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ABSTRACT 

Due to interpreted critical soil conditions with regard to cyclic loading and cyclic soil stiffness & strength 
degradation based on cyclic laboratory testing of sand and clay soil samples, following DNVGL-RP-C212 
guidelines, design and construction of seabed interventions (SIs) was found necessary at a Jack-up drilling location 
in the Norwegian Sector, North Sea. The SIs were designed to act, together with skirted spudcans, as foundations, 
to support cyclic loading for all year metocean conditions (100-year wave and wind with 10-year current, all-year 
directional environmental extremes), applicable to installation and operation of a CJ70 type Jack-up drilling rig. 
The water depth at the site is about 73m MSL. The work is based on the references listed at the end of the paper, 
and other important inputs and contributions from AkerBP & Sub-Contractors, and Geo.  
 
KEY WORDS: Skirted spudcan; Cyclic loading; Drained anisotropy ratios; Undrained anisotropy ratios; 
Foundation cyclic capacity; Finite element analyses; Seabed Interventions (SI); Gravel bank (GB): Dredging:  
 

INTRODUCTION & FINAL DESIGN / CONSTRUCTION 

Due to soil variation, the finally designed and constructed seabed interventions (Sis) are of variable size at the 
three legs and consist of excavations, rock filling, and further dumping / constructing gravel pads (GPs). All three 
excavations are designed with slopes 1:2.5, where the depth of the excavation is 4m below seabed (bsb) for the 
Aft Legs, and 6m bsb for the FWD/BOW Leg (where cyclic testing of Sand units were carried out). The bottom 
diameters of the excavations are 36m, 38m and 30m for the STB, PS and FWD Legs, respectively. All three GPs 
are designed with slopes 1:2 and 5m height. The top diameters of the GPs are 36m, 38m and 40m for STB, PS and 
FWD Legs, respectively. The resulting total heights of the SIs (excavation + GP) are thus 9m for Aft Legs, and 
11m for FWD Leg. More details in the design and construction might follow in another paper. Fig 1 shows location 
plan for the design conditions (a) and bathymetry survey after construction of SIs (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 a) Location Plan b) Bathymetry Survey after SIs Construction 
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While no critical conditions are predicted for the installation phase, the purpose of the SIs is to remove part of the 
upper soils, (considered weak and sensible to cyclic loading), and help the bearing capacity of the remaining soil 
(through load spreading). This way, any non-uniform jack-up / leg settlements, due to local soil strength and 
stiffness degradation under rotation moment (M) cyclic loading (assuming spudcan fixities), while the rig is in 
operation mode with more than 40 m airgap, are avoided.  
 
The SIs are constructed with (2-8)’’(inch) (about (50-200)mm) rock material for the fill and the outer areas of the 
GPs, and (1-3)’’(inch) (about (25-75)mm) gravel material for the inner areas of the GPs. The less coarse material 
is used to facilitate the penetration of the spudcan skirts to full base contact. Fig. 2 below shows the cross sections 
and dimensions of the GPs for each leg, respectively. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 SI Cross Sections – Dimensions & Materials 
 

 

SKIRTED SPUDCANS & DESIGN CYCLIC LOADS 

The Jack-up rig skirted spudcans have an equivalent diameter of 22m and full contact area of about 384m2 with 
outer skirts to 2.3m and three chords to 3.3m below spudcan largest contact area. The maximum preload capacity 
is about 215.7MN/leg (22.000tons/leg) and Still Water Reactions (SWR) vary for drilling and non-drilling / storm 
survival conditions from about (112-156)MN/leg. Distance between centres of skirted spudcans is 70m.  
 
Regarding VHM design cyclic loads, four load scenarios (LSs) are derived from structural site specific assessment 
(SSA) contractor, one for non-drilling / storm survival most critical for FWD Leg (LS1) and three for drilling, 
most critical for each leg respectively (LS2/FWD, LS3/PS, LS4 / STB).  
 
