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1 EXECUTIVE SUMMARY 

Tension Leg Platform (TLP) is  a common deepwater configuration in offshore oil and gas exploration. 

Because of the uniqueness and complexity of the positioning system (tendons), its motion performance 

and tendon design have attracted broad attention in recent years. In addition, compared to a semi-

submersible platform, critical pry/squeeze loads may be introduced under certain wave conditions due to 

the symmetric arrangement of hull. 

The diversity of the challenges during the TLP design may lead to a situtation where designers must use 

several teams to solve different aspects with different software tools. This can raise  question marks to 

the interfaces and consistency between different systems, as well as additional training and manning 

costs.  

This whitepaper provides a comprehensive approach of TLP analysis using Sesam, covering structure 

modelling, hydrodynamics, fatigue and tendon analysis. As a complete solution, Sesam can provide 

design companies immense values in the following aspects: 

• Completeness and fitness for purpose

Sesam covers most analyses during the TLP design. Users don't need to switch between different 

systems, which means that they avoid extra efforts in modelling, data consistency control and so on. 

Within the same system, Sesam uses a common interface file system to create seamless connection 

between modules.

• Engineering efficiency

The unique concept modelling technology provides the most efficient curved geometry modelling and 

automatic meshing experiences. Users are released from manually defining the topology connections 

and mesh details.

As different modules in Sesam family share the same interface file formats, repetitive work is reduced 

to a minimum. This is more than just reuse of the data, such as the finite element (FE) model, our 

users can also share workspace settings for different purposes of analyses.

Furthermore, Sesam provides a workflow management system, in which the users can control the 

entire process at a higher level. The intelligent file management system is able to automatically 

organize the workspace and file system for each step and sync with Windows file system. This can be 

extended to a network-based automatic file system. In addition, each project workflow can be saved 

as a template for knowledge transfer and new projects.

From a project perspective, the similar user interface for different modules will give a much smoother 

learning curve for the engineers, which will improve efficiency and reduce cost.

In addition, with the workflow management system and in-built post-processing tools (e.g. code 

check and fatigue evaluation) re-design is very efficient in Sesam. A change in structure layout or 

loads can easily be adapted and new results are automatically recreated by re-using the workflow. It 

is thus easy to close the design loop (modelling – analysis – code checking – fatigue) to optimize the 

design of the TLP (or other fixed or floating structures) in Sesam.

• Accuracy

Sesam provides world-leading numerical solvers, such as hydrodynamics, coupled motion, hull and 

slender structural analysis. In cooperation with universities and research institutes, algorithms in 

Sesam solvers are developed with cutting edge engineering and academic technologies. 
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2 INTRODUCTION 

A Tension Leg Platform (TLP) is defined as a buoyant unit connected to a fixed foundation (or piles) by 

pre-tensioned tendons. The tendons are normally parallel, near vertical elements, acting in tension, 

which usually restrain the motions of the TLP in heave, roll and pitch. The platform is usually compliant 

in surge, sway and yaw. An example of a TLP is shown in the figure[1]. 

More than two dozen TLPs have been installed in major oil fields around the world. The Gulf of Mexico 

(GOM) has the most, with a total of 19 in production or under design/construction. In Asia, although 

there is only one TLP installated so far, there is an increasing interest in adopting this technology[2]. A 

TLP FEED project has been started recently for Liuhua, China’s largest offshore oil field with an estimated 

1 billion barrels of oil in place. TLP hull forms range from conventional TLP, MOSES TLP®, SeaStar TLP®, 

to E-TLP®. 

In this whitepaper, three major areas are in focus during the analysis. These are structure & fatigue, 

hydrodynamics & motion performances, and tendon & riser analysis. The range of analysis types covers 

the following: 

 Concept modelling – one concept model for panel FE (finite element), global structure FE, and local

submodel FE

 Hydrodynamics – global performance, design wave load for Ultimate Limit States (ULS), wave loads

for Fatigue Limit State (FLS) and hotspot fatigue, hydrodynamic coefficients and Quadratic Transfer

Function (QTF) for coupled analysis, etc.

 ULS and FLS check – plate buckling check, global fatigue screening and local hotspot fatigue

 Coupled motion analysis – time-domain coupled analysis considering drift forces and QTF, time-

domain airgap analysis

 Tendon analysis and fatigue – intact and damaged condition analysis, tendon disengaged transient

analysis, fatigue
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To cover all these aspects, various Sesam applications are used, as a brief view shown in the below 

figure.  

