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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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 Asgard 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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ALS: Axial limit state.

CF : Contingency factor.

COG: Center of gravity.

D: Deformation loads.

DAF: Dynamic amplification factor.
Des: Description.

DF: Design factor.

Dia: Diameter.

DNV: Det Norske Veritas.

E: Environmental loads.

EC3: Eurocode 3.

FLS: Fatigue limit state.

i.e.: Thatis.

IF: Impact factor.

kg/m?: Kilogram per cubic meter.
kN: Kilo Newton (1000 Newton).
kN/m: Kilo Newton per meter.

L: Live loads.

LC: Load combinations.

LF: Total load factor.

m: Meter.

Max: Maximum.

Min: Minimum.

MGW: Maximum Gross Weight (mass).
mm: Millimeter.

N/A: Not applicable.

University of Stavanger Page 12



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

No: Number.

P: Permanent loads.

PLS: Progressive collapse limit state.
PO: portable offshore unit.

PSA: Petroleum Safety Authority.
R30: Operational class 30.

R45: Operational class 45.

R60: Operational class 60.

SCS : Subsea compression system.
SKL: Skew load factor.

SLS: Serviceability limit state.
Thick: Thickness.

ULS: Ultimate limit state.

UR: Utilization ratios.
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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. l.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:

Acts Petroleum Activities Act

Facilities Regulations

Regulations
Activities Regulations

Guidelines in the Regulations refer to Standrads

(DNV, Eurocode)

Guidelines

National and international standards

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):

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

e DNV standard for certification No. 2.7-3: Portable offshore structures ,2011.
e DNV Rules for Planning and Execution of Marine Operations, 1996.
e 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 categories
Load combination P L D E A
ULS a 13 13 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, fy IN/mm?]

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=2.1x10" N/m? (210 000 N/mm?)
Shear modulus: G=0.8x10" N/m®> (80000 N/mm?)
Density: p = 7850 kg/m*

Poisson’s Ratio: v=0.3

Coefficient of thermal expansion: a=1.2x10 per°C

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

factors; yu; 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, yy=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:

J(o,+ 0y, +0,,)* +3(z, +7,+7,)?)
f

y

xy,. <1

where:

0, =The design value of normal stress in X direction at the point of consideration
Oy, O,,; = The design value of bending stresses iny and z directions at the point of consideration
7y, Ty, 7, = The design value of shear stresses in x, y and z directions at the point of consideration

fy = The minimum yield strength

7w = 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:

i) About y-y axis

NEd +kyy I\/Iy,Ed +AM y,Ed +kyz Mz,Ed +AM z,Ed Sl
lyNRk M y,Rk Mz,Rk
XLt
7m 7m 7w

ii) About z-z axis

NEd +kzy Ivly,Ed +AM y,Ed +kzz Ivlz,Ed +AM z,Ed Sl
ZZNRK I\/Iy,Rk Mz,Rk
yAR:
7m 7'wm Ym
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where:

N Ed » M y.Ed » M 2.ed = The design values of the compression force and the maximum moments about

y-y and z-z axis

AM y,Ed s AM 2£d = The moments due to the shift of the centroidal axis (zero for class 1,2 and 3)

Xyand y, =The reduction factors due to flexural buckling ,given in Eurocode 3 section 6.3.1 (CEN,
2005)

.+ = 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. 5, . =1.0)

kyy , kyz , kzy ,k,, = 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
= Liftin 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 :

F4r = DF X MGW X g
where :
F4ir = Lift load, [kN], in air
DF = Design factor
MGW = Maximum Gross Weight (mass)
g = Gravitational acceleration

The design factor, DF, is defined according to the Operational Class and MGW as shown below in
Table 3 (DNV, May 2011):

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

Operational Class DF for MGW < 50 tonnes DF for MGW = 50 tonnes

R60 1.4 + 0.8 x /50/MGW 2.2

R45 1.4 4+ 0.6 x /50/MGW 2.0

R30 1.4 4+ 0.4 x /50/MGW 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 MGW 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).

Foup = 25X MGW X g
where :
Fg,p = Lift load, [kN], Subsea
MGW = Maximum Gross Weight (mass)

g = 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:

o Dynamic Amplification Factor, DAF =2.0
e Partly submerged weight = 0.9 X MGW
e 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 MGW 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):

Fui(airy = 0.05 X Frggr

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

Frir(airy = 0.6 X Fyjair)
where :
Fyj(airy = Horizontal design impact load during air lift, [kN]
Frgst =Test load, [kN], given below in Table 4

FHir(airy = Reduced horizontal design impact load during air lift, [kN]
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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 Fy; and Fy;g are applied as follows according to DNV 2.7-3 (DNV, May 2011):

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

Fuisuby = 0.025 X Frggr

» For end/side structure and top beams :

Frir(sub) = 0.6 X Fry(sup)
where :
Fuy(supy = Horizontal design impact load during subsea/offshore lift, [kN]
Frpst =Test load, [kN], given below in Table 4

Fyir(suby = Reduced horizontal design impact load during subsea/offshore lift, [kN]

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

MGW Test Load [kN]
MGW < 25 tonnes Minimum of F and 2.5 X MGW X g
25<MGW<50 tonnes [1—-0.01 x (MGW —25) X F
MGW > 50 tonnes 0.75 X F

Note that the F = Fy;,. during air lifting and F = Fs,;, during subsea lifting

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):

Fy =MGW x g
Fymax = 1.3 XMGW X g
Fymin =07 X MGW X g

where :
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Fy = Horizontal load

Fy max = Maximum vertical load

Fy min = Minimum vertical load

MGW = Maximum Gross Weight (mass)

g = Gravitational acceleration

From the above formulas, the vessel accelerations in all directions can be written as follows:
a, : Transverse acceleration due to roll and sway 1xXg

a,, : Transverse acceleration due to pitch and surge 1xg

Aumax - Maximum transverse acceleration due to gravity and heave 1.3 X g

QA,min - Minimum transverse acceleration due to gravity and heave 0.7x g

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:

FVI = 008 X F
where :
Fy; = Vertical design impact load, [kN]

F = Design load, [kN], for lifting. Basically this is the design load during further lowering but for
conservative design the lift load during splash zone is taken. l.e. Fg,,

University of Stavanger Page 26



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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- Categories/Module name Remarks
Maximum Gross Weight
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.

Y

Figure 3: Global coordinate system.
I —
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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 5: Cooler model lifting.
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Figure 6: Compressor model lifting.

Table 6: Boundary conditions for lifting analyses

Translation Rotation
Support X Y VA 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.
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Figure 8: Cooler model transport.
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Figure 9: Compressor model transport.

Table 7: Boundary conditions for transportation analyses

Translation Rotation
Support X Y z X Y VA
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

Translation Rotation
Support X Y VA 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.
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Figure 11: Cooler model landing
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Figure 12: Compressor model landing.

University of Stavanger Page 33



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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, p, of 7850 kg/m? 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 , M, are
F; and is given as below:

FZ:—CFngZMi: ~1.10XM X g

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

Basic loads

Load combinations - transportation analyses

6. Dynamic subsea module weight in +X direction
7. Dynamic subsea module weight in +Y direction
8. Dynamic subsea module weight in +Z direction
11. Dynamic subsea module weight in -X direction
12. Dynamic subsea module weight in -Y direction

3. Dynamic self-weight in +X direction
4. Dynamic self-weight in +Y direction
5. Dynamic self-weight in +Z direction
9. Dynamic self-weight in -X direction
10. Dynamic self-weight in -Y direction

2. Static subsea module weight

1. Static self-weight

[y
w
[y
w
=
o
[y
o

LC1. Transportation roll, max.Z

o
~N
o
~N
=
o
[N
o

LC2. Transportation roll, min.Z

LC3. Transportation pitch, 1.3 |13 1.0 1.0
max.Z

LC4. Transportation pitch, min. 0.7 | 0.7 1.0 1.0
z

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, 13|13 1.0 1.0
max.Z

LC8. Transportation -pitch, 0.7 | 0.7 1.0 1.0
min.Z
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Table 10: Load combinations ULS a and ULS b- Transportation analyses

Basic loads
C C
g 5155 |8
m - — - — - — -O -c
= < | = | = x| >
g c c c s i ar c S c £
© ) kel kel &S = £ o = o P
£ 518 |8 |22l |B |2 |66
& | £ L8 2B % |25 8¢
c © o© o
g AR R
- 2l c|lcle 3|3 |3 |33
2 LS| |2 |88 |28 |s|x&|9]z¢
2 .| 3| ®|®|® ||| |&|2|E|E
> < ] ) ) ) @© @© @© ) 2 Q 1]
2 W E | 3| 3| 3 o | 0 | O 2 | J | 2| 2
& O | o |«L | L |L | B |8 |8 |2 |T |55
© $ g E § § a a a E 7)) 7] 73
n S|S|elele |elele |e|E|E|E
5 oo e L E|E E| E| E E| o || ®
2 85 © © © © © © © c c c
S| B|lS|S|S|s|sS|sS|s|1&8|&8|8&8
n b Aa a) a) Aa Aa Aa Aa . .
(| o (4p] < n (o) N 00 ()] (] (| -l
LC9. ULS g, roll + heave 1.3 13| 0.7 -0.7 | 0.7 -0.7
LC10. ULS g, roll - heave 13|13 | 0.7 0.7 | 0.7 0.7
LC11. ULS a, -roll + heave 13|13 -0.7 -0.7 | 0.7 0.7
LC12. ULS g, -roll - heave 13|13 0.7 0.7 | 0.7 0.7
LC13. ULS a, pitch + heave 1.3 113 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 13|13 -0.7 -0.7 0.7 0.7
LC16. ULS a, -pitch - heave 13|13 0.7 0.7 0.7 0.7
LC17. ULS b, roll + heave 1.0 10| 1.3 -1.3 |13 -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 -1.3 113 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 ] -13 1.3 ] -13
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:

v"Angles less than 45 degrees with the horizontal are not recommended during lifting. Angles
below 30 degrees should be avoided whenever possible.
v Lifting points should be higher than COG to avoid risk of overturning.
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Table 13: Load combinations-Lifting analyses

Load combinations- Basic loads Remarks
Lifting analyses

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- Basic loads Remarks
Landing analysis

13. Static self-weight 14. Static subsea module

weight
LC27. Landing (Fy;) 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. Asgard 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 MGW 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 MGW > 25 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)

v' Type of structure A
v Risk High
v' MGW > 25 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

Profile dimensions Section properties
Des.
Dia.(d) Thick. (t) Ax Ay Az ly/lz Ix Wel,y
mm mm (mm?) | (mm?) | (mm?) | (10°mm*) | (10°mm*) | (10*mm3)
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
Profile dimensions Section properties
Des.
Dia.(d) | Thick. (t) Ax Ay Az ly/lz Ix Wel,y
mm mm (mm?) | (mm?) | (mm?) | (105mm*) | (10°mm*) | (10*mm3)
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:

g= [20_ 235 g
£, \355
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Table 18: Tubular cross-section class

Class Factor Diameter to Criteria for Remarks
thickness ratio cross-section
class
2 2 d 324 d

50¢° =50x0.81° =3281 TS =20.25 " < 50g2 All posts, beams

and braces for
50s® =50x081% =3281| 9_278 _4706 | 9 < 50,2 | pump, coolerand

t 16 t compressor

1 2 ' d 114 d model are cross-

508 - 50X 0.81 — 32.81 T = ? = 1900 T < 5052 section class 1

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

of the pump module are 4 (L) X 3(W) X 7(H) 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 [kN] 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 426 426 kN = 40 tonnes (MGW)

Figure 13: Pump CAD model.

University of Stavanger Page 42




CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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.

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

Node 35 %

Beam 121

Mode 37

7.00m

3.00m MNode 38

Figure 14: Highly utilized members for pump-transportation analysis

Beam No. Beam description Beam profile UR UR Remarks
(d.t)mm Buckling Yielding
121 Bottom beam Tube 324x16 0.25 0.55
R A dix C
148 Corner post Tube 324x16 0.39 0.72 efer ppendix
and Appendix D
detail
154 Intermediate beam Tube 324x16 0.34 0.74 for de a
calculations for
yielding and
201 Top beam Tube 324x16 N /A 0.05 buckling
tivel
216 Brace Tube 114x6 0.48 033 | epecey
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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.

{.00m

00m Node 43

Mode 42

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 UR UR Remarks
(d.t)mm Buckling Yielding

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

194 Corner post Tube 324x16 N /A 0.56 and Appendix D
for detail

202 Top beam Tube 324x16 0.04 0.32 .
calculations for

222 Intermediate beam Tube 324x16 N /A 0.52 yielding and
buckling

231 Brace Tube 114x6 N /A 0.01 respectively
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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:

{.00m

Node 40 00m Node 43

Mode 42

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 UR UR Remarks
(d.t)mm Buckling Yielding

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

194 Corner post Tube 324x16 N /A 0.43 and Appendix D
for detail

202 Top beam Tube 324x16 0.06 0.23 .
calculations for

222 Intermediate beam Tube 324x16 N /A 0.37 yielding and
buckling

231 Brace Tube 114x6 N /A 0.01 | respectively
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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 Beam Beam profile UR UR Remarks
No. description (d.t)ymm Buckling | Yielding
213 Corner post | Tube 324x16
N /A 0.36 Refer Appendix C and Appendix D for
detail calculations for yielding and
214 Corner post | Tube 324x16 N /A 0.36 . .
buckling respectively

7.5 Case B- Cooler module

The main dimensions of the cooler module are 5 (L) X 9(W) X 7(H) 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 [kN] 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 964 964 kN =~ 100 tonnes (MGW)

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:

7.00m
Beam 1900
Beam 9=
=
o Mode 36
Mode 33 e Beam 28
Mode 34
Figure 18: Highly utilized members for cooler-transportation analysis
Table 25: Cooler transportation analysis-Results UR buckling/yielding
Beam No. Beam description Beam profile UR UR Remarks
(d.t)mm Buckling Yielding
9 Corner post Tube 273x16 0.19 0.21
17 Middle post Tube 273x16 N /A 0.18
Refer Appendix C
for detail
24 Top beam Tube 273x16 0.07 0.12 .
calculations for
28 Bottom beam Tube 273x16 0.18 0.34 | vieldingand
buckling
44 Intermediate beam Tube 273x16 0.04 0.07 respectively
60 Bottom middle Tube 273x16 N /A 0.38
beam
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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:

MNode 37

7.00m

MNode 41

Mode 39

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 UR UR Remarks
(d.t)mm Buckling Yielding

9 Corner post Tube 273x16 N /A 0.28

17 Middle post Tube 273x16 0.15 0.30

24 Top beam Tube 114x6 0.25 0.29 Refer Appendix C
and Appendix D

27 Bottom beam Tube 273x16 N /A 0.14 for detail
calculations for

35 Brace Tube 273x16 N /A 0.51 yielding and

- buckling

44 Intermediate beam Tube 273x16 0.03 0.08 .
respectively

80 Bottom middle Tube 273x16 N /A 0.65

beam
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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:

e f
7.00m
Beam 5c
_F75.00m
-__f i
Node ‘ Node 41
Beim 27

[
MNode 39

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 UR UR Remarks
(d.t)mm Buckling Yielding

9 Corner post Tube 273x16 N /A 0.37

17 Middle post Tube 273x16 0.21 0.40

24 Top beam Tube 114x6 0.35 0.40 Refer Appendix C
and Appendix D

27 Bottom beam Tube 273x16 N /A 0.17 for detail
calculations for

35 Brace Tube 273x16 N /A 0.71 yielding and

- buckling

44 Intermediate beam Tube 273x16 0.04 0.07 .
respectively

80 Bottom middle Tube 273x16 N /A 0.90

beam
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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 Beam Beam profile UR UR Remarks
No. description (d.t)ymm Buckling | Yielding
84 Corner post | Tube 273x16

N /A 0.06 Refer Appendix C and Appendix D for
detail calculations for yielding and

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

7.6 Case C- Compressor module

The main dimensions of the compressor module are 4 (L) X 4(W) X 7(H) 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 [kN] 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 1,213 kN = 120 tonnes (MGW)

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:

Bea

Figure 22: Highly utilized members for compressor-transportation analysis

Mode 11

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

Beam No. Beam description Beam profile UR UR Remarks
(d.t)mm Buckling Yielding

12 Top beam Tube 324x16 N /A 0.08

21 Middle post Tube 324x16 N /A 0.25
Refer Appendix C

29 Intermediate beam Tube 324x16 0.09 0.15 and Appendix D
for detail

30 Corner post Tube 324x16 0.24 0.34 .
calculations for

63 Brace Tube 114x6 0.52 0.17 | Yieldingand
buckling

101 Bottom beam Tube 324x16 0.17 0.34 respectively

104 Bottom middle Tube 324x16 N /A 0.27

beam

- |
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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.

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

Mode 11

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

Beam No. Beam description Beam profile UR UR Remarks
(d.t)mm Buckling Yielding

12 Top beam Tube 324x16 0.13 0.23

21 Middle post Tube 324x16 N /A 0.43
Refer Appendix C

29 Intermediate beam Tube 324x16 0.11 0.22 and Appendix D
for detail

30 Corner post Tube 324x16 N /A 0.35 .
calculations for

62 Brace Tube 114x6 0.34 0.1 | Yieldingand
buckling

101 Bottom beam Tube 324x16 N /A 0.46 respectively

104 Bottom middle Tube 324x16 N /A 0.46

beam
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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:

Beam 101

Mode 11

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

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

Beam No. Beam description Beam profile UR UR
(d.tymm Buckling | Yielding | Remarks
12 Top beam Tube 324x16 0.18 0.31
21 Middle post Tube 324x16 N /A 0.58
Refer Appendix C
29 Intermediate beam Tube 324x16 0.15 0.28 and Appendix D
for detail
30 Corner post Tube 324x16 N /A 0.46 .
calculations for
62 Brace Tube 114x6 0.47 0.16 | Yielding and
buckling
101 Bottom beam Tube 324x16 N /A 0.59 respectively
104 Bottom middle Tube 324x16 N /A 0.89

beam
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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 Beam Beam profile UR UR Remarks
No. description (d.tymm Buckling | Yielding

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

detail calculations for yielding and

16 Corner post | Tube 324x16 N /A 0.06 buckling respectively
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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 Identification | Type of PO Unit Design phase Maximum Ranking
module UR
Transportation 0.74 1
©
[ ]
] 38 —
§ m? Air lifting 0.56 2
o o
E 2 s <
& 2 ™ Subsea/offshore 0.43 3
~N i
= ~ lifting
N >
S z 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 Identification | Type of PO Unit Design phase Maximum Ranking
module UR
Transportation 0.42 3
~ ©
(%) Q
Q 2 —
§ > Air lifting 0.65 2
S L
3 S 2
o < o <
S ‘; o Subsea/offshore 0.90 1
= N lifting
& >
s Z 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 Identification | Type of PO Unit Design phase Maximum Ranking
module UR
Transportation 0.52 2
~ ©
(%) Q
g £ Air lifti 0.46 3
5 8 3 ir lifting .
a » o
v < o™
5 S - <
£ % ™ Subsea/offshore 0.89 1
S s ~ lifting
O >
> Z 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 PO weight Categories | Concept phase | Detail engineering phase
of Critical design Critical design phases
PO phase
Unit
© 25<MGW<50 Small Transportation V' Air lifting
b tonnes v Transportation
§ v' Offshore lifting
8' S50<MGW <100 | Medium Offshore v' Air lifting
ﬁ < tonnes lifting v" Transportation
N v' Offshore lifting
; 100<MGCW<150 Large Offshore V' Air lifting
2 tonnes lifting v' Transportation
v' 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. l.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 A:: 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<MGW<50 tonnes, test load , Frgsr = [1 — 0.01 X (MGW — 25) X Fy;yr
- Fyr = 2.25 X MGW X g

Fuir = 2.25 %X 426 = 960 kN

- Frgst = [1 —0.01 X (MGW — 25) X Fy;;

Frgsr = [1 —0.01 X (40 — 25) X 960 =~ 14,256 kN
a) For corner posts and bottom beams :

= Fyicairy = 0.05 X Fregr

Fhi(airy = 0.05 X 14,256 = 713 kN
b) For end/side structure and top beams :

= Fuirairy = 0.6 X Fyy(air

Fuirairy = 0.6 X 713 ~ 428 kN

Fyi(airy ® 713 kN -To be applied on corner posts, bottom beams and intermediate beams during

air lift of pump module

Fyir(air) = 428 kN-To be applied on end/side structure and top beams during air lift of pump

module
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Appendix Az: 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<MGW=<50 tonnes, test load , Frgsr = [1 — 0.01 X (MGW — 25) X Fgyp