SOIL CONDITIONS & CYCLIC TESTING 

Geotechnical soil investigations carried out at the site consist of BH/CPTs plotted in the location plan in Fig.1a.The 
identified soil units to the depth of interest include sands of the Fourth Formation (Unit II), and clays & sands of 
the Fisher Formation (Unit III), both susceptible to cyclic loading. The top Holocene sands / silts are considered 
non-bearing. The soil conditions are quite variable between the three leg locations, and also within each SI 
footprint area as shown in the CPT cross sections given in Fig.3.  
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The standard onshore laboratory testing has been extended with a series of advanced tests. The available 
information for the assessment of the cyclic capacities of soil units included tests like, DSS, CV-DSS, DSScy, 
CADc, CADe, CAUc, CAUe, CAUcy and based on them, the site specific cyclic contour diagrams were developed 
by the lab contractor. Cyclic tests are carried out with period of vibration T=10s (similar to assumed metocean 
loading) and in almost all the cyclic tests on BH-JU2 (FWD SI), the specimens have been consolidated to a 
common preconsolidation pressure of 200kPa. For the clay the data fits reasonably well with contour diagrams for 
Drammen Clay OCR 2. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 CPT Cross Sections: FWD Leg (up), PS Leg (left) STB Leg (right) 
 
Based on the available soil data and mainly on the CPT cross sections in Fig.3, generalized Best Estimate (BE) 
characteristic soil profiles (SPs) are assessed for each leg, applied first for static load conditions. 
  

 The BE SP at FWD Leg location is based primarily on the CPT-2 and BH JU2. However, due to higher 
position of Unit III clay in CPT-6b and CPT-7b, positioned at the edge of the spudcan footprint, the profile 
is generalized including this clay at a representative level, higher than encountered in CPT-2.  

 The BE SP at PS Leg location is primarily based on CPT-1, while CPT-8 indicates a lower capacity profile 
with weaker sandy/clayey deposit at a higher level, and the level and thickness of clay at B1-2, near the 
jacket pile, and at CPT-9, is higher than at CPT-1 and similar to the adverse condition interpreted from 
B1-2. These are incorporated as a thicker clay layer in the BE profile with the top similar to the top of clay 
indicated in CPT-9. 

 The BE SP at STB Leg location is primarily based on CPT-3. There are currently no other CPT/BHs within 
the footprint of the spudcan and planned SI. However, the neighbouring B1-1 at the position of the jacket 
pile shows adverse conditions in comparison to CPT-3.  
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DESIGN PRINCIPLES & CONSIDERATIONS 

The assessments of the reference and cyclic capacities for all three legs, respectively, are based on FE modelling 
of skirted spudcan-SI-soil interaction carried out in Plaxis FE program, applying 2D FE axisymmetric and 3D FE 
models. Axisymmetric models are made for the evaluation and calibration of the SI geometries and material 
parameters, as an input to the 3D FE models carried out for the evaluation of fixity in the considered LSs. FE 
analyses are performed using the BE (characteristic) SPs for each leg, respectively, and based on the following 
assumptions: 
 

 Axisymmetric FE mesh has been generated using 15-noded triangular Fes; The models are built with 
refinement of (4000-4500) FEs; Modelling of skirted spudcan-SI-soil interaction is carried out assuming 
equivalent vertical loads including the contributions of vertical loads (V) and moments (M) in order to 
define the extent of SI; The initial geostatic conditions are calculated first; Plaxis Plastic analyses (small 
deformation theory) are carried out; The spudcan is modelled as a weightless elastic (drained) body with 
full base contact on top of GPs, hence penetrations 3.3m referring to chord tip; The skirts are modelled 
employing plate elements; As the baseline for the cyclic capacity assessments, the models for SWR state 
are based on:  

o Sand modelled in drained conditions using Mohr-Coulomb plastic constitutive model.  
o Clay modelled in undrained conditions using Linear elastic / Tresca plastic constitutive model. 

 
Hardening soil models showed similar results. The elastic deformation parameters (E moduli) for sands 
are calculated based on the CPT data and for clay based on undrained shear strength (cu), assuming E = 
300*cu; The capacity analyses are displacement-driven. Vertical reference cyclic capacities are evaluated 
for 1.0m skirted spudcan penetration. 
 

