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ABSTRACT
Two GBS platforms are to be installed outside Sakhalin island, eastern coast of Russia. The soil conditions consist of layers of me-
dium dense to dense sand with varying silt and clay content at one location and of a sand layer resting on overconsolidated clay at the
second location. The paper presents the method of solution and the results of transient pore pressure analyses due to cyclic loading
from wave action.

RÉSUMÉ
Deux plate-formes sera installeés en dehors de l’ille Sakhalin, sur la côte orientalle de la  Russie. La stratigraphie du fond de la mer
est characteriseé, a une des locations, par la presence des couches de sable dense avec des contenus variables de silt at d’argile. A
l’autre location, les couches de sable appuyent sur argile surconsolideé. L’article presentes une méthode d’analyse transiente de la va-
riation de la pression interstitielle sous la fondation de plate-forme soumise aux chargements cycliques des vagues. Les resultates
permetent  une evaluation de l’éfficacité des filtres drenantes sur la capacité portante de la fondation de plate-forme.

1 INTRODUCTION

MULTICONSULT AS has been engaged by AkerKværner to 
consider the geotechnical stability of two concrete platforms to 
be installed outside the Sakhalin island. The Operator of the
field is SEIC (Sakhalin Energy Investment Company Limited).

shows the different locations off the Sakhalin island. Figure 1-1

Figure 1-1:  Situation map of the Sakhalin field.
Up north is the Piltun Astokhskoye (PA) oil field. A concrete

platform (PA-B) is to be installed. Further south, the Lunskoye
(LUN) field is situated. At this field the other concrete platform 
LUN-A will be installed. This is mainly a gas and condensate
field which together with the PA-field is connceted to a pipeline
directed towards an onshore oil- and gas terminal at the Sakha-
lin island. The water depth at the LUN-A location is approxima-
tely 48 m, and the seabed inclination 3/1000.  This paper inclu-
des geotechnical evaluations regarding pore-pressure
development from wave loading, and dissipation of excess pore

pressure through a bottom slab drainage system on the LUN-A 
platform.

The soil conditions at the LUN-A field consists of an ap-
proximately 1 m thick loose to medium dense sand layer overly-
ing overconsolidated clay. The concept solution from the feed
phase consisted of a bottom plate with 2 m deep steel skirt in
order to transfer the loads to the overconsolidated clay. The
skirts were placed in a dense grid in order to ensure a proper
transfer of the horizontal loads. The skirts were included as pore
pressure development from cyclic loading in the sand layer was
considered to be a problem. During the preliminary stages of the
detail design it became obvious that the skirts lead to numerous
practical and economical challenges, and other solutions were
considered. The final foundation design includes a bottom slab
rib system and a soil drainage system that will ensure pore pres-
sure dissipation in the sand layer during cyclic loading. This pa-
per includes the documentation of the pore pressure behaviour
from storm loading.

LUN-A

PA-B

2 SOIL CONDITIONS AND MATERIAL PARAMETERS 

To perform a geotechnical evaluation of the LUN-A platform
several field and laboratory tests were carried out at the Lun-
skoye field. The field test were performed by FUGRO (ref. /1/)
during the period of july-september 2001. In addition to CPT
measurements they included sampling from selected boreholes.
No dense impenetrable layers or large rockblocks were obser-
ved during drilling. Advanced laboratory investigations were 
carried out by NGI (ref. /2/). They mainly included cyclic and
static shear tests. Selected soil parameters are taken from the
ARUP design basis (ref. /3/).

The soil beneath the bottom slab consists of 1m loose to me-
dium dense sand above medium to heavily overconsolidated
clay. In the clay, silt- and sand layers of varying thickness are
found.

An overall view of the soil layering is given in Table 2-1.
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Table 2-1: Layering beneath the LUN-A platform

3 LOADS AND GEOMETRY

The water depth at the Lun-A platform site is 48 m. A general
view of the concrete structure is given in .Figure 3-1

Figure 3-1:  Concrete structurecture
  
The foundation consists of two parallel plates each of width

35.5m and length 88m. In between are 3 longitudinal ribs of
width 1m in the lower contact area increasing, to 3m at bottom
slab level. The height of each rib is 25 cm. The bottom founda-
tion is 13.5m high and connected to the topside by 4 shafts.