- Fyp = 3.12 X MGW X g
Foup = 3.12 X 426 ~ 1329 kN

- Frpsr = [1— 0.01 X (MGW — 25) X Fg,

Fresr < [1 — 0.01 x (40 — 25) x 1329 ~ 19,736 kN

During offshore lifting, the structure is lowered alone and considered as single transportation and
hence 50% of Fy; and Fyr are applied as follows:

a) For corner posts and bottom beams :
= Frisuby = 0.5 % 0.05 X Frggr
Fyi(supy = 0.025 X 19,736 ~ 493 kN

b) For end/side structure and top beams :
= Fyirsub) = 0.6 X Fyypsup
Fyir(suby = 0.6 X 493 ~ 296kN

Fyi(sub)y = 493 kN-To be applied on corner posts, bottom beams and intermediate beams during

offshore lift of pump module

Fhir(sub) ® 296kN-To be applied on end/side structure and top beams during offshore lift of pump
module
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Appendix As: 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 MGW > 50 tonnes, test load , Frger = 0.75 X Fy;,

- Fu = 225X MGW X g
Fuir = 225X 964 = 2,169 kN
= Frgsr =0.75 X Fyjy
Frgst= 0.75 % 2,169 = 1,627 kN
a) For corner posts and bottom beams :
= Fyicairy = 0.05 X Fregr
Fhi(airy = 0.05 % 1,627 ~ 81 kN
b) For end/side structure and top beams :
= Fyirair) = 0.6 X Fyy(air)
Fuirairy = 0.6 X 81 = 49 kN

Fyi(airy ® 81 kN -To be applied on corner posts, bottom beams and intermediate beams during air

lift of cooler module

Fyir(air) = 49 kN-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 MGW > 50 tonnes, test load , Frgsr = 0.75 X Fgup

- Foup = 3.12 X MGW X g
Foup = 3.12 X 964 ~ 3,008 kN
— Frger 20.75 X Foup

Frgsr - 0.75 X 3,008 ~ 2,256 kN

During offshore lifting, the structure is lowered alone and considered as single transportation and
hence 50% of Fy; and Fyg are applied as follows:

a) For corner posts and bottom beams :
= Fyisupy = 0.5 X 0.05 X Frgger
Fupsupy = 0.025 X 2,256 ~ 56 kN

b) For end/side structure and top beams :
= Fuir(suby = 0.6 X Fyj(sup)
Fuir(supy = 0.6 X 56 ~ 34 kN

Fyi(sub) = 56 kN-To be applied on corner posts , bottom beams and intermediate beams during

offshore lift of cooler module

Fyir(sub) = 34 kN-To be applied on end/side structure and top beams during offshore lift of cooler

module
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Appendix As: 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 MGW > 50 tonnes, test load , Frggr = 0.75 X Fy;,

- Fy = 225X MGW X g
Fpir = 2.25%X 1,213 = 2,729 kN
= Frgsr =0.75 X Fyjy
Fregst = 0.75 X 2,729 = 2,047 kN
a) For corner posts and bottom beams :
= Fyicairy = 0.05 X Fregr
Friairy = 0.05 % 2,047 = 102 kN
b) For end/side structure and top beams :
= Fyir(air) = 0.6 X Fyy(qir)
Fuirairy = 0.6 X 102 ~ 61 kN

Fyi(airy ® 102 kN -To be applied on corner posts , bottom beams and intermediate beams during

air lift of compressor module

Fyirair) ® 61 kN-To be applied on end/side structure and top beams during air lift of compressor

module
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Appendix A¢: 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 MGW > 50 tonnes, test load , Frgsr = 0.75 X Fgup

— Foyp = 3.12 X MGW X g
Feup = 3.12 X 1,213 ~ 3,785 kN
- Frpsr =0.75 X Foup

Fresr - 0.75 X 3,785 ~ 2,839 kN

During offshore lifting, the structure is lowered alone and considered as single transportation and
hence 50% of Fy; and Fyg are applied as follows:

a) For corner posts and bottom beams :
= Fyisupy = 0.5 X 0.05 X Frgger
Fupsupy = 0.025 X 2,839 =~ 71 kN

b) For end/side structure and top beams :
= Fuir(suby = 0.6 X Fyj(sup)
Fuir(supy = 0.6 X 71 ~ 43 kN

Fyi(suby = 71 kN-To be applied on corner posts , bottom beams and intermediate beams during

offshore lift of compressor module

Fyir(sub) = 43 kN-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,
LC27.Landing(F,;) = 0.25 X (Static self weight pump + Static subsea module weight pump)

Total static pump model weight, as given above in Table 19, is 426kN.
Fy; = 107kN

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.

Fy; = 54 kN -To be applied on corner post of pump model as compression force ( in X direction)
and horizontal impact of Fy(supy ~ 493 kN in Y or Z direction as calculated above in Appendix A;:

Impact calculation during offshore lifting-Case A: Pump module.
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Appendix Bz: 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,
LC27.Landing(F,;) = 0.25 X (Static self weight cooler + Static subsea module weight cooler)

Total static cooler model weight, as given above in Table 24, is 964kN.
- F,; = 0.25 X964
Fy; = 241kN

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.

Fy; = 121 kN -To be applied on corner post as compression force of cooler model ( in X direction)
and horizontal impact of Fyy(supy & 56 kKN in Y or Z direction as calculated above in Appendix A;:

Impact calculation during offshore lifting-Case B: Cooler module.
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Appendix Bs: 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,
LC27.Landing(F,;) = 0.25 X (Self weight compressor + Subsea module weight compressor)

Total static compressor model weight, as given above in Table 29, is 1,213kN.
- F,; =0.25%x 1,213
Fy; = 303kN

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.

Fy; = 152 kN -To be applied on corner post as compression force of compressor model ( in X
direction) and horizontal impact of Fyy(sup) ® 71 kKN in Y or Z direction as calculated above in

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

Appendix Ci: Von Mises yield criteria for air lifting and horizontal impact-
Case A: Pump module

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |187 lz
Descrip. |Bottom end beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0| mm o
r 154\ mm i
o 1.570|rad z
Ax 15482 mm2
Ay 7741 mm2
Az 7741 mma2
ly 1841 E+08| mm4d
Iz 1.541E+08 | mm4
Ix 3.682E+08|mma _ .
+ 5 >
MATERIAL
fy 335.0 N,-’mmz MEMBER FORCES FOR AIR LIFT
Tm 1.15|- Fx 2.5 kN
Fy 8.5 kN
Fz 0.0 kN
Mx 0.0 kMm
My 0.0|kMNm
Mz 4.9 | kMm
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Von Mises: [ (ox+ oby + obz)*2 + 3{m + v + 12)°2 |{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

axl @byl abzl Tx1 Tyl 1zl ael
FPoint 1 0.2 0.0 0.0 0.0 0.3
Point 2 0.2 0.0 4.1 0.0 0.0
Point 3 0.2 41 0.0 08
Utilis ation:

MEMBER FORCES FOR IMPACT
Fx 0.0|kM
Fy 0.0|kN
« Apply, Fy; ¥ 713 kN |Fz 713.0|kn
Ml 0.0 |kNm
My 0.0 | kMNm
Mz 0.0 | kMNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

oxZ T2 ohz2 T2 Ve T2 Ted
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Foint 2 0.0 0.0 0.0 0.0 0.0 921
Point 3 0.0 0.0 0.0 921
Utilis ation:
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* According to DMV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE S5 CALCULATION S AND UTILZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 cbz12 12 Tyl2 Tzl2
Paint 1 02 0.0 0.0 0.0 08 0.0
Point 2 0.2 0.0 41 0.0 0.0 92 1
Point 3 0.2 4.1 0.0 829
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module air lift
T3 Pump module air lifting.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
S L= rls KN KN kN kNm KNm KNm
187 3 1 -2.498 2.378 i 0.000 i 0.001 ; -0.006 i -1.273 j
2 2._#93 P _ 6.4_?1 i -IZI.I}I.'}I_J ; 4:+_.nm i ) 0.005 P _-—4-.BIE_~'|" _

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifting for pump module

Fyr ® 713 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyip ® 428 kN -To be applied on end/side structure and top beams
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VON MISES YIELD CRITERION

GENERAL y
Beam MNo. (194 ll
Descrip.  |Corner post
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm i
r 154 mm {
o 0.587|rad z
B 15482 mm2
Ay 7741 mm2
Az 7741 mm2
Iy 1.341E+08| mm4
Iz 1.341E+08| mm4
Ix 3.682E+08[ mm4 _ _
- " -
MATERIAL
fy 355.0| Nfmm2 MEMBER FORCES FOR AIR LIFT
m 1.15|- Fx 53.0 (kM
Fy 15.5 (kM
Fz 24.1 (kN
M= 0.2 [kMNm
My 38.3 [kMm
Mz 25.5 |kNm
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Von Mises: [ (ox+ oby + obz)*2 + 3{m + v + 12)"2 |1/2)

STRESS CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

oxl @ bl [+] ral Tx1 vl 1zl el
Foint 1 41 321 0.0 01 20 0.0
Point 2 4.1 0.0 213 0.1 0.0 31
Point 3 4.1 385 0.1 3T

Utilis ation:

MEMBER FORCES FOR IMPACT
Fx 0.0 | kN
Fy 0.0|kN

= Apply, Fyy % 713 kN Fz 713.0| kN
M= 0.0 |kNm
My 0.0 |kNm
Mz 0.0 [kNm

STRES3 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

oxZ by ohbz2 TH2 Y2 122 oe2
Foint 1 0.0 0.0 0.0 0.0 0.0 0.0
FPoint 2 0.0 0.0 0.0 0.0 0.0 8921
Point 3 0.0 0.0 0.0 921

Utilis ation:
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* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 chyl2 cbhz12 Tx12 Y12 TZl2
Point 1 4.1 321 0.0 0.1 210 0.0
Point 2 41 0.0 213 01 0.0 95 2
Point 3 41 38.5 01 958
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module air lift
T Pump module air lifting.std - Bearn End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LC Node KN KN kN kNm kNm KNm
194 3 34 27121 15.477 24.087 =0.236 ; -9.873 S5.458
6 83020 15477 -24.087 023  -38321. 2549

2.0 -Horizontal impact loads
Refer attached calcaulations for harizontal impact loads during air lifing for pump module

Fyr %= 713 kN -To be applied on corner posts, bottom beams and intermediate beams

Fiyr ® 428 kN -To be applied on end/side structure and top beams
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VON MISES YIELD CRITERION

GENERAL| ¥
Beam Mo. |202 IE
Descrip. |Top beam
Analysis: | Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0{mm it
r 154 mm i+
o 1.525|rad z
B 15482 | mm2
Ay 7741 {mm2
Az 7741 mma2
ly 1.841E+08| mmd
Iz 1.341E+H08| mm4d
Ix 3.682E+08|mma B X
o 5 »
MATERIAL
fy 355.0 NJl'rrTlr'l'lE MEMBER FORCES FOR AIR LIFT
rm 1.15]- Fx 115.2|kN
Fy 5.9|kN
Fz 0.0|kN
M= 0.0 | kMNm
My 0.4 | kMNm
Mz 8.7 |[kNm
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Von Mises: [ [ox+ oby + ohz)*2 + 3[m + v + 1272 71,2

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY

axl o byl cbzl 11 Tyl
Point 1 7.4 0.3 0.0 0.0 04a
Point 2 7.4 0.0 7.3 0.0 0.0
Point 3 74 7.3 0.0 0.5

Utilis ation:

MEMBER FORCES FOR IMPACT
Fx 0.0 kN
Fv 0.0|kN
« Apply, Fyr = 428 kN |Fz 428.0|kN
Ml 0.0|kNm
My 0.0|kNm
Mz 0.0 |kMNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

ox2 o by cbhz2 2 V2 122
Paint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 LI
Point 3 0.0 0.0 0.0 L

Utilis ation:

University of Stavanger Page 76



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZON TAL IMPACT
oxlZ T2 ohzl2 Tx12 Tyl2 Tzl2
Point 1 74 0.3 0.0 0.0 0a 0.0
Point 2 7.4 0.0 7.3 0.0 0.0 b5 .3
Point 3 74 73 0.0 56.1
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module air lift
3 Pump module air lifting.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node kN KN kN KNm kNm KNm
202 3 g 115.186 5.899 0.000 0.000 -0.404 -5.730
6 115186 2~ S5899;  0000;  -0.000; 0404 8730

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifting for pump module

Fyr ®# 713 kN -To be applied on corner posts, bottom beams and intermediate beams

Fiyir ® 428 kN -To be applied on end/Side structure and top beams
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VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |222 ll
Descrip.  |Intermediate beam
Analysis: | Air lift and horizontal impact
3
SECTION PROPERTIE S
d 3240 mm
t 16.0| mm ra
r 154 | mim {
o 1.558|rad z
A 15482 mm2
Ay 7741 mm2
Az 7741 mm2
ly 1.841E+H18| mm4d
Iz 1.341E+08| mm4d
Ix 3.682E+08| mm4 . .
< 5 >
MATERIAL
fy 335.0 N,fmmz MEMBER FORCES FOR AIR LIFT
wm 1.15(- Fx= 248 kN
Fy 7.8|kMN
Fz 0.0|kN
M 0.0 | kMm
My 0.1 |kMNm
Mz 7.4 kMNm
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Von Mises: [ (ox+ oby + obz)"2 + 3(m + v + 12) 2 [*{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING OHNLY

oxl @ bl obzl Tx1 ¥l
Point 1 1.6 0.1 0.0 0.0 1.0
Foint 2 1.6 0.0 6.2 0.0 0.0
Point 3 1.6 62 0.0 1.0

Utilis ation:

MEMBER FORCES FOR IMPACT
Fx 0.0|kM
Fy 0.0|kN
« Apply, Fy ¥ TI3kN  |Fz 713.0|kN
Ml 0.0 | kMNm
Ml 0.0 kMNm
Mz 0.0 | kMNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

ox2 by ghz2 %2 T¥2 122
FPoint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 921
Point 3 0.0 00 0.0 921

Utilis ation:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION S AND UTILZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 chzi12 Txl2 Tyl2 1zl
Point 1 16 01 0.0 0.0 1.0 0o
Point 2 16 0.0 6.2 0.0 0o 921
Point 3 16 62 0.0 931
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module air lift
1 Pump module air lifting.std - Beam End Force
Axial Force| Shear-¥Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Hode KN KN kN KNm kNm kNm
222 3 45 -24.765 =1.891 ¢ -0.000 -0.000 -0.098 -2.296
M 24765; T790; 20000, @ 0.000; 0098  -7.385;

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifting for pump module

Fyy ® 713 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyir 428 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. (231 12
Descrip. |Brace
Analysis:  |Air lifting
3
SECTION PROPERTIES
d 114.0{ mm
t 6.0 nmim i
r 54| mm i+
o 0.785|rad z
B 2036 mm2
Ay 1018{ mma2
Az 1018{ mm2
ly 2.977E+06( mmd
Iz 2.97TE+06) mimd
Ix 5.955E+06| mmd ) X
< 5 >
MATERIAL
fy 355.0 N,-"mmz MEMBER FORCES FOR AIR LIFT
m 1.15|- Fx 5.4|kN
Fy 0.3|kN
Fz 0.0|kN
Mz 0.0 |kMNm
My 0.0 [kMNm
Mz 0.0 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ [ox+ oby + obz) "2 + 3{tx+ v + 12)2 14(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY (Braces take no impact)
oxl oyl bzl Tx1 Tyl 1zl ael
Point 1 27 0.0 0.0 0.0 03 0.0
Point 2 27 0.0 0.0 0.0 0o 0.0
Point 3 27 0o 0.0 03
Utilisation:
INPUT LOADS
1.0 -End force s from Staad analysis for pump module air lift
| Pump module air lifting.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Goam| LK Node kN KN KN kNm kNm kNm
2N 3 5 4628 | 0.306 | -0.000 | 0.000 | 0.000 | 0.000
&7 -5.443 - 0.306 | 0.000 0.000 | 0.000 0.000
University of Stavanger Page 82



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Cz: Von Mises yield criteria for offshore lifting and horizontal
impact-Case A: Pump module

VON MISES YIELD CRITERION

GENERAL Vi
Beam Mo. |187 12
Descrip.  |Bottom side beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm i
r 154 mm i+
o 1.570(rad z
A 15482 | mm2
Ay 7741 mma2
Az 7741 mm2
ly 1.8341E+08| mmd
1z 1.841E+08| mmd
Ix 3.682E+08| mmd B N
< 5 >
MATERIAL
fy 355.0 memz MEMBER FORCES FOR OFF SHOR.LIFT
rm 1.15(- Fx 3.5 (kM
Fy 9.0|kM
Fz 0.0|kN
M= 0.0 |kMNm
My 0.0 [kNm
Mz 6.7 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(1x+ 1y + 12)"2 | 4(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING ONLY

axl oyl bzl 11 Tyl
Point 1 02 0.0 0.0 0.0 12
Point 2 02 0.0 5.6 0.0 0.0
FPoint 3 02 56 0.0 12

Utilisation:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0|kN

« ApPlY , Fipsup = 493 kN Fz 493.0|kN
Mx 0.0 |kNm
My 0.0 kMNm
Mz 0.0|kMNm

STRE S5 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

s34 ohvz2 obhzZ 132 V2 T2
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 637
Point 3 0.0 0.0 0.0 63.7

Utilisation:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE SS CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxlZ chyl2 cbz12 x12 T¥l2 TZl2
Point 1 02 0.0 0.0 0.0 12 0.0
Paoint 2 02 0.0 56 0.0 00 3T
Point 3 02 56 0.0 B4 .8
Utilisation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module offshore lift
T Pump module offshore lifting.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam uc Node KN KN KN KNm KNm KkNm
187 3 1 -3.464 3.297 0.000 0.0 -0.008 -1.766
2 3.464 | 8973, 0000 0001 0007  -6.748;

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for pump module

Frpoup ™ 493 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyrpeup = 296kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |154 12
Descrip. |Corner post
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0(mm i
r 154 mm i
o 0.587|rad z
Ao 15482 mm2
Ay 7741 mma2
Az 7741 mma2
ly 1.841E+08( mmd
Iz 1.841 E+03| mmed
Ix 3.682E+08| mmd B a
< 5 >
MATERIAL
fy 355.0 N,-"r‘nmz MEMBER FORCES FOR OFF SHOR.LIFT
ym 1.15]- Fx 874 |kN
Fy 215 (kM
Fz 334(kN
Mz 0.3 |kMNm
My 531 [kNm
Mz 354 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)*2 + 3{tx+ v + 1z)*2 |41/2)

STRE 55 CALCULATION S AND UTILIZATION FOR OFFSHORE LIFTING ONLY

oxl ahwvl bzl Txl vl
Point 1 56 44 5 0.0 0.1 238
Point 2 56 0.0 2906 0.1 0.0
Point 3 56 34 0.1 51

Utilisation:

MEMBER FORCES FOR IMPACT
Fx 0.0 (kN
Fy 0.0[kN

« Apply, Freup ~ 493 kN Fz 493.0|kN
Mx 0.0 [kNm
My 0.0 [kNm
Mz 0.0 kNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

s oy ohz2 T®2 T¥2 122
FPoint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 637
Point 3 0.0 0.0 0.0 63.7

Utilisation:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE S5 CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxlZ ohyl2 cbhz12 Tx12 V12 TZ12
Point 1 56 44 5 0.0 01 2.8 0.0
Point 2 5.6 0.0 296 01 0.0 68.0
Point 3 56 £34 01 68.8
Utilisation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module offshore lift
3 Pump medule offshore lifting.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam |  LC Node KN kN KN kNm kNm kNm
194 E 34 =19.208 21.461 33414 =0.327 =13.691 7.568
& B1358; 21481 -BH4e; 0 0327 53138 2 35354

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact load s during offshore Iifting for pump module

Fyreun ™ 493 kN -To be applied on corner posts, bottom beams and intermediate beams

Furgeup ~ 296kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |202 IE
Descrip.  |Top beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0|mm i
r 154 mm {
o 1.524|rad z
P 15482 mm2
By 7741 mm2
Az 7741 mma2
Iy 1.841E+08| mmd
Iz 1.841E+08 | mimd
Ix 3.682E+08| mma B .
o r >
MATERIAL
fy 355.0 N,fmmE MEMBER FORCES FOR OFF SHOR.LIFT
vm 1.15|- Fx 159.7 kN
Fy 8.2 |kN
Fz 0.0|kN
M 0.0 (kNm
My 0.6 |kMNm
Mz 12.1 (kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +cobz)*2 + 3{tx+ 1y + 1z}*2 |*1/2)

STRE 55 CALCULATION 5 AND UTILIZATION FOR OFFSHORE LIFTING ONLY

oxl G obzl Tx1 Tyl
Point 1 103 0.5 0.0 0.0 1.1
Point 2 103 0.0 101 0.0 0.0
Point 3 103 101 0.0 11

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kM
Fy 0.0|kN
« ApplY, Fuimsup ~ 296kN Fz 296.0 kN
M= 0.0 |kNm
My 0.0 [kMNm
Mz 0.0 |kNm