Topside analysis is not within the scope of this whitepaper (it has been covered in “DNV GL - Software 

technical report, SesamTM for jackets”[3]). 

 

 

 

All the data below are for demostrating purpose only and in no circumstance should be used directly in 

real projects. If readers want to learn the best practice from this whitepaper, please kindly contact our 

support team via software.support@dnvgl.com. A workshop may be arranged upon request.  

mailto:software.support@dnvgl.com
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3 WORKFLOW IN SESAM MANAGER 

The figure below shows a typical workflow of TLP analyses and how the different analyses interact. Data 

information is transferred between different steps seamlessly by using so-called Sesam Interface Files. 

The complexity of a TLP project leads to a strong need for analysis workflow management. As mentioned 

above, totality is one of the key benefits from Sesam, and to control different analyses in a higher 

hierarchy, Sesam Manager is developed to fit this purpose. 

 

In Sesam Manager we establish the analysis task as a job containing execution of Sesam programs 

(applications) organised as activities in a workflow. Sesam Manager also takes care of the data flow 

between the Sesam programs. A folder structure corresponding to the activities of the workflow is set up 

and input/output files for the various programs are automatically shared between the activities. 

Furthermore, any document or file, e.g. analysis specifications and reports, may be attached to the job. 

The screenshots below show the workflow used in this whitepaper. 
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We can either view it as a flow 

chart, in which we can put 

numerous descriptions and 

explanations, or we can view it in 

a more simplified but clearer tree 

view. Furthermore, this workflow 

can be exported as a template 

without an actual database file in 

order to save space, for future 

similar projects. 

A huge benefit of Sesam 

Manager is the possibility to 

automatically re-run all or a 

selection of activities. This 

makes re-design efficient in 

Sesam. 
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4 MODELLING 

The concept modelling technology in Sesam’s GeniE makes the modelling extremely efficient. All 

topologies of intersections among plates are automatically calculated, which makes intelligent auto mesh 

possible. It is so efficient that we can spend much less time focusing on the finite element level and 

more time focusing on the design itself, compared to the time spent if using other software tools. 

In addition, since the finite elements are just a layer of the concept model, if any changes are needed 

(which is always the case in a design loop) we need only to modify the concept model. The old topology 

will be updated automatically and all relevant FE models will then be updated also by re-meshing. The 

program also provides the option to update only the changed part, which saves tremendous time, 

especially for structure FEM. 

Automatic definition of compartments is another benefit of using GeniE. GeniE automatically detects all 

the enclosed voids and let users decide if they shall be treated as compartments or not. All vectors 

(inside or outside) of the compartment walls are automatically known and can be changed by the user. 

Compartments are commonly used in floater design and previously engineers spent a lot of time to 

manually define them. Compartments are used to include the loads from hydrodynamic analysis. In 

Sesam such load transfer is automatic while in other systems this may be based on a tedious and 

manual approach. 

In the analysis workflow, a concept model is prepared and categorized with different “Sets”. GeniE has 

the capability to mesh and analyse a part of the model only. Some examples are shown below, such as 

one quarter panel and free surface model (for QTF analysis), compartment model, structure model, 

Morison model and sub-model. The purpose of these models can be found in later chapters as well. 
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5 GLOBAL PERFORMANCE 

A TLP differs fundamentally from other floater 

concepts in the sense that it is the tendon 

stiffness rather than the water plane stiffness 

that governs the vertical motions. The TLP is a 

soft spring in surge, sway and yaw motions, 

but stiff in heave, roll and pitch motions[4]. 

A TLP generally experiences wave frequency 

(WF) motions in the horizontal plane that are of 

the same order of magnitude as those of a 

semi-submersible of comparable size.  

 
 

In the vertical plane, however, the TLP will behave more like a fixed structure with practically no WF 

motion response. WF forces are directly counteracted by the tendon stiffness forces. Higher order sum-

frequency wave forces may introduce springing or/and ringing responses in the vertical modes. These 

effects may give significant contributions to the tether responses. 

Set-down is the kinematic coupling between the horizontal surge/sway motions and the vertical heave 

motions. Set-down is important in the calculation of air-gap, tether forces and riser system responses 

such as stroke. 

Quick hand calculation 

Before using any software tool, we may practice a quick hand calculation of global stiffness and natural 

period with a simplified formula. This could help us have a deeper understanding of TLP hydrodynamic 

performance.  

