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ABSTRACT

This paper presents the development of a finite element model for simulating the behavior of suction caissons subjected to
vertical loading, and the validation of the numerical model based on centrifuge experimental results. The pullout load versus
displacement (Pu-d) curve obtained from finite element analyses (FEA), using the passive suction recorded in the centrifuge
tests, was in close agreement with that obtained using the centrifuge pullout tests. Numerical simulation of passive suction
is still a challenging problem, which is not fully solved at the present time. A new method, in which the water inside the
caisson is simulated by a very soft poro-elastic material, was used to simulate the development of passive suction. Although
the passive suction versus pullout displacement curve obtained using the FEA was slightly different from that obtained from
the centrifuge tests, the magnitude of the maximum suction was almost the same, and the pullout force with displacement
curve obtained using the FEA was in close agreement with that obtained from the centrifuge tests.

INTRODUCTION

As more exploration and development are carried out in deep
waters, floating platforms are increasingly being used for both
drilling and production. Recently, suction caissons have become
the preferred mooring system for those offshore structures, as
they have several advantages over other mooring systems. Conse-
quently, an understanding of suction caissons’ behavior is neces-
sary for both designers and operators. In the present investigation,
a series of finite element analyses (FEA) of the behavior of suc-
tion caissons under vertical pullout loads was performed using the
finite element code ABAQUS/Standard.

Suction caissons were first introduced in the 1950s. When they
were first used as foundation elements, the suction was only used
for caisson installation and not accounted for in the pullout capac-
ity. With time, it was realized that the contribution of the pas-
sive suction, generated during the caisson’s pullout, to the total
pullout capacity is significant. To date, various studies (labora-
tory tests, field tests, centrifuge tests and numerical modeling)
have been carried out to investigate the behavior of suction cais-
sons. FEA analyses simulating pullout tests have been performed
by many researchers. In these analyses, the passive suction was
simulated using different approaches (Aas and Andersen, 1992;
Deng and Carter, 2000a and b, 2002; Zdravkovic et al., 1998,
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2001). FEA analyses were also used to investigate the behavior
of suction caissons subjected to static vertical or inclined loading
(Handayanu et al., 2000; Zdravkovic et al., 1998, 2001), as well
as during installation in sand and clay deposits under undrained,
partially drained and drained conditions (Clukey and Morrison,
1993; Deng and Carter, 2000a and b, 2002). However, the numer-
ical simulation of passive suction in the FEA is still a challenging
problem that is not fully solved at the present time.

This paper presents the development of a numerical model
to investigate the behavior of suction caissons in clay using the
Abaqus software. The model was developed to simulate the condi-
tions of centrifuge tests carried out at C-CORE (Cao et al., 2001,
2002). Contact surfaces between soil and caisson wall, as well
as soil surfaces outside and inside the caisson wall, were used.
The interactions between these surfaces were validated using the
results of centrifuge tests. A soft poro-elastic material was used
to simulate the water inside the caisson top, and the development
of passive suction.

DESCRIPTION OF CENTRIFUGE TESTS

Centrifuge tests were carried out with a scale factor (model to
prototype) for linear dimensions of 1/100. The outside diameter
and wall thickness of the model caisson were 51.7 mm (2 in)
and 0.65 mm (1/40 in), respectively, yielding a D/t ratio slightly
over 79. The maximum penetration depth for all tests was about
180 mm (7 in), yielding an L/D ratio of about 3.5. Fine speswhite
kaolin clay was used to construct the testbed. A normally con-
solidated (NC) clay testbed was constructed from a slurry with
a water content of 120% and consolidated under both laboratory
(1-g) and centrifuge (100-g) conditions.