STRE 55 CALCULATION 5 AND UTILIZATION FOR HORIZON TAL IMPACT ONLY

gx2 ohy2 ohbz2 T2 T¥2 122
Foint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 382
Point 3 0.0 0.0 0.0 38.2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION 5 AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 obhz12 Tx12 Tyl2 1zl2
Point 1 103 0.5 0.0 0.0 14 0.0
Foint 2 103 0.0 101 0.0 0.0 362
FPoint 3 103 10.1 0.0 39.3
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module offshore [ift
3 Pump module offshore lifting.std - Bear End Force
Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-£
Beam| LK Hode kN kN kN kNm kNm kNm
202 2 & 159.724 8.180 0.000 0.000 -0.561 -12.105
6 -158.724 8.180 -0.000 -0.000 0.561 12.105

2 0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact load s during offshore lifting for pump module

Fypeun ™~ 493 kN -To be applied on corner posts, bottom beams and intermediate beams

Frtrsup ™ 296KkN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |222 IE
Descrip.  |Intermidate beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0|mm i
r 154 mm {
o 1.558|rad z
P 15482 mm2
Ay 7741 mm2
Az 7741 mma2
Iy 1.841E+08|mmd
Iz 1.841E+08 | mimd
Ix 3.682E+08| mma B .
o r >
MATERIAL
fy 355.0 N,fmmE MEMBER FORCES FOR OFF SHOR.LIFT
vm 1.15|- Fx 34.3 kN
Fy 10.8|kN
Fz 0.0|kN
Mz 0.0|kMNm
My 0.1|kMNm
Mz 10.2 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3{tx+ 1ty + 12}*2 |1/2)

STRE 55 CALCULATION & AND UTILIZATION FOR OFF SHORE LIFTING OHLY

oxl oy abzl Tx1 Tyl 11 oel
FPoint 1 22 0.1 0.0 0.0 14
FPoint 2 22 0.0 8.6 0.0 0.0
Point 3 22 8.6 0.0 14
Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kMN
Fy 0.0 kN

« Apply , Fupsus ~ 493kN  |Fz 493.0 [kN
M= 0.0 |kNm
My 0.0 | kMNm
Mz 0.0 |kMNm

STRE S5 CALCULATION 5 AND UTILIZATION FOR HORIZONTAL IMPACT OHLY

oxZ oy ohz2 Tx2 iy TZ2
Foint 1 0.0 0.0 0.0 0.0 0.0 0.0
Foint 2 0.0 0.0 0.0 0.0 0.0 637
Point 3 0.0 0.0 0.0 63.7

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 cbz12 x12 Tyl2 1zl12
Point 1 22 0.1 0.0 0.0 14 0.0
Point 2 232 0.0 8.6 0.0 0o 637
Point 3 22 8.6 0.0 65.1
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module offshore [ift
T2 Pump module offshore lifting.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node KN kN KN kNm KNm kNm
222 3 45 =34.340 2623 -0.000 =0.000 0136 -3.184
a M0 2 1083; 200, 2 0000; 2 0136  -10.241

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshaore lifting for pump module

Fypeun ™ 493 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyigeun ™ 296kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. (231 12
Descrip.  [Brace
Analysis: |Offshore lifting
3
SECTION PROPERTIE S
d 114.0| mim
t 6.0 mim o
r 54| mim i
o 0.785|rad z
Ao 2036 mma2
Ay 1018 mma2
Az 1018 mma2
Iy 2 977E+06|mmd
Iz 2.977E+06| mmd
Ix 5.955E+06|mma . .
< 5 >
MATERIAL
fy 355.0 N,-"r‘nm?_ MEMBER FORCES FOR OFF SHOR.LIFT
m 1.15|- Fx 7.5|kN
Fy 0.4 kN
Fz 0.0|kN
M= 0.0 |kNm
My 0.0 [kNm
Mz 0.0 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(x+ 1y + 12)2 |4(1/2)

STRESS CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING ONLY (Braces take no impact)

oxl T bzl Tx1 vl 1zl oel
Point 1 3T 0.0 0.0 0.0 04 0.0
Point 2 3T 0.0 0.0 0.0 0.0 0.0
Point 3 3T 0.0 0.0 04
Utilisation:
INPUT LOADS

1.0 -End forces from Staad analysis for pump module offshore lift

! Pump module offshore lifting.std - Beam End Force

Axial Force | Shear-Y Shear-£ Torsion | Moment-Y | Moment-Z

Boam| LK Node kN KN kN KNm KNm KNm
23 3 5 6418 0424  -0.000| 0000 0000 ~ 0.000
47 B .25 W 0000  0O0Q; 0000 0.000
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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

VON MISES YIELD CRITERION

GENERAL| v
Beam No. (121 IE
Descrip.  |Bottom beam
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 324.0(mm
t 16.00 mm e
r 154 mm {
o 1.566(rad z
Ax 15482 mm2
Ay 7741|mm2
Az 7741l mm2
Iy 1.841E+08| mmed
Iz 1.841E+08 | mmed
Ix 3.682E+08|mma . -
> 5 »
MATERIAL
fy 355.0{ N/mm?2 MEMBER FORCES FOR TRANSPORT
rm 1.15|- Fx 4 A(kN
Fy 104.7 kN
Fz 0.4[kN
M 0.0|kMNm
0 0.9 [kMNm
Mz 201.2 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3(mx+ v + 122 |*{1/2)

STRE S5 CALCULATIONS AND UTILIZATION FOR TRANSPORT ANALY SIS

axl @y ohzl X1 Tyl
FPoint 1 03 0.7 0.0 0.0 135
Foint 2 0.3 0.0 168.3 0.0 0.0
Point 3 03 168.3 0.0 13.5
Utilisation:
INPUT LOADS

1.0 -End forces from Staad analysis for pump module transport analysis

T Pump transport.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Boamn L Mode KM kN kN KkNm KkNm kHm
121 3 1 2408 | 92681 0.437 0002 0873 -193.688
3 Wi L oL oA 0437; . oooz; | 08M4; 20156
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |148 12
Descrip. |Corner post
Analysis: |Transport analysis
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0|{mm i
r 154 mm i
o 0.011|rad z
P 15482 | mm2
Py 7741 mma2
Az 7741 mma2
ly 1.841E+08 [ mmd
Iz 1.841E+08| mmd
Ix 3.682E+08| mma B .
< 5 >
MATERIAL
fy 355.0 N,-"mmz MEMBER FORCES FOR TRANSPORT
+m 1.15|- Fx 441.6|kN
Fy 1.1k
Fz 124.0|kN
M= 0.0|kMNm
My 231.3 |kMNm
Mz 2.5 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ [ox+ oby +obz)?2 + 3w+ v + 12)72 [M{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT AN ALY SIS
axl oy obzl Tx1 vl vl
Foint 1 285 1935 0.0 0.0 01 0.0
Foint 2 285 0.0 21 0.0 0.0 16.0
Foint 3 285 193.5 0.0 16.0
Utilisation:
INPUT LOADS
1.0 -End forces from Staad analysis for pump module transport analysis
! Pump transport.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam| LC Node KN kN kN kNm kNm kNm
148 35 19 Anes, A0S 124044 00030 1924010 0 -1.379
o sl ol Shl ) 0003 -231316 -2489
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL| v
Beam Mo. |154 lz
Descrip.  |Intermidate beam
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 3240 mm
t 16.0|mm ra
r 154 | mm {
o 1.564|rad z
A 15482 | mm2
Ay 7741 mm2
Az 7741 mma2
Iy 1.841E+08|mmd
Iz 1.841E+08 ) mmd
Ix 3.682E+08| mma B .
* 3 >
MATERIAL
fy 355.0 N,fmmz MEMBER FORCES FOR TRANSPORT
rm 1.15|- Fx 3.1|kN
Fy 182.5(kN
Fz 1.2|kN
M= 0.1 |kMm
My 1.8 |kMNm
Mz 269.0|kMm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)A2 + 3(tx+ 1y + 12)2 |41/2)

STRESS CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

oxl oyl bzl Tl Tyl
Foint 1 02 1.5 0.0 0.0 236
Point 2 02 0.0 2250 0.0 0.0
Point 3 02 22510 0.0 236
Utilisation:
INPUT LOADS

1.0 -End force s from Staad analysis for pump module transport analysis

T Pump transport.std - Beam End Force

Axial Foree | Shear-Y Shear-Z Tarsion Moment-Y | Moment-Z
Boam| LK Node KN KN KN KNm KNm KNm
154 29 20 -2.007 | -173.437 | 1185 0051  -1.777 | -264.891 |
21 -3.105 182482 1185 0051  -1.776  -268.988
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |201 12
Descrip.  |Top beam
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 324.0| mm
t 16.0{mm i
r 154 mm {
o 1.561|rad z
Ao 15482 mma2
Ay 7741 mm2
Az 7741 mma2
ly 1.841 E+03| mmd
Iz 1.841 E+08| mmed
Ix 3.682E+08 [ mmd B _
- " -
MATERIAL
fy 355.0| N/mm2 MEMBER FORCES FOR TRANSPORT
m 1.15|- Fx 3.7 (kN
Fy 16.1 (kM
Fz 0.1|kN
M= 0.1 [kMNm
My 0.2 [kNm
Mz 194 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)"2 + 3{tx+ 1y + 12)72 ]4(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

axl oyl bzl Tl Tyl
Foint 1 02 0.2 0.0 0.0 21
Point 2 02 0.0 16.2 0.0 0.0
Point 3 02 16.2 0.0 21
Utilisation:
INPUT LOADS

1.0 -End force s from Staad analysis for pump module transport analysis

2 Pump transport.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Goarn uc Node kN kN KN kNm kNm kNm
201 29 7 3660 -7.102 0.105|  -0.104| 0180 |  -15514
-1.452 i 16.147 i -0.105 0.104 i 0.135 i -19.360 _
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. (216 12
Descrip. |Brace
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 114.0| mm
t 6.0 mm i
r 54| mm i+
o 0.785|rad z
B 2036 mm2
Ay 1018{ mma2
Az 1018{ mm2
ly 2.977E+06( mmd
Iz 2.97TE+06) mimd
Ix 5.955E+06| mmd ) X
< 5 >
MATERIAL
fy 355.0 N,-"mmz MEMBER FORCES FOR TRANSPORT
+m 1.15|- Fx 208.0 [kN
Fy 0.3|kN
Fz 0.0|kN
Mz 0.0 |kMNm
My 0.0 [kMNm
Mz 0.0 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(tx+ 1y + 12)*2 ] 1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

axl Tyl bzl Tl Tyl
FPoint 1 1022 0.0 0.0 0.0 0.3
Point 2 1022 0.0 0.0 0.0 0.0
Point 3 1022 0.0 0.0 03
Utilisation:
INPUT LOADS

1.0 -End forces from Staad analysis for pump module transport analysis

2 Pump transport.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Gomn LIC Mode KN KN kN kNm Kkim Kkhm
216 34 5 _ EHT:ESB__ -I}.Z‘QD_ I:_I_.ﬂﬂﬂ_ | I:_I.ﬂﬂl:_f i !J.EIDE! i _!:I.MI_] _
39 -208.020 -0.290 i 0.000 i 0.000 i 0.000 i 0.000 _
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Cs4: Von Mises yield criteria for air lifting and horizontal impact-
Case B:Cooler module

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |9 lz
Descrip.  [Corner post
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIE S
d 273.0{ mm
t 16.0{mm '
r 128.5| mm {
o 1.061|rad z
Ax 12918 mm2
By 8459 mm2
Az 6459| mma2
ly 1.071EH08 | mimd
I 1.071E+H0E | mmd
Ix 2.141E+08[ mm4a . .
4 5 >
MATERIAL
fy 335.0 N;"mmz MEMBER FORCES FOR AIR LIFT
rm 1.15(- Fx 96.8 (kN
Fy 14.5 (kN
Fz 8.5 kN
Mx 0.6 [kNm
My 30.0 [kNm
Mz 53.7 kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Won Mises: [ (ox+ oby + obz)*2 + 3(m+ v + 12)*2 ]41/2)

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY

oxl Tyl Gbzl Tx1 vl
Point 1 75 36.0 0.0 04 22
Point 2 75 0.0 64.5 0.4 0.0
Point 3 75 7348 0.4 26
Utilization:

MEMBER FORCES FOR IMPACT

Fx 0.0 (kM
Fy 0.0 (kM
« Apply , Fy; & 81 kN Fz 81.0|kN
Mx 0.0 [kMNm
My 0.0 |[kMNm
Mz 0.0 |kMNm
STRE S5 CALCULATION S AND UTILZATION FOR HORIZONTAL IMPACT OMNLY
ox2 ohvZ ahzZ TxZ Ve TZZ oed
Paint 1 0.0 0.0 0.0 0.0 0.0 00
Point 2 0.0 0.0 0.0 0.0 0.0 1256
Point 3 0.0 0.0 0.0 12.5
Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
aoxl2 chwi2 cbz12 12 Y12 Tz12 oe
Point 1 75 36.0 0.0 0.4 22 0.0
Point 2 75 0.0 645 0.4 0o 139
Point 3 7.5 738 0.4 161
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air lift
O Air lift cooler.std - Beamn End Force
Axial Force| Shear-Y Shear-£ Torsion Moment-Y | Moment-Z
Beam uc Node KN KN KN kNm KkNm KkNm
9 3 1 -79.602 14,506 8519 0.633 -30.014 -4T.334
g 9._5.835_ i 11.565__ _ —B:_SIEi { _ -ﬁ.§33 _—29.5__22 P -_53.71__!]

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifting for cooler module

Fyy = 81 kN -To be applied on corner posts, bottom beams and intermediate beams during air
lift of cooler module

Firg ® 49 kN -To be applied on end/side structure and top beams during air lift of cooler

module
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |17 lz
Descrip.  |Middel corner post
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 273.0{mm
t 16.0) mm i
r 128.5| mm i
o 1.571(rad z
Ax 12918 mm2
Ay 6459 mm2
Az 6459 mm2
ly 1.071E+08| mmd
Iz 1.071EH08 | mimd
Ix 2.141E+08[mm4d » .
< 5 >
MATERIAL
fy 355.0| Nfmmz2 MEMBER FORCES FOR AIR LIFT
'm 1.15]- Fx 15.7 (kM
Fy 16.6 (kM
Fz 0.0| kN
Mz 0.0 [kNm
My 0.0 |kNm
Mz 72.2 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

WVon Mises: [ (ox+ oy + obz)*2 + 3{m + v + 12)"2 ]M1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY

axl o byl obzl 11 ¥l
Paint 1 1.2 0.0 0.0 0.0 26
Point 2 1.2 0.0 B6.6 0.0 0.0
Point 3 1.2 86.6 0.0 26

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0 kN
Fy 0.0|kM

= Apply, Fyy % 81 kN Fz BL.0|kN
Mx 0.0 kMm
My 0.0 kMNm
Mz 0.0 kMm

STRESS CALCULATIONS AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

a4 ThyZ obhzZ Tx2 Ve 122
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 125
Point 3 0.0 0.0 0.0 12.5

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DMV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 ohbz12 Tx12 Tyl 1z12
Point 1 1.2 0.0 0.0 0.0 26 0.0
Point 2 1.2 0.0 a6.6 0.0 0o 125
Puoint 3 1.2 86.6 0.0 151
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for cooler module air lift
T Air lift cooler.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node kN ki KN KNm kNm KNm
17 3 10 15.730 =16.616 : =0.002 0.015 0.012 =12.166
8 1.504 16616, 0002 =~ -0.015 0005,  -44.145

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing for cooler module

Fyp ® 81 kN -To be applied on corner posts, bottom beams and intermediate beams
Fyir # 49 kN -To be applied on end/sid e structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |24 lz
Descrip.  |Top beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 273.0| mm
t 16.0| mm o
r 128.5|mm i
o 1.143|rad z
FiVs 12918 mm2
By 6459 mma2
Az 6459 (mma2
ly 1.071E+08| mmd
Iz 1.071E+08 | mmd
Ix 2.141E+08|mma . .
_ 3 >
MATERIAL
fy 355.0 N,-’mm?_ MEMBER FORCES FOR AIR LIFT
tm 1.15]- Fx 670.1 kN
Fy B.6|kN
Fz 6.4 | kN
M 13.7kNm
My 11.5|kMNm
Mz 25.3 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ [ox+ oby + obz)*2 + 3 [+ v + 12) "2 [M1/2)

STRES5 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

oxl byl bzl 1%l Tyl
Foint 1 51.9 139 0.0 6.2 1.3
Point 2 51.9 0.0 304 8.2 0.0
Foint 3 519 334 8.2 17
Utilization:

MEMBER FORCES FOR IMPACT

Fx 0.0 (kM
Fy 0.0 (kM
« Apply, Fyg = 49 kN Fz 49.0 kN
M x 0.0 |kMm
My 0.0 [kMm
Mz 0.0 |kMm
STRE 55 CALCULATION 5 AND UTILZATION FOR HORIZONTAL IMPACT OHLY
ox2 oy ohz2 %2 V2 T2 cez
FPoint 1 0.0 0.0 0.0 0.0 0.0
FPoint 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 76
Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 chyl2 cbhz12 Tx12 Y12 TZl2
Point 1 519 13.9 0.0 8.2 13 0o
Point 2 51.9 0.0 304 a.2 0n 8.6
Point 3 £1.9 334 g.2 g2
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air lift
[ Airlift cooler.std - Beam End Force
Axial Force Shear-Y Shear-Z Torsion Moment-¥Y | Moment-Z
Beam| LIC Node KN KN KN kNm kNm KNm
24 3 14 670138 =1.243 6.362 13.688 =7.546 -25.324
7 ..B70.138 | 6629, 6362, -13688  -11542] = 10.515

2.0 -Horizontal impact loads

Refer attached calcaulations for harizontal impact loads during air lifing for cooler module

Fyr & 81 kKN -To be applied on corner posts, bottom beams and intermediate beams
Fyrr % 49 kN -To be applied on end/side structure and top beams

University of Stavanger Page 115



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL| y
Beam Mo. (27 lz
Descrip. |Bottom beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 273.0{mm
t 16.0| mm "
r 128.5|mm i
o 1.547|rad z
A 12918 mm2
By 6459 mmz2
Az 6459 mma2
Iy 1.071E+HOE | mm4d
Iz 1.071E+08 | mm4d
Ix 2.141E+08|mma ~ .
- ] >
MATERIAL
fy 355.0{ N/mm2 MEMBER FORCES FOR AIR LIFT
Tm 1.15(- Fx 134.6|kN
Fy 44.1 kN
Fz 0.0|kN
Ml 0.0|kNm
My 0.3 [kMNm
Mz 12.5|kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Won Mises: [ (ox+ oby + obz)"2 + 3(m+ v + 12)"2 |4{1/2)

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING OHLY

axl T byl chzl Txl vl 1zl el
FPoint 1 14.3 0.4 0.0 0.0 6.5
Point 2 14.3 0.0 15.0 0.0 0.0
Point 3 14.3 15.0 0.0 6.5
Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0 kN
Fy 0.0|kN

= Apply, Fyy & 81 kN Fz 81.0|kN
M x 0.0 |kMNm
My 0.0 |kNm
Mz 0.0 |kMNm

STRE S5 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

ox2 ohy? ohz2 %2 V2 T2 ce2
FPoint 1 0.0 0.0 0.0 0.0 0.0 0.0
FPoint 2 0.0 0.0 0.0 0.0 0.0 125
Point 3 0.0 0.0 0.0 12.5

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
ox12 chyl2 cbz12 Tx12 T¥l2 TZ12
Point 1 14.3 04 0.0 0.0 6.8 0o
Point 2 14.3 0.0 15.0 0.0 0o 125
Point 3 14.3 150 0.0 194
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air [ift
3 Airlift cooler.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node KN kil KN KNm KNm kNm
27 3 17 =184.615 44083 0.006 -0.043 =0.256 12.454 _
18 leags| 43788 -0.006 0043, 0278  -12.091

2.0 -Hornzontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifting for cooler module

