TR S Rl Bk, BeMR Bk TR P IOBEREEOR Fpika

b BERE TR TR AR M S ARSI B KU DAY R TR BORARMEAT % )

WIHEAEK
L RSCTHC AR 6000 7 CRFERAZD . WA EIE, B ChHIResR) 2013 4EHIH LR ER, K

R w4 Ch b TR AR MR

2. PPN T ENRRAN— U SO, RSO A AV E A RN IR IE . R4 ICR FRAE & Email Hudik
EEAH
2013 4E 5 H 15 Hil #2308 304 30 (LIS R A k)
2013 4 5 H 31 HAY EES &A%
2013 4F 6 H 15 AT $8#4585 1w
2013 4£ 10 H 16-18 H & HTT
BRI
T SCHBER AR DR BT &R
T EEFRPEF R BT K
EEFaip ey b -+ — e E L TRERESW” FFD
Hihk: LIR30 5 Mig: 100013
B Z T 010-64517585
fEE: 010-84283086
HL T4 lidazhan22@]163.com



