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ABSTRACT 

This paper presents the structural sensitivity analysis of an offshore marginal field structure towards seismic loading, 

benchmarked against storm metocean conditions. The Tarpon monopod, also known as a cable guyed monotower is a type of 

marginal field structure used in minimizing cost of installation for small offshore field development. Related materials in the open 

literature on Tarpon platform are limited. This study intends to bridge such gaps. A single platform located in the East Coast of 

Peninsular Malaysia is modelled in industrially recognized Finite Element software, SACS v5.3. A three-dimensional finite 

element model is created subjected to three sets of metocean criteria and a set of ground acceleration values suggested by notable 

seismic models for Malaysian basin. Throughout the analysis, the results suggest that the non-coupled wave or seismic ground 

acceleration is incapable of causing any structural failure. The overall platform design is found to be governed by the dominant 

wave forces as originating from the maximum metocean criteria. The stand-alone Peak Ground Acceleration of 0.114g does not 

induce a structural response that exceeds that of the worst metocean criteria. A coupled co-linear wave-earthquake loading 

analysis would be a definitive extension to this study. The results are anticipated to aid in better informed decision making for 

custodians of Tarpon Monopods in similar water depth as the model. 
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1. INTRODUCTION 
The Tarpon Monopod platform is an offshore structure which 

prioritizes marginal field economics in its design. It purports 

in minimizing cost of installation for marginal field 

development. Commonly installed in a small field with low 

reservoir capacity, the Tarpon platform has a relatively short 

design life as compared to the conventional fixed jacket 

platform, depending on the respective estimated marginal field 

life. It is also known as a cable guyed monotower.  

The structure comprises of a structural central caisson which 

safeguards the conductor encased inside it and held by 3 pairs 

of guyed wire cables attached to the anchor pile on the seabed, 

as reviewed from [1]. Despite its benefits, like that of 

standardization and short fabrication time, little is known in 

the literature or academia alike about a Tarpon’s structural 

behaviour. Related materials on the Tarpon platform are 

limited, if any. Platform X which is located offshore East 

Coast of Peninsular Malaysia is selected to be assessed in this 

study due to its completeness in available data. 

 By intensive analysis of marginal field developments 

employing Tarpon Monopods, it can be said that the structural 

design concept of Tarpon platforms shows very slight 

variation from one project to another due to their inherent 

standardization. This justifies the use of a single platform to 

represent the fleet of Tarpon monopods in similar water depth, 

particularly applicable to the South China Sea. Hence, 
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Platform X will act as the sample representing group of 

Tarpon monopod platforms operated by PETRONAS in 

Malaysian waters. 

 

2. STUDY BACKGROUND 
Even though marginal oil and gas fields can be hardly 

economic or rather unattractive for conventional development 

[2], they are apparently serving huge contingency for our 

current oil and gas industry [3]. The Tarpon Monopod 

modelled for this assessment is highly industrially relevant, 

predominantly due to its limited coverage by existing 

literature. The latest input in seismic potentialities within 

Malaysian Waters is used for earthquake analysis.  

 

2.1. Generic Platform Details 

 
Fig-1: Topside of a Tarpon Monopod Platform. 

 

In reference to [4], the topside of platform X consists of a 

wireline deck, a main deck, a wellhead platform and a sump 

deck.  It has been designed as a single lift structure stabbed 

over the caisson substructure. The main deck support consists 

of a central column (caisson) with four knee braces splay 

outward to the bottom of the main deck. The diameters of 

caisson members are increasing over the depth; 180.48 cm at 

the surface to 198.12 cm near the mudline. They are supported 

by 3 pairs of guy wires with effective cross-sectional area of 

4894 mm² each. Extended details are depicted in Table 1. 