The horizontal and vertical stiffness can be represented as below: 

𝑘𝐻 =
𝑃𝑝𝑟𝑒

𝐿
⁄   and 𝑘𝑉 = 𝐴𝐸

𝐿⁄  

in which 𝑃𝑝𝑟𝑒 is the pretension, 𝐿 is the length, 𝐴 is the cross section area, 𝐸 is the elastic modulus. Assume 

𝑃𝑝𝑟𝑒 = 1.1𝐸7𝑁, 𝐴 = 0.22𝑚2, 𝐸 = 125𝐺𝑃𝑎, 𝐿 = 1,800𝑚, and the TLP has 12 tendons. It’s easily to calculate that,  

𝑘𝐻 = 1.1 ∙ 107 ∙ 12 1,800⁄ = 9.78 ∙ 104 𝑁 𝑚⁄  and 𝑘𝑉 = 125 ∙ 109 ∙ 0.22 ∙ 12 1,800 = 1.83 ∙ 108 𝑁 𝑚⁄⁄ . 

The heave natural period can be represented as  

𝑇 = 2𝜋√
𝑀

𝑘
= 2𝜋√

𝑚 + 𝑚𝑎

𝜌𝑔𝐴𝑤 + 𝑘𝑉

 

in which 𝑚 is the total mass, 𝑚𝑎 is the vertical added mass and 𝐴𝑤 is the waterplane area. Let's assume 𝑚 =

34,000𝑡, 𝑚𝑎 = 17,000𝑡 (𝐶𝑎 = 0.5) and 𝐴𝑤 = 1.2𝐸3𝑚2, then 

𝑇 = 2𝜋√
34,000 + 17,000

1.025 ∙ 9.81 ∙ 1.2 ∙ 103 + 1.83 ∙ 105
= 3.21𝑠 

A comparison we can do here is that, if this is a similar size semi-submersible platform (SEMI), its heave 

restoring basically comes from the waterplane, thus its heave natural period can be calculated as  

𝑇 = 2𝜋√
𝑚 + 𝑚𝑎

𝜌𝑔𝐴𝑤

= 2𝜋√
34,000 + 17,000

1,025 ∙ 9.81 ∙ 1.2 ∙ 103
= 12.95𝑠 
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For a practical SEMI, the heave natural period is normally larger than this since the waterplane area will be 

larger. But this calculation can still reveal the large effects of tendon stiffness to the natural period of TLP. A 

similar check can also be done for roll and pitch motions in the concept design phase. 

The table below shows typical natural periods of deep water floaters[4]. 

 Natural Period 

Floater model FPSO DDF TLP SEMI 

Surge >100 >100 >100 >100 

Sway >100 >100 >100 >100 

Heave 5-12 20-35 <5 20-50 

Roll 5-30 50-90 <5 30-60 

Pitch 5-12 50-90 <5 30-60 

Yaw >100 >100 >100 >100 

5.1 Tendon and riser simulation in frequency-domain 
hydrodynamic analysis 

Sesam’s HydroD with the potential solver Wadam is used to calculate the hydrodynamic coefficients and 

wave loads on the wet surface. Because TLP motion responses include both the low frequency part in 

horizontal direction and high frequency part in vertical direction, full QTF (Quadratic Transfer Function) 

needs to be calculated using an advanced module in Wadam.  

To get the right draft, tendons (and risers) are defined in hydrodynamic analysis (HydroD) as springs 

with linear stiffness characteristics. The tendon element is connected to nodes in the Morison model[5]. In 

addition, Appendix B 2.2 in Ref. /6/ summarizes the description of the TLP mooring element formulation.  

  

The restoring contributions from the tendon are assembled into the body restoring matrix and hence 

contribute to the rigid body motion. The rigid body motion computed yields dynamic restoring forces 

acting in the mooring element nodes. They are mapped onto the structural model as nodal loads. 

To capture the nonlinear effects from the tendons (and risers), time domain coupled motion analysis is 

necessary to predict the motion performance of TLP. More details can be found in chapter 7. 
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5.2 Mass distribution and compartments 

There are several ways to define mass distribution/model in HydroD as described below. 