 3D FE models are generated as half space models in which, the horizontal force (H) direction lays on the 
plane of symmetry and the M axis is orthogonal to the plane of symmetry; 3D mesh has been generated 
using 10-noded tetrahedral FEs; The models are built with refinement of about 100000 FEs; 3D modelling 
utilized scaling factor for the loads to compensate for the effect of different FE type and mesh refinement 
between axisymmetric and 3D analyses. The factor is obtained as a ratio between the vertical cyclic 
capacities in 3D and axisymmetric analyses. 

 
Calculated Target Vertical Cyclic Capacities (VCC) 

 In order to preliminary dimension the SIs and calibrate the material models for the 3D FE analyses, as mentioned 
above, axisymmetric FE models are made for the three leg locations with two SWRs per leg (6 axisymmetric FE 
models in total). As Plaxis axisymmetric models cannot include H and M loads, in order to account for the high 
M loads, the target vertical cyclic capacities (VCC) were derived based on the reduction of spudcan area due to 
the eccentricity caused by the M.  
 
The design target VCCs are calculated taking a safety factor (SF) of 1.25. The initial analyses are based on the 
loads derived from the SSA for the fixity conditions, including the four LSs, one for non-drilling (LS1) and three 
for drilling (LS2, LS3, LS4), mentioned above. This showed however to be conservative in comparison to the 3D 
FE results. Therefore, a new set of LSs based on pinned conditions on one leg and fixity on the other two legs was 
derived from the SSA for the special purpose of application in axisymmetric analyses.  
 
Upon establishing the geometry and material models in axisymmetric analyses for each leg, 3D analyses for 
evaluating foundation fixities are based directly on the four fixity LSs (Six 3D FE models and twelve LSs in total). 
Foundation bearing capacity checks and stiffness curves for VHM are derived for each LS to account for the effect 
of cyclic degradation. This is an iterative procedure carried out until structural and foundation checks are satisfied.  
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Procedure for Evaluation of Cyclic Capacity 

The procedure, proposed by certifying contractor, consisted of:  
 Establish consolidation conditions during preloading presuming that consolidated loads correspond to 

SWRs, so, no detailed consolidation analysis is carried out; 
 Carry out static analyses with BE SPs for SWR loads as described above, with sand layers considered 

fully consolidated for the SWRs and the excavation infill / rock dump materials modelled as drained Mohr-
Coulomb materials too, and calculate vertical effective stresses at different zones; 

 Calculate static reference capacity and initial mobilization. In this case the natural soil materials in the 
zone of interest are modelled in Plaxis using drained NGI-ADP soil model with parameters derived based 
on site specific contour diagrams available (Unit II and Unit III at BH-JU2/FWD Leg); 

 Calculate equivalent number of cycles. Detailed analyses of Neq, based on strain or pore pressure 
accumulation has not been carried out, but it is conservatively agreed that Neq=10 is sufficiently 
representative;  

 Calculate load paths. It is assumed that strains at failure for DSS, triaxial compression (TXC) and 
extension (TXE) states are compatible and the cyclic soil parameters are obtained considering relevant 
load paths; 

 Determine cyclic strength from cyclic contour strength diagrams. The initial mobilization is presumed to 
be globally uniform and evaluated as the ratio of SWR in relevant operation mode (drilling or storm 
survival / non-drilling), to the vertical capacity (VC) for drained conditions;  

 Calculate cyclic anisotropy factors at failure from the triaxial cyclic diagrams derived from the site specific 
contour diagrams where available. Otherwise, the anisotropy factors are conservatively taken in agreement 
with the available contour diagrams for Unit II as suggested by the lab contractor; 

 Determine nonlinear soil model accounting for cyclic effects modelled using drained NGI-ADP model 
with the parameters scaled using the previously derived anisotropy factors:  

 Calculate the undrained cyclic capacity. The natural soil materials in the zone of interest are modelled 
using undrained NGI-ADP model. In reference to DNV-RP-C212, SF=1.25 is applied to obtain design 
values based on the characteristic BE capacities. 