Elements Details Elements Details 

Platform Type Monopod 

Platform 

Water Depth 76.30 m 

Manned / 

Unmanned 

Unmanned Topside 

Weight 

196.10 T 

Operator PETRONAS Substructure 800.00 T 

Year Installed 2006 No. of Legs 1 

Shore Distance  200 km Max Leg 

Diameter 

1981.20 mm 

Table-1: Platform generic details [4] 

2.2. Earthquake and Seismicity in Peninsular 

Malaysia 
Seismic waves are generated by an impulse such as sudden 

breaking of rock in response to tectonic stress within the earth 

as a result of earthquake [5]. It may travel either along or near 

the earth’s surface or through the earth’s interior. Generally, 

Malaysia is situated close to two seismically active plate 

boundaries which are:  

· The inter-plate boundary between the Eurasian and 

Philippines Sea Plates in the East of Malaysia. 

· The inter-plate boundary between the Indo-Australian and 

Eurasian Plates situated in the West of Malaysia. 

Fig-2: Map view of tectonic plates surrounded Malaysia 

region. [Source: Google Image] 

The Seismic Hazard Study for Offshore Sabah, Sarawak and 

West Malaysia carried out by the Italian Consultancy 

D’Appolonia [6] set forth that Malaysia is located in a 

seismically stable zone where only a few weak earthquakes 

have been recorded in the past. Nevertheless, this statistical 

coverage does not include certain portions particularly in 

Malacca Straits and West Malaysia from being affected by 

ground motion from strong earthquakes generated by the 

Sumatra Fault system and the Sumatra subduction zone 

situated about 300-600 km from the aforementioned regions. 

These subduction plate boundaries have been responsible for 

several earthquake events in the past, the best known being the 

earthquake of December 26, 2004 measuring a magnitude of 
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9.3. The earthquake impact varies from one place to another 

within the disturbed region depending on the location of the 

observer with respect to the earthquake epicenter. This in fact 

explains the effects from earthquake occurrences in 

neighboring Indonesia with magnitudes ranging between 6.0 

and 8.0 which were responsible for the subsequent ground 

motions that are felt subsequently in buildings in Singapore 

and Kuala Lumpur. 

 

3. MODELLING METHODOLOGY 
The research requires preliminary assessment of the platform 

dynamicity for better interpretation. Both metocean criteria 

and seismic ground acceleration loading effects towards 

platform overall response are individually appraised. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 summarizes the top line modelling methodology 

employing the finite element offshore structures analysis 

software, SACS v5.3. The extent of seismicity in Malaysian 

regions is gauged. A Tarpon Monopod situated offshore East 

Peninsular Malaysia is singled out to represent the fleet of 

Tarpon Monopods owned by PETRONAS in Malaysian 

waters. Owning to the Tarpon’s inherent design 

standardization, this representation is justifiable for other 

Tarpon Monopods in similar water depths.  

The seismic magnitude input suited for Malaysian waters were 

compiled and prepared to be used as input for SACS ground 

motion analysis. The singled Tarpon platform, chosen 

primarily due to full and readily available design data, was 

modelled in SACS v5.3 Precede. SACS Dynpac was used to 

obtain the platform dynamicity identified by computing the 

mode shape and natural frequency as a function of stiffness of 

the structure, damping ratio and inertia force which is taken 

into account by the software algorithm. A damping ratio of 3 

% was assumed for this study. A static hydrodynamic 

parametric study is then conducted by exerting three sets of 

metocean criteria (wave and current only) on the structure in 

order to gauge the corresponding Unity Check (UC) results. 

Table 2 summarizes the metocean criteria employed in the 

sensitivity study. 

Parameters 

OECU 

Joint 

Density 

PTS (100 

Year Storm 

Event) 

As-

Designed 

Wave 
Max Height 5.70 m 5.77 m 11.30 m 

Period 8.00 s 8.06 s 9.30 s 

Current 

Surface 0.15 m/s 1.67 m/s 1.30 m/s 

Mid Depth 

(0.5D) 
- 1.33 m/s - 

Near Seabed 

(0.01D)  
0.69 m/s 0.36 m/s 0.70 m/s 

Table-2: General environmental loads for three different 

metocean criteria. 

 

A parallel earthquake sensitivity study in calm water to 

supplement the metocean counterpart was executed by 

exerting incremental ground acceleration values in reference to 

various seismic models. Displacements of caisson members 

are appraised by computing the deflection of the platform’s 

main structural monotower. Additionally, a single horizontal 

node load is applied to the caisson in order to identify 

maximum load at which platform can withstand before failure.  

