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Abstract  
This master thesis is written at the University of Stavanger in collaboration with the Department of 

Mechanical and Structural Engineering and Materials Science. 

All subsea modules for subsea processing highly require integrated supporting frame structure that 

can support during lifting, transportation, installation and decommissioning. In principle the subsea 

module supporting structures should be designed such that it can withstand the critical design phase. 

Failure of the subsea module supporting structures is directly associated with the main subsea 

module /unit. 

This work presents a literature study on lifting, transportation, installation and decommissioning 

phases. The project has developed different supporting structure STAAD models to study how the 

structural integrity will be responded to different design phases. The subsea modules for each case 

study are taking from Åsgard compact subsea compression system for smaller gas fields. The data for 

the pump module, cooler module and compressor module are based on AkerSolutions and Statoil 

presentations. The main objective of this thesis is to investigate the critical design phase for the 

subsea supporting structures and make some guide lines on how to document structural integrity 

during concept and final engineering stages.  
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1. Introduction 

1.1 General 
It has been a common practice that oil and gas industries has been using the advantage subsea 

technology than surface production platforms in case of deeper water. Subsea development in 

deeper water become a key toward cost effective with optimal oil recovery. In order to achieve the 

subsea production, subsea modules or products are required. All subsea modules; like subsea gas 

compressor, pumps, umbilical termination, control system, subsea pig launcher, power and 

processing unit and the like; require integrated supporting frame structure that can support during 

lifting, transportation, installation and decommissioning. Any failure of the subsea module 

supporting structures have direct impact on the main subsea module /unit and this failure can induce 

stress on the main subsea module. Therefore it is very important to document the structural integrity 

of the subsea module supporting structures before installation and operation subsea. As the above 

subsea module integrated supporting structures are very critical unit, normally protection structure 

with roof panels are provided to ensure protection against both dropped objects and trawling. 

Considering this situation only ULS condition will be evaluated during the analyses of the subsea 

module supporting structures. The protection structure shall not have any physical contact with the 

subsea module supporting structure and hence deformation after trawl impact or dropped object 

will be self-contained by the protection structure. It is unlikely event that the contained subsea 

module supporting structure will be damaged by accident, therefore ALS condition is required for 

protection structure but not for subsea module supporting structure. 

It is common to utilize the advantage of tubular steel cross-section for structures exposed to 

hydrodynamic forces and hence the same cross-sections will be adopted to model the subsea 

module supporting structures. 

In general the subsea module supporting structure should be designed such that it can withstand all 

design phases. I.e. in-place, load out,  sea transportation, offshore lifting, operations and retrieval.  

Different oil and gas companies have different approaches to document the above. Even though 

most oil and gas companies have the competence to perform analyses for all the above listed phases, 

some used to document part of the above. These differences could be due to the following reasons: 

 Minimize engineering hours by performing  analyses for only some selected phases. 

 Have extensive experience on similar projects and presume critical design phase. 

 No strict guidelines. 
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1.2 Objective 
The main objective of this thesis is to study and document the critical design phase for subsea 

module supporting structures during concept and final engineering phases. The objective of this 

thesis can in brief be described as follows: 

 Perform analyses for different type of subsea module supporting structures at different 

design phases that includes in-place, lifting in air, transportation, offshore lifting, operation 

and retrieval.  

 Identify which one of the design phases and analyses give maximum utilization ratios. 

 Summarize the results of the analyses. 

 Set guidelines on critical design phase and advice how to document the structural integrity of 

the supporting structure during concept and detail engineering design stages. 

 Draw conclusions and recommendations. 

 1.3 Scope 
The scope of the thesis is limited to the following points: 

 Even though supporting structures for some of the above mentioned subsea modules will be 

considered in this project, the outcome of the analyses are expected to generalize any type 

of subsea module supporting structures which lie on the same class of operation. 

 Only ULS conditions are evaluated during the analyses of the subsea module supporting 

structures.  

 It is not feasible to check deflection in case of lifting. It is only a matter of psychological limit. 

It is crucial that the deflection of primary frame structure should not affect other integrated 

parts like piping, lifting points, equipment which are supported to it and so on. 

 SLS check is not performed for transportation phase. The main goal of this thesis is to 

determine the critical design phase from all design phases based on ULS. 

 Analyses for only the primary frame of subsea module steel supporting structures are carried 

out in order to document the structural capacity at different stages of design phases. 

 Impact loads may occur during lift or lowering of structure and these are document based on 

DNV standards and requirements.  

 Only critical design phases are analyzed and documented in order to reduce the load 

combinations.  

 Present, review and discuss on structural analyses results for each respective case. 

 1.4 Methodology  

 The primary supporting steel frame structures are modelled by beam elements in Staad.Pro. 

 Staad.Pro is mainly used for analyses and its code check is only  used to identify the hot-spots 

and associated load combinations. Colbeam EC3 and manual calculations are used for 

stability and yielding check. 

 Tubular steel cross-sections are used to model the frame of subsea module supporting 

structures. 

 Different subsea module supporting structures are considered in the analyses and are 

categorized as small (case A), medium (case B) and large (case C) supporting structures based 

on total maximum weight. Refer section 5. Structural design philosophy below for details. 
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1.5 Thesis organization 
The following are to be undertaken in this thesis work: 

Chapter 1 Gives an overview of the thesis title definition, general description, objective, scope, 

methodology and organization of the thesis work. 

Chapter 2 Discusses the regulations, codes and standards. 

Chapter 3 Deals with the design basis. This includes limit state, load categories and factors and 

material properties.  

Chapter 4 Covers the different types of design phases. These includes in place, lifting, transportation, 

landing and operational phase. 

Chapter 5 Discusses structural design philosophy.  

Chapter 6 Addresses basic loads and load combinations. 

Chapter 7 Covers  global analyses for different cases of subsea module supporting structures. 

Chapter 8 Discusses summary results.  

Chapter 9 Provides the conclusions and recommendations from the study. 
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2. Regulations, codes and standards 
The thesis shall be executed in accordance with the codes and standards listed in this project work. 

According to petroleum safety authority (Petroleum Safety Authority Norway, 2016), the Norwegian 

regulation hierarchy is as follows: 

 

     Figure 1: Order of precedence (Petroleum Safety Authority Norway, 2016). 

 

2.1 Statuary regulations 
The regulations intended for design and exploitation of petroleum resources are mentioned below 

(Petroleum Safety Authority Norway, 2016): 

 Petroleum Safety Authority Norway (PSA) :  Regulations for loads, load effects and resistance 

 Petroleum Safety Authority Norway (PSA) :  Regulations for structural design of load bearing 

structures 

2.2 National and international codes and standards 
Regulations are rather general and functional, in guidelines one can find references to other 

standards. Hence here are listed the codes and standards which are used for this project work. 

 DNV standard for certification No. 2.7-3: Portable offshore structures ,2011. 

 DNV Rules for Planning and Execution of Marine Operations, 1996. 

 Euro code 3 EN 1993-1-1: Design of steel structures, 2005. 
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3. Design basis 

3.1 Limit state design 
In a limit state design, the design of the structure is checked for all groups of limit states to ensure 

that the safety margin between the maximum loads and the weakest possible resistance of the 

structure is large enough and that the fatigue damage is tolerable (Bai, 2015). 

Limit state is categorized into four during strength verification according to part 1. chapter 4  section 

3.2 (DNV, January 1996): 

The Ultimate Limit State (ULS), related to the maximum load carrying capacity like yielding limit and 

buckling limit state. 

The Serviceability Limit State (SLS), related to limits regarding structural behavior under specified 

conditions of service or treatment like deflection limit state, vibration limit states related to human 

limits. 

The Progressive Collapse Limit State (PLS/ALS), related to the maximum load carrying capacity under 

the assumption that local damage is unavoidable, or that certain parts of the structure have been 

damaged or removed.   

The Fatigue Limit State (FLS), related to the capacity of the structure to resist accumulated effect of 

repeated  loading. 

Only ULS condition is considered during the analyses of the subsea module supporting structures as 

described above in section 1.3 Scope. 

3.2 Load categories and factors  
The following actions shall be combined in ULS conditions.  

According to part 1 chapter 4  section 3.2 (DNV, January 1996), the two load conditions for ULS a and 

ULS b are given in Table 1 below are considered: 

Table 1: Action factors for ULS (DNV, January 1996). 

