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Temporary stability of a jacket platform during 
installation and influence of adjacent pug marks

» As part of an extensive oil field development 
in the Deep Continental Shelf, Offshore 

India, three new well platforms are to be installed 
in a water depth of about 85-90m. During the site 
survey, it was discovered that the target position 
for one of the platforms was located next to large 
pug marks, as shown on Figure 1a. These pug 
marks were formed earlier by a jack-up rig that 
had been deployed at this location. As a result, 
the soil has been remoulded by the penetration 
and extraction of 17m diameter spudcans, causing 
seabed depressions of about 30m diameter and 
2m depth that are still present.

The jacket platform is to be temporarily 
supported during installation by a 40m by 40m 
square mudmat before piles are driven. During 
installation, the mudmat will be subjected to 
combined vertical, horizontal and moment (VHM) 
loading resulting from an eccentric gravity load 
and environmental actions. Due to the presence of 
the remoulded zone and seabed depression close 
to the mudmat, the stability during installation 
would be influenced and the effect of the pug 
marks needed to be analysed.

The position of the mudmat relative to the pug 
marks is shown on Figure 1b. Only one pug 
mark would potentially affect the stability of the 
mudmat. As the problem is three-dimensional 
and cannot be properly analysed with simplified 
approaches and/or two-dimensional analysis, finite 
element analyses were undertaken using 
PLAXIS 3D.

Jacket platforms used offshore for oil extraction are generally temporarily supported by mudmats during installation. These 

platforms are not always installed on virgin seabed but are sometimes located close to features such as pug marks formed by 

previous deployments of jack-up rigs. These seabed features potentially influence the bearing capacity of the mudmats and 

need to be accounted for in the stability verification.

Jean-Christophe Ballard & Nicolas Charue, Fugro GeoConsulting, Brussels, Belgium

Figure 1a: Geophysical image of pug marks

Figure 1b: Mudmat relative
                  to pug marks
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Site Conditions
The soil conditions at the site consist of alternate 
layers of clay and sand. The top soil layer consists 
of very soft clay up to a depth of about 9 m. This 
layer is underlain by a medium dense carbonate 
sand layer from 9 to 27 m depth, Figure 2. Below 
that depth, stiff clay is present.

Due to the presence of pug marks close to 
the target position for one of the platforms, a 
geotechnical investigation was carried out to 
characterize the ground conditions in the vicinity 
of the pug marks. The purpose was to measure 
the remoulded shear strength parameters and 
map the extent of the remoulded areas. The 
site investigation programme consisted of cone 
penetration tests as well as drilling with sampling.

The data from the geotechnical investigation 
enabled three zones around the pug marks to 
be defined: a fully disturbed zone, a partially 
disturbed zone and an intact zone.  The corner 
of the mudmat is in contact with the partially 
disturbed zone of one of the pug marks, as shown 
on Figure 2. The undrained shear strength profile 
for each zone is also defined on Figure 2 (where 
z is the depth below the initial (undisturbed) 
seabed in meters). The extent of the  zones of 
soil disturbance was checked by simulating the 
penetration and extraction of the spudcans and 
good agreement was found. (These analyses are 
not presented in this article).

The sand properties were found to be of 
secondary importance as the failure mechanism 
for the mudmat develops in the top soft clay layer, 
as described below.

Stability Assessment of Jacket Mudmat
The presence of the pug mark in the vicinity of the 
jacket mudmat is expected to reduce the safety 
factor against bearing capacity failure as well 
as cause tilt during settlement of the structure 
supported by the mudmat. The purpose of the 

Figure 2: Site conditions and soft clay layer properties
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analysis was twofold: first to check the safety factor 
against bearing capacity failure allowing for the 
full 3D geometry of the problem, and second to 
assess any tilt during mudmat settlement due to 
the presence of the pug mark. The most critical 
load case was where the moment loading acts in 
the direction of the pug mark.

Problem geometry
The lateral dimensions of the 3D model are 95 
x 110 m. The model thickness is 30 m assuming 
the soil stratigraphy described before. These 
dimensions were selected such that the model 
boundaries have negligible effects on the results. 
As shown on Figure 3, a cylindrical zone of 18 m 
radius in the top clay layer is considered to be 
fully remoulded by the prior penetration of the 
spudcan at the pug mark. In this area, a seabed 
depression of 2 m is considered. A further 4 m 
wide zone with partially remoulded conditions 
is considered around the fully remoulded zone. 
The partially remoulded zone extends below the 
mudmat corner.

Load cases
Simplified VHM load cases where the moment 
and horizontal loads act along the diagonal of the 
mudmat in the direction of the pug mark were first 
analysed. VHM yield surfaces were developed 
to identify the most critical load paths and make 
sure the minimum safety factors were met for the 
different scenarios. Specific load cases were then 
verified with the same model. Eccentric vertical 
loads were used to introduce moment loads. 

Details of the finite element model
The finite element mesh is shown on Figure 4. The 
mesh comprises a number of 10-noded tetrahedral 
elements. The mesh global coarseness was first 
set to “Medium”. Then the local refinement factor 
was decreased to 0.35 in the upper clay layer 
where the failure mechanism develops. In total, the 
model comprises 70375 elements and the average 
element size is about 2 m.