The foundation consists of two parallel plates each of width
35.5m and length 88m. In between are 3 longitudinal ribs of
width 1m in the lower contact area increasing, to 3m at bottom
slab level. The height of each rib is 25 cm. The bottom founda-
tion is 13.5m high and connected to the topside by 4 shafts.

  

  
Figure 3-2:  Bottom slabFigure 3-2:  Bottom slab

  
The structure is intended installed summer 2005, and will be

standing without topside during the first winter. Critical load
conditions for pore pressure development and foundation capac-
ity will be minimum submerged weight without topside com-

bined with the wave load for 10-years return period. After the
topside is applied, the design will be based on 100-year return
period. This will, however, not be governing for the geotechni-
cal design, as the shear stress level reduces for this situation.

The structure is intended installed summer 2005, and will be
standing without topside during the first winter. Critical load
conditions for pore pressure development and foundation capac-
ity will be minimum submerged weight without topside com-

bined with the wave load for 10-years return period. After the
topside is applied, the design will be based on 100-year return
period. This will, however, not be governing for the geotechni-
cal design, as the shear stress level reduces for this situation.Layer Thickness Material

1 1 m Loose to medium dense sand 
2a/2b 7 m OC-clay
3-5 4 m Clay and silty sand 
6 21 m OC-clay

A summary of design loads are given in Table 3-1 and Table
3-2:

A summary of design loads are given in Table 3-1 and Table
3-2:
  

  
Table 3-1: Submerged weight of GBS and topside, LUN-ATable 3-1: Submerged weight of GBS and topside, LUN-A

Max. (MN)Max. (MN)
  

Min. (MN) Min. (MN) 

GBS operation 883 681
Topside 276 171
Total 1159 852

Table 3-2: Environmental load for LUN-A
Horizontal

load
(MN)

Moment

(MNm)
Wave load, 10 yrs, 90 degrees 153 1754
Wave load, 10 yrs, 180 degrees 132 3866

Wave load, 100 yrs 213 5906

Based on the given loads, the shear stress ratio used for the
situation during the first winter with no topside is τ/σa' = H/W' =
153 MN/ 681 MN = 0.22.

4 METHOD OF SOLUTION FOR TRANSIENT PORE 
PRESSURE ANALYSIS

The cyclic loads on a platform induce pore pressures in the soil
mass, which, under complete undrained conditions, represent
the cyclic excitation pore pressure. It is assumed that the cyclic
frequencies are low enough for inertia effects to be neglected.
Depending on soil permeability, drainage conditions, dimen-
sions of the problem and the excitation period, partial drainage
of the cyclic pore pressure may occur.

The differential equation describing the cyclic pore pressure
variation in time:
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where u is the pore pressure at time t and co-ordinates x and z in
the soil mass and uo is the excitation pore pressure. The equa-
tion (1) is solved numerically for pore pressures at element cen-
tres and the pore pressures are computed for each element and
time interval taking into account the partial drainage. A finite
difference program, CYCPOR2 (ref. /4/), is developed to calcu-
late transient pore pressures due to wave action 

The variation of excitation pore pressure with time can be
“periodical” or “aperiodical”. In the case of periodical exci-
tation pore pressure, the variation within one period of time
is repeated during the next period as illustrated in 

Figure 4-1 (harmonic variation) and in (non-
harmonic). In the case of aperiodical excitation pore pressure
the variation does not repeat itself in time.

Figure 4-2

The excitations at each element centre and for each time, t,
uo(x,z,t) are calculated by either multiplying the amplitudes
with sinus of time for regular (harmonic) cyclic loading:

)sin(),(),,( max, tzxutzxu oo ⋅⋅= ω
 (2) 
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The program CYCPOR2 can model a variety of boundary
conditions for water flow, such as drainage boundary
conditions, impermeable boundary, or specified pore pressure 
conditions. The program can also perform steady state water
flow analysis.
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In the case of transient pore pressure analysis, the input data
consist of excitation pore pressures; total maximum principal
stresses and total octahedral stresses in each element together
with soil properties (consolidation coefficients in horizontal and
vertical directions) and boundary conditions.

For steady state problem, the input data consist of specified
pore pressures at the boundaries, soil properties and boundary
conditions.

A Visual Basic post-processing program is also developed to
help graphical display of the results.