 

Anisotropy Ratios-Site Specific Cyclic Contour Diagrams for Unit II (Sand) 

Table 1 presents the main results of the DSS test for the evaluation of the anisotropy ratios in drained Unit II. 
 

TABLE 1 Overview of the Direct Simple Shear (DSS) Tests on Sand/Unit II 

 
 
Table 2 presents main results of triaxial tests used to evaluate anisotropy ratios in drained conditions on sand. 
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Table 3 presents the main results of the tests for evaluation of drained anisotropy ratios in Unit II. The ratios f/’ref 

of failure strength f to reference vertical stress ’ref presented in the table are obtained for the reference strengths 
calculated with the formula as shown in Table 3 where pa is the atmospheric pressure (100kPa) and ’c is the 
vertical consolidation stress. 

 
TABLE 2 Overview of the Drained Triaxial (CAD/CID) Tests on Sand/Unit II 

 

 
 

TABLE 3 Anisotropy Ratios in Sand/Unit II Applicable for Drained Conditions 

 

 
 
The ratios f/’ref applicable to the evaluation of the total capacity in cyclic conditions along a DSS path are obtained 
as sums of the drained mobilization 0/’ref and corresponding readouts cy/’ref  from the contour plots for applicable 
failure states (DSS, TXC, TXE). Readout points are found on the crossing of the DSS path (vertical) and the 
relevant contour (N=10). For the inclined load paths, the ratios f/’ref are obtained as sums of projections of the 
readouts, where the readout points are found on the crossing of the inclined path and the relevant contour. 
 
Fig.4 and Fig.5 illustrate the evaluation of the anisotropy factors for the cyclic conditions, based on contour plots 
for DSS and Triaxial conditions, respectively, for Unit II, N=10, 0/’ref=0.5 (mobilization for example 
SWR/VC=0.5 calculated for the BE SP). The calculated undrained anisotropy factors are presented in Table 4. 
The presented ratios are indicating failure strains of a~10% and cy<0.05% in all the failure modes and are thus 
considered compatible. 
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 Figure 4  DSS Contour Readout for a chosen Load Path       Figure 5 Triaxial Contour Readout for a chosen Load Path 
 

 

TABLE 4 Example of Anisotropy Ratios in Sand / Unit II Applicable for Cyclic Conditions 

 
 
Anisotropy Ratios from Reference Diagrams for Unit II Stronger Sand 

Lab contractor suggested contours presented in Fig. 6. In the final analyses, the parameters are evaluated based on 
those contours for N=10 DSS contour, and N=100 Triaxial contour plots, following the strain compatible load 
paths. 
 

 
Figure 6 Example of Considered DSS & Triaxial Contours for the More Competent Sand of Unit II 

 

 

DSS C E

Drained anisotropy factor 0.425 0.49 0.16

Mobilized average, 0/'ref 0.212 0.244 0.080

Cyclic, cy/'ref 0.065 0.115 0.025

total, f/sv' 0.277 0.359 0.105

DSS/A 0.771

P/A 0.292

Indicated failure strains of 
a
~10% and 

cy
<0.05% in all the failure 

modes considered compatible, especially with respect to the 
reliability of the available strain contours 
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Anisotropy Ratios Unit III, Clay & Different Sands of Unit II 

In order to establish the reference capacity, (VC), the drained anisotropy ratios are based on su,D/su,C=0.75. Based 
on a mobilization ratio SWR/VC=0.5, the cyclic anisotropy ratios for Unit III clay are evaluated from the contour 
plots for Drammen clay OCR 2. Example of readouts from the DSS and Triaxial cyclic contour diagrams, Unit 
III, N=10, 0/’ref =0.5 are shown in Fig. 7. This exercise showed that in the zone of the failure propagation through 
the clay of Unit III, the DSS shear strength in cyclic conditions remains similar to,  
or exceeds, the DSS shear strength in static conditions. In line with that, the subsequent analyses are carried out 
utilizing the BE static shear strength in clay as a safe simplification of the model. 
 