1. Mass calculated from a separate mass model file (this is often automatically generated from the 

concept model) 

2. User-defined mass parameters 

3. A 6x6 mass matrix 

4. Mass given by the Morison model 

In a preliminary analysis, normally option 2 is used if the rough distribution has been derived by 

experience, hand calculation or with in-house spreadsheets. Otherwise, option 4 is also quite often used 

by creating the whole structure with Morison beams with different diameters and unit mass. Both 

methods are very effective to find preferred distribution by modifying the parameters.  

Normally in this stage, compartments may not be necessarily modelled in detail since we can include 

them into global mass distribution. However, if the free surface effect is not negligible, detail 

compartment modelling is needed and in this analysis it is part of a structure model as in the option 1 

mentioned above. 

As mentioned in chapter 4, all enclosed space will be automatically detected in GeniE and may be 

defined as compartments (with proper plane normal). In HydroD, users can define the compartment 

fillings with different permeability and filling ratios. Deck tank may also be defined for stability analysis, 

which is not included in this whitepaper. HydroD may calculate the filling ratio of compartments 

necessary to obtain equilibrium of gravity and buoyancy forces. HydroD may also compute the required 

trim, heel and draft to balance a given mass distribution. 

 
 

5.3 Morison model 

Another interesting discussion is how to properly include effects from viscous forces to the motion and 

structure design of the platform. Of course, dimensional damping matrix or critical damping matrix could 

be added directly. Those may be obtained from experience data or model testing. However, if those data 

are not available, users may define a dummy Morison model to capture the viscous forces, as shown 
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below. Attention should be paid to proper definition of cross section of dummy Morison beams to avoid 

double accounting of buoyancy (and mass and added, etc.). 

All the methods for defining the mass can be used during the hydrodynamic evaluation including the load 

transfer analysis. To maintain load balance all loads should be transferred, see section 6 below.  

 

 

5.4 Second-order effects 

A speciality of TLP is that, as mentioned above, the natural period of heave motions in the vertical 

direction is normally very small, thus the high frequency motion happens quite often. Whilst, in the 

horizontal direction, the stiffness is comparatively small so the low frequency part may be dominant. 

Therefore, we need a way to include both the low frequency and high frequency hydrodynamics in the 

same analysis. Furthermore, for the high frequency forces, full QTF need to be calculated. The below 

figures show the 2nd-order motion and force at sum frequency in z-direction. HydroD (Wadam) is used to 

calculate the below responses. 

  

5.5 Air-gap analysis 

Frequency domain air-gap analysis can be carried out by setting off-body points in HydroD to find the 

distance between the related positions at deck elevation and the wave elevation at these points. Users 

can check the air-gaps under either incoming waves or disturbed waves. A statistical prediction can be 

done after a short term prediction based on user-defined sea states. More details can be found in the 

standard training workshop in Ref. /7/.  
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6 STRUCTURE DESIGN ANALYSIS 

This chapter gives a very brief introduction about the typical steps to run structure analysis for TLP hull. 

Design wave approach is used for Ultimate Limit States (ULS) check and stochastic fatigue is used for 

Fatigue Limit Status (FLS) check. Detail design guidelines should refer to ref. /1/ and /8/.  

In HydroD, the following loads can be automatically transferred to the structural model: 

 Hydrodynamic wave pressures 

Pressure distribution from exciting forces, added mass and potential damping, and variations 

in hydrostatic pressure due to the vessel motion are transferred to each wet element in the 

structural model as well as to the compartments 

 Inertia loads 

Rigid body accelerations are transferred to all nodes in the structural model.  

 Tendon reaction forces 

The rigid body tether reaction forces are transferred to the nodes in the Morison model 

where the tendon elements are connected. 

Loads are automatically transferred to the structural model in Wadam. Tether loads may, however, only 

be transferred to nodes in a beam structural model corresponding to a Morison model. Such loads are 

consequently written to a composite structural model [6]. 

6.1 Ultimate Limit States (ULS) 

6.1.1 Design wave 

Ref. /8/ describes the responses normally governing for the global strength of a typical twin pontoon unit 

with horizontal braces between the pontoons. Also a description of design wave load approach can be 

found. 

For a particular TLP structure, when using Design Wave Approach, it is important to capture all the 

waves that induce most critical characteristic responses, e.g. max squeeze/pry loads, max accelerations, 

max tendon tensions etc. The most important design wave for a conventional four-column TLP design is 

the wave that maximizes squeeze and pry loads.  

The critical value for this response generally occurs 

with the waves approaching along the platform 

diagonal axis, with a wavelength being slightly more 

than twice the diagonal column centreline spacing. 