Figure 4-1:  Periodic excitation pore pressure ratio vs. time (har-
monic excitation)

Figure 4-1

5 RESULTS OF ANALYSES, LUN-A 

5.1 General
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The LUN-A foundation base is equipped with a drainage system
that is designed to evacuate cyclic pore pressure that will de-
velop during wave loading.  The pore pressure build up is estab-
lished for each "wave package", i.e. number of waves with a
certain load level, and dissipation is calculated for the critical
point of time during this part of the storm. This will be a con-
servative approach, as by applying the whole time span, the dis-
sipation will increase, and thus give reduced pore pressure, and
higher soil strength. The same procedure is then applied for a
higher load level, starting at the pore pressure found from the
previous stage.

5.2 Soil Parameters in sand layer

In the upper sand layer both triaxial- and direct shear tests
(DSS) were performed. The DSS tests were used for the cyclic
pore pressure calculations.

Figure 4-2:  Periodic excitation pore pressure ratio vs. time (non-
harmonic excitation).

Figure 4-2

The measured permeability was unormal low in the upper
layer. Hazens's formula was used to obtain a more realistic va-
lue:where:

uo,max(x,z) - excitation amplitude at element centre having
the coordinates x and z 

 k=100d10
4 [cm/s] , d10=0.02-0.1 mm 

� - the angular cyclic frequency ( � = 2*�/Tp ) Permeability tests permformed at NGI showed a value larger
than 1·10-3 cm/s, which verifies the Hazen's results.The correc-
ted permeability equal to 6·10-3 cm/s was used for the sand lay-
er.

Tp - the period of cyclic loading (
)

or by interpolating between given values of excitation at given
times for irregular cyclic loading ( ):

The soil parameters used in the pore pressure evaluation are
given in Table 2-1:

i=1, ndat (3))(),(),,( max, iszxutzxu oio ⋅= Table 5-1:  Soil parameters for CYCPOR2 calculations for the top sand 
layer.

Parameter Value
Consolidation coefficient, cv 0.3 m2/s
Module number, m 500
Dilatancy parameter, D 0.4
Permeability, k 6⋅10-3 cm/s

where ndat is the number of points to describe the excitation
variation within one period of time. 

For the case of aperiodic excitation pore pressure the varia-
tion with time is given also as values at different time intervals.
It is assumed that the excitation pore pressure will remain con-
stant after the last given point (ndat).

The excitation amplitudes (maximum absolute values) at
each element centre, uo,max(x,z),  are read as input data. The am-
plitudes can be obtained from a finite element solution of total
stresses and pore pressures in undrained conditions where the
cyclic load amplitudes are applied as static loads.

Undrained cyclic pore pressure build up in the upper sand
layer was calculated from results from direct shear tests (see

).Figure 5-1
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Figure 5-1:  Pore pressure diagram for LUN-A based on DSS-tests.

Figure
5-1

Figure 5-1

Figure 5-1

5.4 Analyses proceedure 

5.3 Foundation model

The pore pressure time dependency during the storm was calcu-
lated in a transient analyses using CYCPOR2, where the drain-
age conditions and dissipation is included. A pore pressure 
variation with time is given in the sand layer beneath the foun-
dation slab. Additionally, boundary conditions as drainage lay-
ers and static pore pressure are included. The drainage system is 
modelled as fully drained, which means that the capacity of the 
system is independent of the amount of water that flows. It is 
assumed that the permeability of the drain is much higher than 
the surrounding soil. No "packing" of soil particles around the 
drain should occur. 

The bottom slab is equipped with soil drain filters that are con-
nected to a drainage system that will reduce the remaining pore
pressure in the soil due to cyclic wave action.

Figure 5-2:  Foundation model

A drainage pipe is included in the model with c/c 8.5m. 
Plane strain is assumed. Symmetrical boundary conditions are
assumed for both sides. It was conservatively assumed that all
drainage takes place in the drainage channels. The drainage sys-
tem consists of 120 filter elements, each of 2m length. NGI is 
responsible for testing of the elements. They were designed
based on the maximum occurring flux, q [m3/s]. The flux was
calculated to be most critical for short periods of time.

