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Numerical analysis of ultimate uplift bearing capacity
behavior of suction caisson foundations
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Abstract: As a new type of deep-water offshore foundations, suction caisson foundation is widely used to fix offshore structure or
facilities. Under such a circumstance, suction caisson foundations are frequently subjected to pullout forces. Therefore the ultimate
bearing capacity and performance of such foundations under combined application of both vertical and horizontal components of
pullout are one of the key issues in the design and construction of offshore structures and facilities. However, the performance of such
foundations has been not well understood; and current methods of evaluation and design cannot meet the increasing requirement of
engineering practice. Therefore a numerical procedure based on FEM for evaluating the uplift bearing capacity behavior of suction
caisson foundation is developed. On the basis of the multi-purpose finite element analysis software ABAQUS, step-by-step loading
procedure is numerically implemented to simulate the progressive deformation process and failure mechanism. During the pullout of
caisson foundation, the normal consolidated clay is under fully undrained state. The general shear failure of caisson foundation is
characterized by an ultimate collapse pattern due to bearing capacity which is opposite to traditional failure mode of foundation
subjected to vertical compressive load. It is assumed that the soils surrounding the caisson foundations are in undrained condition
during pullout and their original strength is fully mobilized. Then comparative numerical computations are performed for different
aspect ratios of caisson foundation to determine the ultimate bearing capacity of caisson foundations under single action of vertical
pullout or horizontal pullout. The authors’ numerical results are compared with the solutions obtained by current theoretical or
numerical analyses. It indicates that the uplift ultimate bearing capacity by finite element numerical method is accordance with by
theoretical method, and the horizontal ultimate bearing capacity has small variant.

Key words: suction caisson foundation; finite element analysis; ultimate uplift bearing capacity; pullout load; bearing capacity theory

Wk HH: 2007-01-25

HETH: EEARBEAIEERIIIE (No. 50639010; No. 50579006); [E K A SAEl =R & F R &7 B H (No. 50309001); L # & 40075
NA R FRH RIS 4 % Wh It H (e 0199812 5).

A Ei&s, L, 1980 44, E0A:, FEMNFIGE )2 Be 555 T AT TAFE . E-mail: dlutwzhy@163.com

WA N A9%H, B, 1962 454, Wit, #%, WLASIN, FEMNFE LA, WL R SRR, & L ah it
LH A T 08 S5 R T . E-mail: mtluan@dlut.edu.cn



1546 b +

b 2008 4

1 51 5

EAREER, BRI BT A 5 25 ) )
MM H sk e, WFFEN et 7 QTR R Al A
B ek S e o, R TR A 2N
Mo RN . e 70 A 5 B v 5
PRS- BE I i R i Ak R A R 284
St A R TARPERERT IS T — e idthe, H
X AU TR LRI AR A5 INAA A T R AR B AR
T3 REEHUTIRN A r A R 30 0 R0 AR A5 21
AR RIAIR, Sz R i g — 17 A 2
WA, iR H i i) TR SRR
L

W g A it JEC A O+ i AT ) 5
i Pl i i P A (R E P (= R = I
VER R OREERL YRR, R, MR
AL TR s, FERTN AR ) ZEAE T Hs
J21E T AEANG S P = Y 121 o /SR S N O P
APCHELA R AR FEX AR S L. 5P
ity ZR I, A FEE A AL A A R R AR
Mg, PRI, W) GO AT A R AE AT
W YRR AN SR, ) LT R 18 AT
Ty BAEE, RABRE R, i Tk w]
SAE .

W PR P R, T EARR
Ko WBAERFIE AL, KR T LAl B
BRARE ST, DALk, W R R ATl 3 A il
BEREAS BATROR I ZE 57, AR B AR R
AAREE . T QYR 2 T R IAGOKEE
ik RO, Pk, AR RS R P A R
PWAER, Mudzk kR TR B S, HEfEIL
HATBRKIK 0. DL, AE/KT5 B i
BN, R IH E PORE A T
VEIRS VT P OCHE ) L. RIS, A BR T UUARSE
AHCAREL 2 Ah,  Indcdie . Rk BV 5 1) &
SO R AN - R T BY 06 38 A DA RN P OR BRI TR
B AR BAT EL B, EOh TSI P RERk )
ARBHUH S I A bl FIEAR RN 22, 1K
AR FE YU RERE KA LE RS BT, X e fr)
KRR AT B 1A I R DO R Rk AR 7
BEAT TS

2 BTk

FEANTR] PR TN 2803 A MUAS [ (R HE K 5 A 4K
HFLBRA s DT FSORE BEAN AL, AT S 30 [ (R A

FEREBIARE . e HK S S aHIK S5 A HE
KA, DURIERE AT RE A AR 3 PRI, a7
Jior P E 1 PR, EEEEE R

(D) YA 218k i, AR T5¢
AHEACIRES , YR N A LB R K 78 73V 150
AN s, it e, L2ERAEDURAN. Kk, ¥t
FAEREPUIR BE AR, B T AT A R
5 Ak (A R EE R ) FNEERE ) B . ZEANHEAK S
T, SERR R R U A SRR 1 P AN RE B
FEAE RSB IR, 201 Hrin ¥ 1) s

(2) HPUHSERE PR H R e, - Ak4b
THEBHECIRAS DO P28 1) 4R A2 88 A Al Y
M AR - 28 S 3ER—E 4k . Rk, DUARSEA
HIPTHR T B e T2 ) SR BTy JEA B B

el

F. | Fi F, F.

v

() FEAHEAR A

/ W

Wit W

TIYTITYeYy

(b) o HEARSAF

/"

+ .
F. e \a

NN Sy

Ry
(©) SEAAHAK A
B 1 WA RGAHEREMEZ SRR E

Fig.1 Schematic view of suction caisson foundation forced
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