Node load at failure (member UC > 1.0) is used as an 

indication platform ultimate resisting strength. This method of 

determining elastic failure is an alternative to performing 

computationally costly non-linear pushover analyses. The 

results obtained are interpreted by determining the particular 

seismic load where the design seismic threshold unit controls 

the overall structural response over the dominant wave loads. 

It is prudent to note that the seismic – wave loads are applied 

 

Fig-3: Modelling methodology. 
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as standalone cases, rather than in tandem. The resulting force 

that acted upon the platform when subjected to maximum 

ground acceleration and platform ultimate resisting strength is 

compared which is then defines the platform integrity in the 

event of an earthquake.  

Reference Site Class 
Return Period 

(Years) 
PGA (g) 

Mc Cue (1999) Rock 475 <0.08 

Petersen et. al 

(2004) 
Rock 

475 <0.03 

2475 <0.08 

Adnan et. al 

(2005) 
Rock 

475 <0.01 

2475 <0.015 

D’Appolonia 

PSHA (2008) 
Rock 

475 0.04 

1000 0.065 

2475 0.114 

Table-3: Summary of Malaysian Peak Ground Acceleration 

(PGA) values from several seismic models. [6] 

 

4. FINITE ELEMENT MODELLING 

ANALYSIS RESULTS 
The Finite Element analysis aims to gauge the Tarpon 

Monopod’s response towards external forces and loads. In this 

study the external forces would comprise respectively of 

environmental metocean loads and seismic ground 

acceleration. The threshold of controlling forces is evaluated 

by considering parametric increment of seismic ground 

acceleration and metocean environmental loads in terms of 

their respective response induced by static joint displacement. 

The platform dynamic characteristics obtained through modal 

analysis via SACS Dynpac are presented herein to 

complement joint displacement results. Only the first three 

modes are displayed. The finite element model is as 

showcased in Figures 4 and 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1. Platform Eigenvalue and Eigenvector 
For this assessment, the dynamic mass is chosen as 

‘consistent/continuous mass’ in contrast to the lumped mass 

model. These options are made available to the user within the 

SACS suite of programs, specifically via the Dynpac module. 

Within the dynamic - extract mode shape analysis, the 

damping ratio value is taken as 3%. This value reflects the fact 

that hydrodynamic damping is far less in a single monotower 

as compared to a four legged multi braced fixed jacket 

platform. The Postvue database yields the natural frequencies 

and mode shapes as detailed in Table 4 and Figure 6 through 

8. These eigenvalues are performed with the assumption of a 

fixed condition at the anchor piles and caisson-mudline 

interface.  

Mode Tn (s) Ωn (Hz) 

1 1.907 0.524 

2 1.898 0.527 

3 1.639 0.610 

 

Table-4: Corresponding natural period and frequency of the 

platform. 

 

 

 

 

 

 

 

 

  

Fig-4: 3D Model of Platform X. 

  

Fig-5: Plan view of Platform X. 
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4.2. Platform Response when Subjected to 

Environmental Loads 

 
Fig-9: Caisson Unity Check subjected to As-Designed, PTS & 

Joint Density Metocean Criteria. 

 

Unity Check portrays the most critical member by its strength 

and capacity as safety factors. Quasi-static loads on three 

designated metocean criteria; PETRONAS Technical 

Standard, As-Designed and Joint Density, are used as inputs 

into SACS seastate module. In accordance to Figure 9, two 

significant peaks can be observed at elevation (-) 76.3m and (-

) 2.95m , which refers to the mudline portion of the caisson 

and the point of attachment (cable terminators) of the guy 

cables at the caisson respectively. These two joints are 

heretofore referred to as the critical joints as labelled in Figure 

10. 

Elevation Height from 

Mudline (m) 

JD PTS AD 

(-) 76.30 m 0.00 0.070 0.240 0.349 

(-) 2.95 m 74.16 0.020 0.040 0.069 

*AD – As Designed Metocean ,  PTS – Petronas Standards 

Metocean , JD – Joint Density Metocean 

Table-5: Unity check results at critical joints. 

 

 

 

 

 

 

 

 

 

 

 

Fig-6: Mode 1: Displacement @ y-axis. 