 

Load combination 

Load categories 

P L D E A 

ULS a 1.3 1.3 N/A 0.7 N/A 

ULS b 1.0 1.0 N/A 1.3 N/A 

 

According to part 1. chapter 3  section 3.1 (DNV, January 1996), Load categories P,L,D,E and A are  

defined as follows: 

P Permanent Loads These are static loads which will not be moved or removed during the 

    phase considered like weight of structures, weight of permanent 

    ballast and equipment that cannot be removed, internal/external  

    hydrostatic pressure of permanent nature and permanent  buoyancy  
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L Live Loads  Loads that can be moved, removed  or added like operation of  

    cranes, loads from alongside vessels, differential ballasting,  

    operational impact loads and stored materials, equipment or liquids 

D Deformation Loads Loads associated with deformations. Such loads may be Installation 

    or set down  tolerance, structural restraints between structures, 

    differential settlements and temperature 

E Environmental Loads These are all loads caused by environmental phenomena like winds, 

    waves, current, storm surge, tide and ice 

A Accidental Loads These are loads associated with exceptional or unexpected events or 

    conditions like collision from vessels, dropped objects, loss of  

    hydrostatic stability, flooding and loss of internal pressure. 

3.3 Material properties 
As  mentioned in section 1.3 Scope, only primary frames of subsea module steel supporting structure 

are  evaluated . These primary structural elements are made of carbon steel and are essential to the 

overall integrity of the subsea unit.  

3.3.1 Material strength and constants 

The yield strength to be applied in the structural strength analyses are according to Eurocode 3 (CEN, 

2005) given below in Table 2: 

Table 2: Steel yield strength (CEN, 2005). 

Standard Steel Grade Type Min. yield strength, yf [N/mm2] 

EN 10210-1 S355NH Hot finished tubular t ≤ 40 mm: 355 
40 mm < t ≤ 80 mm: 335 

 

The following material constant properties for structural steel design will be used in the analyses: 

Modulus of elasticity:   E = 2.1 x 1011 N/m2 ( 210 000 N/mm2) 

Shear modulus:    G = 0.8 x 1011 N/m2 (80 000 N/mm2) 

Density:    ρ = 7850 kg/m3 

Poisson’s Ratio:    ν = 0.3 

Coefficient of thermal expansion: α = 1.2 x 10 -5 per 0C 

3.3.2 Material factors 

According to part 1 chapter 4 section 4 (DNV, January 1996), The following material partial safety 

factors; M ; for steel structures  to be applied to  the characteristic values of resistance in the 

analyses and limit states are as follows:  

ULS:  Material factor for resistance of cross-section, M = 1.15 
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3.3.3 ULS usage factor and code checks 

For the main steel members of the structure covered by this thesis , the maximum allowable usage 

factor (utilization ratio) is 1.0. 

Note that Staad.Pro code check is used only to identify “hot-spots” and the associated load 

combinations . Code checks are done manually with the help of colbeam EC3 (buckling) and excel 

sheet ( vonmises). 

Code checking of the steel structure are performed for both yielding and stability. 

 Vonmises yield criterion for elastic verification of tubular section at 3 points is checked as 

follows: 

1
))(3)(( 22




m

y

zyxbzbyx

f



 

where: 

x  = The design value of normal stress in X direction at the point of consideration 

by ,  bz = The design value of bending stresses  in y and z directions at the point of consideration 

x , y , 
z = The design value of shear stresses in  x, y and z directions at the point of consideration 

yf  = The minimum yield strength 

M = Material factor for resistance of cross-section 

 Buckling check for members subjected to combined bending and axial compression is 

evaluated according to Eurocode 3 (CEN, 2005) section 6.3.3: 
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where: 

EdN , EdyM ,  , EdzM ,  = The design values of the compression force and the maximum moments about 

y-y and z-z axis 

 

EdyM , , EdzM ,  = The moments due to the shift of the centroidal axis (zero for class 1,2 and 3) 

y and 
z = The reduction factors due to flexural buckling ,given in Eurocode 3 section 6.3.1 (CEN, 

2005) 

LT = The reduction factor due to lateral torsional buckling, given in Eurocode 3 section 6.3.2 (CEN, 

2005). NO LTB for closed cross-sections (i.e.
LT = 1.0 ) 

yyk , yzk , zyk ,
zzk = The interaction factors (Refer Eurocode 3 annex A or B) 
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4. Design phases 
The particularity of subsea structures unlike onshore structures is that cannot be constructed in the 

final location. Generally subsea structures are constructed in a factory or quay then lifted load out to 

vessel, sea fastened, offshore transported, lifted off and installed at the predetermined location. 

Hence the integrated supporting frame structure of subsea modules shall be designed to withstand 

all loads from critical design phase. In order to document the critical design phase, the integrity of 

subsea module supporting structures shall be checked during  in place, lift load out, transportation, 

lifting/installation and in-situ conditions.  

The integrated supporting frame structures under study shall be classified as portable offshore unit. 

PO, which is defined as a package or unit intended for repeated or single offshore transportation and 

installation/lifting (DNV, May 2011). 

4.1 In place phase 
Subsea modules are used to be constructed and tested  in a factory with favorable or sheltered 

conditions. All the loads associated with in place analysis are permanent in nature namely static self-

weight of supporting frame structure and weight of subsea module. Therefore in place analysis is not 

critical compared with other types of analyses. 

4.2 Lifting phase 
Normally offshore lifting operations used to be carried out by vessels. Small subsea modules up to 70 

tonnes can be installed through a moon pool where as large modules can be installed by crane 

vessels. In this project work, all lifting operations are considered to be carried out by crane vessel. 

Offshore lift encompasses the stages from where a subsea structure is lifted from deck with the 

crane vessel , deployed through the water surface and landed on the seabed.  

During lift off, it is normal to expect impact loads. These loads occur due to the relative velocities 

between the transport vessel deck and the hanging load. Even though it is not feasible to calculate 

the impact loads accurately, the horizontal impact load, during lifting off, mentioned below in section 

4.2.3 Horizontal impact during air lift and section 4.2.4 Horizontal impact during offshore lift are 

considered to be adequate according to DNV 2.7-3 section 3.6 (DNV, May 2011). 

Lifting phase covers the following:  

 Lift from deck of vessel 

 Lift in air 

 Lift through splash zone 

 Lowering  

 Landing  

 Recovery to deck 

With deeper waters and harsh environment, offshore lifting operations are demanding and complex. 

For a successful operation of offshore lift, it is crucial to understand all the phases of lift and weather 

criteria.  In this project , Portable Offshore Units with operation class R30 are designed according to 

criteria set by DNV 2.7-3 (DNV, May 2011). 
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4.2.1 Air lifting 

According to DNV 2.7-3 section 3.5 (DNV, May 2011), the design load for all supporting structures in 

the subsea module  for air lifting is as follows : 

              

where : 

       Lift load, [  ], in air 

   = Design factor  

     Maximum Gross Weight (mass) 

  = Gravitational acceleration 

The design factor, DF, is defined according to the Operational Class and     as shown below in 

Table 3 (DNV, May 2011): 

Table 3: Design Factors, DF, (DNV, May 2011). 

Operational Class    for      50 tonnes    for       50 tonnes 

R60                   2.2 

R45                   2.0 

R30                   1.8 

Note that the Operational Class for a PO unit can be selected based on the type of PO units; type A, B, C, D and 

E; risk and     as input according to DNV 2.7-3 sections 1 and 3 (DNV, May 2011). 

4.2.2 Subsea lifting 

Subsea lifting is critical mainly when it is through splash zone . This phase occurs when the object 

being lifted starts to get submerged. In this phase the module can be partly submerged during one 

wave period. This means that the lowest part of the object can be submerged by the wave crest, at 

the same time the upper part of the object be free of water. During this phase snap loads are great 

concern. Therefor lifting with cranes equipped with heave compensation system is beneficial as  snap 

loads are avoided. Most offshore cranes are equipped with heave compensation system today and 

this system avoids heave movements being transferred from the vessel to the main wire. 

The design load for all supporting structures in the subsea module for subsea lifting is set according 

to DNV 2.7-3 section 3.11 (DNV, May 2011).  

               

where : 

      Lift load, [  ], Subsea 

     Maximum Gross Weight (mass) 

  = Gravitational acceleration 
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According to DNV 2.7-3 section 3.11 (DNV, May 2011),the total design factor is 2.5. This total factor 

includes a Dynamic Amplification Factor of 2.0. The above mentioned total design factor is 

considered to be conservative including when lifting through splash zone and further lowering. 

