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ABSTRACT: Jack-up rigs are primarily used for carrying out offshore operations related to drilling for hydrocarbons. 

Geotechnical assessment is a pre-requisite for deployment of any jack-up rig at a new offshore site. When deployed for 

operations, jack-ups are supported by their legs which initially penetrate below the seafloor on loading. Majority of jack-

up units have individual/independent foundation, called ‘spudcans’, at the bottom of their legs. This paper presents a case 

of deployment of a jack-up at a site off the east coast of India where the jack-up had a ‘punch-through’ during preloading. 

Punch-through is a sudden and uncontrolled penetration of the spudcan often causing structural damage of the unit. It may 

occur when the load becomes equal to bearing capacity for the spudcan while within a soil layer having relatively higher 

bearing capacity than the soil underlying that layer. The deployment of the rig was carried out on the basis of preliminary 

soil investigation report from the consultant on-board the geotechnical vessel deployed for soil investigation. The case is 

analysed and discussed. Computer program ‘MAHAJACK’ developed by the author for carrying out leg-penetration and 

punch-through analysis for foundation of jack-up rigs has been used for the analysis. 
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1 INTRODUCTION  

Jack-up units having independent foundations at their 

bottom are termed as ‘independent-legged’ or 

‘spudcan-type’ jack-up rigs. Most of the modern jack-

ups have three legs. The case presented in this paper is 

related to a three-legged spudcan-type jack-up rig. 

Geotechnical investigation was carried out at the site 

for assessment of safety of the jack-up before its 

deployment. A jack-up, after getting positioned at a 

location, is preloaded and its legs are subjected to 

penetration below the seafloor before the hull is fully 

raised to higher elevated position above the water 

surface. Preloading operation is to apply loads on the 

legs of the jack-up to a pre-determined load level to 

ensure that the soil resistance is sufficient for the 

foundation to resist the maximum design loads 

(includes environmental loads) for operational in that 

location. Once the maximum penetration of the 

spudcan below the seafloor is achieved after 

application of designated preload on the legs, the extra 

load (generally seawater ballast) is subsequently 

dumped, before elevating the hull to its final position. 

A careful geotechnical analysis needs to be carried out 

to predict the load-penetration behaviour of the 

spudcan in advance in order to avoid the possibility of 

an undesired situation of sudden and uncontrolled leg 

penetration that may prove to be too costly in terms of 

time, money and in the worst case injury/loss of human 

resource. In the present case, there was sudden 

penetration of the spudcan by about 5 m during 

preloading operation for the rig. The analysis of such 

incidents is very helpful for understanding the 

behaviour of combinations of soil layers in response to 

loading from large foundation of jack-ups in the 

offshore and may help in adopting improved approach 

in future for prevention of such cases. All depths of 

foundation and soil layers mentioned in the paper are 

referenced to the seafloor. Depth of the spudcan means 

the depth of the tip of the spudcan below the seafloor. 

2 LEG-PENETRATION ANALYSIS 

Leg-penetration analysis is a bearing capacity analysis 

for the spudcan with respect to penetration depth of the 

spudcan. Spudcans are generally approximated as 

circular in shape. Its diameter is typically in the range 

of 8 m to 20 m and it normally has a conical base with 

a pointed tip. Significant depth of soil below the 

spudcan is affected, often involving more than one 

layer of soil below the spudcan due to its large size. 

Bearing capacity at a foundation depth depends mainly 

on soil strength& its shear behaviour within the 

significant stress zone, geometry of the spudcan and 

sequence & combinations of layers of soil. Leg-

penetration analysis shows the vertical load carrying 

capacity of a spudcan at depths below the seafloor. The 
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final penetration depth of the spudcan is where the 

maximum preload is equal to the bearing capacity of 

soil. From this analysis, the risk of sudden, 

uncontrolled penetration for the spudcan, if any, is also 

found out. Guidelines recommended by SNAME 

(Society of Naval Architects and Marine Engineers) 

and ISO (International standard organisation) are 

generally followed for the analysis.  

3 PRELOADING 

The purpose of preloading is already described. The 

preloading of a jack-up is carried out in fair weather. 

Initially, the legs are lowered to touch the seabed. As 

the hull is gradually raised from water, vertical 

compressive load i.e. self-weight of the jack-up is 

transferred to the foundations. The load is generally 

increased gradually up to the required maximum 

preload by pumping seawater into large tanks in the 

hull of the jack-up unit. For a typical jack-up rig, the 

required preload is about 45 MN per leg of the unit. 

However, it may exceed 150 MN per leg in case of 

some heavy jack-ups. The penetration of legs generally 

increases with increasing loads. During preloading, the 

spudcan penetrates to a depth where the mobilised 

bearing capacity is sufficient against the applied 

preload.  