This response will normally give the maximum 

moment at the connection between the pontoons (or 

braces) and columns, and/or connection between the 

deck and columns. 
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A second important squeeze/pry load case is with 

beam seas and a wavelength slightly more than twice 

the column centerline spacing in that direction. This 

response will normally give the maximum axial force 

in the transverse horizontal bracing or pontoon 

members. 

 

A load transfer hydrodynamic analysis with different wave frequencies and directions should be run first. 

In this step we normally need to set up several load cross sections in HydroD to capture cross section 

forces and moments. Please note that the loads include the contribution not only from the hydrostatic 

and dynamic, but also the inertia part. Since computation of this part requires data about the mass 

distribution only mass models 1 and 4 mentioned in section 5.2 can be used. In case we have 

compartment contents, those loads will also be considered. HydroD can provide the correspondence with 

the section names defined in Postresp, which is very useful in later statistical analysis, as shown below.  

 

 

As an example, we may first check the bending moments RAO about x-, y- and z- axis under different 

incoming wave directions, as shown in the left figure below. We found out that bending moments about 

the z-axis has the largest peak under a 45 degree incoming wave. We may then plot bending moment 

about z-axis for section 1-5. As we can see, section 101 (closest one to the column) has the largest 

value. 
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We may also plot a section force diagram in 

Postresp to check this. See more approach in ref. 

/7/. 

 

Next, we need to run a long-term statistical analysis for the bending moment about the z-axis for section 

101, under a 45 degree incoming wave. As shown in the left figure below, under 100 year return period, 

the extreme value is 1.161e9 N*m. From the right figure below, we got the peak value of the RAO is 

2.444e8 N*m per unit wave height and the period and phase are 8s and 52.2 degree respectively. 
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Using simple calculation, we can get design wave for this response (squeeze-pry) as, 𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 =
1.161𝑒9

2.444𝑒8 =

4.75 𝑚, 𝑇 = 8 𝑠 and 𝜑𝑤𝑎𝑣𝑒 = 360° − 𝜑𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 = 360 − 52.2 = 307.8 𝑑𝑒𝑔. In real design, we may need to find 

several design waves based on different criteria.  

From here we may have two approaches to calculate the response under design wave. In this example, 

we may then define a wave. One approach is to define a deterministic wave (with design height, 

direction and phase) and calculate the response. Another approach is to define a complex wave (with 

design direction and unit wave height). Later on, convert the complex results into real results at design 

response phase and also multiply the design wave height as the factor. In this example we used the 

second approach. 

 

6.1.2 Structure analysis and check 

With hydrodynamic loads automatically transferred to the structure FE model, Sestra was run to get the 

structural analysis result. A good practice is to verify that the reaction forces are close to zero (<1%) 

compared to the global excitation forces. Example still water loadcase: Max Fz < mass*g/100.  

Another important step is to compare the cross section reaction forces and moments with the load cross 

section calculation. This is to check if the hydrodynamic loads were properly transferred to the structure 

model. Cutres is used to specify cross sections with the same position set previously in HydroD. 
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If needed, we may also verify interactively the pressure mapping of both internal and external pressures, 

deflections and nominal stress level in Xtract. 

 

 

 

6.1.3 Convert complex loads to real loads 

Though we only defined one or several design wave conditions, the results are still comprised of a static 

loadcase (1st one) and several complex ones. We then need to convert the complex loadcases into real 

ones, in which we also considered to include design wave height and phase. This could be simply 

achieved in Prepost. We may check the result in Xtract and in the example below we created a real 

loadcase 4, combining the static loadcase 1 and a dynamic loadcase 2 with a factor of 4.75 at phase 

angle 52.2 degree. 
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6.1.4 Buckling check in GeniE 

Now we can import the structure analysis result back into GeniE. Normally we can select one or several 

plates and create a capacity model. Users may choose suitable rules and set proper parameters in the 

GeniE GUI. For member code check (like in e.g. the topside) the complex load cases are used directly. 
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Using a similar approach, we may find other design waves and carry out more buckling check under 

different loading conditions. 

6.2 Fatigue Limit States (FLS) 

Stochastic analysis method was used for this whitepaper, by running Stofat. The procedure is shown as 

below and detail descriptions, as well as other methods could be found in Ref. /10/. 

 

6.2.1 Global fatigue screening 

The analysis normally starts with a global fatigue screening based on nominal stress from global analysis 

and stress concentration factors.  

