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ABSTRACT

Knowing about the soil flow mechanisms around the foundation of the spudcan that are subjected to continuous large penetration and also
estimating the probability and severity of a sudden spudcan penetration are very important issues. In the present research, a numerical study
was carried out to investigate the bearing capacity of the spudcan foundation of the offshore jackup structure in soil, with a two-layer system
of sand on clay, using the Lagrangian-Eulerian couple method (CEL). In this research, the effect of characteristics of sand and clay layers,
including relative density (ID) and thickness of sand layer, shear strength at the boundary of two layers (suo), gradient of shear strength of clay
layer on bearing capacity and punch rupture phenomenon are studied. In this research, the Mohr-Columb model was used to model the
behavior of sandy and clay soils. The results of the research show that the parameters related to geotechnical characteristics, including the
shear strength of the clay layer, the shear resistance gradient, the relative density of the sand layer, and the thickness of the sand layer have a
direct relationship with the bearing strength of the spudcan foundation. So that with the increase of each of these characteristics, the bearing
resistance also increases. The results obtained for changing the thickness of the sand layer (6, 7 and 8 meters) show the values of 263, 307 and
346 kpa for peak of bearing capacity. Also for the shear resistance at the border of two layers 11, 15. 20 kPa values of 307, 347 and 390 kPa
have been obtained. For the values of relative density of sandy soil from 20 to 60%, the peak bearing capacity is calculated as 328, 343 and
367 kilopascals
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1.Introduction

Self-elevating offshore platforms or jack-ups are one of the most common types of offshore platforms that are built for oil and gas extraction.
According to the investigations, one third of the accidents that happened to jackups are related to their foundation, and more than 53% of the
accidents related to the jackup foundation are related to punch penetration type, which sometimes leads to the buckling of the foundations.
Nowadays, it is customary to use spudcan as the foundation of the jackup drilling platform. A rapid penetration (punch penetration rupture)
during operation, in special geotechnical conditions where a strong soil layer is placed on a weak layer, so that the spudcan foot punches a
mass of soil from the strong layer into the weak layer. it happens Hence, when a spudcan is penetrating a layered soil of sand over clay. It is
necessary to have sufficient information about the soil rupture mechanisms under the spudcan in order to predict the performance of the
spudcan. Therefore, simplified conceptual models such as the projected area method, the punch cut method, Teh model 2007, Lee model 2013,
and Hu model 2014, in order to estimate the bearing capacity of a spudcan infiltrating sand layered soil on clay, have been developed (Dier et
al. 2004, Drescher et al. 1993, Gao et al. 2012, Gerwick 1970, Hansen et al. 1970).

2.Methodology

Nowadays, numerical methods can be a good tool to estimate the bearing capacity of Spadcan foundation. However, the simulation of the deep
penetration process of a Spadcan foundation in the seabed is difficult due to the numerical convergence problem caused by 1) distortion of
meshes due to severe deformation, 2) nonlinear materials due to complex soil behavior, 3) nonlinear boundary conditions including contact
Friction requires the use of techniques that can overcome these problems. For this purpose, in this research, numerical simulation has been
performed using the coupled Eulerian-Lagrangian (CEL) method. Soil is considered as the Eulerian part and Spudken is considered as the
Lagrangian part of the CEL technique. It should be noted that several problems were analyzed by Gio et al. 2011 .in order to measure the
accuracy of the CEL method, and the results show the ability of this method to solve numerical problems involving large deformations that can
be achieved using classical finite element methods. It did not give them acceptance (Hu et al. 2014). Abaqus software was used in order to
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carry out this research. This software is a set of very capable modeling programs, based on the finite element method, capable of solving
problems from a simple linear analysis to the most complex nonlinear modeling. This software has a very wide set of elements that any type of
geometry can be modeled virtually by these elements. It also has a lot of engineering material models that can be used to model all kinds of
materials with different properties and behaviors such as metals, rubbers, polymers, composites, reinforced concrete, spring foams and also
breakable materials as well as materials in the ground such as soil and stone. Considering that Abaqus is a general and extensive modeling
tool, its use is not limited to the mechanical analysis of solids and structures (stress-displacement). By using this software, various issues such
as heat transfer, mass penetration, thermal analysis of electrical components, acoustics, soil mechanics and piezoelectricity can be studied. The
soil geometry was modeled in a three-dimensional Eulerian domain by means of linear hexahedral elements of the EC3D8R type. Each
Eulerian element has 8 nodes and it allows to have several Eulerian elements at the same time. It should be noted that until now there is no
two-dimensional element in Abaqus for the Eulerian method. Due to the geometric symmetry of the model and to reduce the calculation time,
only a quarter of the entire model was modeled in the 3D analysis. Also, a layer with a low height and empty of material is taken on top of the
sand layer so that a volume of soil around the spudcan, which flows upwards during infiltration, enters into the empty layer.

3.Results and discussion

The results of the research show that the parameters related to geotechnical characteristics, including the shear strength of the clay layer, the
shear resistance gradient, the relative density of the sand layer, and the thickness of the sand layer have a direct relationship with the bearing
strength of the Spadcan foundation. So that with the increase of each of these characteristics, the bearing resistance also increases. The
obtained results showed that by increasing the thickness (Hs) and relative density (ID) of the sand layer, the load bearing capacity of the
pispodken (g) and the volume of the transferred sandy soil mass (the height of the soil mass (hplug) and the width of the soil mass) (bplug)
increases, so that with the increase of Hs from 6 m to 8 m, the value of gpeax increases from 263 kPa to 346 kPa, the value of hplug from 6.52 m
to 8.26 m and the value of bpg from 6.6 m to 6.9 m and with The increase of ID from 20% to 60% increases the qpea value from 328 kPa to
367 kPa, the hplug value from 6.85 m to 7.14 m, and the b4 value from 5.7 m to 6 m. Also, the investigation of the effects of shear resistance
(su0) and shear resistance gradient (p) of the clay layer shows their direct relationship with the bearing capacity and the reverse relationship
with the volume of the transferred soil mass, so that with the increase of su0 from 11 kPa to 20 kPa, the value of gpeak from 307 kPa to 390
kPa, the value of hplug from 7.41 m to 7.14 m and the value of bplug from 6.9 m to 6.6 m, and with the increase of p from 1 kPa/m to 2
kPa/m, the value of gpeac from 314 kPa At 352 kPa, the value of hplug goes from 7.14 m to 6.9 m and the value of b,y goes from 6 mto 5.7 m.

4.Conclusions

The results of this research can be summarized as follows:

Parameters related to geotechnical characteristics, including shear resistance of clay layer, gradient of shear resistance, relative density of sand
layer, thickness of sand layer have a direct relationship with the load bearing strength of the foundation. So that with the increase of each of
these characteristics, the bearing resistance also increases. The severity and risk of punch breakage increases with the increase in the thickness
of the sand layer and the decrease in the shear strength of the clay layer. The soil rupture pattern under the infiltrating spudcan foundation
changes with respect to the depth, such that at surface depths, the rupture has two components, shear along the almost vertical shear plane in
the sand layer and local shear rupture in the clay layer.
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