
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

USE OF AGED TANKERS AS OFFSHORE AND 

PORT OIL STORAGES 
 

Nikola Vladimir, Ivo Senjanović, Neven Alujević 
 

University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, 

Ivana Lucica 5, 10000 Zagreb, Croatia 

nikola.vladimir@fsb.hr, +385 1 61 68 114 

 

 

 

 
OFFSHORE KOREA TECHNICAL CONFERENCE 2018, BUSAN, KOREA, OCTOBER 2018 

mailto:nikola.vladimir@fsb.hr


2 N. Vladimir  et al.: Use of Aged Tankers as Offshore and Port Oil Storages 

CONTENTS 

 Introduction  

Mathematical model 

• Ship static equilibrium 

• Determination of the mud pressure 

Ship data, calculation setup, FE models 

• 1D FE model 

• 3D FE model 

Results 

Concluding remarks 

 

 



3 N. Vladimir  et al.: Use of Aged Tankers as Offshore and Port Oil Storages 

INTRODUCTION 

 Demolition of aged ships is an important strategy for balancing the global 

ship fleet capacity and is influenced by the ship obsolescence, technical 

developments and environmental regulations on ship demolition, operational 

costs as well as by the state of the shipping market in general. 

 

 

Position of crude tankers in the value chain 
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Source: 

https://www.euronav.com/media/65361/special-report-2017-eng.pdf 
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 Although there has been a shift toward newbuild FPSO, especially for 

developments in harsh environments, very large crude carrier (VLCC) tanker 

conversions remain the basis for projects in areas where benign 

environmental conditions (mild sea waves and swells) are predominant, such 

as off west Africa, southeast Asia, Australia, and Brazil. 

 Providing flexibility and mobility, tanker conversions in some cases offer 

quicker production of first oil. 

 Depending on the economics of 

     the project and its location, tanker 

     conversions to FPSO may be 

     alternatives worthy of consideration. 

 Of the world’s approximately 200 FPSOs, 

     about 60% are converted tankers. 

 The unique challenges of aging 

     tankers are critical considerations 

     in the design, installation, and 

     maintenance of topside process facilities. 

 

 

 

 

Source: 

https://spe.org/en/print-article/?art=209 
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 Instead submitting aged tankers to usual 

recycling process, which is nowadays 

subject of different policies, their cargo 

modules can be sometimes used to 

increase storage capacities in ports, if 

there is economic justifiability. 

 It is, however, necessary to care about 

ship hull integrity both for the sake of 

human safety during their operation and 

potential environmental issues. 

 This investigation brings a procedure for 

strength assessment of a ship structure 

partially immersed in mud and is 

motivated by a practical problem of 

structural integrity evaluation of an aged 

single-bottom tanker which was grounded 

in mud and used as oil storage in order to 

increase the port capacities.  
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 FPSO – „classical” strength evaluation (direct calculations). 

 Grounded tanker – no specified procedure!!! 

 

 

 Practical problem of structural 

     integrity evaluation of a single 

     hull tanker which, after its 

     regular service, was grounded 

     in mud and used as port oil 

     storage   
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 The considered single hull oil tanker was built in 1956, with the following main 

particulars: 

 Length between perpendiculars:  LPP = 149.07 m 

 Breadth:     B = 25.72 m 

 Depth to main deck:    H = 14.1 m 

 

 

 

 

 

 

 

GOAL: Confirm by appropriate calculations that the ship can be reliably 

used as a port storage for a set of loading conditions!!!  

 Necessary to check both global (beam model) and local (3D FE model) 

strength. 
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MATHEMATICAL MODEL 
 
Ship static equilibrium 

 The weight of the grounded ship is equilibrated partly by the water buoyancy 

and partly by the sea bottom reaction. 

 The total reaction R=Q-B is known, but its distribution along the ship, which is 

important for the longitudinal strength analysis, is unknown. 

 It is assumed that the ship hull freely floats in both water and mud. Since the 

ship does not change her draught at different loading conditions, the sea 

bottom reaction is simulated by buoyancy of a particularly high-density mud.  
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 Ship weight, Q, has to be equilibrated by the water and mud buoyancies, 

respectively: 

 

 

 

 

 Now, one can calculate the mud density necessary to maintain the static 

equilibrium: 

 

 

 Therefore the mud density is determined for each loading condition separately, 

by assuming that the ship immersion in mud is constant (as confirmed by the 

in-situ observations). 

 In case of a unit immersion, additional buoyancy represents the sea bottom 

(mud) stiffness, and yields: 
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Determination of the mud pressure 

 The ship is in a static equilibrium, where the hull and cargo weights are 

partially equilibrated by the supporting mud pressure. Also, the hull sides are 

exposed to the hydrostatic pressure of the surrounding water. 