Since preloading is carried out in fair weather, the 

forces due to wave and current are relatively 

insignificant during preloading and the load is 

predominantly vertical. After completion of preloading, 

the water ballast if offloaded from the hull. The hull is 

then raised to a safe and suitable elevation with 

sufficient air gap between the hull and water surface.  

4 FOUNDATION DETAILS 

The water depth at the location was about 20.5 m. The 

details of foundation of the jack-up are given below: 

Maximum preload = 76.5 MN 

Equivalent diameter of spudcan = 16.1 m 

Height of spudcan = 3.8 m 

Volume of spudcan = 570 m
3
 

Tip extension = 0.9 m 

Still water load = 47.5 MN. 

5 PUNCH-THROUGH 

The deployment of the rig in the present case was 

carried out by the operator of the rig based on 

preliminary soil report from the on-board consultant. 

During the preloading operation, before the maximum 

preload was applied, punch-through had occurred. The 

spudcan suddenly penetrated from a depth of 18.7 m to 

24 m. Final penetration of spudcan with maximum 

preload was 27 m (average for the three spudcans). No 

damage to the rig was reported, but the incident was a 

cause for serious concern. The author was subsequently 

involved in field investigation, analysis and 

deliberations for deciding on suitable locations for 

further deployment of jack-ups in the area. 

6 SOIL CONDITION 

Soil investigation, before deployment of jack-up, 

included in-situ Cone Penetration Test (CPT) and on-

board laboratory test of soil samples. The soil condition 

was predominantly silty clay with intermittent layers of 

silt and sand having small thickness. Based on the soil 

properties, a leg-penetration analysis for jack-up rig 

was carried out by the on-board consultant. However, 

possibility of punch-through was not indicated in the 

report. The soil properties and thickness of layers (from 

the on-board report) is presented in Table 1.  

Table1 Soil parameters from on-board report 
________________________________________________ 

Depth Soil φφφφ' su γγγγ’ 

m Type (Deg.) (kN/m
2
) (kN/m

3
) 

____________________________________________________________________________________________ 

0-2.6 Clay - 5 7 

2.6-6.7 Clay - 12-20 9 

6.7-13.0 Sandy-silt 25 - 9 

13.0-13.8 Clay - 20 9 

13.8-15.5 Sandy-silt 25 - 9 

15.5-17.6 Clayey-silt - 20-30 9 

17.6-18.7 Sandy-silt 25 - 9 

18.7-28.5 Clay - 35-40 9 

28.5-41.8 Clay - 40-60 9 
____________________________________________________________________________________________ 

Note: φ'- angle of internal friction; su- undrained shear 

strength and γ’- effective unit weight of soil. 

Clay occurs in very soft to soft condition up to about 

17 m. The increase of shear strength of the clay with 

depth is at a very low rate. Analyses in the present 

study were carried out using both the original soil 

parameters (as recommended in the on-board soil 

report) and also with revision of the soil parameters 

from 6.7 m to 15.5 m. The revised soil parameters are 

presented in Table 2. However, the revised parameters 

within this depth have no analytical effect on the actual 

punch-though depth that occurred in the field when the 

spudcan depth was 17.6 m below seafloor. But, this 

modification helped in matching the Field experience 

for the relevant range of depths and also it is 

recommended by codes to examine both drained and 

undrained behaviour for silts in bearing capacity 

analysis for jack-ups. Data of CPT cone resistance are 

shown in the Figure 1. Unfortunately, the digital data 

of CPT is not available for the location. Therefore, the 

available plot of CPT cone resistance for the relevant 

soil is presented in Figure 1(CPT data for higher depths 

and laboratory test results are not presented due to 

paucity of space). Mixed nature of soil in the location 

can be observed especially below 6.7m. 
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Fig. 1  CPT cone resistance and sleeve friction  

 

Table2 Soil parameters with re-interpretation / 

modification (from 6.7 m to 15.5 m) 
________________________________________________ 

Depth Soil φφφφ' su γγγγ’ 

m Type (Deg.) (kN/m
2
) (kN/m

3
) 

____________________________________________________________________________________________ 

0-2.6 Clay - 5 7 

2.6-6.7 Clay - 12-20 9 

6.7-7.8 Clay - 20 9 

7.8-8.3 Sandy-silt 20 - 9 

8.3-9.2 Clay - 20 9 

9.2-10.2 Sandy-silt 25 - 9 

10.2-12 Clay - 20 9 

12-12.8 Sandy-silt 25 - 9 

12.8-17.6 Clay - 20-30 9 

17.6-18.7 Sandy-silt 25 - 9 

18.7-28.5 Clay - 35-40 9 

28.5-41.8 Clay - 40-60 9 
____________________________________________________________________________________________ 

7 ANALYSIS, RESULTS AND 

DISCUSSION 

Conventional limit equilibrium analysis was carried out 

by using both the original (on-board) soil parameters 

and also with some revision of the soil parameters (for 

6.7 m to 15.5 m). International codes SNAME and 

ISO, which are the current industry standards, have 

been followed for the analysis. 