 

Fig-7: Mode 2: Displacement @ y-axis. 

 

Fig-8: Mode 3: Displacement @ y-axis. 
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As stated in the API (American Petroleum Institute) 

Recommended Practice 2A-WSD [9], the allowable stress 

interaction ratio (or unity check) must be limited to 0.85 for 

free standing caissons or single element structural systems 

during storm conditions. Platform X is a single caisson leg 

offshore structure guyed by three equally outstretched wire 

cables. This does not qualify it to be a freestanding caisson. 

Hence, UC of 1.0 is adopted as the benchmark for this 

assessment.    

Provisional findings manifest that the most critical joint is at 

the lowest elevation of caisson leg where its fixed end resulted 

in the highest bending moment. The UC values at the members 

where caisson leg and mooring lines intersects (cable 

terminators) portray distinct increase compared to neighboring 

members due to high tensile shearing forces caused by the 

tension of mooring lines. However, none of the values 

exceeded 1.0 and this assured that all critical members are safe 

under the preceding metocean criteria. All analyses are 

performed assuming that the Tarpon’s guying system remains 

intact. The maximum joint displacement summary is as 

presented in Table-6. 

Elevation Height from 

Mudline (m) 

JD (cm) PTS (cm) AD (cm) 

(+) 3.81 m 80.92 3.80 10.20 18.86 

(-) 2.95 m 74.16 4.28 10.69 18.63 

(-) 14.48 m 62.64 4.57 10.91 17.67 

(-) 76.30 m 0.00 0.00 0.00 0.00 

Table-6: Joint displacement at various joints along caisson 

under different metocean criteria. 

4.3. Platform Response when Subjected to Seismic 

Ground Acceleration 

Peak Ground Acceleration (PGA) is the maximum suggested 

value for ground acceleration. This study placed high 

benchmark loads/forces to simulate the worst case scenario. 

By preparing spectral earthquake input files, the soil condition 

is characterized in SACS software as class C [10] due to the in 

situ soil condition which consists mainly of clay and silt down 

to approximately 150m [11]. Joint at elevation (-) 23.32m is 

chosen to be representing the displacement of the structure due 

to the highest unity check result when subjected to ground 

simulation as compared to other critical nodes. This difference 

is noted as compared to metocean loading critical nodes in 

Figure 10.  

Base motion excitation excites the structure in a different 

manner compared to metocean loading on the sea surface. This 

is evident in the different deflected shapes seen in Figure 12. 

Structural members of the caisson leg are considered critical 

due to the liability they take on platform risk of failure as 

compared to members on the topside. With preliminary value 

of PGA 0.01g, it is computed that the maximum XY deflection 

along 82.20m length of central caisson is 1.43cm, whereas for 

PGA 0.114g, the maximum caisson joint displacement is 

16.62cm. Every incremental of 0.01g resulted in caisson joint 

displacement of 1.1 to 1.5 times the preceding value, 

considering the highest displacement resulted from each 

seismic ground acceleration value. 

 

 

 

 

 

 

 

 

 

 

 

Fig-10: Critical joints under metocean loading. 

Elevation 

(-) 23.3m 
PGA (g) 

Disp. 

(cm) 

0.01 0.015 0.02 0.03 0.04 0.05 0.06 

1.42 2.13 2.85 4.27 5.69 7.11 8.54 

 

Elevation 

(-) 23.3m 
PGA (g) 

Disp. 

(cm) 

0.065 0.07 0.08 0.09 0.10 0.11 0.114 

9.25 9.96 11.38 12.80 14.23 15.65 16.22 

Table-7: Max caisson displacement resulting from 
incremental values of PGA. 
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4.4. Determining Threshold on Controlling Seismic 

Ground Acceleration vs. Wave Forces 

 

Fig-12: Caisson global XY resultant displacements subjected 

to various seismic ground acceleration and metocean criteria. 

By means of maximum joint displacement along the caisson 

leg, the responses due to environmental loads (wave and 

current) and seismic ground acceleration are compared. 

Fundamentally, the overall platform response is governed by 

the force that results in the largest value for joint displacement. 