 The distribution of the mud reaction along the ship hull is shown in the figure. It 

can be calculated by knowing the total ship and cargo weight, F, and the 

longitudinal position of the 

    centre of gravity (CG), xCG, 

    which are regularly available 

    from the loading manual. 
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SHIP DATA, FE MODELS, CALCULATION SETUP 
 
 The central cargo tanks 4C-9C are intended to be used as oil storages. The 

side tanks 1L, 1D, 4L and 4D are aimed to be empty, whereas tanks 2L, 2D, 

3L, 3D, 5L, 5D, 6L and 6D contain permanent ballast (sea water, 95% of tank 

capacity), that together with the ballast in the fore peak (20% of FP capacity) 

and the lightship mass, ensure a permanent contact between the ship 

structure and the bottom. 

Ship general arrangement with tank disposition 
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 An extensive thickness measurement campaign of complete ship structure has 

been performed in order to accurately take into account the corrosion effect, 

i.e. to reliably simulate a realistic ship condition. 

 For illustration, the arrangement of measurement points for side tank plating is 

shown in below figure. 
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Calculation setup 

 For both global and local strength assessment two 

     sets of different representative loading conditions 

     are defined. For the global strength assessment, 

     the ship is considered as a beam, and it is 

     reasonable to assume that critical loading 

     conditions are those representing beam subjected 

     to the concentrated forces (LC1 and LC2). 

 Since aims of the global and local strength 

     assessments are fundamentally different, 

     separate loading conditions should be considered in 

     the 3D FEM analysis. In the latter case it is 

     reasonable to assume that critical loading 

     conditions are those causing maximum stresses in 

    the transverse bulkheads. Consequently, two 

    representative load cases are defined 

    (LC3 and LC4). 
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1D FE model 

 The developed in-house code is 

used to determine global 

deflections of the ship structure 

supported by the mud and 

surrounded by the sea water. 

 Before constituting the FEM model 

sectional properties of the ship 

structure should be determined. 

 Stiffness parameters of ship hull 

cross-section are determined 

utilizing strip element method, by 

means of the in-house software 

STIFF, where due to symmetry 

only one half of cross-section is 

modelled. 
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 After determining cross-

sectional properties, the FEM 

model can be constituted. 

 The beam model consists of 

20 finite elements, where each 

tank is modelled with 2 finite 

elements. 

  Longitudinal weight 

distributions for LC1 and LC2 

are given in right figures, 

where FE nodes are along the 

ship are also marked. 
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3D FE model 

 A fine mesh 3D FEM model of the 

tanker is generated in order to 

perform detailed strength 

assessment. In total, the FEM model 

used for the analysis has 30762 

nodes and consists of 64733 

elements, where 34434 are plate 

elements and 30299 are beam 

elements. The mesh density in the 

longitudinal direction equals to the 

ordinary frame spacing (781 mm).  

 The only exception is the fore part of 

tanks 1L/1D where the mesh density 

is two times coarser. The mesh 

density in the transverse direction is 

equal to the spacing of the 

longitudinal stiffeners. 
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 The complete FEM model was 

updated with ultrasonic gauging 

inspection data, as for instance 

shown in case of a typical cargo tank 

structure together with the side 

(ballast) tank structure, and 

transverse bulkhead. 
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RESULTS 
 
 Global FE results 
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 Detailed FE results 
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CONCLUDING REMARKS 
 
 The procedure for both global and local strength assessment of ship structure 

partially grounded in mud, has been presented. 

 It has been illustrated on a practical problem of strength assessment of an 

aged single hull tanker. 

 A special mathematical model for loading of the ship grounded in the mud has 

been developed in order to take into account the external loading by both the 

mud and the surrounding water. 

 In such a model the total loading of the finite element model consists of 1) ship 

weight, 2) liquid cargo pressure, 3) surrounding water pressure on ship sides 

and 4) mud buoyancy. 

 Locations with the highest stress levels are identified for selected load cases. 

Despite the selection of the most severe loading conditions, represented by 

different combinations of successive empty and full cargo tanks, the calculated 

stresses are below permissible values for all structural members. 

 Maximum stress levels are regularly obtained in transverse bulkheads of 

central tanks. 
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 Therefore, if the cargo amount in the adjacent tanks is similar, stresses in 

bulkheads between them will be minimized. 

 Moreover, the obtained results show that the ship in its current static 

equilibrium position can be exploited with arbitrary combinations of cargo tank 

fillings. 

 However, due to safety reasons and bearing in mind the age of the ship, the 

structural elements should be continuously surveyed. 

 The added value of the research is in the physically consistent theoretical 

model that can be used for the determining of the reaction pressures of 

sunken ships in the salvaging operations, as well as for similar problems of 

sunken vessels. 

 

 
Thank you for your attention!!! 