During installation, it is crucial to verify that lift should not be subjected to a DAF value higher than 

specified  DAF during  the base design.  

The total design factor of 2.5 consists of the following: 

 Dynamic Amplification Factor,     = 2.0 

 Partly submerged weight =         

 General design factor = 1.4 

 

4.2.3 Horizontal impact during air lift 

According to DNV 2.7-3 (DNV, May 2011), the impact force may act in any horizontal direction on the 

corners of the PO unit. This can happen during lifting off or recovery phase. On all sides of the PO 

unit, the load is considered to act perpendicular to the surface. The primary members shall be 

capable of withstanding a local horizontal impact at any point. Note that the impact stress shall be 

combined with the lifting stress based on the     of the PO unit. The static equivalent horizontal 

force on the primary members in the corners of the supporting structure in any direction as given 

according to DNV 2.7-3 section 3.6 (DNV, May 2011) as follows: 

 For operational class R30 (corner posts and bottom beams): 

 

                    

 

 Reduced design load for end or side structure and upper edge:  

 

                       

where : 

          Horizontal design impact load during air lift, [  ] 

      Test load, [  ], given below in Table 4 

           Reduced horizontal design impact load during air lift, [  ] 

 

 

 

‘ 
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4.2.4 Horizontal impact during offshore lift 

During offshore lifting, the structure is lowered alone and considered as single transportation and 

hence 50% of     and      are applied as follows according to DNV 2.7-3 (DNV, May 2011): 

 For operational class R30 (corner posts and bottom beams)  : 

 

                     

 For end/side structure and top beams : 

 

                       

where : 

          Horizontal design impact load during subsea/offshore lift, [  ] 

      Test load, [  ], given below in Table 4 

           Reduced horizontal design impact load during subsea/offshore lift, [  ] 

 

Table 4: Total test load for all point lifting test (DNV, May 2011). 

                   

 

     25 tonnes 

 

                            

 

25<        tonnes 

 

                   

 

      50 tonnes 

 

       

Note that the                                                               

 

4.3 Transportation phase 
The design condition is based on unrestricted (i.e. any weather) transportation in any waters on any 

suitable vessel. As no actual transport vessel motion data is available, conservative dynamic 

accelerations is adopted  as described in DNV 2.7-3 (DNV, May 2011). 

The horizontal  and vertical loads due to vessel motions in case of sea transportation phase are as 

follows (DNV, May 2011): 

         

                 

                 

where : 
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     Horizontal load 

        Maximum vertical load 

        Minimum vertical load 

    = Maximum Gross Weight (mass) 

  = Gravitational acceleration 

From the above formulas, the vessel accelerations in all directions can be written as follows: 

   : Transverse acceleration due to roll and sway     

   : Transverse acceleration due to pitch and surge     

      :  Maximum transverse acceleration due to gravity and heave       

      : Minimum transverse acceleration due to gravity and heave       

 

 

Figure 2: Vessel motion at sea. 

4.4 Landing phase 
During landing or set down, the bottom outer edge of the supporting structure may hit if the subsea 

module is landed on a surface which is not flat. These impact loads; resulted from relative movement 

between the transport vessel deck and hanging load; occur randomly and are very short duration. 

According to DNV 2.7-3 section 3.6 (DNV, May 2011),the static equivalent vertical force acting on any 

point that could hit if the PO unit is set down on a not flat surface is defined as follows: 

           

where : 

     Vertical design impact load, [  ] 

   Design load, [  ], for lifting. Basically  this is the design load during further lowering but for 

conservative design the lift load during splash zone is taken. I.e.      
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4.5 In-situ/Operational phase 
The subsea module shall be protected against both dropped objects and trawling by using protection 

structure with roof panels  .The protection structure shall not have any physical contact with the 

subsea module supporting structure and deformation after trawl impact or dropped object will be 

self-contained by the protection structure. Besides it is assumed that the subsea module experience 

minimum currents loads and wave loads. Therefore operational phase is not critical to consider in 

this project.  

5. Structural design philosophy 

5.1 General  
The subsea module supporting frame structures are analyzed by using a design software called  

STAAD.Pro 2003. Colbeam EC3 and  Excel sheet  are used for design check i.e. buckling and yield 

check. Different types of global analyses, for three cases, are performed namely air lifting, 

transportation, subsea lifting and landing. 

The following three case studies listed below in Table 5 are considered and documented in this 

project work: 

Table 5: Case and categories based on maximum gross weight. 

Case  Subsea module- 
Maximum Gross Weight   

Categories/Module name Remarks 

A 40 Small/Pump Operation class A 

B 100 Medium/Cooler Operation class A 

C 120 Large/Compressor Operation class A 

5.2 Computer model description 
The primary supporting frame structures for all modules under consideration are modeled by beam 

elements in STAAD Pro. Bracing elements in beams are moment released in ends where applicable. 

The structural configuration used during the analyses is almost similar with the CAD drawings 

gathered from AkerSolutions (AkerSolutions, 2016) and Statoil (Statoil, 2016). The weight of the main 

equipment is applied as subsea module weight and the lifting point is adjusted according to the COG 

of the model. 

5.3. Boundary conditions 
The global coordinate system adopted during the analyses of the supporting structures for all cases  

is as shown below in Figure 3. 

 

Figure 3: Global coordinate system. 
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5.3.1 Air and subsea lifting analyses 

The hook point during lifting analyses is fixed in all translational directions and free in all rotational 

directions. Other supports to be given in such a way that they will avoid singularity, but giving very 

small reaction forces. The support conditions; for pump, cooler and compressor ; during lifting 

analyses are as given below in Table 6: 

 

Figure 4: Pump model lifting. 

 

 

Figure 5: Cooler model lifting. 
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Figure 6: Compressor model lifting. 

Table 6: Boundary conditions for lifting analyses 

 

Support 

Translation Rotation 

X Y Z X Y Z 

A 10kN/m 10kN/m Free Free Free Free 

B 10kN/m 10kN/m Free Free Free Free 

C 10kN/m 10kN/m Free Free Free Free 

D 10kN/m 10kN/m Free Free Free Free 

E Fixed Fixed Fixed Free Free Free 
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5.3.2 Transportation analyses 

The frame structure of the pump, cooler and compressor rests on 4 supports on the barge. The 

support conditions during transportation analyses are given below in Table 7:  

 

Figure 7: Pump model transport. 

 

 

 

Figure 8: Cooler model transport. 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 31 
 

 

Figure 9: Compressor model transport. 

 

Table 7: Boundary conditions for transportation analyses 

 

Support 

Translation Rotation 

X Y Z X Y Z 

A Fixed Fixed Fixed Free Free Free 

B Fixed Fixed Fixed Free Free Free 

C Fixed Fixed Fixed Free Free Free 

D Fixed Fixed Fixed Free Free Free 

 

5.3.3 Landing analyses 

For landing analyses, it is assumed that the bottom frame structure interfaces the bottom surface on 

two supports. This is conservative approach as only two instead of four supports are considered.  The 

two supports; namely A and B; takes translational in Z direction while C and D takes all translations in 

x and y directions. Refer below in Table 8 for the support conditions for landing analyses of pump, 

cooler and compressor models:  

Table 8: Boundary conditions for landing analyses 

 

Support 

Translation Rotation 

X Y Z X Y Z 

A Free Free Fixed Free Free Free 

B Free Free Fixed Free Free Free 

C Fixed Fixed Free Free Free Free 

D Fixed Fixed Free Free Free Free 
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Figure 10: Pump model landing. 

 

 

 

Figure 11: Cooler model landing 
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Figure 12: Compressor model landing. 
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6. Basic loads and load combinations 

6.1 General 
All basic loads which are used as an input during the analyses are under the category defined above 

in section 3.2 Load categories and factors. The weights of the different subsea modules under 

consideration are based on the reported weights from drawings of AkerSolutions (AkerSolutions, 

2016) and Statoil (Statoil, 2016). Self-weight of the supporting frame structure is generated by 

STAAD. Pro. 

6.2 Basic loads 

6.2.1 Static self-weight  

The static self-weights of the frame structures for different subsea modules are generated by the 

software as follows: 

A material density, ρ,  of 7850 kg/m3  is applied for generating steel mass. Contingency Factor, CF, of 

10% is taken for weight inaccuracy and the gravity loads of STAAD generated structural mass ,  , are 

   and is given as below: 

                        

Note that the direction of the load is downwards. 