 

 
Figure 7 Example of Readouts from the DSS and Triaxial Cyclic Contour Diagrams,  

Clay / Unit III, N=10, 0/’ref =0.5. 
 

TABLE 5 Example of Calculated and Assumed NGI-ADP Drained Anisotropy Ratios for  

Sands/UNIT II & Clay/Unit III 

 

 

TABLE 6 Example of Calculated and Assumed NGI-ADP Undrained Anisotropy Ratios for  

Sands/UNIT II & Clay/Unit III 
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Cyclic Load Paths 

Initial analyses are based on the readouts from the contour diagrams following the DSS load path. This path sets 
on the horizontal axis from a point defined by the mobilization of static capacity (VC) and is vertical until it crosses 
the N=10 contour, both in DSS and triaxial contour diagrams. Final analyses are based on the readouts from the 
contour diagrams following the strain compatible load paths defined by the cyclic M. The influence of V and H 
forces on the load path defined based solely on the variation of M is negligible. For the strain compatible M load 
paths, firstly the readouts are obtained from the DSS contour along the M load path. Based on this, the readout for 
the M load path from the triaxial diagram is adjusted to achieve strain compatibility between the DSS and triaxial 
failure states. 
 

Elastic Soil Deformation / Stiffness Parameters 

For the application with NGI-ADP models, a BE of the shear modulus, Gmax/G0, is evaluated from the CPT and 
available lab data and checked with CPT interpretation software output. In order to simulate the constant shear 
modulus throughout the respective zones of each layer, for both drained and undrained conditions, a variation of 
Gur/suA is applied based on the variation of the suA through the zones and conditions within a layer. While strength 
decreases from active to passive areas, stiffness ratio Gur/suA increases. 
 
DESIGN OF SI AT FWD (FORWARD) LEG LOCATION 

Due to differences in SWRs the FE models are respectively built-up for: 
o Storm survival / non-drilling mode LS1, 2D FE axisymmetric and corresponding 3D FE.  
o Drilling mode LS2, 2D FE axisymmetric and corresponding 3D FE, which served also for LS3 and LS4. 

 
Based on the generalized characteristic BE SP, seven zones are defined for the more competent sand layers above 
7.6m bsb, and additional six for the less competent sand layers between 7.6m bsb and the top of the clay of Unit 
III. The zones based on the SWRs for two respective loading modes (drilling & non-drilling) are shown in Fig.8. 
 

  
 

Figure 8 NGI-ADP Zones in Axisymmetric Models for FWD Leg Location 
 
Based on soil data Gmax is set to 75MPa for the weaker Sand and 105MPa for the denser most competent sand 
between (7.6-11.0)m bsb. For the clay layer, Gmax= 85MPa is set. The parameters of NGI-ADP model applicable 
to the cyclic capacity assessments are derived based on contour plots presented above according to the calculated 
load paths. 
 
Vertical reference capacity (VC) evaluated for the penetration of 1.0m based on the axisymmetric Plaxis model 
using drained NGI-ADP material models are: 

o VC = 264 MN for drilling conditions.  
o VC = 275 MN for non-drilling conditions i.e. storm survival mode. 
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Based on mobilization and the derived undrained cyclic parameters vertical cyclic capacities (VCC) are calculated: 
o VCC=238 MN for drilling conditions  
o VCC=269 MN for non-drilling conditions i.e. storm survival mode. 

 
A general overview of the 2D & 3D FE models for LS1 and final 3D result of failure pattern from safety analysis 
is given in Fig. 9 
 

 
  

  
 
 
 
 
 
 
 

 
Figure 9 2D & 3D FE Models for FWD Leg, (Non-Drilling) LS1 

 
Based on the calculation of the vertical cyclic capacity in 3D models, the following correction factors (CF) between 
3D and axisymmetric models are obtained: 

o for the storm survival / non-drilling mode: CF=1.15 
o for the drilling modes: CF=1.21 
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The correlation factors are applied on the VHM loads for each LS. Safety calculations are performed afterwards. 
Results of the foundation capacity / safety envelopes for each of the LS are presented in Table (7 & 8). In addition, 
stiffness are calculated for each LS and results for VHM loads are also presented in Fig 9 for the most critical LS1. 
 