In Figure 12, the maximum displacement of the As-Designed 

Metocean Criteria (AD) is observed at elevation (+) 3.810 m.  

This value is higher than displacement resulting from all 

ground acceleration values suggested by the seismic models in 

this study. It is higher by a magnitude of 2.65 cm in 

comparison with the maximum joint displacement of Peak 

Ground Acceleration (PGA) 0.114g.  The joint displacement 

due to AD metocean is hence 1.16 times greater than PGA 

0.114g. This is within the range of ratio between two 

consecutive PGA values for every 0.01g incremental (refer 

section 4.3). Hence, AD can be assumed to be equivalent to 

PGA ~ 0.124g. However, it should be noted that if the 

platform is designed by employing the other two metocean 

criteria discussed herein, such as the Joint Density Metocean 

condition, the overall response of Platform X would be 

governed by the values of seismic ground acceleration. The 

critical analysis of controlling forces are marked and 

highlighted accordingly as illustrated in Table 8. 

 JD PTS AD 

PG
A

 (g
) 

0.010    

0.015    

0.020    

0.030    

0.040 x   

0.050    

0.060    

0.065    

0.070    

0.080    

0.090  x  

0.100    

0.110    

0.114    

>>   x 

* >> - PGA of more than the so-far published values 

Table-8: Metocean – seismic Equivalence Table. 

A separate static analysis has been conducted in order to 

identify the maximum load structural member can withstand 

until failure (UC > 1.0) and the load was determined to be 

6690.0 kN. It has been obtained by the spectral earthquake 

analysis that the platform response yields an equivalent lateral 

force of 1861.5kN when subjected to seismic ground 

acceleration of 0.114g. This is well within the limits of the 

elastic limit of 6690 kN. 

 

Fig.-11: Critical joint under seismic ground acceleration. 
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5. CONCLUSION 

The Tarpon Monopod, also known as the cable guyed caisson 

is an effective marginal field structure that enables the 

monetization of small previously uneconomic fields. To date, 

its structural responses and characteristics are ill-understood in 

the industry and as well as the academia. This study addresses 

stand-alone loading from storm metocean criteria and probable 

earthquake ground motion. A 3-dimensional Finite Element 

Model of a single Tarpon Monopod was created in SACS 

v5.3. Joint displacements and member unity checks (UC) were 

extracted from the Finite Element Analysis for cross loading 

comparison and benchmarking failure.  It has been highlighted 

that seismic ground motion in Malaysian basin is not an 

impossibility as suggested by recent standards and studies 

such as ISO or GSHAP (Global Seismic Hazard Assessment 

Program) within the West Malaysia region [6], as well as other 

parts of the country. From this study, it is inferred that 

probable values of seismic ground acceleration in Malaysian 

waters would not control the design and over overall response 

of Platform X. However, if there is in any case where a higher 

ground acceleration value is re-defined within the region, or 

that a higher return period is employed beyond 2475 years, 

seismic activity may inevitably gain control and dominate 

design. It should be prudently noted that in this study the 

seismic ground acceleration and metocan loading are acting 

independently on the platform. A study to perform a fully 

coupled co-linear wave-earthquake analysis on the Tarpon 

Monopod would be a valuable extension of this research. The 

authors foresee that this assessment can serve as a reference 

for PETRONAS in considering earthquake/seismic conditions 

into design considerations of offshore installations within 

Malaysian region. 

 

6. REFERENCES 

[1]  Tarpon Systems, “Getting to Know Us. Right Sized 

Facility for Field Development”. [Online]. pp. 4-11. 

Available, http://tarponsystems.com/pdf/Tarpon-

Presentation.pdf 

[2]  H. J. Meek, “P.G.F. Sliggers. Alternative Low-Cost 

Wellhead Platform Concept(s) for Marginal Offshore 

Field Developments”. Presented at Proceedings of the 

Eleventh (2001) International Offshore and Polar 

Engineering Conference [Online]. Available: http://e-

book.lib.sjtu.edu.cn/isope2001/pdffiles/papers/024.pdf 

[3]  Society of Petroleum Engineers, “Marginal Fields: 

Resource to Revenue”, SPE Applied Technology 

Workshop, 2013. 