6.2.2 Static subsea module weight  

The static self-weights of the subsea modules are based on the reported weights from drawings of 

AkerSolutions (AkerSolutions, 2016) and Statoil (Statoil, 2016).These weights include all types of 

weights that are permanent in nature. The direction of the load is downwards. 

6.2.3 Dynamic self-weight  

The dynamic self-weight is the self-weight of the supporting frame structure in X, Y and Z directions. 

This dynamic self-weight is the result of the vessel motion in roll, pitch and heave that occurs during 

transportation phase. 

6.2.4 Dynamic subsea module weight 

The dynamic subsea module weight is the self-weight of the unit in X, Y and Z directions. This 

dynamic module self-weight is the result of the vessel motion in roll, pitch and heave that occurs 

during transportation phase. 

6.3 Load combinations 
Load combinations, based on basic loads, for different type of analyses are given below as load 

combinations. 

6.3.1 In place  analyses 

As mentioned above  in section 4.1 In place phase, in place analysis is not critical compared with 

other types of analyses as loads only associated with static weights are present. 
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6.3.2 Transportation analyses 

During transportation analyses, the roll and pitch are assumed to pass through the center of 

floatation and heave is parallel to the global vertical axis. According to DNV 2.7-3 section 3.7 (DNV, 

May 2011), the horizontal design load due to vessel motions in any direction should be combined 

with both maximum and minimum vertical loads.  

The most sever combinations of roll ± heave and pitch ± heave is also documented for ULS a and   

ULS b. Refer below Table 9 and Table 10 for the transportation load combinations. 

Table 9: Load combinations-Transportation analyses 
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LC1. Transportation roll, max.Z 1.3 1.3 1.0   1.0       

LC2. Transportation roll, min.Z 0.7 0.7 1.0   1.0       

LC3. Transportation pitch, 

max.Z 

1.3 1.3  1.0   1.0      

LC4. Transportation pitch, min. 

Z 

0.7 0.7  1.0   1.0      

LC5. Transportation -roll, max.Z 1.3 1.3       1.0  1.0  

LC6. Transportation -roll, min.Z 0.7 0.7       1.0  1.0  

LC7. Transportation -pitch, 

max.Z 

1.3 1.3        1.0  1.0 

LC8. Transportation -pitch, 

min.Z 

0.7 0.7        1.0  1.0 
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Table 10: Load combinations ULS a and ULS b- Transportation analyses 
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LC9. ULS a, roll + heave 1.3 1.3 0.7  -0.7 0.7  -0.7     

LC10. ULS a, roll - heave 1.3 1.3 0.7  0.7 0.7  0.7     

LC11. ULS a, -roll + heave 1.3 1.3   -0.7   -0.7 0.7  0.7  

LC12. ULS a, -roll - heave 1.3 1.3   0.7   0.7 0.7  0.7  

LC13. ULS a, pitch + heave 1.3 1.3  0.7 -0.7  0.7 -0.7     

LC14. ULS a, pitch - heave 1.3 1.3  0.7 0.7  0.7 0.7     

LC15. ULS a, -pitch + heave 1.3 1.3   -0.7   -0.7  0.7  0.7 

LC16. ULS a, -pitch - heave 1.3 1.3   0.7   0.7  0.7  0.7 

LC17. ULS b, roll + heave 1.0 1.0 1.3  -1.3 1.3  -1.3     

LC18. ULS b, roll - heave 1.0 1.0 1.3  1.3 1.3  1.3     

LC19. ULS b, -roll + heave 1.0 1.0   -1.3   -1.3 1.3  1.3  

LC20. ULS b, -roll - heave 1.0 1.0   1.3   1.3 1.3  1.3  

LC21. ULS b, pitch + heave 1.0 1.0  1.3 -1.3  1.3 -1.3     

LC22. ULS b, pitch - heave 1.0 1.0  1.3 1.3  1.3 1.3     

LC23. ULS b, -pitch + heave 1.0 1.0   -1.3   -1.3  1.3  1.3 

LC24. ULS b, -pitch - heave 1.0 1.0   1.3   1.3  1.3  1.3 
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6.3.2 Lifting analyses  

According to DNV 2.7-3 section 3.5 (DNV, May 2011), the load combination for lifting analyses is 

based on the static self-weight of the supporting frame structure and the subsea module. The static 

weights are then enhanced by the design factor (DF) and skew load factor (SKL) . 

 For air lifting, the design factor (DF) for different types of operational class is given in Table 3 

above.   

 

 For subsea lifting, a total design factor (DF) of 2.5 is considered to be conservative design 

including for lifting through splash zone and further lowering as mentioned above in section 

4.2.2 Subsea lifting. Lifting through splash zone is often the most critical phase of offshore 

lifting operation as we often experience largest hydrodynamic  loads.   

The total load factor includes the design factor (DF) and skew load factor (SKL) according to DNV 2.7-

3 section 3.5 (DNV, May 2011). Skew load factor (SKL), design factor (DF) and total load factor (LF) for 

4 slings for air and subsea lifting are given below in Table 11 and Table 12 respectively. The load 

combinations for air and subsea lifting based on total load factor are given below in Table 13. For 

both above lifting analyses, horizontal impact force in air and subsea are accounted for as mentioned 

above in section 4.2.3 Horizontal impact during air lift and 4.2.4 Horizontal impact during offshore 

lift. 

Table 11: SKL, DF and LF-Air lifting analyses 

Sling sets SKL DF LF Remarks 

4 leg sling 1.25 1.8 2.25 Operational Class R30 

 

Table 12: SKL, DF and LF-Subsea lifting analyses 

Sling sets SKL DF LF Remarks 

4 leg sling 1.25 2.5 3.12 Lifting through splash 
zone and operational 

class R30 
 

From good engineering practice, It is recommended to consider the following points during lifting: 

 Angles less than 45 degrees with the horizontal are not recommended during lifting. Angles 

below 30 degrees should be avoided whenever possible.  

 Lifting points should be higher than COG to avoid risk of overturning. 
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Table 13: Load combinations-Lifting analyses 

Load combinations- 
Lifting analyses 

Basic loads Remarks 

1. Static self-weight 2. Static subsea module weight 

LC25. Air lifting 2.25 2.25 -Horizontal impact 
forces as mentioned 
above in 4.2.3 will be 
added to LC25 

LC26. Subsea lifting 3.12 3.12 -Horizontal impact 
forces as mentioned 
above in section 4.2.4 
will be added to LC26 

 

6.3.3 Landing analyses 

The frame shall be capable of withstanding an impact from landing. Landing capacity is checked 

according to vertical impact formula as given above in section 4.4 Landing phase. It is assumed that 

the analysis is elastic analysis and stress free when the structure interacts with the surface. Therefore 

stresses resulted from lowering (lift only) of the structure do not need to be combined with the 

stresses due to impact loads, but horizontal impact with the protection structure can occur during 

lowering of the module and this impact force is accounted during analysis. 

To determine the load combination for the vertical design impact load, the design load for further 

lowering is required to be estimated first as shown in section 4.4 Landing phase above. A total design 

factor (DF) of 2.5 is considered to be conservative design even for further lowering  as mentioned 

above in section 4.2.2 Subsea lifting. The Skew load factor (SKL), design factor (DF), vertical impact 

factor (IF) and total load factor (LF) for  4 sling sets are given below in Table 14. The load combination 

for landing based on total load factor is given below in Table 15.  

Table 14: SKL, DF, IF and LF for landing 

Sling sets SKL DF IF LF 

4 leg sling 1.25 2.5 0.08 0.25 

 

Table 15: Load combination-Landing analyses 

Load combinations- 
Landing analysis 

Basic loads Remarks 

13. Static self-weight 14. Static subsea module 
weight 

LC27. Landing (     0.25 0.25 -To be applied on the 
corner posts of the 
structure                         
-Horizontal impact 
forces as mentioned 
above in section 4.2.4 
will be added to LC27 
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6.3.4 In-situ/Operational analyses 

During operational phase the subsea module can experience currents loads, while wave loads are 

minimum. As mentioned in section 4.5 In-situ/Operational phase above, the unit shall be protected 

by protection structure with roof panels. It is assumed that operational analysis is not critical 

compared with other types of analyses. 