This is typically used to: 

 Identify fatigue sensitive areas 

 Determine critical stress concentration factors for 

deck attachment and topside supports 

 Determine location of local models and fine mesh 

areas 

 Decide extent of reinforcements based on SCF 

from local analysis with submodel 
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As introduced above, a frequency domain load transfer 

analysis needs to run with different periods and directions in 

HydroD. Sestra was run thereafter to get structure 

responses. A similar load transfer check may be carried out 

as well. Stofat is then used to run an element fatigue check 

(Runs through all elements selected for fatigue assessment). 

The results can be visually checked in Xtract. 
 

6.2.2 Hotspots check 

After finding the critical area, a hotspot check needs to be performed. To satisfy the requirements, 

normally local model with txt mesh size is needed.  

There are several alternatives to include the local model with fine mesh and run a structure analysis 

considering global deformation. One alternative is to refine the mesh of local area within a global 

structure model. The benefit of this method is of course to avoid the challenge of how to transfer global 

deformation to a local model. Also, it’s very easy to include the internal hydrodynamic loads if the 

hotspots located on the wall of a compartment. Users need to run a full structure analysis every time to 

ensure consistency in stiffness and acting loads. 

Another alternative is to set up a local model including only the parts concerned. A benefit of using 

Sesam is that the global structure deformation can be automatically defined to the boundary of the local 

model with refined mesh, which is usually a manual procedure in other software systems. Furthermore, 

users can run a hydrodynamic load transfer analysis by using only the local model as the structure model 

and perform the structure analysis afterwards. This will save tremendous analysis time in practice. The 

procedure is used in the current whitepaper. 

 
 

 

6.2.2.1 Advanced mesh control 

A common challenge for the engineers is to make a refined local model with “good” mesh. The features 

in GeniE to make local refined analysis models will lead to massive time savings for our users. It 

eliminates the need for tedious definition of mesh control and the transition zone between fine and 

coarse mesh. It is possible to refine the mesh manually or automatically 

 Manually by selecting for example refine grid by increasing the mesh density factor with 3 of a 

selected set of elements 
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 Automatically by specifying a volume, a maximum mesh density and rules for mesh transition 

The refined model below has been created using manual mesh refinement where each finite element is 

divided in 3 and mesh transition is automatically handled. 

 

For more details, please refer to GeniE whitepaper. 

6.2.2.2 Calculate compartment loads with local model 

As mentioned earlier, if the concerned area is located on the surface of a compartment, internal 

compartment loads also need to be calculated for fatigue analysis. A common challenge in other systems 

is that the local model must include at least one complete compartment in order to get correct 

compartment loads. Otherwise, it is not possible to define the compartment in hydrodynamic analysis. 

However, HydroD provides an option to directly define an “acceleration point” and a “Z-level point”. In 

this way we can properly calculate the internal fluid dynamics without having the whole compartment 

model. Furthermore, since we previously have run the load transfer analysis with a full structure model, 

the coordinates may be taken from the result files. 

 

6.2.2.3 Check global and local deformations 

After running the hydrodynamic load transfer and structure analysis for the local model with refined 

mesh, an advanced function in Xtract can help our users display the local and global structure models 

together, which allow them to visually check the consistency of displacements, pressures and responses.  
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6.2.2.4 Local hotspots fatigue analysis 

Hotspots may be placed anywhere inside the element model and a series of hotspots may be created 

and examined in the same run. According to the rules[11], three points are required to create a hotspot, 

which includes the hotspot itself and two interpolation points. Hotspot stresses are found by linear 

interpolation of stresses from the interpolation points. 

 

 

 

 

  



 

 

 

| White Paper | Sesam |    www.dnvgl.com/software  Page 21 

 

7 COUPLED MOTION AND TENDON ANALYSIS 

As mentioned in Chapter 5, due to the complexity of tendon positioning system, in most case, motion 

performance and tendon analysis of TLP need to be carried out based on a time-domain coupled 

approach. 

7.1 Time-domain coupled analysis 

7.1.1 Low- and high-frequency loads and 
responses 

There are many advantages of using DeepC to perform the coupled 

motion and tendon analysis. An important advantage is the 

possibility of considering both the low drift motion in the horizontal 

direction and high frequency forces and motions on the vertical 

direction. This is due to the speciality of TLP characteristics.  