[4]  “Structural Reassessment for Guyed Caisson Platforms 

(Tarpon) – Basis of Structural Assessment,” GL Noble 

Denton, Kuala Lumpur, Malaysia, Doc. No. 

03/A13/272/REP-001, Nov. 2011, Rev. 4. 

[5]  L. Wald. (2012, July). The Science of Earthquakes. 

[Online]. Available 

http://earthquake.usgs.gov/learn/kids/eqscience.php 

[6]   P. Poggi et. al., “Probabilistic Seismic Hazard 

Assessment: Seismic Hazard Study for Offshore Sabah, 

Sarawak and West Malaysia,” Perunding Ranhill Worley 

Sdn. Bhd., Miri, Sarawak, Client Doc. No. 4719433-ST-

ET-003, Jan. 2008, Rev. 0. 

[7]  I. M. Selamat, M. S. Liew, M. N. Abdullah and K. V. 

John, “Extreme Value Analysis and Joint Density of 

Metocean Loads for Malaysian Water,” Malaysian 

Journal of Civil Engineering, vol. 25, (1), pp. 40-52, 

2013. 

[8]  Design of Fixed Offshore Structures (Working Stress 

Design), PETRONAS Technical Standard 34.19.10.30, 

2012. 

[9]  Recommended Practice for Planning, “Designing and 

Constructing Fixed Offshore Platforms – Working Stress 

Design”, American Petroleum Institute Recommended 

Practice 2A-WSD, 2007. 

[10]  Recommended Practice for Planning, “Designing and 

Constructing Fixed Offshore Platforms – Working Stress 

Design”, American Petroleum Institute Recommended 

Practice 2A-WSD, 2005. 

[11]  “Pile Foundation and Spudcan Penetration Analyses – 

BH Anoa L1 Offshore Terengganu,” TL Geotechnics 

Sdn. Bhd., Selangor, Malaysia, Rep. No. KUA/06-

05/0048, Aug. 2005. 

[12]  L. H. Eik, “Redefining the Design of Tarpon Monopods 

for Marginal Fields”, B.S. Final Year Project 

Dissertation, Dept. Civil Engineering, Universiti 

Teknologi PETRONAS, Malaysia, 2013. 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-6, NOVEMBER-2014  E-ISSN: 2349-7610 

VOLUME-1, ISSUE-6, NOVEMBER-2014  COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED  32 

 

[13]  D. Flock, “Structural Responses of Kumang Cluster 

Jacket Platform Subject to Seismic Ground Acceleration 

and Wave Forces,” B.S. Final Year Project Dissertation, 

Dept. Civil Engineering, Universiti Teknologi 

PETRONAS, Malaysia, 2013. 

[14]  Tanjung Offshore. (2006, June). Company Focus. About 

Tarpon Guyed System. [Online]. pp. 13-14. Available 

http://www.slideshare.net/rnoordin/hdbs-tanjung-

offshore-20060613-initiate# 

[15]  Malaysia Meteorological Department. (2013): Seismicity 

in Malaysia and Around the Region [Online]. Available: 

http://www.met.gov.my/index.php?option=com_content

&task=view&id=82&Itemid=1095&lang=english 

[16]  A. Gurpinar, B. J. Gryspeert, J. R. Cole-Baker. (n.d.). 

Dynamic Analysis of Offshore Platforms under Seismic 

Excitation. [Online]. 8, pp. 375-382. Available: 

http://www.iitk.ac.in/nicee/wcee/article/7_vol8_375.pdf 

[17]  Y. Yamada, H. Lemura, K. Kawano, “Seismic Response 

of Offshore Structures in Random Seas,” in Earthquake 

Engineering Structural Dynamics, ed. 18, John Wiley & 

Sons, Ltd, 2006, pp. 965-981. 

[18]  P. Christensen, “SACS Offshore Analysis & Design 

Software,” Bentley Systems, 2013, pp. 16-21. 

[19]  J. F. Wilson, Dynamics of Offshore Structures, 2nd Ed., 

United States of America: John Wiley & Sons, Inc, 2003. 

 

 

 

 