6.3.5 Recovery analyses 

Recovery is under category subsea lifting as mentioned above in section 4.2 Lifting phase. It is 

already mentioned that lifting through splash zone is critical. Therefore it is not required to 

document recovery analysis as lifting analysis through splash zone is already documented. 
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7. Global analyses  

7.1 General 
The Gas Booster system can be arranged with up to four parallel compressor trains on one subsea 

template. Åsgard Subsea Compression System (SCS) compressor trains comprises multiphase gas 

cooler, separator, compressor, subsea power and control units and pump according to AkerSolutions 

(AkerSolutions, 2016).  

The subsea module supporting frame structures  namely pump ( case A), cooler (case B) and 

compressor (case C) are modelled by beam elements in Staad.Pro. 

Code check is performed manually as discussed above in section 3.3.3 ULS usage factor and code 

checks. 

7.2 Operational classes 
The operational classes for a PO units can be selected based on the type of PO units; type A, B, C, D 

and E; risk and     as input according to DNV 2.7-3 sections 1.1.5 and 3.3 (DNV, May 2011). 

The pump module, cooler module and compressor module have        tonnes and the risk is 

considered as high because they are main subsea units and failure of these units have great impact 

on overall subsea production system.  According to DNV 2.7-3 section 1.1.5 (DNV, May 2011), the 

type of PO units (modules) are under category A. Therefore the selection of the operational class for 

all above mentioned units can be done according to DNV 2.7-3 section 3.3.4 , table 3.3 (DNV, May 

2011) 

 Type of structure  A 

 Risk High 

        tonnes 

Based on DNV 2.7-3 table 3.3 (DNV, May 2011), the operational class suited  for the pump module, 

cooler module and compressor module is R30. The identification DNV 2.7-3 R30-Subsea applies to all 

modules mentioned above. 
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7.3 Cross-sectional properties and classes  

7.3.1 Cross-sectional properties 

The profile and cross-sectional properties used for the pump and compressor model are given below 

in Table 16 and for cooler model are in Table 17 respectively. 

Table 16: Cross-sectional properties for pump and compressor model 

 

Des. 

Profile dimensions Section properties 
 

Dia.(d) 
mm 

Thick. (t) 
mm 

   
       

   
      

   
      

      
         

   
         

      
         

Posts 324 16 15482 
 

7741 
 

7741 
 

184.1 
 

368.2 
 

113.6 

Beams 324 16 15482 
 

7741 
 

7741 
 

184.1 
 

368.2 
 

113.6 

Braces 114 6 2036 
 

1018 
 

1018 
 

2.977 
 

5.955 
 

5.223 

 

Table 17: Cross-sectional properties for cooler model 

 

Des. 

Profile dimensions Section properties 
 

Dia.(d) 
mm 

Thick. (t) 
mm 

   
       

   
      

   
      

      
         

   
         

      
         

Posts 273 16 12918 
 

6459 
 

6459 
 

107.1 
 

214.1 
 

78.44 

Beams 273 16 12918 
 

6459 6459 
 

107.1 
 

214.1 
 

78.44 

Braces 114 6 2036 
 

1018 
 

1018 
 

2.977 
 

5.955 
 

5.223 

 

7.3.2 Cross-section class 

With reference to EC3 ,Part 1-1 – Sect. 5.6 – Table 5.2 (sheet 3 of 3) (CEN, 2005): “Tubular sections 

subjected to bending and/or compression” the cross-section class for all models used during the 

analyses are given below in Table 18:  

81.0
355

235235


yf
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Table 18: Tubular cross-section class 

Class Factor Diameter to 
thickness ratio 

Criteria for 
cross-section 

class 

Remarks 

 
 
 
 
 

1 

81.3281.05050 22   25.20
16

324


t

d  250
t

d  All posts, beams 

and braces for 

pump, cooler and 

compressor 

model are cross-

section class 1 

81.3281.05050 22   06.17
16

273


t

d  250
t

d  

81.3281.05050 22   00.19
6

114


t

d  250
t

d  

 

7.4 Case A-Pump module 
According to the document accessed from AkerSolutions (AkerSolutions, 2016), the main dimensions 

of the pump module are                 m and the total dry weight (static module weight) of 

the module is 30. The CAD model of the pump is shown below in Figure 13. Refer below in Table 19 

for the weights  that are used for the analyses of the pump  model. 

Table 19: Total weight for pump model 

Description Load [  ] Remarks 

Pump Module  294.3 Pump module weight 30 tonnes 

Structural steel weight  131.9 Self-weight with 10% inaccuracy. Taken from STAAD analysis 

Total weight  426                        

 

 

Figure 13: Pump CAD model. 
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7.4.1 Pump transportation analysis-Results 

Highly utilized members are shown below in Figure 14. Refer in Table 20 below for the maximum 

utilization ratios due to buckling and yielding of posts, beams and braces during transportation 

analysis of pump model. Other information like detail manual code checks (Colbeam and excel 

checks),Staad input loads , reaction forces, reference drawings can be seen from the enclosed  

attachments in appendices. 

 

Figure 14: Highly utilized members for pump-transportation analysis 

 

Table 20: Pump transportation analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

121 Bottom beam Tube 324x16  0.25 0.55 
Refer Appendix C 
and Appendix D 
for detail 
calculations for 
yielding and 
buckling 
respectively 

148 Corner post Tube 324x16  0.39 0.72 

154 Intermediate beam Tube 324x16  0.34 0.74 

201 Top beam Tube 324x16  N /A 0.05 

216 Brace Tube 114x6  0.48 0.33 
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7.4.2 Pump air lifting analysis-Results 

Utilization ratios for only selected critical members,  as shown in Figure 15 below,  are evaluated. The 

maximum utilization ratios are obtained from the combined stress of lifting and horizontal impact 

during airlifting as described in section 6.3.2 Lifting analyses.  Refer Table 21 below for the maximum 

utilization ratios due to buckling and yielding of posts, beams and braces during air lifting analysis of 

pump model.  Other information like horizontal impact calculations during air lift, detail manual code 

checks (Colbeam and excel checks), Staad input loads for air lifting and reaction forces can be seen 

from the enclosed  attachments in appendices. 

 

Figure 15: Highly utilized members for pump-Air lifting analysis 

Table 21: Pump air lifting and horizontal impact analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

187 Bottom beam Tube 324x16  N /A 0.52 
Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

194 Corner post Tube 324x16  N /A 0.56 

202 Top beam Tube 324x16  0.04 0.32 

222 Intermediate beam 
 

Tube 324x16  N /A 0.52 

231 Brace Tube 114x6  N /A 0.01 
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7.4.3 Pump subsea lifting analysis-Results 

Refer below in Table 22 for the maximum utilization ratios, for the pump subsea lifting,  from the 

analyses and calculations: 

 

Figure 16: Highly utilized members for pump-Offshore/subsea lifting analysis 

 

Table 22: Pump offshore lifting and horizontal impact analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

187 Bottom beam Tube 324x16  N /A 0.36 
Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

194 Corner post Tube 324x16  N /A 0.43 

202 Top beam Tube 324x16  0.06 0.23 

222 Intermediate beam 
 

Tube 324x16  N /A 0.37 

231 Brace Tube 114x6  N /A 0.01 
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7.4.4 Pump landing analysis-Results 

For landing analysis, the pump structure is supported at two corners and the supporting conditions 

are stated above in section 5.3.3 Landing analyses. The maximum utilization factors for the critical 

members, specified above in Figure 10, are given below in Table 23: 

Table 23: Pump landing analysis-Results UR buckling/yielding 

Beam 

No.  

Beam 

description  

Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

213 Corner post Tube 324x16  
N /A 0.36 Refer Appendix C and Appendix D for 

detail calculations for yielding and 

buckling respectively 
214 Corner post Tube 324x16  N /A 0.36 

 

7.5 Case B- Cooler module 
The main dimensions of the cooler module are                 m. The total dry weight (static 

module weight) of the module is 75 tonnes (AkerSolutions, 2016). The CAD model of the cooler is 

shown below in Figure 17. Refer below in Table 24 for the weights  that are used for the analyses of 

the cooler model. 