The pore pressure development is established based on the 6
hours design storm established by Hansteen et. al (ref. /5/) as 
shown in .Table 5-2

Table 5-2:  Maximum normalized pore pressures for a 6 hour Hansteen 
storm 

ximum normalized pore pressures for a 6 hour Hansteen 
storm 

Cycle N Cycle N τ/σa'τ/σ Period T [s] Period T [s] a'

1 0.22 12 

2 0.21 12 

4 0.20 12 

8 0.18 12 

15 0.17 11 

30 0.16 11 

50 0.15 10 

90 0.13 9 

200 0.11 8 

500 0.09 7 

900 0.05 5 

From the cyclic diagram in , accumulated pore 
pressures ua are found at different shear stress levels τ after a 
certain number of cycles N. The calculation procedure is carried 
out as follows: 
1. Start at lowest stress level in the storm. 
2. From Table 5-2 find normalized shear stress level τ/σa and 

period T. 
3. For the given shear stress level find accumulated pore pres-

sure ua from  (A in ).

This design storm, the pore pressure diagram given in
 and a procedure described by Andersen et.al. (ref. /6/) was

used to establish the undrained pore pressure build up during
the 6 hours storm.  Due to the drainage system, considerable
consolidation (i.e. reduction in pore pressure) will also take pla-
ce during the storm. This consolidation was calculated uring the
finite element program CYCPOR2.

Figure 5-4

Figure 5-4

Figure 5-4

4. Perform pore pressure analysis in CYCPOR2 and calculate 
pore pressure after dissipation. 

5. Determine maximum pore pressure after dissipation, at Nu-

max from  and reduce the undrained pore pressure 
to this value (B in ).

Figure 5-3

6. Increase to next level by following the pore pressure con-
tourd (C in )

7. Start from 2. 

Cycles (time) 

Pore 
pressure
[kPa]

Undrained pore 
pressure 

Pore pressure 
after dissipation 

umax

Numax

Figure 5-3:  Illustration of pore pressure calculation as a function of 
number of cycles N 1714



  
Figure 5-5:  Result from a transient pore pressure analysis in  
CYCPOR2.
Figure 5-5:  Result from a transient pore pressure analysis in  
CYCPOR2.

Figure 5-6:  Typical pore pressure development after 900 cycles. 

Figure 5-6

Figure 5-6:  Typical pore pressure development after 900 cycles. 

Figure 5-6

  
  

  
 shows how the resulting pore pressure develops as 

a function of time. Due to consolidation, the excess pore pres-
sure will be partly drained. After 12 min. a maximum pore pres-
sure in the sand layer is observed.  

 shows how the resulting pore pressure develops as 
a function of time. Due to consolidation, the excess pore pres-
sure will be partly drained. After 12 min. a maximum pore pres-
sure in the sand layer is observed.  

6 CONCLUSIONS 6 CONCLUSIONS 

The SAKHALIN II-project has given valuable experience in 
terms of material interpretation based on laboratory and field 
tests. The main challenge has been to systematize a large 
amount of data to establish a representative soil profile. The re-
sults from cyclic load simulations have shown a significant dif-
ferent behaviour as compared to static conditions in the top sand 
layer. In the early stages of the project, a dense grid of steel 
skirts penetrating into the overconsolidated clay layer at ap-
proximately 1 m depth was recommended in order to overcome 
the large pore pressure development in the sand layer.  These 
skirts represent considerable economical and practical impact, 
as well as being on critical line with respect to progress on the 
construction site. Therefore alternative solutions were investi-
gated, and a system with foundation ribs and soil drains under 
the foundation slabs were chosen. This is a simpler solution, but 
pore pressure behaviour needed to be investigated in detail. 
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Figure 5-3In  is shown the effect of pore pressure dissipation 
as time (number of cycles) runs. The explanation of the figure 
comes from the interaction between reduced pressure due to 
consolidation and increased pressure from external forces. If the 
dissipation overrules the external pressure a peak pressure umax
will occur for a certain number of cycles Numax. Consequently, 
the maximum pore pressures will not necessarily develop at the 
last cycle N. 
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The cyclic tests showed that significant pore pressure devel-
ops in the top 1 m sand. However, the drainage system im-
proves this situation. The system is a passive system that is de-
signed to last throughout the lifetime of the structure.  After a 
storm with pore pressure development and dissipation, densifi-
cation of the top sand will take place, and the drain system will 
be less required. 
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ops in the top 1 m sand. However, the drainage system im-
proves this situation. The system is a passive system that is de-
signed to last throughout the lifetime of the structure.  After a 
storm with pore pressure development and dissipation, densifi-
cation of the top sand will take place, and the drain system will 
be less required. 

The critical load situation for the Lun-A platform is ice load-
ing, acting under drained conditions, due to the us of the drain-
age system. 

The critical load situation for the Lun-A platform is ice load-
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