Preliminary analyses were first performed for 
the base case without a pug mark and for which 
analytical solutions exist. The aim was to check for 
any effects due to mesh size on the accuracy of the 

Figure 3: PLAXIS 3D model geometry

solution. A compromise was found between the 
accuracy of the solution and computational time. It 
was estimated that the over-estimation of the true 
solution due to discretization errors was maximum 
5% for the selected mesh, which was judged to be 
reasonable.       

The soil was modelled as an isotropic elasto-
perfectly plastic continuum, with failure described 
by the Mohr-Coulomb yield criterion. The clay 
layers are assumed to behave “undrained” and 
are characterized by a cohesion equal to the 
undrained shear strength su with   u=0. The elastic 
behaviour was defined by a Poisson’s ratio   =0.49, 
and a constant ratio of Young’s modulus to 
undrained shear strength E/su. The sand layer is 
assumed to behave “drained” and is characterized 
by effective stress shear strength parameters c’ 
and    ’.

The strength of the mudmat/clay interface was 
modelled using an interface factor a, where the 

Table 1: Selected parameters for 3D FE analyses

Soil Type CLAYIntact CLAYRemoulded CLAYPartially 
Remoulded SAND

Submerged unit weight 
   ' [kN/m³] 5 4 5 9.5

Young’s modulus at mudline
E [kPa] 2400 0 1200 10000

Poisson’s ration
   [-] 0.49 0.49 0.49 0.2

Undrained shear strength at mudline
su [kPa] 4 0 2 -

Cohesion
c’ [kPa] - - - 0.1

Angle of friction
  ’ [°] - - - 30

Angle of dilation
   [°] 0 0 0 0

Rate of increase of E with depth
Einc [kPa/m] 397 397 397 0

Rate of increase of su with depth
su,inc [kPa/m] 0.667 0.667 0.667 -

Interface factor 
 [-] 0.5 - 0.5 -

maximum shear stress at the interface   max=   su. 
The “rough” and “smooth extremes of interface 
strength correspond to    =1 and    =0 respectively. 
An intermediate roughness was assumed with 
   =0.5, which is a typical assumption for steel/soft 
clay interface. A no-tension condition allowing 
separation of the mudmat from the seabed was 
permitted at the mudmat/clay interface.  

The jacket mudmat is modelled as a 40m by 40m 
rigid plain square plate. The seabed is assumed to 
be perfectly flat below the mudmat.

Design parameters
The selected parameters for the 3D FE analyses 
are summarized in Table 2. The elastic behaviour 
of the clay layers was defined by a ratio of Young’s 
modulus to undrained shear strength E/su = 600. 
This is a typical value for clays with a Plasticity 
Index around 30%. The selected parameters for 
the sand layer are also presented.

Figure 4: PLAXIS 3D mesh
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Figure 7: Typical failure mechanism
                (total displacements at failure) 

Figure 5: VM envelopes with H constant and with/without pug mark

Figure 6: Load-tilt curve with H constant with/without pug mark, for design vertical load

Figure 4: PLAXIS 3D mesh

Results
The obtained VM yield surfaces for different 
scenarios are shown on Figure 5. These results 
show how the presence of the pug mark and a 
horizontal force degrades the VM capacity of 
the mudmat. This reduction can potentially lead 
to safety factors against bearing capacity failure 
that become unacceptable. Note that for small 
vertical loads, the moment resistance decreases. 
This is because of the no tension assumption at 
the mudmat/clay interface. In reality, for rapid 
loading and if the the mudmat is not perforated, 
some tension may develop at the interface and 
yield higher moment capacity. The no tension 
assumption is therefore a cautious approach in 
this case.
 
Safety factors have to be applied to the ultimate 
yield surfaces to obtain the allowable surfaces. 
Then, it must be verified that the design load cases 
are within the allowable surfaces. This guarantees 
that the safety factor is met for every load path. 
Safety factors in the range 1.5 to 2.0 are generally 
used depending on the nature of the loading 
(i.e. short-term or permanent). The allowable 
yield surface can either be obtained by dividing 
the ultimate values by the appropriate safety 
factor or by using directly reduced undrained 
shear strength values in the analyses. The two 
approaches give the same result in this case.   

The presence of the pug mark and the applied 
horizontal force also has an impact on the induced 
tilt, as shown on Figure 6. The induced tilt in 
degrees along the diagonal in the direction of the 
pug mark is plotted versus the applied moment 
for the cases with / without pug mark and with / 
without horizontal force.
  
As an example, a typical failure mechanism is 
illustrated on Figure 7 when the moment loads are 
acting along the mudmat diagonal in the direction 
of the pug mark.

Conclusions
A shallow foundation subjected to a combined 
VHM loading and located next to a pug mark is 
a 3D problem for which simplified approaches 
for analysis do not exist. This type of problem 
needs to be analysed by means of 3D FE analyses. 
The software package PLAXIS 3D has been used 
successfully on this project. The analysis allowed 
confidence to be established for the selected 
location of the mudmat with respect to the pug 
mark.  In contrast, a simplified 2D analysis would 
suggest that the proximity of the mud mat to the 
pug mark was unacceptable.