The results of analysis are presented in Figure2. Both 

the international guidelines broadly recommend similar 

procedures of analysis of bearing capacity involving 

multiple layers. For bearing capacity of clays, 

Skempton’s method (ISO) has been used for all the 

curves. For squeezing mode of failure, 

recommendations of ISO/SNAME and when sandy soil 

is overlying clayey soil, SNAME’s recommendation is 

followed for the analysis.  

Curve-1 (Figure 2) is based on the soil data of Table 1 

(on-board) with a simplified analysis involving 

maximum up to 2 layers for bearing capacity analysis 

at any depth. This pattern of analysis does not follow 

the principle of bearing capacity for multiple layers as 

recommended by SNAME or ISO. Curve-2 is based on 

the on-board soil parameters (Table-1) following 

SNAME/ISO guidelines for bearing capacity involving 
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Fig. 2  Leg penetration / punch-through analysis 

multiple layers. The analysis as per Curve-2 with on-

board soil report indicates a major punch-through 

starting at 7.5 m, which did not actually happen.  

Further analysis was carried out with revision of soil 

parameters for the depth from 6.7 m to 15.5 m.  Curve-

3 is the analysis with soil parameters modified for the 
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depth from 6.7 m to 15.5 m (Table 2) following 

SNAME/ISO guidelines.  

It may be noted that results of  all the 3 (three) analyses 

have significant differences at penetration depths from 

about 7 m to 16m due to difference in relevant soil 

parameters (from 6.7 m to 15.5 m)and different 

approach for calculating bearing capacity for Curve 1.  

Curve-1 (simplified analysis with original soil 

parameters) predicts the depth of initiation of punch-

through during preload to start at 17.6 m but the 

predicted distance of uncontrolled penetration is much 

more than that what actually occurred. Final 

penetration of spudcan is also predicted to be 

somewhat higher. This analysis also predicts relatively 

lesser bearing capacity at depth 7.5 m penetration. 

Curve-2 (analysis following SNAME/ISO with original 

soil parameters) indicates the punch-through exactly at 

the level where it actually started (17.6 m) and the 

distance of uncontrolled penetration. It also indicates 

almost accurately the final spudcan penetration. 

However, it also indicates a major punch-through 

starting at about 7.5 m which did not occur, indicating 

the actual bearing capacity as weaker than predicted by 

using original soil parameters for 6.7 m to 15.5 m.  

Curve-3(analysis following SNAME/ISO with revision 

of soil parameters from 6.7 m to 15.5 m) matches the 

actual behaviour both for the punch-through and final 

depth of penetration of the spudcan.  

Observations from the study about the leg-penetration 

behaviour are listed below: 

• ISO/SNAME-recommended analysis has 

proved to be quite useful in the present case for 

making a prediction closer to actual behaviour 

in the field for the depth of initiation of punch-

through, vertical distance of punch-through 

penetration and the final depth of penetration of 

the spudcan. The recommendation on bearing 

capacity approach for multiple layers of soil 

need to be followed. 

• It also proves the usefulness of the 

recommendation by codes that silts should be 

analysed as both drained and undrained 

materials. In the present case, revision of soils 

between 6.7 m to 15.5 m, along with multi-

layer bearing capacity analysis matched the 

actual result in Field.  

• Soil parameters presented in the on-board 

report was assessed reasonably well. Analysis 

following existing international guidelines and 

original soil data could predict the actual 

punch-through and final depth of penetration. 

• The simplified 2(two) layer analysis (Curve-1 

of Figure 2) did not result in making good 

predictions for the case having multiple layers 

within the significant zone below the spudcan. 

Both punch-through movement and the final 

depth of penetration are predicted higher than 

reality by this analysis in the present case. 

Further, punch-through or rapid penetration 

may not be indicated or may be wrongly 

indicated with this kind of analysis. 

8 CONCLUSION 

It is observed that occurrence of thin layers of 

silty/sandy soil within soft/firm clays in the soil zones 

of relevance, requires careful interpretation of soil and 

subsequent analysis for prediction of leg penetration 

and punch-through possibility. From the case study, it 

was evident that there was an obvious sign of 

impending punch-through. Unfortunately, the same 

was not detected in advance. 

Although recent research has made progress on 

mechanism-based approach for bearing capacity 

analysis simulating the actual process of leg-

penetration, analysis carried out in the present case 

using ‘wish in-place’ model for the foundation, 

recommended by SNAME and ISO was found to 

produce useful results. It is also found from the 

analysis of the case that Skempton’s method for 

general bearing capacity for clay, as suggested by ISO 

code, is applicable for clayey soils for this area for 

analysis of leg penetration for jack-ups. 
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