Fgyy ® 81 KN -To be applied on corner posts, bottom beams and intermediate beams
Fyir 49 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. (35 IE
Descrip.  |Brace
Analysis:  |Air lifting
3
SECTION PROPERTIE S
d 114.0| mm
t 6.0| mm i
r 54| mm {
o 0.785|rad z
P 2036(mm2
Ay 1018|mma2
Az 1018({mm2
ly 2 977EH)6| mm4d
Iz 2.977EH06| mmd
Ix 5.955E+06|mma4 B .
< 5 >
MATERIAL
fy 355.0 N,fmmz MEMBER FORCES FOR AIR LIFT
tm 1.15]- Fx 319.8 | kN
Fy 0.6|kN
Fz 0.0|kN
M= 0.0 [kNm
My 0.0|kMNm
Mz 0.0|kMm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3[m + 1y + 12)"2 ]*(1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY (Braces take no impact)
oxl T bl obzl Tx1 Tyl Tzl
FPoint 1 1571 0.0 0.0 0.0 06 0.0
Foint 2 1571 0.0 0.0 0.0 0.0 0.0
Foint 3 1571 0.0 0.0 06
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air lift
I Air lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam || LK Mode kN KN KN kNm kNm kNm
35 3 & -2}19.8@ P !:.I..EH i ﬂ.l:lflﬂﬂ i ".IZI.I.':D.I.:! ! D::.ﬂﬂﬂ | i ﬂ.l.'lll;!{l .
17 36957 i 0.611 -0.000 i 0.000 i 0.000 0.000 .
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL y
Beam No. |44 IE
Descrip.  |Intermidate beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 273.0| mm
t 16.0{mm e
r 128.5{mm {
o 1.525(|rad z
B 12918 mm2
Ay 6459 mm2
Az 6459 mma2
ly 1.071EHDE | mmd
Iz 1.071E+H08 | mmd
Ix 2141 E+08 | mm4d _ _
- 3 »
MATERIAL
fy 355.0| N/mm2 MEMBER FORCES FOR AIR LIFT
m 1.15|- Fx 55.8| kM
Fy 3.8|kN
Fz 0.0|kN
M= 0.0 kMNm
My 0.2 | kMNm
Mz 3.5 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

WVon Mises: [ (ox+ oy + obz)*2 + 3{m + v + 12)"2 ]M1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY

axl o byl obzl 11 ¥l
Paint 1 4.3 0.2 0.0 0.0 06
Point 2 4.3 0.0 4.1 0.0 0.0
Point 3 4.3 41 0.0 0.6

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0|kM
= Apply, Fyy & 81 kN Fz BL.0|kN
Mx 0.0 kNm
My 0.0 [ kNm
Mz 0.0 [kNm

STRESS CALCULATIONS AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

a4 ThyZ obhzZ Tx2 Ve 122
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 125
Point 3 0.0 0.0 0.0 12.5

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATION S AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 chvi2 cbz12 12 Y12 TZ12
Point 1 43 0.2 0.0 0.0 06 o0
Point 2 4.3 0.0 41 0.0 0o 125
Point 3 4.3 41 0.0 131
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air lift
T Air lift cooler.std - Beam End Force
Axial Force| Shear-Y Shear-£ Torsion Moment-Y | Moment-Z
Beam| LIC Node KN KN KN KNm kNm kNm
a4 E 23 S5.789 3.842 -0.008 ; -0.020 -0.134 3.450 j
24 -55.789 | 3544 0006 0020, 0158  -3002

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing for cooler module

Fy; % 81 kN -To be applied on corner posts, bottom beams and intermediate beams
Fyir # 49 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |80 12
Descrip.  |Bottom middel beam
Analysis:  |Air lifting
3
SECTION PROPERTIES
d 273.0] mim
t 16.0| mm o
r 128.5mm i
o 1.563|rad z
Ao 12918 mm2
By 0439 mm2
Az 6459 mim2
ly 1.071EHDE| mmd
Iz 1.071E+03| mmd
Ix 2.141E+08| mm4 . .
< 3 >
MATERIAL
fy 355.0 N;"mmz MEMBER FORCES FOR AIR LIFT
'm 1.15]- Fx 21.7|kN
Fy 159.1 kN
Fz 0.9 kM
Mx 158.9|kNm
My 1.3 [kMm
Mz 157.5 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3{m + v + 12)"2 |1/2)

STRESS CALCULATIONS AND UTILIZATION FOR AIR LIFTING OHLY (Bot. mid.beam takes no impact)
oxl @ bl obzl Tx1 Tyl 1zl el
Paoint 1 1.7 16 0.0 114 24 5 0o
Point 2 1.7 0.0 189.1 114 0.0 01
Point 3 1.7 1891 114 246
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module air lift
[ Air lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-£
Beam| LIC Node KN kil ke khim kNm kNm
20 3 20 =27.661 159.099 ¢ 0.908 18.930 =0.965 109.570
=L - 21661 A0480| 0806] 16930 2 -1306] 2 15T.54 |
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Cs: Von Mises yield criteria for offshore lifting and horizontal
impact-Case B:Cooler module

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |9 ll
Descrip.  [Corner post
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIE S
d 273.0| mm
t 16.0| mm i
r 128.5| mm {
o 1.061|rad z
A 12918| mm2
Ay 0459 mm2
Az 6459 mma2
ly 1.071E+08| mm4d
Iz 1.071E+H08| mmd
Ix 2.141E+08| mma B .
< 5 >
MATERIAL
fy 355.0 N,fmmE MEMBER FORCES FOR OFF SHOR.LIFT
wm 1.15(- Fx 134.3 kN
Fy 20.1 kN
Fz 11.8[kN
M= 0.9 [kNm
My 41.6|kNm
Mz 74.5 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Won Mises: [ (ox+ oby + obz)"2 + 3{m + v + 12)"2 |1/2)

STRE S5 CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING ONLY

oxl T bl bzl Txl vl
Point 1 10.4 50.0 0.0 0.5 31
Point 2 104 0.0 GRS 0.4 0.0
Point 3 10.4 1024 0.5 36

Utilis ation:

MEMBER FORCES FOR IMPACT
Fx 0.0 kN
Fy 0.0|kN

« Apply , Fapsup ™ 56 kN Fz 56.0|kN
Mx 0.0 kMNm
My 0.0 kNm
Mz 0.0 kMNm

STRE S5 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

s T by ohz2 T®2 T¥2
Point 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 8.7

Utilis ation:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING AND HORIZONTAL IMPACT

oxlZ chyl2 cbhz12 Tx12 V12 TZl2
Point 1 104 50.0 0.0 0.5 31 0o
Point 2 104 0.0 894 0.5 0.0 105
Point 3 104 102.4 0.5 12.3
Utilis ation:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module offshare lift
[ Offshore lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-£
Beam| LIC Node KN kN ki khm KNm KNm
8 3 1 =110.381 =20.115 11.814 0.8va 41619 -56.330
S 42 20115 11814 0878 A076  -T44T7

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for cooler module

Fyreus ™ 56 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyrgsup ™~ 34 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |17 lz
Descrip.  |Middel corner post
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 273.0|mm
t 16.0| mm o
r 128.5|mm i
o 1.571|rad z
Ax 12918|mm2
Ay 6459 (mm2
Az 6459 mma2
ly 1.071E+D8 | mm4
1z 1.071E+0E| mm4d
I= 2 141E+08 [ mm4 _ .
- p .
MATERIAL
fy 355.0| Nfmm?2 MEMBER FORCES FOR OFF SHOR.LIFT
'm 1.15]- Fx 21.8 kN
Fy 23.0|kN
Fz 0.0|kN
Mx 0.0 kMNm
My 0.0|kNm
Mz 100.1 |kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

WVon Mises: [ (ox+ oby + obz)*2 + 3{m + v + 12)"2 |1/2)

STRE S5 CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING ONLY

axl T byl bzl 11 Tyl
Point 1 1.7 0.0 0.0 0.0 36
Point 2 1.7 0.0 1201 0.0 0.0
FPoint 3 1.7 1201 0.0 2.6

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0 kN
Fy 0.0 | kN

= Apply , Fypensn = S6 KN Fz 56.0(kN
M 0.0 |kNm
My 0.0 [kMNm
Mz 0.0 [kNm

STRESS CALCULATIONS AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

s34 ThyZ obhzZ 132 V2
Point 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 8.7

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING AND HORIZONTAL IMPACT

oxl2 ohyl2 cbz12 Tx12 T¥l2 TZ12
Point 1 1.7 0.0 0.0 0.0 36 oo
Point 2 1.7 0.0 1201 0.0 0o a.rv
Point 3 1.7 1201 0.0 12.2
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module offshore lift
[ Offshore lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torszion Moment-Y | Moment-Z
Beam| LIC Hode KN ki KN KkNm KkNm kNm
17 3 10 21.812 =23.041 -0.002 0.021 oMy =100.070
9 2085, 23041 0003 0021 0007 61215

2.0 -Honzontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for cooler module

Fyreup ~ 56 kN -To be applied on corner posts, bottom beams and intermediate beams

Fyrgsupn ~ 34 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL Vi
Beam MNo. |24 ll
Descrip. |Top beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIE S
d 273.0| mm
t 16.0| mm "
r 128.5| mm {
o 1.143|rad z
A 12918| mm2
Ay 6459 mm2
Az 6459 mma2
ly 1.071E+H08| mmd
Iz 1.071E+HD8 | mmd
Ix 2.141E+08| mm4 . .
4 5 »
MATERIAL
fy 335.0 N,*'mmE MEMBER FORCES FOR OFF SHOR.LIFT
¥m 1.15(- Fx 929.3 |kN
Fy 12.0(kN
Fz 8.8 kM
Mx 19.0 [kMNm
My 16.0 [kMNm
Mz 35.1(kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3{m + v + 12)°2 [{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING OMLY

oxl @ bl obzl 11 vl
Point 1 7.9 192 0.0 114 19
Point 2 7.9 0.0 421 114 0.0
Point 3 719 46.3 114 23

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0 (kN
Fy 0.0(kN

= Apply, Fyrpeusn ~ 34 KN Fz 34.0|kN
Ml 0.0 [kNm
My 0.0 |kMNm
Mz 0.0 [kNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

ox2 aGhy2 ghz2 %2 T¥2
FPoint 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 53

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE S5 CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT

oxl2 T2 ghz12 12 T¥l2 Tz12
Point 1 7.9 192 0.0 114 19 0.0
Point 2 7.9 0.0 421 114 0.0 6.6
Point 3 71.8 46.3 114 76
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for cooler module offshore [ift
T Offshore lift cooler.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node KN KN KN kNm kNm KNm
24 3 14 920258 =1.724 8.823 18.981 =10.463 -32.115
7 Lheess; 0 Mees; 0 8823 18881  -16.004; @ 14.581

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for cooler module

Fypeup ™ 56 kN -To be applied on corner posts, bottom beams and intermediate beams

Fripsup ™ 34 KN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMNERAL| v
Beam MNo. (35 lz
Descrip.  [Brace
Analysis:  |Offshore lifting
3
SECTION PROPERTIES
d 114.0{ mm
t 6.0] mim ot
r s34 mm i
o 0.785|rad z
A 2036)mm2
Ay 1018|mm2
Az 1018 mm2
Iy 2.977EHIB| mmd
Iz 2.97T7EHIG| mmd
Ix 5.955E+06| mm4 ~ .
+ ] >
MATERIAL
fy 355.0(N/mm2 MEMBER FORCES FOR OFF SHOR.LIFT
Tm 1.15]- Fx 443.5|kN
Fy 0.8 |kN
Fz 0.0 kN
Ml 0.0|kNm
My 0.0 |kMNm
Mz 0.0 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

WVon Mises: [ (ox+ oby + obz)"2 + 3w + v + 12) "2 ]4{1/2)

STRESS CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING OMNLY (Braces take no impact)
oxl byl obz 11 Tyl 1zl oel
Paint 1 2178 0.0 0.0 0.0 0a 0.0
Paint 2 2178 0.0 0.0 0.0 0.0 0.0
Paint 3 2178 00 0.0 08
Utilis ation:
INPUT LOADS
1.0 -End force s from Staad analysis for cooler module offshore [ift
1 Offshore lift cooler.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Geam| LK Hode kN kN KM kNm kNm kNm
35 3 6 443488 0847 0000, 0000, 0000  0.000
LS Qe R [ T N P I 1 )| B )
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL| v
Beam Mo. (27 IE
Descrip. |Bottom beam
Analysis:  |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 273.0| mm
t 16.0| mm M
r 128.5|mm i
o 1.547|rad z
A 12918 | mm2
By 6459 mm2
Az 6459 (mm2
Iy 1.071EHDE [ mmd
Iz 1.071EH08 | mm4d
Ix 2.141E+08|mma . .
- ] >
MATERIAL
fy 355.0{N/mm2 MEMBER FORCES FOR OFF SHOR.LIFT
Tm 1.15(- Fx 256.0|kN
Fy 61.1|kN
Fz 0.0|kN
M 0.1 |kMNm
My 0.4 |kMNm
Mz 17.3|kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)*2 + 3(m + ty + 1z)*2 |4 1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING ONLY

axl G bl obzl Tx1 Tyl
Point 1 198 0.5 0.0 0.0 95
Point 2 198 0.0 208 0.0 0.0
Point 3 198 208 0.0 94

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0|kN

« Apply , Fapsup & 56 kKN Fz 56.0(kN
Mx 0.0|kMm
My 0.0 [kNm
Mz 0.0|kMm

STRE 55 CALCULATION S AND UTILIZATION FOR HORLZON TAL IMPACT ONLY

aped ohy2 ohz2 T®2 Y2
Point 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 8.7

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxl2 ahyl2 ohz12 Tx12 Tyl Tz12

Point 1 198 0.5 0.0 0.0 95 0.0

Point 2 198 0.0 20.8 0.0 0.0 a.7

Point 3 198 20.8 0.0 181

Utilization:

INPUT LOADS

1.0 -End force s from Staad analysis for cooler module offshore [ift
T3 Offshore lift cooler.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node ki KN kN KNm kim KNm
27 3 17 =256.000 61.101 : 0.008 =0.060 -0.410 : 17.325
18 256000 60723  -0.008 ~  0.060 0385,  -16.766

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for cooler module

Fypeup ™ 56 kN -To be applied on corner posts, bottom beams and intermediate beams

Furgeun * 34 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |44 lz
Descrip. |Intermidate beam
Analysis:  |Offshore lift and horizon.impact
3
SECTION PROPERTIE S
d 273.0{ mm
t 16.0{mm '
r 128.5| mm {
o 1.525|rad z
Ax 12918 mm2
By 8459 mm2
Az 6459| mma2
ly 1.071EH08 | mmd
Iz 1.071E+08 | mmd
Ix 2.141E+08| mm4 _ .
4 5 >
MATERIAL
fy 335.0 N,r"mmz MEMBER FORCES FOR OFF SHOR.LIFT
¥m 1.15]- Fx 77.4 (kN
Fy 5.3 kN
Fz 0.0|kN
Mx 0.0 [kNm
My 0.2 [kNm
Mz 4.8 | kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3 [me + Ty + 12)"2 11{1/2)

STRESS CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING ONLY

oxl byl obzl %1 Tyl Tzl cel
FPoint 1 6.0 0.3 0.0 0.0 08 0.0
Point 2 6.0 0.0 57 0.0 0.0 0.0
Point 3 6.0 BT 0.0 03

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0 kM

« Apply, Fypeup ™ S6 KN Fz 56.0(kMN
M= 0.0|kMm
My 0.0 kMm
Mz 0.0|kMNm

STRESS CALCULATIONS AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

g 4 Ty ohz2 T2 Ve TZ2 fag -
Foint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 8.7
Point 3 0.0 0.0 0.0 8.7

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATIONS AND UTILIZATION FOR OFFSHORE LIFTING AND HORIZONTAL IMPACT

ox12 oyl ohz12 12 Tyl Tzl2
Paoint 1 6.0 0.3 0.0 0.0 04a 0o
Point 2 6.0 0.0 5T 0.0 0.0 8.7
Point 3 6.0 57 0.0 95
Utilization:
INMPUT LOADS
1.0 -End forces from Staad analysis for cooler module offshore [ift
T Offshore lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam uc Node KN KN KN kNm kNm KNm
24 3 23 77.360 ; 5.328 0011 0027 0186 4784
24 TT_T-'.‘}EEI i 4_.914 i D._ﬂil i 0.027 P 0.219 P 4.153_

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for cooler module

Fypeup ™ 56 kN -To be applied on corner posts, bottom beams and intermediate beams

Fuigeur ¥ 34 kN -To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL| v
Beam MNo. |BO lz
Descrip. |Bottom middel beam
Analysis: |Offshore lifting
3
SECTION PROPERTIES
d 273.0{ mm
t 16.0{mm '
r 128.5| mm {
o 1.563|rad z
Ax 12918 mm2
Ay 6459 mm2
Az 6459 mma2
Iy 1.071E+08| mma
Iz 1.071E+03| mmd
Ix 2.141E+08|mmd _ .
< 3 >
MATERIAL
fy 335.0 N;"mmz MEMBER FORCES FOR OFF SHOR.LIFT
rm 1.15(- Fx 30.0(kMN
Fy 220.6|kN
Fz 1.3|kN
Mx 26.3 [kNm
My 1.8(kNm
Mz 2185 |kMm

University of Stavanger Page 143



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ gby +gbz)*2 + 3(tx+ 1y + tz)*2 |~(1/2)

STRE S5 CALCULATION S AND UTILIZATION FOR OFF. LIFTING ONLY (Bot. mid.beam takes no impact)
axl ol bzl Tl Tyl 1zl el
Point 1 213 22 0.0 1568 342 0.0
Paoint 2 213 0.0 2622 158 0.0 02
Point 3 213 2622 1568 342
Utilisation:
INPUT LOADS
1.0 -End force s from Staad analysis for cooler module offshore [ift
™ Offshore lift cooler.std - Beam End Force
Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam| L Node kN kN KN kNm KNm kNm
80 3 20 -30.037 | 220618 | 1.260 | 26.250 | -1.338 | 151.937 |
H 30.037 i 68612 i -1.260 -26.250 i -1.811 i 218.457 i
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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

VON MISES YIELD CRITERION

GENERAL v
Beam No. |9 lz
Descrip. |Corner post
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 273.0|mm
t 16.0|mm o
r 128.5|mm {
o 1.374|rad z
Ax 12918 mm2
Ay 6459 mma2
Az 6459 mma2
ly 1.071E+08| mimd
1z 1.071E+08| mimd
Ix 2.141E+08| mma ~ .
< 5 »
MATERIAL
fy 355.0| Nf/mm2 MEMBER FORCES FOR TRANSPORT
rm 1.15|- Fx 286.5|kN
Fy 12 6(kM
Fz 2.0|kN
M= 0.1|kMNm
My 7.1|kNm
Mz 35.3 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +gbz)*2 + 3(1x+ 1y + 12)"2 | *(1/2)

STRESS CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

oxl oyl bzl Tl Tyl
Foint 1 222 8.5 0.0 0.1 18
Point 2 222 0.0 42 4 0.1 0.0
Point 3 222 432 0.1 20
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

™ Transport cooler.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam| LXC Modeo kN KN kN KNm kNm KNm
9 3 1 2B6.470 ! =12 582 | 1.964 i 0.148 ! -7.081 | -35.331 _
5 -268854; . _26%5; A4 oMs; 6686 1780
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMERAL| i
Beam Mo. (17 ll
Descrip. |Middel post
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 273.0( mm
t 16.0(mm ot
r 128.5{mm i
o 1.571|rad z
Ax 12918 mm2
Ay 6459 mm2
Az 6459 mmz2
Iy 1.071E+08 | mmed
Iz 1.071E+08| mmd
Ix 2.141E+08| mma ~ .
.. ] >
MATERIAL
fy 355.0{ N/mm?2 MEMBER FORCES FOR TRANSPORT
Tm 1.15|- Fx 9.7 kM
Fy 13.1|kN
Fz 0.0|kM
Ml 0.0 |kNm
My 0.0 [kMNm
Mz 45.8 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + gbz)*2 + 3{wx+ 1y + 1z)"2 ]4{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY 515

axl oyl bzl 11 Tyl
Point 1 07 0.0 0.0 0.0 210
Point 2 07 0.0 550 0.0 0.0
Point 3 07 55.0 0.0 2.0
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

! Transport cooler.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam| LK Node kN KN KN KNm KNm KNm
17 17 10 0.2 13117 0.001 | 0.006 | -0.003 |  -85.817
9 9.666 ; 5458 0001 0006 0008  -19.197
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL Vi
Beam MNo. |19 ll
Descrip.  [Brace
Analysis: |Transport analysis
3
SECTION PROPERTIE S
d 114.0 mm
t 6.0| mm "
r 54| mm {
o 0.785|rad z
Ax 2036 mma2
Ay 1018 mm2
Az 1018| mm2
Iy 2 977E+06| mmd
Iz 2.977E+06| mmd
Ix 5.955E+06| mma . .
4 5 »
MATERIAL
fy 335.0 memz MEMBER FORCES FOR TRANSPORT
m 1.15|- Fx 37.6|kMN
Fy 0.9 kN
Fz 0.0|kM
Mx 0.0 [kNm
My 0.0 [kMNm
Mz 0.0 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3{rx+ 1y + 12)2 |4(1/2)

STRESS CALCULATIONS AND UTILIZATION FOR TRANSPORT ANALY SIS

axl oy ohzl X1 T¥1
Point 1 185 0.0 0.0 0.0 09
Foint 2 18 5 0.0 0.0 0.0 0.0
Point 3 185 0.0 0.0 09
Utilisation:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