DESIGN OF SI AT PS (PORT) LEG LOCATION 

Due to differences in SWRs the FE models are respectively built-up for: 
o Drilling mode LS3, 2D FE axisymmetric and corresponding 3D FE, which served also for LS2 and LS4. 
o Storm survival / non-drilling mode LS1, 2D FE axisymmetric and corresponding 3D FE.  

 
Based on the generalized characteristic BE SP, seven zones are defined for the less competent sand layers from 
(3-4)m (on the side of excavation) and (5.5-6.5)m, and seven zones for the remaining most competent sand layers. 
The zones based on the SWRs for the two respective loading modes (drilling and non-drilling) are shown in Fig.10. 
 
 

 

 
Figure 10 NGI ADP Zones in Axisymmetric Models for PS Leg Location 

 
Based on soil data Gmax is set to (50-77)MPa for all sand layers between 2.5m bsb and clay layer, and 68MPa for 
the clay layer. The parameters of NGI-ADP model applicable to the cyclic capacity assessments are derived based 
on contour plots presented above according to the calculated load paths.  
 
Vertical reference capacity (VC) evaluated for the penetration of 1 m based on the axisymmetric Plaxis model 
using drained NGI-ADP material models are:  

o VC = 245 MN for drilling mode. 
o VC = 234 MN for non-drilling conditions i.e. storm survival mode. 

 
Based on mobilization and the derived undrained cyclic parameters, vertical cyclic capacities (VCC) are 
calculated: 

o VCC=273 MN for drilling conditions  
o VCC=246 MN for non-drilling conditions i.e. storm survival mode. 

 
A general overview of the 2D & 3D FE models for LS4 and final 3D result of failure pattern from safety analysis 
is given in Fig. 11 
 
Based on the calculation of the vertical cyclic capacity in 3D models, the following correction factors (CF) between 
3D and axisymmetric models are obtained: 

o for storm survival / non-drilling mode: CF=1.21 
o for drilling modes: CF=1.20 
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The correlation factors are applied on the VHM loads for each LS. Safety calculations are performed afterwards. 
Results of the foundation capacity / safety envelopes for each of the LS are presented in Table 9. In addition, 
stiffness are calculated for each LS and results for VHM loads are also presented in Fig 11 for the most critical 
load scenario LS3. 
 

   

  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 2D & 3D FE Models for PS Leg, (Drilling) LS3 
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DESIGN OF SI AT STB (STARBOARD) LEG LOCATION 

Due to differences in SWRs the FE models are respectively built-up for: 
o Drilling mode LS4, 2D FE axisymmetric and corresponding 3D FE, which served also for LS2 and LS3. 
o Storm survival / non-drilling mode LS1, 2D FE axisymmetric and corresponding 3D FE. 

 
Based on the generalized characteristic BE SP, seven zones are defined for the top competent sand layer from (1.8-
8.5)m bsb, five zones for the bottom competent sand layer from (10.5-19.6) m bsb and six zones for the middle 
less competent sand layer from (8.5-10.5)m bsb. The zones based on the SWRs for the two respective loading 
modes (drilling and non-drilling) are shown in Fig.12. 
 

 

 
Figure 12 NGI ADP Zones in Axisymmetric Models for STB Leg Location 

 
Based on soil data Gmax is set to (50-75)MPa for the less competent sand layer and for the competent sand layers 
is set to (57.5 75.0)MPa. The parameters of NGI-ADP model applicable to the cyclic capacity assessments are 
derived based on contour plots presented above according to the calculated load paths.  
 