HydroD can calculate full QTF of wave loads as input to DeepC. With 

a coupled model for the slender structures (tendons and risers in 

this case), low- and high-frequency motions and tendon tension can 

be accurately investigated. 

In the example of this whitepaper, 12 tendons and 12 risers were 

modelled in total. On the right figure, the colours show different 

cross sections. This is an efficient way to check the model settings. 

A storm condition and a fatigue wave condition are used to compare 

the behaviours.  

The below figures show the horizontal and vertical wave forces under storm condition. The red curves 

show the mean drift force in x-direction in the left figure and the high-frequency for the z-direction in the 

right figure. The blue lines show the first order forces in different directions. 

  

Horizontal force Vertical force 
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We may also compare the horizontal forces under different conditions, as shown below. 

  

Storm Condition Fatigue Condition 

By checking the effective tension of tendon 2, we may have some further interesting findings. In the 

storm condition (left figure), the wave energy basically dominates the tendon responses, as you see the 

consistency of the peaks, whilst some high frequency responses can still be captured. But in the fatigue 

condition (right figure), the tendon tension is basically a high frequency response.  

  

Storm Condition Fatigue Condition 
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If we plot the responses with wave forces, it is clearer that the high frequency tension in fatigue 

condition is aroused by the second order excitation. 

  

Storm Condition Fatigue Condition 

It may not be easy to fully investigate the responses in a frequency-domain approach or with decoupled 

time-domain method due to the nonlinearity and dynamic effects of the slender system. 

 

7.1.2 Time-domain air gap analysis 

Traditional approach to calculate air gap of offshore platforms is based on a frequency-domain approach 

and statistic prediction, which in some cases may not be conservative. DeepC provides the possibility to 

run a time-domain air gap analysis. To perform that, off-body points must be defined prior to the 

hydrodynamic analysis to store the kinematics. Those surface elevations will then be read into DeepC, 

and by defining the body point(s) with the same horizontal positions, the distances can be calculated 

simultaneously in time domain. 

More details can be found in a separate workshop. 

 

7.1.3 Drilling riser detail analysis 

In case a detail drilling riser needs to be designed, DeepC can also model the complex system, including 

the tensioner systems, slip-joint and pipe-in-pipe contacts, etc. 

Below are some typical configurations. 
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7.2 Disengaged transient analysis and fatigue 

7.2.1 Tendon disengaged transient analysis 

In addition to intact condition analysis, many projects are required to perform a damaged condition or 

tendon disengaged analysis. An easy approach is to delete one (or several tendons) in the analysis and 

check the responses of the rests. However, this approach cannot capture the transient phase of the 

platform motions and tendon tensions, thus a higher safety factor may be applied.  

In DeepC, users can specify an exact time step to disconnect one or several tendons at specific positions. 

This will help capture the responses from an intact condition to a damaged condition.  

 

The figure below shows the tensions from the disengaged tendon and two neighbouring tendons in the 

example. Model experiment from a previous project also shows good agreement between the calculation 

and test. 

 

7.2.2 Fatigue assessment  

Fatigue assessment of tendons (and risers) can be performed in an efficient procedure. There are 

automatic tools that can help our users quickly set up a fatigue analysis. For example, wave scatter data 

can be defined either by manual input, copy and paste from spreadsheet or fully java script. The 

discretization of scatter can be done automatically, and as well as the definition of environment 

conditions based on it. It is also possible to specify a template for the analysis and automatically 

generate the others based on it.  
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In DeepC, both regular and irregular waves can be used in fatigue analysis. This is very important 

especially in the FEED phase since analysis time with regular wave conditions is much faster, while the 

accuracy of fatigue results will still be in a reasonable level. 

The fatigue assessment results can be checked visually or in tables.  

From another project experience, with the 

purpose of assessing accumulated fatigue 

loading on tendons after installation, 

DeepC results were compared with two 

years of real field measurements, as well 

as an assessment tool for fatigue loading 

prior to installing strain gauges. 

The brief procedure is illustrated in the 

figure to the right, and the result shows 

that “DeepC achieved excellent agreement 

with measurements and coupled analysis 

is shown to be a powerful tool for 

simulation of complex structures like a TLP 

and tendon system”. 

  

 

7.3 Coupled analysis with TLP and FPSO 

For even more complex system, e.g. a TLP operated together with FPSO (e.g. Kizomba A), DeepC can 

also handle the whole system in the same coupled analysis. An example is shown below and more details 

can be found in a separate whitepaper. 
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