T Transport cooler.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam Lc Mode kN kN kN kNm kNm kNm
19 34 5 37376 | -0.892 0.000 | 0.000 | 0.000 | 0.000 |
10 -37.584 i -EI.BS!E_E -0.000 i 0.000 i 0.000 0.000 _
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL v
Beam No. |24 lz
Descrip. |Top beam
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 273.0{mm
t 16.0) mm i
r 128.5| mm {
o 1.431|rad z
Ax 12918 mm2
Ay 6459 mma2
Az 8459 mma2
ly 1.071E+03| mmd
Iz 1.071E+08| mmd
Ix 2.141E+08| mmd B .
< 3 »
MATERIAL
fy 355.0 N,-"mmz MEMBER FORCES FOR TRANSPORT
rm 1.15(- Fx 74.9 (kN
Fy 17.9|kN
Fz 1.9k
M= 5.0|kMNm
My 3.3 |kNm
Mz 234 (kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +gbz)*2 + 3(x+ 1y + 12)"2 | *(1/2)

STRESS CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

axl o hy ahzl 1 vl
Foint 1 hB 4.0 0.0 3.0 248
Point 2 58 0.0 28.1 3.0 0.0
Point 3 58 284 3.0 248
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

™ Transport cooler.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam| LXK Node KN KN kN KNm kNm KNm
24 21 14 72644 11314 1.896 | 4981 | -2.387 |  -23423
T -T4.942 i 17.879 -1.896 i -4.981 i -3.302 —2{]_3-65_
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |28 ll
Descrip. |Bottom beam
Analysis:  |Transport analysis
3
SECTION PROPERTIE S
d 273.0{ mm
t 16.0| mm ra
r 128.5| mm {
o 1.566|rad z
A 12918| mm2
Ay 6459 mm2
Az 6459 mm2
Iy 1.071E+08| mmd4
Iz 1.071E+08| mmd
Ix 2.141E+08| mmd . .
< 5 >
MATERIAL
fy 335.0 N,fmmz MEMBER FORCES FOR TRANSPORT
m 1.15|- Fx 72.6|kN
Fy 52.3 (kM
Fz 0.2|kN
M= 15.7 [kMm
My 0.4|kNm
Mz 78.8 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ {ox+ gby +gbz)*2 + 3{wx+ 1y + 1z)*2 ]4{1/2)

STRE S5 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY SIS

oxl oy bzl Tx1 Yl Tzl
Point 1 56 0.5 0.0 94 956
Point 2 56 0.0 94 5 94 0.0
Point 3 56 94 5 94 956
Utilization:

INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

™ Transport cooler.std - Beam End Force

oel

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam| LXK Node kN KN KN KNm KNm KNm
28 K| 18 _ T_J_!_.S‘;B__ ___-3?.2§3 P -!:_I_.‘]?T__ ___-15.?_‘_I_1 P !:_I_.ﬂ‘:'-Z__ ___-3’9.5-_&D_
38 £69.042 62289 0177 15711 0389 -TBTST
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL| v
Beam No. |44 lz
Descrip.  |Intermidate beam
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 273.0|mm
t 16.0| mm o
r 128.5|mm {
o 1.565(|rad z
Ax 12918 mm2
Ay 6459 mma
Az 8459 mma2
ly 1.071E+08| mimd
1z 1.071E+08| mmd
Ix 2.141E+08| mma ~ .
< 3 »
MATERIAL
fy 355.0 N,-"mmE MEMBER FORCES FOR TRANSPORT
rm 1.15|- Fx 54.9|kN
Fy 103 |kN
Fz 0.0| kM
M= 0.2 |kMNm
My 0.1|kNm
Mz 13.3 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +gbz)*2 + 3(1x+ 1y + 12)"2 | *(1/2)

STRESS CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS

oxl oyl bzl Tl Tyl
Foint 1 43 0.1 0.0 0.1 16
Point 2 43 0.0 16.0 0.1 0.0
Point 3 473 16.0 0.1 16
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

[ Transport cooler.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam L Node kN kN kN kNm kNm kNm
44 31 23 §4942| 10320  0.003] 0201,  -0080 ]  13.307
24 -50.674 2770 -0.003 | -0.201 0.072 6.328
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |60 12
Descrip.  |Bottom middel beam
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 273.0| mm
t 16.0| mm i
r 128.5) mm i+
o 1.562(rad z
b 12918 mim2
Ay 6453 mma2
Az 6459 mm2
ly 1.071E+08| mmd
Iz 1.071E+08| mmd
Ix 2.141E+08| mmd ) X
.. 5 >
MATERIAL
fy 3535.0 N,-"mmz MEMBER FORCES FOR TRANSPORT
m 1.15|- Fx 2.2|kN
Fy 95.7 | kM
Fz 0.6|kN
Mz 10.1 (kNm
My 0.8 [kMNm
Mz 93.6 | kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3{rx+ v + 12)72 |4(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY SIS

axl oyl bzl Tx1 T¥1
Point 1 02 1.0 0.0 6.1 14 8
FPoint 2 02 0.0 1123 6.1 0.0
Point 3 02 1123 6.1 14.8
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for cooler module transport analysis

2 Transport cooler.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam || LIC Bode KN KN KN kNm KNm kNm
60 27 20 0295, %732 0574, 10133 068,  67.903
31 2210 -30.482 0574 -10.133 0610 93554
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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

VON MISES YIELD CRITERION

GENERAL| v
Beam Mo. |12 12
Descrip. [Top beam
Analysis: |Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0) mm i
r 154| mim {
o 1.441(rad z
Ax 15482 mm2
Ay 7741 mm2
Az 7741 mm2
Iy 1.841E+08| mmd
Iz 1.841E+08| mimd
Ix 3.682E+08| mmd ) X
< 5 »
MATERIAL
fy 355.0| N/mm?2 MEMBER FORCES FORAIR LIFT
rm 1.15|- Fx 219.2 |kM
Fy 59.3 (kN
Fz 4.5 kN
Mz 3.1 [kMNm
My 8.0 |kNm
Mz 61.0 |kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(tx+ 1y + 12)*2 |*1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

axl oy abzl Tx1 v 121 oel
Point 1 14 2 6.7 0.0 1.3 i
Point 2 14 2 0.0 51.0 1.3 0.0
Point 3 14 2 5156 1.3 7y
Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0 kN
« Apply, Fyz % 61 kN Fz 61.0|kN
M= 0.0 | kMNm
My 0.0 | kMm
Mz 0.0 | kMNm

STRESS CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

g 4 ohvZ ahzZ TxZ v
FPoint 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 [

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
axl2 ohyl2 ohzl12 Tx12 Tyl 1zl2
FPaoint 1 14 2 6.7 0.0 13 7i 0.0
Point 2 14 2 0.0 51.0 1.3 0.0 8.5
Point 3 142 514 1.3 15.6
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for compressor module air lift
T Air lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Boam| LXK Node KN kN KN kNm kNm kNm
12 3 a2 219.243 59,344 =4 457 =3.144 7.966 51.810
13 -219.243 | -53.445 4.48T 3.144 | 0889 | E-DB?Q

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing of compressor module

Fyr(airy ¥ 102 kN -To be applied on corner posts , bottom beams and intermediate beams

Futriairy ¥ 61 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. (21 ll
Descrip.  [Middel post
Analysis: |Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm o
r 154 mm i+
o 1.550|rad z
B 15482 mim2
Ay 7741 mm2
Az 7741 mm2
Iy 1.841E+08| mmd
Iz 1.841E+08| mimd
Ix 3.682E+08| mmd ) X
< 3 >
MATERIAL
fy 355.0 N,fmmz MEMBER FORCES FOR AIR LIFT
m 1.15|- Fx 327.0 |kN
Fy 53.1|kN
Fz 1.8|kN
M 0.1(kMNm
My 2.6 |kMNm
Mz 127.0 |kMm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(1x+ 1y + 12)"2 | 4(1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR AIR LIFTING ONLY

axl oyl bzl 11 Tyl
Point 1 211 22 0.0 0.0 649
Point 2 211 0.0 106.2 0.0 0.0
FPoint 3 211 106.2 0.0 6.9

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0(kN

= Apply, Fyy % 102 kN Fz 102.0|kN
M 0.0|kNm
My 0.0 (kNm
Mz 0.0 [kNm

STRE S5 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

[, #4 o2 obhzZ 132 V2 T2
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 132
Point 3 0.0 0.0 0.0 13.2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
oxl2 ohyl2 obhz12 12 Tyl2 Tzl2
Point 1 211 2.2 0.0 0.0 6.9 0.0
Paoint 2 211 0.0 106.2 0.0 0o 134
FPoint 3 211 106.2 0.0 20.0
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module air lift
[ Air lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam| LIC Node kN KN kN KNm kNm kNm
21 3 16 =325.967 =23.128 1.830 0.078 =2.542 =21.79
14 318709 s3ts; 1830 0078 2561  -126.967

20 -Horzontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing of compressor module

Fyrcairy ® 102 kN -To be applied on corner posts , bottom beams and intermediate beams
Furriairy ¥ 61 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMERAL Vi
Beam No. |29 12
Descrip.  |Intermidate beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mim
t 16.0| mm o
r 154 | mim {
o 0.925(rad z
B 15482 | mm2
Ay 7741 mm2
Az 7741 mm2
Iy 1.841E+08| mmd
Iz 1.841E+08| mmd
Ix 3.682E+08| mmd . .
< 3 >
MATERIAL
fy 355.0 memz MEMBER FORCES FOR AIR LIFT
m 1.15|- Fx 77.5|kN
Fy 48.9 |kN
Fz 27.7 kM
M 5.5 [kNm
My 35.7 |kMm
Mz 47 3 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)*2 + 3(tx+ v + 1z)*2 ]*1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

axl oyl obzl Tx1 Tyl
Point 1 50 293 0.0 27 6.3
Point 2 50 0.0 396 27 0.0
Point 3 50 495 27 73

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0(kN
Fy 0.0|kN

= Apply, Fyy % 102 kN Fz 102.0|kN
Mz 0.0 [kNm
My 0.0 [kNm
Mz 0.0 [kNm

STRE 55 CALCULATION S AND UTILIZATION FOR HORLZON TAL IMPACT ONLY

a4 ohvz2 ohzZ T2 TVE TZ2
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Foint 2 0.0 0.0 0.0 0.0 0.0 132
Point 3 0.0 0.0 0.0 13.2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE SS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
axl2 ohyl2 ohzl12 Tx12 Tyl 1zl2
Point 1 50 298 0.0 27 6.3 0.0
Point 2 50 0.0 396 27 oo 168
Point 3 50 49 4 27 204
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for compressor module air lift
T3 Air lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Taorsion Moment-Y | Moment-Z
Beam| LIC Node KN KN KN kNm KNm kNm
Fa'l 3 16 T7.459 =42 952 =27.696 B6.451 ; 35.661 47 287
17 77499 48851, 2769 6451 19732 44517

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing of compressor module

Fyr(airy ¥ 102 kN -To be applied on corner posts , bottom beams and intermediate beams

Futriairy ¥ 61 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. |30 lz
Descrip.  [Cornmer post
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIE S
d 324.0{ mm
t 16.0{mm '
r 154| mm {
o 1.032|rad z
Ax 15482 mm2
Ay 7741|mm2
Az 7741 mm2
Iy 1.841E+08| mmd
Iz 1.841 E+03| mmd
Ix 3.682E+08|mmda _ .
4 5 >
MATERIAL
fy 335.0 N,-"mmz MEMBER FORCES FOR AIR LIFT
¥m 1.15]- Fx 213.9|kN
Fy 84.2 |kN
Fz 294 (kM
Mx 1.2 [kNm
My 51.1 [kMNm
Mz 85.5 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3{tx+ v + 12)72 |4(1/2)

STRESS CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

ol T bzl Tx1 Tyl Tzl oel
Point 1 138 428 0.0 0.5 1089 0.0
Foint 2 138 0.0 71.6 0.5 0.0 3.8
Point 3 138 834 0.5 11.5

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0 kN
= Apply, Fyy % 102 kN Fz 102.0 (kN
M x 0.0 [kMm
My 0.0 |kNm
Mz 0.0 [kMm

STRE 55 CALCULATION 5 AND UTILIZATION FOR HORIZONTAL IMPACT OHLY

ox2 ohy2 ohz2 T2 V2 T2 ce?
Point 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 132
Foint 3 0.0 0.0 0.0 13.2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE SS CALCULATIONS AND UTILIZATION FOR AIR LIFTING AND HORIZONTAL IMPACT
axl2 ohyl2 ohzl12 Tx12 Tyl 1zl2
Point 1 138 42 8 0.0 0.5 109 0.0
Point 2 138 0.0 716 0.5 oo 17.0
Point 3 138 834 0.5 247
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for compressor module air lift
T Air lift compressor.std - Beam End Force
Axial Force| Shear-¥Y Shear-Z Torsion Moment-Y | Moment-Z
Beam|  LIC Hode KN KN KN KNm KNm KNm
30 3 22 =213.885 =34 221 29.413 1.208 9.968 : =32.365
3 209.756 84221 -29.413 =1.208 -51.145 55 544

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing of compressor module

Fyr(airy ¥ 102 kN -To be applied on corner posts , bottom beams and intermediate beams

Futriairy ¥ 61 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |62 12
Descrip.  [Brace
Analysis:  |Air lifting
3
SECTION PROPERTIE S
d 114.0| mim
t 6.0 mim o
r 54| mim i
o 0.785|rad z
Ao 2036 mma2
Ay 1018 mma2
Az 1018 mm2
Iy 2 977E+06|mmd
Iz 2.977E+06| mmd
Ix 5.955E+06|mma . .
< 5 >
MATERIAL
fy 355.0 N,-"r‘nmz MEMBER FORCES FOR AIR LIFT
vm 1.15|- Fx 713 |kN
Fy 0.4 kN
Fz 0.0|kN
M= 0.0 |kNm
My 0.0 kNm
Mz 0.0 [kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3[rx+ ty + 12)"2 [*1/2)

STRE S5 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY (Braces take no impact)
axl vl fa] vl Tx1 ¥l 1zl
Paint 1 350 0.0 0.0 0.0 04 0.0
Paint 2 350 0.0 0.0 0.0 0.0 0.0
Paint 3 350 0o 0.0 04
Utilisation:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module air lift
[ Airlift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam| LG Node KN KN kN KNm kNm kNm
62 3 # EQ:_E?S 1] ) [J.-‘r_l_]? P _I].ﬂtr_l_] ; E_I_.-IJI]U-__ _ f.l.l_]ﬂl':l ) I'J.I.'JII_Z!IJ _
20 11284 0.407  -0.000 0.000 0.000 0.000
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMNERAL Vi
Beam Mo. (101 12
Descrip. |Bottom beam
Analysis:  |Air lift and horizontal impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0) mim i
r 154 mm i+
o 1.510|rad z
A 15482 mm2
Ay 7741 mma2
Az 7741 mma2
ly 1.8341E+08| mmd
1z 1.841E+08| mmd
Ix 3.682E+08| mmd B N
< 5 >
MATERIAL
fy 355.0 memz MEMBER FORCES FOR AIR LIFT
rm 1.15(- Fx 24.6|kM
Fy 148.3 | kM
Fz 2.6|kN
M= 84.5 |kMNm
My 5.5 |kMNm
Mz 50.7 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(tx+ 1y + 12)*2 |*1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY

axl oy ahzl Tx1 vl
Point 1 16 4.6 0.0 354 192
FPoint 2 16 0.0 [ER: 354 0.0
Point 3 16 76.0 354 19.2

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kN
Fy 0.0|kM

= Apply, Fyy % 102 kN Fz 102.0|kN
Mx 0.0 (kNm
My 0.0 (kNm
Mz 0.0 [kNm

STRESS CALCULATIONS AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

a3, 4 T2 ohzZ TxZ Ve TZ2
FPoint 1 0.0 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0 132
Point 3 0.0 0.0 0.0 13.2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION 5 AND UTILIZATION FOR AIR LIFTING AND HORLZON TAL IMPACT
oxl2 ohyl2 ohz12 Txl2 Tyl2 1zl2
Paoint 1 16 4.6 0.0 354 192 0.0
Point 2 16 0.0 759 354 0.0 135
Paoint 3 16 76.0 354 323
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for compressor module air lift
O Air lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Goam| LK Node kN KN kN kNm KNm kNm
101 3 52 -24.630 ; -56.1594 -2.606 | -84.539 5531 -80.667
3 21.530_ _143.31:!1 P %.EI}E_ m&ﬂ-.E-}Q P -%.143-_ -GITS.-I

20 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during air lifing of compressor module

Fyrairy ® 102 kN -To be applied on corner posts , bottom beams and intermediate beams
Frutrcairy ¥ 61 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL Vi
Beam Mo. |104 12
Descrip.  |Bottom middel beam
Analysis:  |Air lifting
3
SECTION PROPERTIES
d 324.0| mm
t 16.0) mim o
r 154 mm i+
o 1.561|rad z
Ax 15482 mm2
Ay 7741 mma2
Az 7741 mma2
ly 1.841E+08| mmd
1z 1.841 E+08| mmed
Ix 3.682E+08| mmda B -
- 5 .
MATERIAL
fy 355.0| Nf/mm2 MEMBER FORCES FORAIR LIFT
rm 1.15(- Fx 23.5|kM
Fy 3154 |kN
Fz 0.0 kM
Mz 0.0 [kMNm
My 1.4 |kMm
Mz 147 A |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3{tx+ 1ty + 12}*2 |1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR AIR LIFTING ONLY (Bot. mid.beam takes no impact)
oxl vl bzl Tx1 TVl Tzl gel
FPoint 1 15 1.2 0.0 0.0 407 0.0
Point 2 15 0.0 1233 0.0 0.0 0.0
Point 3 15 1233 0.0 40.7
Utilization:

INPUT LOADS

1.0 -End farce s from Staad analysis for compressor module air lift

T Air lift compressor.std - Beam End Force

Axial Force| Shear-Y Shear-£ Torsion Moment-¥Y | Moment-Z
Beam| LIC Node kN KN ki KNm khm KNm
104 3 51 =23.4596 315368 0.000 0.000 =1.380 147.387 i
o S 23496; 315368 0000 . 0000: 1380 |  -147.387
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Cg: Von Mises yield criteria for offshore lifting and horizontal
impact- Case C:Compressor module

VON MISES YIELD CRITERION

GEMERAL ¥
Beam Mo. (12 lz
Descrip. |Top beam
Analysis: |Offshore lift and horizon.impact
3

SECTION PROPERTIES
d 324.0| mm
t 16.0| mm i
r 154\ mim {
o 1.441(rad z
Ax 15482 | mima2
Ay 7741 mm2
Az 7741 mm2
Iy 1.841E+08| mimed
Iz 1.841E+08| mimd
Ix 3.682E+08| mmd ) X

+ 5 »
MATERIAL
fy 355.0{ Nfmm?2 MEMBER FORCES FOR OFF SHOR.LIFT
m 1.15|- Fx 304.0 | kN

Fy 82.3 kN

Fz 5.2 |kMN

Mz 4.4 |kMNm

My 11.1 |kNm

Mz 84.6 | kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)*2 + 3(1x+ v + 12)"2 |4(1/2)

STRESS CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING OMLY

axl oyl obzl 11 Tyl
Point 1 196 9.3 0.0 1.8 106
Point 2 196 0.0 707 1.8 0.0
Point 3 196 71.3 1.8 107
Utilization:

MEMBER FORCES FOR IMPACT

Fx 0.0|kN
Fy 0.0|kN
= Apply, Fyipsupy ¥ 43 KN [Fz 43.0 (kM

Ml 0.0 |kMNm
My 0.0|kNm
Mz 0.0 [kMm

STRE 55 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

ox2 chy2 chz2 T2 V2

Paint 1 00 0.0 0.0 0.0 0.0

FPoint 2 0.0 0.0 0.0 0.0 0.0

Point 3 0.0 0.0 0.0 L6

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7 .3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION & AND UTILLZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxlZ chyl2 cbhz12 12 Tvl2 Tzl2
Point 1 196 9.3 0.0 1.8 106 0.0
Point 2 196 0.0 T0.7 1.8 0.0 6.4
Point 3 196 1.3 1.8 16.2
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore lift
[ offshore lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-L Torsion Moment-Y | Moment-Z
Beam| LK Hode KN KN kN KNm kim kNm
12 3 5 304.018 82.290 £.222 -4 360 11.073 71.843
13 ~304.018; -T4110; 6222, 4360, 131  BASST |

2.0 -Horizontal impact loads
Refer attached calcaulations for horizontal impact loads during offshore lifting for compressor module

Fyicsupy ™ 71 kN-To be applied on corner posts , bottom beams and intermediate

Frir(sup) * 43 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMNERAL Vi
Beam No. |21 ll
Descrip. |Middel post
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm o
r 154\ mim {
o 1.550|rad z
A 15482 | mm2
Ay 7741 mma2
Az 7741 mma2
ly 1.841E+08| mmed
1z 1.841 E+08| mmed
Ix 3.682E+08| mmd B .
< 3 >
MATERIAL
fy 355.0 N}'h‘lmz MEMBER FORCES FOR OFFSHOR.LIFT
¥m 1.15(- Fx 453 .4 kM
Fy 73.7|kN
Fz 2.5|kM
M 0.1 [kNm
My 3.6 |kNm
Mz 176.1 | kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Won Mises: [ (ox+ oby + obz)"2 + 3(tx+ v + 12)"2 ]41/2)

STRESS CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING ONLY

axl Ty ahbzl X1 ¥ 121 oel
Point 1 293 3.0 0.0 0.0 95
Point 2 293 0.0 147.3 0.0 0.0
FPoint 3 293 1473 0.0 95
Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0|kMN
Fy 0.0|kN

« Apply , Fapeup = TLEN  |Fz 71.0 [kN
Ml x 0.0 | kMm
My 0.0 |kMNm
Mz 0.0 | kMNm

STRE S5 CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY

gx2 ohy2 ohz2 T®Z T¥2
Foint 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Faint 3 00 00 0.0 52

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DMV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE 55 CALCULATION § AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZON TAL IMPACT

oxl2 ohyl2 cbhz12 12 Y12 Tzl2
Point 1 283 3.0 0.0 0.0 95 0.0
Foint 2 293 0.0 1473 0.0 0.0 95
Paoint 3 293 1473 0.0 18.7
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore lift
O offshore lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Boam| LK Hode KN KN KN kNm Khm kNm
21 3 16 -453.394 | -T3.671 2937 | 0108 =3.525 | =217
14 441942 | T3BT1:  -2537 -0.108 | -3.579 |  -176.062 .