Vertical reference capacity (VC) evaluated for the penetration of 1 m based on the axisymmetric Plaxis model 
using drained NGI-ADP material models are:  

o VC = 298 MN for drilling mode. 
o VC = 286 MN for non-drilling conditions i.e. storm survival mode. 

 
Based on mobilization and the derived undrained cyclic parameters, vertical cyclic capacities (VCC) are 
calculated: 

o VCC=263 MN for drilling conditions  
o VCC=246 MN for non-drilling conditions i.e. storm survival mode. 

 
A general overview of the 2D & 3D FE models for LS4 and final 3D result of failure pattern from safety analysis 
is given in Fig. 13 
 
Based on the calculation of the vertical cyclic capacity in 3D models, the following correction factors (CF) between 
3D and axisymmetric models are obtained: 

o for storm survival / non-drilling mode: CF=1.21 
o for drilling modes: CF=1.23 

 
The correlation factors are applied on the VHM loads for each LS. Safety calculations are performed afterwards. 
Results of the foundation capacity / safety envelopes for each of the LS are presented in Table 10. In addition, 
stiffness are calculated for each LS and results for VHM loads are also presented in Fig 13 for the most critical 
load scenario LS4. 
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Figure 13 2D & 3D FE Models for STB Leg, (Drilling) LS4 

 

 

FOUNDATION CAPACITIES & SAFETIES 

LS1: For FWD (BOW) Leg, storm survival (storm heading 315° wrt North), corresponds to non-drilling conditions 
being the most critical. Stiffness curves for LS1 are shown in Fig. 9 while the safety 
factors (SFs) for the foundation checks for all legs are given in Table 7 below. As expected, FWD Leg is the most 
critical under the storm survival mode, having also the lowest SF. 
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TABLE 7 LS1 SFs for VHM Cyclic Capacities 
 

 

 

 

 

 

 

 
 
 

LS2: For FWD (BOW) Leg, drilling conditions, LS2 (storm heading of 315° wrt North) corresponds to the most 
critical case. The SFs for the foundation checks for all the legs can be found in Table 8 below. The results show 
the lowest SF for FWD Leg, having also the most onerous load combination for this LS. 
 

TABLE 8 LS2 SFs for VHM Cyclic Capacities 

 

 

 

 

 

 

 

  
 

 
LS3: For PS Leg, LS3 (storm heading of 195° wrt North) is considered the most critical. Stiffness curves for LS3 
are shown in Fig. 11 while SFs for foundation checks for all the legs are given in Table 9 showing also the lowest 
SF at this leg. Using the stiffness derived from LS3, applying iterative calculations, two additional sets of footing 
loads, corresponding to the same storm heading 195° wrt North (called LS3 Rev.1) and a 255° wrt North, which 
governs the chord utilisation (called LS3 Rev.1 Additional, due to different heading) are derived from the SSA. 
Hence, additional analyses are carried out for LS3 Rev.1, and SF=1.25 is derived for PS Leg satisfying the bearing 
capacity checks. The SFs for this LS for all legs can be found in Table 9 below. 
 

TABLE 9 LS3 Rev.1 SFs for VHM Cyclic Capacities 
 
 

 

 

 

 

 

 
 

 

LS4: For STB Leg, LS4 (storm heading of 75° wrt North) results in the most onerous load combination in drilling 
conditions. Stiffness curves for this load are given in Fig.13 while the SFs for all the legs can be found in Table 
10 below. STB Leg has the lowest SF for this LS. Limited SF=1.25 is however interpreted also due to limited 
number of CPTs at this leg. 
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TABLE 10 LS4 SF for VHM Cyclic Capacities 

 
 
 
 
 
 
 
 
 
The design of SIs at the Jack-up drilling location, follows DNVGL-RP-C212 and is expected to insure sufficient 
foundation fixity during rig operation at the site. The SIs, together with rig’s skirted spudcans, will act as 
foundations to support cyclic loading for all year metocean conditions ensuring structure integrity & safety. The 
jack-up rig is successfully installed over the seabed interventions measuring penetrations to full base contact as 
predicted and designed, and is currently operating at the site. 
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