Table 24: Total weight for cooler model 

Description Load [  ] Remarks 

Cooler Module  735.8 Cooler module weight 75 tonnes 

Structural steel weight  227.9 Self-weight with 10% inaccuracy. Taken from STAAD analysis 

Total weight  964                         

 

 

 

Figure 17: Cooler CAD model. 
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7.5.1 Cooler transportation analysis-Results 

Refer below in Table 25 for the maximum utilization ratios, for the cooler model transportation 

analysis , from the analyses and calculations: 

 

Figure 18: Highly utilized members for cooler-transportation analysis 

Table 25: Cooler transportation analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

9 Corner post Tube 273x16  0.19 0.21 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

17 Middle post Tube 273x16 N /A 0.18 

19 Brace Tube 114x6  0.42 0.06 

24 Top beam Tube 273x16 0.07 0.12 

28 Bottom beam Tube 273x16 0.18 0.34 

44 Intermediate beam Tube 273x16 0.04 0.07 

60 Bottom middle 
beam 

Tube 273x16 N /A 0.38 
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7.5.2 Cooler air lifting analysis-Results 

The maximum utilization factors for the cooler model  air lifting analysis are shown below in Table 

26:  

 

Figure 19: Highly utilized members for cooler-Air lifting analysis 

Table 26: Cooler air lifting analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

9 Corner post Tube 273x16  N /A 0.28 

 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

17 Middle post Tube 273x16 0.15 0.30 

24 Top beam Tube 114x6  0.25 0.29 

27 Bottom beam Tube 273x16 N /A 0.14 

35 Brace Tube 273x16 N /A 0.51 

44 Intermediate beam Tube 273x16 0.03 0.08 

80 Bottom middle 
beam 

Tube 273x16 N /A 0.65 
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7.5.3 Cooler subsea lifting analysis-Results 

The maximum utilization factors for the cooler model  subsea/offshore lifting analysis are shown 

below in Table 27: 

 

Figure 20: Highly utilized members for cooler-Offshore/subsea lifting analysis 

 

Table 27: Cooler offshore lifting analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

9 Corner post Tube 273x16  N /A 0.37 

 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

17 Middle post Tube 273x16 0.21 0.40 

24 Top beam Tube 114x6  0.35 0.40 

27 Bottom beam Tube 273x16 N /A 0.17 

35 Brace Tube 273x16 N /A 0.71 

44 Intermediate beam Tube 273x16 0.04 0.07 

80 Bottom middle 
beam 

Tube 273x16 N /A 0.90 
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7.5.4 Cooler landing analysis-Results 

The maximum utilization factors for landing analysis of cooler model, members specified above in 

Figure 11, are given below in Table 28: 

Table 28: Cooler landing analysis-Results UR buckling/yielding 

Beam 

No.  

Beam 

description  

Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

84 Corner post Tube 273x16  
N /A 0.06 Refer Appendix C and Appendix D for 

detail calculations for yielding and 

buckling respectively 
87 Corner post Tube 273x16  N /A 0.06 

 

7.6 Case C- Compressor module 
The main dimensions of the compressor module are                 m. The total dry weight 

(static module weight) of the module is 100 tonnes (AkerSolutions, 2016). The CAD model of the 

compressor is shown below in Figure 21. Refer below in Table 29 for the weights  that are used for 

the analyses of the compressor model. 

Table 29: Total weight for compressor model 

Description Load [  ] Remarks 

Compressor Module  981 Compressor module weight 100 tonnes 

Structural steel weight  232 Self-weight with 10% inaccuracy. Taken from STAAD analysis 

Total weight  1,213                            

 

 

Figure 21: Compressor CAD model 
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7.6.1 Compressor transportation analysis-Results 

The maximum utilization factors for compressor transportation analysis are given below in Table 30: 

 

Figure 22: Highly utilized members for compressor-transportation analysis 

 

Table 30: Compressor transportation analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

12 Top beam Tube 324x16 N /A 0.08 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

21 Middle post Tube 324x16 N /A 0.25 

29 Intermediate beam Tube 324x16 0.09 0.15 

30 Corner post Tube 324x16 0.24 0.34 

63 Brace Tube 114x6 0.52 0.17 

101 Bottom beam Tube 324x16 0.17 0.34 

104 Bottom middle 
beam 

Tube 324x16 N /A 0.27 
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7.6.2 Compressor air lifting analysis-Results 

Refer below in Table 31 for the maximum utilization factors for the compressor model air lifting 

analysis. 

 

Figure 23: Highly utilized members for compressor-Air lifting analysis 

 

Table 31: Compressor air lifting analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

12 Top beam Tube 324x16 0.13 0.23 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

21 Middle post Tube 324x16 N /A 0.43 

29 Intermediate beam Tube 324x16 0.11 0.22 

30 Corner post Tube 324x16 N /A 0.35 

62 Brace Tube 114x6 0.34 0.11 

101 Bottom beam Tube 324x16 N /A 0.46 

104 Bottom middle 
beam 

Tube 324x16 N /A 0.46 
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7.6.3 Compressor subsea lifting analysis-Results 

The maximum utilization factors for the compressor model  subsea/offshore lifting analysis are 

shown below in Table 32: 

 

Figure 24: Highly utilized members for compressor-Offshore/subsea lifting analysis 

 

Table 32: Compressor offshore lifting analysis-Results UR buckling/yielding 

Beam No.  Beam description  Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding Remarks 

12 Top beam Tube 324x16 0.18 0.31 

Refer Appendix C 

and Appendix D 

for detail 

calculations for 

yielding and 

buckling 

respectively 

21 Middle post Tube 324x16 N /A 0.58 

29 Intermediate beam Tube 324x16 0.15 0.28 

30 Corner post Tube 324x16 N /A 0.46 

62 Brace Tube 114x6 0.47 0.16 

101 Bottom beam Tube 324x16 N /A 0.59 

104 Bottom middle 
beam 

Tube 324x16 N /A 0.89 
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7.6.4 Compressor landing analysis-Results 

The maximum utilization factors for landing analysis of compressor model, members specified above 

in Figure 12 , are given below in Table 33: 

Table 33: Compressor landing analysis-Results UR buckling/yielding 

Beam 

No.  

Beam 

description  

Beam profile 

(d.t)mm 

UR  
Buckling 

UR  
Yielding 

Remarks 

13 Corner post Tube 324x16  
N /A 0.06 Refer Appendix C and Appendix D for 

detail calculations for yielding and 

buckling respectively 
16 Corner post Tube 324x16  N /A 0.06 
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8. Summary results and discussions 

8.1 General 
Analyses were conducted on each established case study and Table 34,Table 35 and Table 36 below 

summarizes the maximum utilization ratios. 

8.2 Summary results for Case A:Pump module 
Refer in Table 34 below for the maximum utilization ratios for pump module for different design 

phases: 

Table 34: Pump module maximum UR  

Subsea 

module  

Identification Type of PO Unit Design phase Maximum 

UR 

Ranking 

P
u

m
p

   
   

   
   

   
   

   
   

 

  
 
 

 
 
 
  
 
 
 
  

  
 

  

D
N

V
 2

.7
-3

 R
30

-S
u

b
se

a 

  A
 

Transportation  0.74  1  

Air lifting  0.56  2  

Subsea/offshore 

lifting 

0.43  3  

Landing 0.36  4  

 

8.3 Summary results for Case B:Cooler module 
Refer in Table 35 below for the maximum utilization ratios for cooler module for different design 

phases: 

Table 35: Cooler module maximum UR  

Subsea 

module  

Identification Type of PO Unit Design phase Maximum 

UR 

Ranking 

C
o

o
le

r 
   

   
   

   
   

   
   

   

  
 
 

 
 
 
 
  
 
 
 
  

  
 

  

D
N

V
 2

.7
-3

 R
30

-S
u

b
se

a 

  A
 

Transportation  0.42 3 

Air lifting  0.65 2 

Subsea/offshore 

lifting 

0.90 1 

Landing 0.06 4 
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8.4 Summary results for Case C:Compressor module 
Refer in Table 36 below for the maximum utilization ratios for compressor module for different 

design phases: 

Table 36: Compressor module maximum UR  

Subsea 

module  

Identification Type of PO Unit Design phase Maximum 

UR 

Ranking 

C
o

m
p

re
ss

o
r 

   
   

   
   

   
   

   
 

  
 
 

 
 
 
 
  
 
 
 
  

  
 

  

D
N

V
 2

.7
-3

 R
3

0
-S

u
b

se
a 

  A
 

Transportation  0.52 2 

Air lifting  0.46 3 

Subsea/offshore 

lifting 

0.89 1 

Landing 0.06 4 
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9. Conclusions and recommendations 

9.1 General 
The conclusions are mainly based on the three cases conducted during the analyses. The  main input 

data during the analyses that decide the type of operational class are maximum gross weight ,type of 

PO unit and risk.  