20 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore Ifting for compressor module

Fyrisupy ¥ 71 kN-To be applied on corner posts , bottom beams and intermediate

Frirsus) ¥ 43 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |29 lz
Descrip.  |Intermidate beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm o
r 154 mm i
o 0.925|rad z
A 15482 mm2
Ay 7741 mma2
Az 7741 mm2
Iy 1.841E+08| mmd
Iz 1.841E+08| miméd
Ix 3.682E+08| mma . .
_ " >
MATERIAL
fy 355.0 N,-’mmE MEMBER FORCES FOR OFF SHOR.LIFT
vm 1.15|- Fx 107.5|kN
Fy 67.7|kN
Fz 384 (kN
M x 8.9 kNm
My 49 .4 [kNm
Mz 65 .6 [kMNm

University of Stavanger Page 184



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(tx+ 1y + 12)*2 ]4(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING ONLY

axl T chzl Tx1 Tyl
FPoint 1 6.9 414 0.0 3T 5.8
Foint 2 6.9 0.0 549 a7 0.0
Point 3 6.9 68.7 3T 101

Utilization:

MEMBER FORCES FOR IMPACT
Fx 0.0 (kN
Fv 0.0|kN

« Apply , Fageup ¥ 71N |Fz 71.0 kN
M= 0.0|kMNm
My 0.0|kNm
Mz 0.0|kMNm

STRE 55 CALCULATION 5 AND UTILIZATION FOR HORLZON TAL IMPACT ONLY

ox o2 ohz2 T2 V2
FPoint 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Foint 3 0.0 0.0 0.0 g2

Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRE S5 CALCULATION 5 AND UTILIZATION FOR OFF SHORE LIFTING AND HORIZONTAL IMPACT
oxl2 chyl2 ohz12 X2 Y12 Tzl2
Foint 1 649 414 0.0 3T 8.8 0.0
Foint 2 6.9 0.0 549 3T 0.0 141
Foint 3 6.9 687 3T 19.2
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore lift
[ offshore lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torzion | Moment-Y | Moment-Z
Beam|( LI Node KN kN KN kNm KNm kNm
29 3 16 107 485 | -59.561 -33.405 | £.945 45,449 ; -B5.5T1
17 Lc107465| 7741 38405 8946 27362 61T

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for compressor module

Fyrisup) ® 71 kN-To be applied on corner posts , bottom beams and intermediate

Feg(supy ¥ 43 kN-To be applied on end/side structure and top beams

University of Stavanger
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL i
Beam No. |30 12
Descrip. |Corner post
Analysis:  |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm o
r 154\ mim {
o 1.032(rad z
Ax 15482 | mm2
Ay 7741 mm2
Az 7741 mm2
ly 1.841E+08| mmd
1z 1.841E+08| mmed
Ix 3.682E+08| mmd B .
< 5 >
MATERIAL
fy 355.0| Nfmm2 MEMBER FORCES FOR OFFSHOR.LIFT
¥m 1.15(- Fx 296.6 |kM
Fy 116.8 |kN
Fz 40.8 |kN
Mz 1.7 [kNm
My 70.9 |kNm
Mz 118.6|kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Won Mises: [ [ox+ oby + obz)"2 + 3w+ v + 12)"2 |M1/2)

STRE S5 CALCULATION 5 AND UTILIZATION FOR OFF SHORE LIFTING OHLY

oxl oy abzl X1 Tyl TZ1
Point 1 192 593 0.0 0.7 151
Foint 2 192 0.0 852 07 0.0
Point 3 192 11566 0.7 16.0
Utilization:

MEMBER FORCES FOR IMPACT

oel

Fx 0.0 (kM
Fy 0.0 (kM
« Apply , Frgsup  TLEN  |Fz 71.0 |kN
M x 0.0 [kMm
My 0.0 |kMm
Mz 0.0 |kMm
STRE S5 CALCULATION 5 AND UTILIZATION FOR HORIZONTAL IMPACT OHLY
ox2 ohy2 ohz2 T®2 Y2
Foint 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Foint 3 0.0 0.0 0.0 52
Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATION S AND UTILIZATION FOR OFFSHORE LIFTING AND HORIZONTAL IMPACT

oxl2 ohyl2 ohzi12 Tx12 yl2 Tzl2
Foint 1 192 59.3 0.0 07 161 0.0
Point 2 192 0.0 992 0.7 0.0 14 4
Point 3 192 115.6 0.7 252

Utilization:

INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore lift

[ offshore lift compressor.std - Beam End Force

Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z

Beam| LIC Node KN KN kN KNm kNm KNm
30 3 22 -296.588 -116.786 : 40.785 1675 13.822 | -44.880 °
3 290862, 16786 40785, 1675  -T0922; -118621

20 -Horizontal impact loads
Refer attached calcaulations for horizontal impact loads during offshore lifting for compressor module

Furgsup) ¥ 71 kN-To be applied on corner posts , bottom beams and intermediate

Fairsur) ¥ 43 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL v
Beam No. |62 IE
Descrip. |Brace
Analysis:  |Offshore lifting
3
SECTION PROPERTIES
d 114.0{ mm
t 6.0| mim M
r 54| mm {+
o 0.785|rad z
Jivy 2036/ mm2
Py 1018 mmz2
Az 1018 {mm2
ly 2.97T7E+06( mmd
Iz 2.977E+06 | mmd
Ix 5.955E+06|mma B .
- p >
MATERIAL
fy 355.0 N,ermi MEMBER FORCES FOR OFF SHOR.LIFT
m 1.15(- Fx 98.8 |kN
Fy 0.6 kM
Fz 0.0|kN
M= 0.0 [kMNm
My 0.0|kNm
Mz 0.0 [kMm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3{rx+ oy + 12)2 ]4(1/2)

STRE 55 CALCULATIONS AND UTILIZATION FOR OFF SHORE LIFTING ONLY (B races take no impact)
oxl i obzl Tx1 vl Tzl ael
Point 1 48 6 0.0 0.0 0.0 06 0.0
Point 2 436 0.0 0.0 0.0 00 0.0
Foint 3 48 6 0.0 0.0 06
Utilisation:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore [ift
[ offshore lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion | Moment.Y | Moment-Z
Deam | LK Mode kN KN KN kNm khm kNm
62 3 k]| 96.475 | 0.565 | 0.000 0.000 | 0.000 | 0.000
20 -98.848 0565  -0.000 0.000 0.000 | 0.000
University of Stavanger Page 191



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |101 12
Descrip. |Bottom beam
Analysis: |Offshore lift and horizon.impact
3
SECTION PROPERTIES
d 324.0| mm
t 16.0(mim i
r 154 mm L
) 1.510(rad z
Ax 15482 (mm2
Ay 7741 mm2
Az 7741 mm2
ly 1.841 E+03| mmd
Iz 1.841 E+08| mméd
Ix 3.682E+08[mma ~ .
« 5 .
MATERIAL
fy 355.0| Nf/mm2 MEMBER FORCES FOR OFFSHOR.LIFT
m 1.15]- Fx 34.2 |kN
Fy 205.6 kN
Fz 3.6(kN
Mz 117.2 |kMm
My 7.7 |[kNm
Mz 1257 |kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +obz)*2 + 3(1x+ v + 12)"2 | 4(1/2)

STRE 55 CALCULATION 5 AND UTILIZATION FOR OFF SHORE LIFTING OHLY

oxl Ty bzl 1 Tyl =1
Foint 1 22 6.4 0.0 4590 266
Point 2 22 0.0 1052 490 0.0
Foint 3 22 105.4 49.0 26.6
Utilization:

MEMBER FORCES FOR IMPACT

oel

Fx 0.0 (kM
Fy 0.0 (kM
« Apply, Fypeup = 7T1EN  |Fz 71.0 |kN
Mx 0.0 |kMm
My 0.0 [kMm
Mz 0.0 [kMm
STRESS CALCULATION S AND UTILIZATION FOR HORIZONTAL IMPACT ONLY
[y 4 oy ohz2 X2 V2
Point 1 0.0 0.0 0.0 0.0 0.0
Point 2 0.0 0.0 0.0 0.0 0.0
Point 3 0.0 0.0 0.0 92
Utilization:
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

* According to DNV 2.7.3 section 3.6.2 , the impact stress are combined with lifting stress

STRESS CALCULATION S AND UTILIZATION FOR OFF SHORE LIFTING AND HORILZONTAL IMPACT
oxl2 chyl2 cbz12 Tx12 Tyl2 TZ12
Point 1 22 64 0.0 490 266 0.0
Point 2 22 0.0 10562 490 00 96
Point 3 22 1054 490 8T
Utilization:
INPUT LOADS
1.0 -End forces from Staad analysis for compressor module offshore lift
O offshore lift compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Beam Lic Node kN KN kN KHm kiim kNm
101 3 52 -34.153 -119.522 ! -3614 “117.227 7670 125725
3 34153 205644 3614 117227 -2971|  -B5633

2.0 -Horizontal impact loads

Refer attached calcaulations for horizontal impact loads during offshore lifting for compressor module

Farisus) ® 71 kN-To be applied on corner posts , bottom beams and intermediate

Fuir(sus) ¥ 43 kN-To be applied on end/side structure and top beams
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. (104 12
Descrip. |[Bottom middel beam
Analysis: |Offshore lifting
3
SECTION PROPERTIES
d 273.0{ mm
t 16.0| mm i
r 128.5| mm {
o 1.561|rad z
Ax 12918 mm2
Ay 6459 mm2
Az 6459 mma2
Iy 1.071E+08| mimd
Iz 1.071E+08| mmd
Ix 2.141E+08| mmd B -
< 5 .
MATERIAL
fy 355.0| Nf/mm?2 MEMBER FORCES FOR OFF SHOR.LIFT
rm 1.15(- Fx 32.6|kMN
Fy 437.3 kM
Fz 0.0 (kM
Mz 0.0 [kMNm
My 1.9 |kNm
Mz 2044 |kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby +gbz)*2 + 3(1x+ 1y + 12)*2 |41/2)

STRE 55 CALCULATION S AND UTILIZATION FOR OFF. LIFTING ONLY (Bot. mid.beam takes no impact)

axl oy ahzl Tx1 vl 121 oel
Point 1 25 2.3 0.0 0.0 67.7 0.0
FPoint 2 245 0.0 2453 0.0 0.0 0.0
Point 3 25 2453 0.0 67.7
Utilisation:
INPUT LOADS

1.0 -End force s from Staad analysis for compressor module offshore lift

[ offshore lift compressor.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z

Geam| LK Node kN KN kN KNm KNm KNm
104 3 &1 -32.582 1 437311, 0.000) 0000 1814 204377 |
54 32582 4373M ] 00000 0000 1914 204377
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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

VON MISES YIELD CRITERION

GEMNERAL Vi
Beam No. |12 12
Descrip. |Top beam
Analysis:  (Transport analysis
3
SECTION PROPERTIES
d 324.0| mim
t 16.0| mm o
r 154 mm {+
o 1.379|rad z
B 15482 | mm2
Ay 7741 mm2
Az 7741 mm2
ly 1.841 E+HD8| mmd
Iz 1.841E+08| mm4
Ix 3.682E+08| mm4 . .
< 3 >
MATERIAL
fy 355.0 memz MEMBER FORCES FOR TRAN SPORT
¥m 1.15(- Fx 22.8 (kM
Fy 27.9 kM
Fz 2.9|kN
M 0.1|kMNm
My 5.2 [kMNm
Mz 26.9 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3(m + 1ty + 12)"2 ]4(1/2)

STRESS CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY SIS
ol o byl bzl Tx1 TVl Tzl el
FPoint 1 15 4.4 0.0 0.0 36 0.0
Foint 2 15 0.0 225 0.0 0.0 D4
Paint 3 1.5 229 0.0 36
Utilization:
INPUT LOADS
1.0 -End force s from Staad analysis for compressor module transport analysis
™ Transport compressor.std - Beam End Force
Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
L s I KN kN KN kNm KNm kHm
12 35 S -19.369 | 27.902 | -2.901 | =0.081 | 5226 | 26.929
13 22.TIT -21.872 ¢ 2901 | 0.081 : 0.576 | 22.844 ¢
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam No. |21 lz
Descrip.  [Middel post
Analysis: |Transport analysis
3
SECTION PROPERTIES
d 324.0| mm
t 16.0| mm o
r 154\ mm i
o 1.557|rad z
A 15482 mm2
Ay 7741 mma2
Az 7741 mm2
ly 1341 E+08| mm4
1z 1841 E+08 | mm4d
Ix 3.682E+08| mm4 _ -
- p .
MATERIAL
fy 355.0| Nfmm?2 MEMBER FORCES FOR TRANSPORT
'm 1.15|- Fx 136.8| kN
Fy 34.9|kN
Fz 0.6|kN
Mx 1.4 |kMNm
My 1.1|kNm
Mz 81.2|kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3(m + 1y + 12)*2 |*(1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY 515

oxl T byl ohzl %1 Tyl
Point 1 5.8 0.9 0.0 0.6 445
Point 2 8.8 0.0 679 0.6 0.0
Point 3 5.4 67.9 0.6 445
Utilization:
INPUT LOADS

1.0 -End force s from Staad analysis for compressor module transport analysis

[ Transport compressor.std - Beam End Force

University of Stavanger

Axial Force| Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam uc Node KN KN KN kNm kNm kNm
21 17 18 -136817 | -31.236] 0619 1358 0637  -11.430
14 132.046 | 34.907 | 0.619 -1.358 | 1095 81170
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam MNo. (29 12
Descrip.  |Intermidate beam
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 324.0{ mm
t 16.0| mm 't
r 154 | mim {
o, 1.259|rad z
A 15482 mim2
Ay 7741 mm2
Az 7741 mm2
Iy 1. 841 E+H18| mm4
Iz 1.341E+08| mm4
Ix 3.682E+08| mm4a ) .
< 3 >
MATERIAL
fy 335.0 N,fmmz MEMBER FORCES FOR TRAN SPORT
¥m 1.15(- Fx 39.1 (kM
Fy 44.0 (kN
Fz 10.7 (kM
M 3.2 |kMNm
My 15.4 (kMm
Mz 47,7 |kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)*2 + 3[m + v + 12)"2 |*(1/2)

STRESS CALCULATION S AND UTILIZATION FOR TRAMNSPORT ANALY SIS

axl T bl chzl Tx1 Tyl 1zl
Point 1 25 129 0.0 1.3 57
Foint 2 2.5 0.0 39.9 1.3 0.0
Point 3 245 419 1.3 549
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for compressor module transport analysis

T Transport compressor.std - Beam End Force

gel

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Geam LC Mode kN kN kM kNm kNm kNm
29 33 16 3s.732 | -37.973 | -10.732 | 3.172 | 15361 | -34.308 |
17 -39.140 i 44.{1[13_5 10.732 i 3172 i 6.102 -47 669 _
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL Vi
Beam MNo. |30 ll
Descrip.  [Corner post
Analysis:  (Transport analysis
3
SECTION PROPERTIE S
d 324.0 mm
t 16.0| mm "
r 154 | mim {
o 1.365|rad z
Ax 15482 | mm2
Ay 7741 mm2
Az 7741 mm2
ly 1.841E+H08| mm4d
Iz 1.341E+08 | mmd
I 3.682E+08| mm4 . .
4 5 »
MATERIAL
fy 335.0 N,*'mmE MEMBER FORCES FOR TRAN SPORT
¥m 1.15|- Fx 391.2 |kN
Fy £9.2 (kM
Fz 11.3 (kM
Mx 2.7 [kNm
My 18.8 [kMNm
Mz 89.9 [kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3 [m + 1y + 12)"2 ]*(1/2)

STRE 55 CALCULATION S AND UTILLZATION FOR TRANSPORT ANALY 515

axl Tyl bzl Tx1 Tyl
Foint 1 253 157 0.0 1.1 8.9
Paint 2 2513 0.0 762 1.1 0.0
Paint 3 2513 76.9 1.1 91
Utilization:
INPUT LOADS

1.0 -End force s from Staad analysis for compressor module transport analysis

™ Transport compressor.std - Beam End Force

- e e Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
—-- - KN KN kN kNm kNm kNm
30 k| 22 335954 P vEﬁ.EES P 1133-1 P 2.551 P 2!.941 1 -5.3-3:5.
3 =391.175 i 69.248 =11.334 i =2.651 i =18.809 =89.930 .
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GEMERAL ¥
Beam MNo. (63 12
Descrip.  |Braces
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 114.0{ mm
t 6.0( mm 't
r 54| mm i
o 0.735|rad z
Ax 2036\ mm2
Ay 1018|mm2
Az 1018 mm2
Iy 2977EHIB| mm4d
Iz 2.977EH)6) mm4
Ix 5.955E+06| mm4 B .
> ] >
MATERIAL
fy 355.0{ Nfmm2 MEMBER FORCES FOR TRANSPORT
¥m 1.15|- Fx 109.3 |kN
Fy 0.1|kN
Fz 0.0 kM
Ml 0.0 |kMNm
My 0.0 | kMNm
Mz 0.0 |kMNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz) A2 + 3(m + 1y + 12)"2 |41/2)

STRESS CALCULATION S AND UTILZATION FOR TRANSPORT ANALY 515

oxl Tyl abzl Tx1 vl
Point 1 54.0 0.0 0.0 0.0 0.1
Point 2 54.0 0.0 0.0 0.0 0.0
Point 3 54.0 0.0 0.0 01
Utilization:
INPUT LOADS

1.0 -End forces from Staad analysis for compressor module transport analysis

™ Transport compressor.std - Beam End Force

University of Stavanger

— T —r Axial Force| Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
L . kN kN kN KNm kNm kNm
83 s 3 107627  -0078|  0.000 0.000,  0.000  0.000
30 -109.847 | -0.078 | -0.000 - 0.000 - 0.000 | 0.000
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. (101 12
Descrip.  |Bottom beam
Analysis:  |Transport analysis
3
SECTION PROPERTIES
d 324.0{ mm
t 16.0| mm 't
r 154 | mim {
o, 1.547|rad z
A 15482 mim2
Ay 7741 mm2
Az 7741 mm2
Iy 1. 841 E+H18| mm4
Iz 1.341E+08| mm4
Ix 3.682E+08| mm4a ) .
< 3 >
MATERIAL
fy 335.0 N,fmmE MEMBER FORCES FOR TRAN SPORT
¥m 1.15(- Fx 18.9 (kM
Fy 117.8 | kM
Fz 3.7|kN
M 41.2 |kMNm
My 2.5 |kMNm
Mz 105.7 |kMm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3(m + 1y + 12)2 |4{1/2)

STRESS CALCULATIONS AND UTILLZATION FOR TRANSPORT AMALY SIS

axl byl Gbzl 11 TVl
FPoint 1 1.2 2.1 0.0 172 152
Point 2 1.2 0.0 68.5 172 0.0
Point 3 1.2 68.5 172 152
Utilization:
INPUT LOADS

1.0 -End force s from Staad analysis for compressor module transport analysis

™ Transport compressor.std - Beam End Force

Axial Force | Shear-Y Shear-Z Torsion | Moment-Y | Moment-Z
Beam L Bode kN kN KN kNm KNm kNm
101 35 52 18873 88012 3716 41187 2481  -28.072
3 -16658 | 117.831 3.716 | 41.187 2350  -105.726
Page 208
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

VON MISES YIELD CRITERION

GENERAL ¥
Beam Mo. |104 ll
Descrip.  |Bottom middel beam
Analysis:  |Transport analysis
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0| mm i
r 154 | mim {
o 1.543|rad z
B 15482 mm2
Ay 7741 mm2
Az 7741 mm2
ly 1 841 E+08| mm4d
Iz 1.341E+08| mm4
Ix 3.682E+08| mm4 ) X
- 3 >
MATERIAL
fy 355.0 N,fmmE MEMBER FORCES FOR TRAN SPORT
vm 1.15|- Fx 8.7 kN
Fy 184.0 kN
Fz 1.8|kN
M= 0.0 |kMNm
My 2.5 |kMNm
Mz 87.8[kNm
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Von Mises: [ (ox+ oby + obz)"2 + 3 [m + 1y + 12)2 ]*(1/2)

STRE 55 CALCULATIONS AND UTILLZATION FOR TRANSPORT ANALY SIS

axl Tyl o v 11 ¥l
FPoint 1 0.6 2.1 0.0 0.0 2338
Point 2 0.6 0.0 734 0.0 0.0
Point 3 0.6 735 0.0 2318
Utilization:
INPUT LOADS

1.0 -End force s from Staad analysis for compressor module transport analysis

™ Transport compressor.std - Beam End Force

University of Stavanger

Auxial Force | Shear-Y Shear-Z Torsion Moment-Y | Moment-Z
Boam| X Wode KN kN KN KNm KNm KNm
104 27 51 8697 | 184.048 | 1,835 | 0.000  -2460 |  57.844
54 8697 184.048 1835 -0.000 2460 -BT.844
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Cio: Von Mises yield criteria for landing-Case A:Pump module

VON MISES YIELD CRITERION

GEMERAL ¥
Beam Mo. [212-213-214-215 lz
Descrip.  |Corner post
Analysis:  |Landing analysis pump model
3
SECTION PROPERTIES
d 324.0| mm
t 16.0) mm It
r 154 mm i+
o 0.785|rad z
A 15482 | mma
Aoy 7741 mm2
Az 7741 mm2
Iy 1.841E+08| mm4
Iz 1.841E+08| mm4
Ix 3.682E+08| mm4 B .
< . >
MATERIAL
fy 355.0| Nfmm2 MEMBER FORCES FOR Lading
m 1.15(- Fx 54.0 kM
Fy 493.0 (kM
Fz 0.0 (kM
M x 0.0 | kMNm
My 0.0 | kMNm
Mz 0.0 | kMNm
Von Mises: [ (ox+ oby + obz)*2 + 3=+ v + w2)*2 14{1/2)
STRE §5 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALYSIS
oxl oy obzl Tx] Tyl Tzl el
Paint 1 35 0.0 0.0 0.0 637 0.0
Faint 2 35 0.0 0.0 0.0 0.0 0.0
Paint 3 35 0.0 0.0 63.7
Utilisation:

INPUT LOADS-Pump model

Fy; % 54 kN -To be applied on corner post as compression force ( in X direction) and horizontal
impact of F gy sup) ¥ 493 kN in Y or Zdirection
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix C11: Von Mises yield criteria for landing-Case B:Cooler module

VON MISES YIELD CRITERION

GENERAL v
Beam MNo. |84-85-86-87 lz
Descrip.  [Cornmer post
Analysis:  |Landing analysis cooler model
3
SECTION PROPERTIES
d 273.0{mm
t 16.0) mm i
r 128.5| mm {
o 0.785|rad z
Ax 12918 mm2
Ay 6459 mma2
Az 6459 mm2
ly 1.071E+08| mmd
Iz 1.071E+08| mmd
Ix 2.141E+08| mmd B .
< ] »
MATERIAL
fy 355.0(N/mm2 MEMBER FORCES FOR Lading
rm 1.15(- Fx 121.01kN
Fy 56.0 |kN
Fz 0.0|kMN
M= 0.0 [kNm
My 0.0|kMNm
Mz 0.0 kNm

Von Mises: [ {ox+ by +obz)"2 + 3(tx+ 1y + 12)"2 1%(1/2)

STRE 55 CALCULATION 5 AND UTILIZATION FOR TRANSPORT ANALY SIS

oxl o by ohbzl 1 ¥l TZ1
Paint 1 94 0.0 0.0 0.0 8.7 0.0
Paint 2 94 0.0 0.0 0.0 0.0 0.0
Foint 3 94 0.0 0.0 a.r

Utilisation:

INPUT LOADS-Cooler model

Fyy % 121 kN -To be applied on corner post as compression force of cooler model | in X direction)
and horizontal impact of F gjieupy ~ 56 kNin ¥ or Z direction
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Appendix C12: Von Mises yield criteria for landing-Case C:Compressor
module
VON MISES YIELD CRITERION

GENERAL| ¥
Beam Mo. (13-14-15-16 lE
Descrip. |Corner post
Analysis:  |Landing analysis compressor mod.
3
SECTION PROPERTIE S
d 324.0| mm
t 16.0) mm o
r 154 mm i+
o 0.785|rad z
Ax 15482 mmz2
Ay 7741 mm2
Az 7741 mma2
ly 1.841E+08( mmd
Iz 1.841E+08( mimd
Ix 3.682E+08| mmd B .
< r »
MATERIAL
fy 355.0| Nf/mm2 MEMBER FORCE S FOR Lading
tm 1.15(- Fx 152.0|kM
Fy 71.0|kN
Fz 0.0 (ki
M= 0.0 | kMm
My 0.0 | kMm
Mz 0.0 |kMm

Won Mises: [ [ox+ oby +obz)"2 + 3[x+ v + 12)"2 ]M{1/2)

STRE 55 CALCULATION S AND UTILIZATION FOR TRANSPORT ANALY 515

oxl Gyl chzl 1 Tyl
Faoint 1 98 0.0 0.0 0.0 92
Paint 2 938 0.0 0.0 0.0 0.0
Paint 3 98 00 0.0 92

Utilisation:

INPUT LOADS-Compressor model

Fyp % 152 kN -To be applied on corner post as compression force of cooler model ( in X direction)
and horizontal impact of Fyyieusy ¥ 71 ENin ¥ or Z direction
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Appendix D: Colbeam EC3 calculations

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

colbeam EC3 - User defined Project: Air lift analysis Pump module 40 tonnes Fags:
11
Member Design Program incl updates uniil Feb 2012
Version 1.1.7 ldentification: Beam Mo, 187 Drate: 411572018
Copynight (C) 2010-2012 StruProg AS Time: 10:34
Fie new filz
General:
Materisl: S355 NHMLH fy B 155 MP= E =  210000.0 MPa
gmilgm1 = 1.15M.15
Profile: Tube 324:x18 (Hot finished) Dimensions and weight Section property: Capacity:
d B 3240 mm A = 15482 mm2 Cross Section Class: 1722 Nkiy/Mz
i = B0 mm o = 36326+ mmé  NRd = 47792 kN
g B 1215 kg'm 1y = 1.841E+3 mm4 MyRd = 4890 kMNm
= T 5 B 1.018 m2m  waly = 1.136E+6 mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
I = o
Geometrploading: Endforces: mm
_. -
l_L=3.DCGm _| Axial force (kN
————
25
13
Bending moment Wy, kNm] 2
24
Shear [z, kN) 4.5
Larerai bucifing parameters:
x
Governing Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =My EdMyRd=404500= 0L <10{1.00L.ChE25)
IR = MyEdMMyRd = 404800 = 0.0 <1.0({1.00L; ChB8.28)
IR =Vz,EdVzRd =8.51758.8= 000 <1.0(1.00L; Ch828)
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colbeam EC3 - User defined Project: Air lift analysis Pump module 40 tonnes Fags:
1M
Member Design Program incl updates until Feb 2012
Version 1.1.7 ldentification: Beam MNo. 184 Date: 41572016
Copynght (C) 2010-2012 StruProg AB Time: 10-41
Fie: new fil=
General:
Klaterial 5355 NHMLH fy = 355 MPa E =  210000.0 MPa
gmi¥gm1 = 1.15M1.15
Profile: Tube 324x18 (Hot finished) Dimensions snd weight: Section property: Capacity:
d = 3240 mm A = 15482 mm2 Cross Section Class: 17212 N/l
t = MEL - b = 32637E+8 mmé MRd = 47792 kN
g B 1215 kg'm 1y = 1.541E+8 mm4 MyRd = 489.0 kMNm
== T 5 = 1.018 m2m  wely = 1.1366+8 mm3 VozRd = 17568 kM
Wply = 1.518E+ mm3
Geometrpl oading: Endforces. mvm
. —_ -
|—L=2000m ___ | Axial force (kM
830
-25.5
55 28
Eending moment [Ny, KN Eending moment Wz KHm) 994
Larersi buckiing paramerers:
*
Govemning Loadcase: Basic loads: G+ 01 + 02
SECTION CONTROL-

R=MzEdMzRi=3334600= 008<10(100:ChE25)
IR = MzEdMMzRd =38 3458 7= 0.08<1.0{1.00L: Cha.28)
R=\yEd\yRd =24 1/1758.8=  0.01 < 1.0(0.00L Ch 2§)
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Cﬂlbeam Eca - User defined Project: Air lift analysis Pump module 40 fonnes Page:
Member Design Program incl updates until Feb 2012 i
‘fersion 1.1.7 Identification: Beam Mo. 202 Date: 4142016
Copyright (C) 2010-2012 StruProg AB Time: 12:18
File: new file
Genearal:
Material: 5355 NH/MLH fy = 355 MPa E = 2100000 MPa
gmiligrmi = 1.15M1.15
Profile: Tube 324:18 (Hot finished)  Dimensions snd weight Secfion property: Capacity:
. d = 3240 mm = 15482 mm2 Cross Section Class: 10242 M/MyMz
t = 180 mm |y = 3882E+2 mmd4  MRd = 4770.2 kN
g = 121.5 kgm = 1.341E+3 mm4  MyRd = 489.0 kNm
= 5 = 1018 m2m  yWely = 1.130E48 mm3 VozRd = 1758.86 kM
Wply =  1.519E48 mm2
s )P
L
\‘::'.'_:_'.'
Gepmael oadirng: Endforces: (hNANm/m)
[ |
_._ il
L=4.000m Auial forcs (kM)
152
T ATTARCTIORY * * { |~ PO«
Bending mameant {hy, KNm} Bending moment (Mz, kHm)
LS
0.0 0.0
Shear (Ve, kM) -5.8 Shear (WY, kM)
Buckiing parameters: ¥-axis Z-axis Lateral buckling parameters:
Bucking length factor 1.00 1.00 *
Bucking Curwe a a
Slenderness larnds = 0.43 042

Interaction factors ki Mathod 1

Goweming Loadease: Basic loads: G+ Q1 + @2

SECTION CONTROL:

IR =MEAMRd =1152/47702=  0.02<1.0(0.50L ChG.24)
IR = bWy EdWM, v Rd = 2.7/485.1 = 0.02 < 1.0(0.00L: Ch8.2.8)
IR=Vz,EdVz,Rd = 5817566 = 0.00 < 1.0(0.00L ChE6.2.8)

BUCKLING CONTROL:
IR = NEQNby.Ad + kyy "My EdT*hyeRd) + kyz*Mz EdMz Rd = 195.2/4448.2+1.00°2.7/(1.00*450.0)= 0. 60°0.4/480.0 = 0.04 < 1.0 (Ch8.3.3)
I = NEQMb.zRd + kzy My Ed/plT*My,Rd) + kzz"Mz,Ed/Mz.Rd = 115.24445,2+0.60°8.7/{1,00°450.0)+1.00°0.4/489.0 = 0.04 < 1.0 [Ch 5.3.3)
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culbeam Ec3 - User defined Project: Air lift analysis Pump module 40 tonnes I:';ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identification: Beam Mo.222 Date: 41572016
Copyright (C) 2010-2012 StruProg AB Time: 10:38
Fie new filz
General:
Materisl: 2355 NHMLH fy B 155 MPs E =  210000.0 MPa
gmilgm1 = 1.15/1.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight: Section property: Capacity:

d = 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 NMy/Mz

i = B0 mm i = 3652648 mmé  MRdD = 47792 kN

g B 1215 kg'm 1y = 1.841E+2 mmd MyRd = 489.0 kMNm

== T 5 B 1.018 m2fm  waly = 1.136E+8 mm3 VoezRd = 17566 kM
Wply = 1.518E+8 mm3
Geomeingl cading: Endforces. mm
_. -
|_L=2.ﬂoam _| Axial force (kN
248
23
Bending moment (My, kNm) 1+ Eending moment (W, KN
B i o o
Shear [Vz, kN) 73 Shear (\y, k)

Lareral buckding paramerers:

x

Governing Loadcase: Basic loads: 5+ Q1 + 02

SECTION CONTROL-

IR =My EdMyRd=744500= 002<10{1.00L.ChE25)
IR = My EdMN yRd =7 44880 = 002 < 1.0 {1.00L; Ch 82.)
IR=VzEd\=Rd=78M7588= 0.00<1.0{1.00L; ChE28)
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Colbeam EC3 - user defined

Member Design Program incl updates until Feb 2012

Wersion 1.1.7
Copyright () 2010-2012 StruProg AB

Project: Air lift analysis Pump module 40 tonnes Page:
"
Identification: Beam Mo. 231 Diate: 4142016
Time: 12:21

File: new file

Genearal:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 WPa
gmiligrni = 1.18M1.15
Profile: Tube 114=8 (Hot finished) i i Section property: Capacity
! d = 4.0 mm A = 2038 mm2 Cross Section Class: 1022 N/MyMz
t = 8.0 mm oy = 5.955E+8 mm4  MRd = 823.4 kN
g = 18.0 kg'm = 2O77E+48 mmd  MyRd = 21.8 khm
== 5 = 0358 mEm  Wely = 5223E+4 mm3  VezRd = 230 kN
Wply = T7.008E+4 mm2
ik i
il
Geome oadin Endforces.: (hNANm/m)
. -
=7 Acial fiol (AR}
L=2.500 m &l force
5.4 ’
L1 1i] na
Banding mamant {ky, kNm)
03
Shaar (Vz, kM) 0.3
Buckiing parameters: -amis Z-axis Lateral buchling parameters:
Bucking length factor 1.00 1.00 x
Bucking Curwe a a
Slendemess lamds = 0.28 0.85
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IF. = HEd™Rd = 5.4/628.4 = 0.4 < 1.0 (0.50L; Cha.2.4)
IR =%z, EdWz Rd = 0.2231.0= 0.00<1.0(0.00L: ChB8.26)
EUCKLING CONTROL:
Mo Buckling, ref ch 8.3.1.2 {4); lamdaby/lamdabz==0.2 or Ned/Mery<=0.04; NedMcry==0.04= =
University of Stavanger Page 218



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

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

module
cnlbeam EC3 - User defined Project: Cffshore §ft analysis Pump module 40 tonnes I:';g:e:
Member Design Program incl updsates until Feb 2012
Version 1.1.7 ldentification: Beam MNo. 187 Diate: 41572016
Copynight (C) 2010-2012 StruProg AB Time: 10-43
Fila: new file
Generai:
Mlaterizl: 5355 NHMNLH fy = 355 MPa E =  210000.0 MPa
gmiligm1 = 1.15M.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 NMy/Mz
i = B0 mm o = 3632E+8 mmé  MRd = 47792 kN
g e 1215 kgim |y = 1.841E+8 mmd MyRd = 4890 kMNm
== T 5 e 1.018 m2m  Wely = 1.136E+8 mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
I8 =+ .
Geometrpl oading: Endforces: m/m
. -
l_L=3.ﬂ(:Gm _| Axial force (kN

a5

Bending moment (My, Km0 Bending moment [z, KN

23 0.0 0.0
Shear [z, kN) a0 Shear (W, kiN)

Larerai buckiing parameters:
b4

Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL:

IR =My EdMyRd=6.84500= 0MH<10{1.00L;ChE25)
IR = MyEdMMyRd =8.8480.0= 0. <1.0(1.00L; Ch6.28)
IR =V Ed\VrRd =0.0M7588= 0 <1.0(1.00L; ChE28)
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culbeam EC3 - User defined Project: Cffshore §ft analysis Pump module 40 tonnes I:';ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identification: Beam Mo. 184 Diate: 41572016
Copyright (C) 2010-2012 StruProg AB Time: 10-48
Fila: new file
Generai:
Klaterizl 5355 NHMNLH fy = 355 MPa E =  210000.0 MPa
gmligm1 = 1.15M1.15
Profile: Tube 324:x18 (Hot finished) Dimensions and weight Section property: Capacity:
d B 3240 mm A = 15482 mm2 Cross Section Class: 1722 Nky/Mz
i = B0 mm o = 3632648 mm4  NRd = 47792 kN
g B 1215 kg'm 1y = 1.841E+3 mm4 MyRd = 4890 kMNm
== T 5 = 1.018 m2im  \Wely = 1.136E+8 mm3 VezRd = 1756.68 kN
Wply = 1.518E+8 mm3
Geomeingl cading: Endforces. mwim
_-_ —L
|_L=2.ﬂoam _| Axial force (kN
7.4
-35.4
78 -13.7
Eanding momant [My, KN Eending moment Mz, KHm) 251
Larersi buckfing parameners:
x
Governing Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

R =MzEdMzRd = 5314800=  0.11<1.0(1.00L: Ch6.25)
IR =Mz EdMMNzRd =53 1488 4= 0.11<1.0({1.00L:Ch6.2)
R =WEVyRd=33.417588=  0.02 < 1.0{1.00L: Ch8.26)
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Cﬂlbeam EC3 - User defined Project: Offshore lift analysis Pump module 40 fonnes Page:

M
Member Design Program incl updates until Feb 2012 .
Wersion 1.1.7 Identification: Beam Mo. 202 Date: #142016

Copyright (G) 2010-2012 StruProg AB Time: 12:32
File: new file

General:
Mazterial: 5355 NHMNLH fir = 35 MPa  E = 2100000 MPa
gmiligmi = 1.18M1.15

Profile: Tube 32418 (Hot finished)  Dimensions snd weight

d = 3240 mm p = 15432 mmZ  Cross Section Class: 1122 M/MyMz
t = 18.0 mm -y = 3882E+3 mmé4 MR = 4779.2 kN
g = 121.5 kg'm = 1.B41E+3 mmd  MyRd = 480.0 kNm
o= 5 = 1018 m2im  Wely = 1.130E+8 mm3  VozRd = 17588 kN
Wply = 1.518E+8 mm2
1
Geomel oading: Endforces. (hNANm/m)
| |
- i,
-4 )
L=4.000m Aial forcs (kM)
1897
121 -1z | - 08
0O 111 11 0 0
Esznalirgg mamant {hy, kidm ) Banding moment (M, kNm)
a4z
00 0.0
Shaar (VE, kM) -B.2 Sheaar Wy, kM)
Buckiing parameters: -5 Z-ais Lateral buchling parameters:
BucHing length factor 1.00 1.00 b4
Bucking Curve a a
Slendermess larnda = 0.43 0.48
Imteraction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR = HEd™MRd = 150.74778.2 = 003 < 1.0 (0.50L; ChE.2.4)

IR = By EdMAN, v Rd = 12.1/467.5 = 003 < 1.0 (0.00L; Ch6.2.8)
IR =%z,Edz Rd=3.21756.8=  0.00 <1.0{0.00L; ChE.28)

BUCKLING CONTROL:
IR = NEANb.y.Rd + kyy My Ed/pATMyRd) + kyz' Mz EdMz Rd = 150.7/4445.241.00°12.1/{1.00*485.00+0.59°0.6/488.0 = 0.0 < 1.0 (Ch §.3.3)
IR = NEME,zRd + kzy*My Ed/ T*My,Rd) + kaz"Mz, Ed/Mz.Rd = 150.7/4445 2:0.80*121/{1 D0*460.0)+0.05°0.8/480.0 = 0.05 < 1.0 [Ch £.3.3)
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Colbeam EC3 -user defined

Version 1.1.7
Copyright (C) 2010-2012 StuProg AB

Member Design Program incl updates until Feb 2012

Project: Cffshore §ft analysis Pump module 40 fonnes Fags:

11

Identification: Beam Mo 222

Diate: 41152016
Time: 10:45

Fie: new file

General:

Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa

gmiigm1 = 1.15/1.15

Profile: Tube 324x16 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 36326+ mmés  MRd = 4779.2 kN
g e 1215 kgim |y = 1.841E+3 mm4 MyRd = 4890 kMNm
5 e 1.018 m2m Waly = 1.136E+§ mm3 VozRd = 1756.6 kM

Wply = 1.519E+8 mm3
Geometryl oading: Endforces: mm
_. -
|_L=2.ﬂoam _| Axial force (kN
————

M3

-3.2

Bending moment [Ny, KN

10.2

Shear vz, kN)

-10.8

Bending moment (Mz, kkhm))