9.2 Conclusion 
From the detail analyses conducted, It can be generally summarized that the critical design phase are 

transport for small subsea supporting structures and offshore lifting for medium and large subsea 

module supporting structures respectively. From good engineering practice, it is crucial to think 

about safety and economic analysis during concept phase so as to optimize engineering man-hours. 

Therefore from the analyses conducted with respect to three cases, it can be concluded that 

transport phase is the critical design phase for small structures and should be checked during 

concept phase and similarly offshore lifting should be evaluated for medium and large subsea 

module supporting structures. 

During final engineering stage, it is necessary to provide detail analyses and complete design 

drawings with sufficient details. At this stage it important to document all the necessary critical 

design phases. From the analyses conducted and engineering judgments, design phases like air 

lifting, transport and offshore lift are critical and should be all evaluated and documented for small, 

medium and large subsea supporting structures. The following conclusions are summarized in Table 

37 below as guidelines on which critical design phase/phases to be documented when structural 

integrity of subsea supporting structures are evaluated  during concept and final engineering stages 

based on the analyses conducted for each case study : 

Table 37: Guidelines on critical design phase/phases for subsea module supporting structures  

Identification Type 

of 

PO 

Unit 

PO weight Categories Concept phase Detail engineering phase 

Critical design 
phase 

Critical design phases 

 

D
N

V
 2

.7
-3

 R
30

-S
u

b
se

a 

A
 

25<        

tonnes 

Small Transportation   Air lifting 
 Transportation 
 Offshore lifting 

50<        

tonnes 

Medium  Offshore 

lifting 

 Air lifting 
 Transportation 
 Offshore lifting 

100<        

tonnes 

Large Offshore 

lifting 

 Air lifting 
 Transportation 
 Offshore lifting 
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9.3 Recommendation for further work 
In principle, subsea module supporting structures should be designed such that they can withstand 

all design phases. I.e. in-place, load out,  sea transportation, offshore lifting, operations and retrieval. 

Even though there are no simple guidelines on how to document the structural integrity of subsea 

supporting structures as of today, it is recommended to set such guidelines to minimize engineering 

hours by performing analyses for only some selected phases without breaching the goal of health, 

safety and environment. This Thesis recommends for further studies for subsea module supporting 

structures with maximum gross weight (PO weight) greater than specified above and operational 

classes R60, R45 type A, B, C, D, E and class R30 type B, C, D and E according to operational class 

classifications given by DNV 2.7-3 (DNV, May 2011).  
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Appendix A: Impact calculation during lifting 

Appendix A1: Impact calculation during air lifting-Case A: Pump module 
Total pump model weight,  as given above in Table 19, is 40 tonnes. 

As given in section 4.2.3 Horizontal impact during air lift -Table 4 above, test load for pump model 

(40 tonnes) during air lifting is as follows: 

for 25<   ≤50  tonnes, test load ,                             

                   

                       

                               

                                      

a) For corner posts and bottom beams  : 

                     

                            

b) For end/side structure and top beams : 

                        

                         

                -To be applied on corner posts , bottom beams and intermediate beams during 

air lift of pump module 

                -To be applied on end/side structure and top beams during air lift of pump 

module 

 

 

 

  



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 61 
 

Appendix A2: Impact calculation during offshore lifting-Case A: Pump 

module 
Total pump model weight,  as given above in Table 19, is 40 tonnes. 

As given in section 4.2.4 Horizontal impact during offshore lift-Table 4 above, test load for pump 

model (40 tonnes) during offshore lifting is as follows: 

for 25<   ≤50  tonnes, test load ,                             

 

                   

                        

                               

                                       

During offshore lifting, the structure is lowered alone and considered as single transportation and 

hence 50% of     and      are applied as follows: 

a) For corner posts and bottom beams  : 

                         

                             

b) For end/side structure and top beams : 

                      

                        

               -To be applied on corner posts , bottom beams and intermediate beams during 

offshore lift of pump module 

               -To be applied on end/side structure and top beams during offshore lift of pump 

module 
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Appendix A3: Impact calculation during air lifting-Case B: Cooler module 
Total cooler model weight,  as given above in Table 24, is 100 tonnes. 

As given in section 4.2.3 Horizontal impact during air lift-Table 4 above, test load for cooler model 

(100 tonnes) during air lifting is as follows: 

for       50 tonnes, test load ,                 

 

                   

                         

                  

                            

a) For corner posts and bottom beams : 

                     

                          

b) For end/side structure and top beams : 

                        

                       

               -To be applied on corner posts , bottom beams and intermediate beams  during air 

lift of cooler module 

               -To be applied on end/side structure and top beams during air lift of cooler 

module 
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Appendix A4: Impact calculation during offshore lifting-Case B: Cooler 

module 
Total cooler model weight,  as given above in Table 24, is 100 tonnes. 

As given in section 4.2.4 Horizontal impact during offshore lift-Table 4 above, test load for cooler 

model (100 tonnes) during offshore lifting is as follows: 

for       50 tonnes, test load ,                 

 

                   

                         

                  

                            

During offshore lifting, the structure is lowered alone and considered as single transportation and 

hence 50% of     and      are applied as follows: 

a) For corner posts and bottom beams  : 

                         

                           

b) For end/side structure and top beams : 

                        

                       

              -To be applied on corner posts , bottom beams and intermediate beams during 

offshore lift  of cooler module 

               -To be applied on end/side structure and top beams during offshore lift of cooler 

module 
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Appendix A5: Impact calculation during air lifting-Case C: Compressor 

module 
Total compressor model weight,  as given above in Table 29, is 120 tonnes. 

As given in section 4.2.3 Horizontal impact during air lift-Table 4 above, test load for compressor 

model (120 tonnes) during air lifting is as follows: 

for       50 tonnes, test load ,                 

 

                   

                           

                  

                            

a) For corner posts and bottom beams : 

                     

                           

b) For end/side structure and top beams : 

                        

                        

                -To be applied on corner posts , bottom beams and intermediate beams  during 

air lift of compressor module 

               -To be applied on end/side structure and top beams during air lift of compressor 

module 
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Appendix A6: Impact calculation during offshore lifting-Case C: Compressor 

module 
Total compressor model weight,  as given above in Table 29, is 120 tonnes. 

As given in section 4.2.4 Horizontal impact during offshore lift-Table 4 above, test load for 

compressor model (120 tonnes) during offshore lifting is as follows: 

for       50 tonnes, test load ,                 

 

                   

                           

                  

                            

During offshore lifting, the structure is lowered alone and considered as single transportation and 

hence 50% of     and      are applied as follows: 

a) For corner posts and bottom beams : 

                         

                           

b) For end/side structure and top beams : 

                        

                       

              -To be applied on corner posts , bottom beams and intermediate beams during 

offshore lift of compressor module 

               -To be applied on end/side structure and top beams during offshore lift of 

compressor module 
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Appendix B: Landing impact calculations during offshore lifting 

Appendix B1: Landing calculation during offshore lifting-Case A: Pump 

module 
As given in section 6.3.3 Landing analyses above, the total factor for landing load combination; LC27; 

is 0.25. 

Therefore,  

                                                                                   

Total static pump model weight,  as given above in Table 19, is 426kN. 

                

            

According to section 5.3.3 above, the structure is modeled in such a way that the bottom of the 

frame structure interfaces the bottom surface on two supports. Hence  the total calculated load 

above is divided on two supports, i.e. 

          -To be applied on corner post of pump model as compression force ( in X direction) 

and horizontal impact of                 in Y or Z direction as calculated above in Appendix A2: 

Impact calculation during offshore lifting-Case A: Pump module. 
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Appendix B2: Landing calculation during offshore lifting-Case B: Cooler 

module 
As given in section 6.3.3 Landing analyses above, the total factor for landing load combination; LC27; 

is 0.25. 

Therefore,  

                                                                                       

Total static cooler model weight,  as given above in Table 24, is 964kN. 

               

            

According to section 5.3.3 above, the structure is modeled in such a way that the bottom of the 

frame structure interfaces the bottom surface on two supports. Hence  the total calculated load 

above is divided on two supports, i.e. 

           -To be applied on corner post  as compression force of cooler model ( in X direction) 

and horizontal impact of                in Y or Z direction as  calculated above in Appendix A4: 

Impact calculation during offshore lifting-Case B: Cooler module. 
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Appendix B3: Landing calculation during offshore lifting-Case C: Compressor 

module 
As given in section 6.3.3 Landing analyses above, the total factor for landing load combination; LC27; 

is 0.25. 

Therefore,  

                                                                                 

Total static compressor model weight,  as given above in Table 29, is 1,213kN. 

                

            

According to section 5.3.3 above, the structure is modeled in such a way that the bottom of the 

frame structure interfaces the bottom surface on two supports. Hence  the total calculated load 

above is divided on two supports, i.e. 

           -To be applied on corner post  as compression force of compressor model ( in X 

direction) and horizontal impact of                in Y or Z direction as calculated above in 

Appendix A6: Impact calculation during offshore lifting-Case C: Compressor module. 
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Appendix C: Von Mises yield criteria calculations 

Appendix C1: Von Mises yield criteria for air lifting and horizontal impact-

Case A: Pump module 
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Appendix C2: Von Mises yield criteria for offshore lifting and horizontal 

impact-Case A: Pump module 
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Appendix C3: Von Mises yield criteria for transportation-Case A: Pump 

module 
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Appendix C4: Von Mises yield criteria for air lifting and horizontal impact-

Case B:Cooler module 
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Appendix C5: Von Mises yield criteria for offshore lifting and horizontal 

impact-Case B:Cooler module 
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Appendix C6: Von Mises yield criteria for transportation-Case B:Cooler 

module 
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Appendix C7: Von Mises yield criteria for air lifting and horizontal impact-

Case C:Compressor module 
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Appendix C8: Von Mises yield criteria for offshore lifting and horizontal 

impact- Case C:Compressor module 
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Appendix C9: Von Mises yield criteria for transportation-Case C:Compressor 

module 
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Appendix C10: Von Mises yield criteria for landing-Case A:Pump module 
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Appendix C11: Von Mises yield criteria for landing-Case B:Cooler module 
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Appendix C12: Von Mises yield criteria for landing-Case C:Compressor 

module 
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Appendix D: Colbeam EC3 calculations 

Appendix D1: Colbeam EC3 calculations for air lift Case A:Pump module 
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Appendix D2: Colbeam EC3 calculations for offshore lift Case A:Pump 

module 
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Appendix D3: Colbeam EC3 calculations for transportation Case A:Pump 

module 
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Appendix D4: Colbeam EC3 calculations for air lift Case B:Cooler module 
 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 230 
 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 231 
 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 232 
 

 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 233 
 

 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 234 
 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 235 
 

 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 236 
 

Appendix D5: Colbeam EC3 calculations for offshore lift Case B:Cooler 

module 
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Appendix D6: Colbeam EC3 calculations for transportation Case B:Cooler 

module 
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Appendix D7: Colbeam EC3 calculations for air lift Case C:Compressor 

module 
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Appendix D8: Colbeam EC3 calculations for offshore lift Case C:Compressor 

module 
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Appendix D9: Colbeam EC3 calculations for transportation Case 

C:Compressor module 
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Appendix E: Staad.Pro input 

Appendix E1: Staad.Pro input for air lifting Case A:Pump module 
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Appendix E2: Staad.Pro input for offshore lifting Case A:Pump module 
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Appendix E3: Staad.Pro input for transportation Case A:Pump module 
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Appendix E4: Staad.Pro input for air lifting Case B: Cooler module 
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Appendix E5: Staad.Pro input for offshore lifting Case B: Cooler module 
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Appendix E6: Staad.Pro input for transportation Case B: Cooler module 
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Appendix E7: Staad.Pro input for air lifting Case C: Compressor module 
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Appendix E8: Staad.Pro input for offshore lifting Case C: Compressor module 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 290 
 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 291 
 

 

 

 

 

 

 

 

 

 

 

 



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES 
 

University of Stavanger Page 292 
 

Appendix E9: Staad.Pro input for transportation Case C: Compressor module 
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Appendix F: Staad.Pro output reaction forces  

Appendix F1: Air/offshore lifting reaction forces-Case A: Pump module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 

39 1.143 131.851 0.000 

R
ef

e
r 

Fi
gu

re
 1

5
 /

Fi
gu

re
 1

6
  a

b
o

ve
 f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

40 -0.286  0.000 0.000 

41 -0.286 0.000 0.000 

42 
 

-0.286 0.000 0.000 

43 -0.286 0.000 0.000 

  
St

at
ic

 s
u

b
se

a 
m

o
d

u
le

 

w
e

ig
h

t 

39 2.551 294.300 0.000 

40 -0.638 0.000 0.000 

41 -0.638 0.000 0.000 

42 
 

-0.638 0.000 0.000 

43 -0.638 0.000 0.000 

 

Appendix F2: Transportation reaction forces-Case A: Pump module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 35 0.882 32.960 1.587 

R
ef

e
r 

Fi
gu

re
 1

4
 a

b
o

ve
  f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

36 -0.882 32.960 1.587 

37 0.882 32.960 -1.587 

38 
 

-0.882 32.960 -1.587 

  
St

at
ic

 s
u

b
se

a 

m
o

d
u

le
 w

ei
gh

t 

35 0.031 73.575 0.022 

36 -0.031 73.575 0.022 

37 0.031 73.575 -0.022 

38 
 

-0.031 73.575 -0.022 
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Appendix F3: Air/offshore lifting reaction forces-Case B: Cooler module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 

37 0.000 227.908 0.000 

R
ef

e
r 

Fi
gu

re
 1

9
/F

ig
u

re
 2

0
  a

b
o

ve
 f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

38 0.001 0.000 0.000 

39 0.001 0.000 0.000 

40 
 

-0.001 0.000 0.000 

41 -0.001 0.000 0.000 

  
St

at
ic

 s
u

b
se

a 
m

o
d

u
le

 

w
e

ig
h

t 

37 0.000 735.750 0.000 

38 0.005 0.000 0.004 

39 0.005 0.000 -0.004 

40 
 

-0.005 0.000 0.004 

41 -0.005 0.000 -0.004 

 

Appendix F4: Transportation reaction forces-Case B: Cooler module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 33 19.447 57.161 7.387 

R
ef

e
r 

Fi
gu

re
 1

8
 a

b
o

ve
  f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

34 19.297 56.742 -7.303 

35 -19.297 56.742 7.303 

36 
 

-19.447 57.161 -7.387 

  
St

at
ic

 s
u

b
se

a 

m
o

d
u

le
 w

ei
gh

t 

33 91.379 183.882 51.936 

34 91.418 183.993 -51.959 

35 -91.418 183.993 51.959 

36 
 

-91.379 183.882 -51.936 
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Appendix F5: Air/offshore lifting reaction forces-Case C: Compressor 

module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 

9 0.000 0.000 0.020 

R
ef

e
r 

Fi
gu

re
 2

3
/F

ig
u

re
 2

4
  a

b
o

ve
 f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

10 0.000 0.000 0.020 

11 0.000 0.000 0.020 

12 
 

0.000 0.000 0.020 

55 0.000 232.082 -0.080 

  
St

at
ic

 s
u

b
se

a 
m

o
d

u
le

 

w
e

ig
h

t 

9 0.002 0.000 -3.204 

10 -0.003 0.000 -3.204 

11 0.003 0.000 -3.209 

12 
 

-0.003 0.000 -3.209 

55 0.001 980.800 12.826 

 

Appendix F6: Transportation reaction forces-Case C: Compressor module 
 

Load   Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks 

  
St

at
ic

 s
el

f-
w

e
ig

h
t 9 3.626 52.959 4.472 

R
ef

e
r 

Fi
gu

re
 2

2
 a

b
o

ve
  f

o
r 

n
o

d
e 

n
u

m
b

er
s.

 

10 -3.626 52.959 4.472 

11 2.656 63.082 -4.472 

12 
 

-2.656 63.082 -4.472 

  
St

at
ic

 s
u

b
se

a 

m
o

d
u

le
 w

ei
gh

t 

9 61.931 245.200 53.071 

10 -61.931 245.200 53.071 

11 59.111 245.200 -53.071 

12 
 

-59.111 245.200 -53.071 
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Appendix G: Reference drawings 

Appendix G1: Reference drawings from Statoil presentations 
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Appendix G2: Reference drawings from AkerSolutions presentations 
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