0.0 0.0
Shear MWy, kiN)

Lareral buckding paramerers:

x

Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MySdMyRd=10.24600= 0.02<10{1.00L Ch8.25)
IR = My EdMNyRd = 1024888 = 0.02<1.0{1.00L; Ch8.26)
IR =VzEdVzRd = 10817566 = 0.1 < 1.0{1.00L; Ch8.26)
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Colbeam EC3 . user defined

Wersion 1.1.7
Copyright (C) 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

Project: Offshore lift analysis Pump module 40 fonnes Page:
1M
Identification: Beam Mo. 231 Diate: 411412016
Time: 12:37

File: new file

General:
Material: 5355 NHMLH fiy = 358 MPa E = 2100000 MPa
gmiligmi = 1.18M1.15
Profile: Tube 114=8 (Hot finished) Cimensions snd weight Section property:
! d = Neld mm  p = 2038 mmZ  Cross Section Class: 1022 MMyz
t = 8.0 mm |y = 5055643 mmé4 MRd = 323.4 kN
g = 18.0 kp'm = 2O77E+8 mmd  MyRd = 2.8 kNm
o= 5 = 0358 m2im  Wely = 6223E+4 mm3  VozRd = 230 kN
Wply = T7.008E+4 mm2
1
Geomel oadin Endforces. (hNANm/m)
- i,
L=2.500 Al force (kM
— m o siolforce 0y
T
i T1] o
Bemaing maomant Ry, kKNm )
4
Shaar (W2, kKN) 0.4
Buckiing parameters: ‘f-axis £-ands Lateral buchling paramerers:
Buckling length facior 1.00 1.00 W
Bucking Curve a a
Slenderness larnda = 0.a6 0.85
Imteraction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR = HEd™Rd = 7.8/628.4 = 004 < 1.0 (0.50L: Cha.2.4)
IR =%z, Ed\z. Rd = 0.4231.0= 0.00<1.0{(0.00L ChE.28)
EBUCKLING CONTROL:
Mo Buckling, ref ch 6.3.1.2 (4); lamdaby/lamdabz==0.2 or Med/Mery<=0.04; NedMcry==0.04= =
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Appendix D3: Colbeam EC3 calculations for transportation Case A:Pump
module

Cﬂlbeam EC3 - User defined Project: Transport analysis Pump module 40 tonnes Page:

M
Member Design Program incl updates until Feb 2012 ’
Wersion 1.1.7 Identification: Beam Mo, 121 Date: 4142016

Copyright {G) 2010-2012 StruProg AB Time: 11:3
File: new file

General-
Material: 5355 NHMNLH fy = 358 MPa E = 2100000 MPa
gmiigm1 = 1.18M1.15

Profile: Tube 32418 (Hot finished)  Dimensions snd weight

. Capacity
15482 mm2 Cross Section Class: 10212 MiMy/Mz

d = 3240 mm A =
t = 18.0 mm I = 3832E+2 mm4  MNRd = 4778.2 kN
g = 121.5 kp'm gy = 1.841E+3 mmd  MyRd = 480.0 kNm
T 5 = 1.018 mim Wely = 1.138E+8 mm3 VozRd = 1758.8 kN
Wply = 1.518E+8 mm2
{1 ) |
\ 2
Geomel oading: Endforces: kM Amim]
[ |
. -
=4, Axial fol kMY
L=4.000m roe
<4
1837 -04
Bendng mamant Wy, /m} 2014] Bending moment (W, k) 0+
0.4
T
1 OO
2T 2har V2, kN) 104 Shesar [y, kN)
Buchiing parameters: f-gxis Z-anis Lateral buchling parameters:
Bucking length factor 1.00 1.00 o
Buckling Cunve a a
Slenderness lamda = 0.43 0.48

Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:

IR = My EdiiyRd = 201 2/460.0= 042 < 1.0(1.00L; Ch §.2.5)
IR = My EdMN, y.Rd = 201.2/460.0 = 0.42 < 1.0 (1.00L; Ch &.2.8)
IR =%z, Edh\z Rd = 104.7/1756.8 = 006 < 1.0 ({1.00L; Ch £.2.8)

BUCKLING CONTROL:
IR = NEQNb.y.Rd + kyy My EdpATMyRd) + kyz* Mz EAMzRd = 4.4/4446.2+0 58°201.2/(1.00*458.0)+0.35°0.8/439.0 = 0.25 < 1.0 (Ch8.3.3)
IR = NEdME,zRd + kzy*My Ed/pT*My,Rd) + kez"Mz, Ed/Mz,Rd = 444445 220, 35°201 2/{1.00°480. 010 50°0. 04800 = (.15 = 1.3 {Ch 5.3.3)
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Colbeam EC3 - user defined

Wersion 1.1.7
Copyright {G) 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

Project: Transport analysis Pump module 40 tonnes Page:
1M
Identification: Beam Mo. 148 Date: 4142016
Time: 12:3

File: new file

General:
Material: 5355 NH/NLH fiy = 3B MPs  E = 100000 MPa
gmiigm1 = 1.15M1.15
Profile: Tube 32418 (Hot finished) i j i Section property: Capacity
! d = 3240 mm  p = 15432 mm2  Cross Ssction Class: 1122 MiMy/Mz
t = 18.0 mm |y = 3832E+3 mmé4 MNRd = 4779.2 kN
g = 121.5 kgim = 1841E+2 mmd  MyRd = 480.0 kMm
. 5 = LO1E m2im  Wely = 1.138E+8 mm3 VezRd = 17588 kM
Wply = 1.519E+8 mm2
_1:|'_ '__'_ I |
L
\'\:: _—
Geomael oading: Endforces: (khAhimim]
| |
. -
| L=350m __ | HFuodisl forgs (kM)
—— ——
441 8
o 1552 4
Bendrg moment Ny, kNm} 2 Banding moment (Mz, kNmy | 2018
1240 B
00O
AR
-1.1 Shaar (e, kM) -11 Shesar [V, kN)
Buchiing parameters: -5 Z-ais Lataral buckling parameters:
Buckling length factor 1.00 1.00 %
Buckling Curve a a
Slendermess larnda = 0.42 0.42
Interaction factors ki Method 1

Goveming Loadcase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:

IR = Mz EdiMz,Rd = 231.5/4858.0 =
IR = Mz EdMN z Rd = 231.3/480.8 =
IR ="y Edy Rd = 124.001786.8 =

BUCKLING CONTROL:

{1.00L; Ch 6.2.5)

045 <10
050 < 1.0 {1.00L; Ch 6.2.8)
007 <10

{0.00L; Ch 8.2.8)

IR = NEQMb.yRd + kyy My EdpATMyRd) + kyz*Mz EdMz, Rd = 441 64527 8+0.64°2.51.00*438.0)+0.35°231 3/460.0 = 0.27 < 1.0 {Ch8.3.3)
IR = NEdMb,zRd + bzy*My EdiT*My,Rd) + kez"Mz, Ed/M=Rd = 441 314527 0-0.30°2 5/{1.00°480.0)+0 50°231 T460.0 = 0,35 < 1.0 {Ch 8.3.3)
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Colbeam EC3 - user defined

Wersion 1.1.7
Copyright () 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

Project: Transport analysis Pump module 40 tonnes Fage:
1M
ldentification: Beam MNo. 154 Diate: 4142016
Time: 11:27

File: new file

General:
Matarial: 5355 NHINLH fy = 35E MPa E = 00000 MPa
gmiligmi = 118115
Profile: Tube 32418 (Hot finishad) i j i Section property: Capacity
; d = 3240 mm A = 15482 mm2 Cross Section Class: 1022 N/MyMz
i = 18.0 rnm I = 3682E+2 mmd MNRd = 4778.2 kN
g = 121.5 kgim = 1.B41E+2 mmd  MyRd = 480.0 kNm
o E: = 1018 m2im  Wely = 1.130E+8 mm3  VozRd = 1758.8 kM
Wply = 1.519E+8 mm2
_1:|'_ '__'_ I |
L
\"::._:_-.'
Geomel oading: Endforces. (hNAthim/m)
| |
. i,
L=3.000m Auial forcs (kW)
— — —
ER
B4, 1.8
Bendng mamant My, khmp 200 Bending moment [Nz kHmy 0
AT
L
173.4 Shaar (Vz, kM) -1B2. Shear [V, kN)
Bucwling parameters: Y-axis Z-anis Lareral buckling parameters:
Buckling length facior 1.00 1.00 P
Buckling Curve d a
Slendemess lamda = 0.3a 033
Imteraction factors ki Method 1

Goveming Loadcase: Basic loads: G+ Q1 + Q2
SECTION CONTROL:

IR = My, Ed/Wy.Rd = 209.0/469.0 =
IR = by, EdMN, v Rd = 289.0/468.0 =
IR =%z, Ed'z,Rd = 182.5/11786.6 =

BUCKLING CONTROL:

037 <10
057 <10
00 =10

{1.00L; Ch §.2.5)
(1.00L: Ch &.2.8)
(1.00L; Ch &.2.8)

IR = NEAMb.yRd + kyy My Ed(AT*MyRd) + kyzMz EdMz Rd = 3.1/4002.4+0.55°260.01.00°458.0)+0.35°1_5/489.0 = 0.34 < 1.0 (Ch8.3.3)
IR = NEdMb,zRd + bzy*MyEd/T*My,Rd) + kzz"Mz, Ed/M=Rid = 3.1/4B02 40, 35°260.0/{1.00°480.0)+0 581 54800 = 0.20 = 1.0 {Ch 5.3.3)
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culbeam EC3 - User defined Project: Transport analysis Pump module 40 tonnes Fags:
1M
Member Design Program incl updates uniil Feb 2012
Version 1.1.7 ldentification: Beam Mo 201 Diate: 41572016
Copynight (C) 2010-2012 StruProg AB Time: 10-2
Fila: new file
Generai:
Mlaterizl: 5355 NHMNLH fy = 355 MPa E =  210000.0 MPa
gmil¥gm1 = 1.15M.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 3632E+8 mmé  MRd = 47792 kN
g e 1215 kgim |y = 1.841E+3 mmd MyRd = 4890 kMNm
== T 5 e 1.018 m2m  Wely = 1.136E+8 mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
Geomeingl cading: Endforces. mvm
. -
|_L=3.ﬂoam _| Axial force (kN
aT
-155 -0z
- 10.4 - . 01
Bending moment My, kMNm) : Bending moment (Mz, kkhm))
" Shear vz, kM) -18.2 Shear (v, k)
Larersi buckfing paramerers:
x
Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL-

IR =MyEdMyRd=1044600= 004 <10{1.00L; Ch.25)
IR = My EMN.y.Rd = 19.4486.0 = 004 < 1.0{1.00; Ch6.21)
IR =\=Ed\zAd= 18217586 = 004 <1.0{1.00L; Ch6.28)
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Colbeam EC3 - user defined
Member Design Program incl updates until Feb 2012

Project: Transport analysis Pump module 40 tonnes

Page:
M

Wersion 1.1.7 Identification: Beam Mo. 216 Diate: 411412016
Copyright (G) 2010-2012 StruProg AB Timea: 12:6
File: new file
General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiligmi = 1.18M1.15
Profile: Tube 114=8 (Hot finished) Cimensions snd weight Section property: Capacity
! d = Neld mm  p = 2038 mmZ  Cross Section Class: 1022 MMyz
t = 8.0 mm |y = 5055643 mmé4 MRd = 323.4 kN
g = 18.0 kp'm = 2O77E+8 mmd  MyRd = 2.8 kNm
o= 5 = 0358 m2im  Wely = 6223E+4 mm3  VozRd = 230 kN
Wply = 7.008E+4 mm3
ik |
II
Geomel oading: Endforces. (hNANm/m)
- i,
L=2.2330 Al force (kM
— G ol force WY,
20840
i T1] o
Bemaing maomant Ry, kKNm )
0.3
0.3 Shaar Ve, kN)
Buckiing parameters: ‘f-axis £-ands Lateral buchling paramerers:
BucHing length factor 1.00 1.00 b4
Bucking Curve a a
Slenderness larnda = 0.ar 0T
Imteraction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR =MNEdMRd = 2050628 4= 033 <1.0(0.50L ChB.24)
IR =%z, Edf\= Rd = 0.2231.0= 0.00<1.0{0.00L: ChB8.2.8)
EBUCKILING CONTROL:
IR = NEd™Mb,y,Rd =208.0/432.1 = 048 <1.0(ChE3.1)
IF.= NEdMb.z Rd =208.00432.1 = (48 = 1.0 {ChE.3.1)
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Appendix D4: Colbeam EC3 calculations for air lift Case B:Cooler module

R Project: Air ift analysis Cooler module 100 tonnes Fags:
ﬁ?:fneﬁaqmﬁg C:-;nd'f:'a: "r:: Feb 2012 n
I S i i
Version 1.1.7 Identification: Beam Mo.0 Diate: 4152016
Copyright (C) 2010-2012 SinuFrog AB Time: 14:10
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 273x16 (Hot finished) Dimensions and weight Section property: Capacity:
d e 2730 mm A = 12618 mm2 Cross Section Class: 1/2/2 N/MyMz
t = 18.0 mm b = Z141E+8 mmé4 MRd = 30878 kM
g e 1014 kg'm |y = 1.071E+3 mm4 MyRd = 3268 kMNm
== T 5 e 0858 m2m \Wely = 7.844E+5 mm3 VozRd = 14857 kM
Wply = 1.058E+8 mm3
I = o
Geometrpl oading; Endforces: m/m
_. -
l_L=?.DCﬂm Axial force (kKM
e
473 -30.0
Bending moment My, KNm] 251 Bending moment (Mz, KHm) 250
e A
-14.5 Shaar (W, k) -14.5
Larerai buciding paramerers:
x
Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MySdMyRd=5373266= 0.16<10{1.00L Ch8.25)
IR = My EdMN yRd = 53.77326.1 = 0.16 < 1.0{1.00L; Ch8.2.6)
IR =VzEdVzRd = 14514857 = 0.1 < 1.0{0.00L; Ch8.26)
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CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Colbeam EC3 - user defined

ersion 1.1.7
Copyright (G) 2010-2012 StuProg AB

Member Design Program incl updates until Feb 2012

Project: Air lift analysis Cooler module 100 tonnes Page:
L
Identification: Beam Mo 17 Date: 41152016
Time: 14:13

File: news file

General:
Matarial: 5355 NHMLH fy = 355 MPa E = 2100000 MPa
gmiigmi = 1.15M1.15
Profile: Tube 272¢18 (Hot finished) i i : Capacity
! d = 730 mmop = 12818 mm2  Cross Section Class: 1/22 MiMy/Mz
t = 18.0 mm Ix = 2141E+8 mm4 M.Rd = 3887.8 kN
g = 1014 kg'm = 1071IE+2 mmd  MyRd = 3266 khm
o 5 = 0558 m2im  Wely = T7.844E+5 mm2  VozRd = 1485.7 kN
Wply = 1.088E+8 mm3
e )P
%o bz
\'\:. _—
Geomal oadin Endforces: kN Aimfm]
[ |
. -
L=7.000m Auodisl forcs (kM)
— — o e
167
=T2.2)
44 7
Bendirg momeant {My, kMm)}
T
~16.6 Shear (Vz, kW) 166
Buciing parameters: Y-ads £-ads Lateral buclding parameters:
Buckling length factor 1.00 1.00 %
Buckling Cunwe a a
Slendermness lamda = 1.0 1.01
Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + @2

SECTION CONTROL:
IR = My EdMy,Rd = 72 27326.8 =

0.22 < 1.0 {0.00L; ChE.25)

IR = My EdMAN,yRd = 72.27326.8 = 0.22 < 1.0 (0.00L; Ch6.2.8)

IR =z, Edfvz, Rd = 16.8/1465.7 =
BUCKLING CONTROL:

0.04 < 1.0 {0.00L; Ch 8.2.6)

IR = NEQNb.y.Rd + kyy My EdpAT-MyRd) = 15.7/2838 7+0.08°T2.201.00*326.8) = 0.15 < 1.0 [Ch8.3.3)
IR = NEdMb.zRd + kzy*My S/l T*My,Rd) = 15.7/2838. 7+ 40°72. 201 00*226.8) = 0.08 = 1.0 {Ch 6.3.3)
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Colbeam EC3 . user defined

Wersion 1.1.7
Copyright (C) 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

Project: Air lift analysis Cooler Madule 100 tonnes

Page:
M

Identification: Beam Mo.24

Diate: 4152016

Time: 18:24

File: new file

General:
Mzterial: 5355 NHMLH fy = 355 MPa E = 200000 MPa
gmiligmi = 1.18M1.15
Profile: Tube 272¢18 (Hot finishad) i j i : Capacity
! d = 730 mmop = 12818 mmZ  Cross Section Class: 1122 M/MyMz
t = 18.0 mm I = Z141E+3 mmé4  NRD = 30878 kN
g = 101.4 kg'm = 1.0T1IE+3 mmd  MyRd = 32685 khm
o= 5 = 0858 m2im  Wely = T7.844E45 mm3  VozRd = 14857 kM
Wply = 1.058E+8 mm3
ik |
II
Geome oadin Endforces: (kN4Nm/m]
| |
. -
L=3000m Auial forcs (kW)
— — — ——————
6701
-25.3 T —————— .
(T e - .| | -7 %
Esznalirgg mamant {hy, kidm ) Banding moment (M, kNm) na
[:E] .4
e Ty
Sheaar Wy, kM)
Buciding paramegars: T-anis £-ads Lateral buchding paramerers:
Buckling length facior 1.00 1.00 W
Bucking Curve a a
Slendemess lamda = 0.43 0.43
Imteraction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:
IR = NEd™MRd = 870.1/3BET 5 =

017 < 1.0 {0.50L; ChE.2.4)

IR = My EdMN, v Rd = 25.3/310.8 = 008 < 1.0 (0.00L; Ch6.2.8)

IR =%z Ed"z Rd = 8.6M465.7 =
BUCKLING CONTROL:

0.04 < 1.0 {1.00L; ChE.26)

IR = NEAMb.y.Rd + kyy My Ed/pATMyRd) + kyz'Mz. EdMz Rd = 670.1/5765.9+0.83°25.3/(1.00*228.6)+0.3611.5/220.6 = 0.25 < 1.0 [Cha.3.3)
IR = NEME,zRd + kzy*My Ed/ T*My,Rd) + kez"Mz, Ed/Mz.Rd = 670.1/3785 0-0.50*25.3/(1 00*326.8)+0.60°11 50326.8 = 0.24 < 1.0 (Ch 8.3.3)
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culbeam EC3 - User defined Project: Air lift analysis Cooler module 100 tonnes Fags:
11
Member Design Program incl updates until Feb 2012
Version 1.1.7 ldentification: Beam Mo 27 Drate: 401572018
Copynight (C) 2010-2012 StruProg AB Time: 13:7
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 273x16 (Hot finished) Dimensions and weight Section property: Capacity:
I d e 2730 mm A = 12618 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 2141E+8 mm$  MRd = 30378 kN
g e 1014 kg'm |y = 1.071E+3 mm4 MyRd = 3268 kMNm
== T 5 e 0858 m2'm Wely = 7.844E+5 mm3 VozRd = 14857 kM
Wply = 1.058E+8 mm3
I = o
Geometryl oading: Endforces. mm
_. -
l_L=2.50€|m _| Axial force (kN
184,
125 Eanding momens (My, kNm) 1= E=nding momant [Nz kHm)]
4.1
Shear [z, kN) -43.3 Shear (W, kiN)
Lareral buckding paramerers:
x
Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MNEDNRd =-18483087 8= 0.05<1.0(0.50L; Ch8.23)
IR = My EdMN.yRd = 125204 0= 004 <1.0(000L Ch8.29)
IR =VzEdVWzRd = 44114857 = 0.03 < 1.0{0.00L; Ch 8.28)
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colbeam EC3 - User defined Project: Air lift analysis Cooler Medule 100 tonnas :’;ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 ldentification: Beam Mo 35 Date: 415/2016
Copyright (C) 2010-2012 StruProg AB Time: 1829
File: new fila
General:
Material: 5355 NH/MLH fy = 355 MPa E = 210000.0 MPa
gmidigmi = 1.15/1.15
Profile: Tube 114x8 [Hot finishad) Dimensions and weight: Section property: Capacity:
d = 114.0 mm A = 2038 mmz2 Cross Section Class: 1/2/2 N/My/Mz
t = 8.0 mm Is¢ = B5.055E+8 mmd MRd = 828.4 kM
g = 18.0 kgim |y = 2O7TE+8 mm4 MyRd = 21.8 kNm
g = 0358 mZim  Wely = 5.223E+4 mm3 VezRd = 231.0 kN
Wely = T7.008E+4 mm3
Geometryl oading: Endforces: [kiWNmim)
I Axial T (KN}
L=7620m dl Torce
— r .
o83
00 00
Bending momant My, kMm)
08
Shear [Vz, kM) 06

Latersl buckiing parameters:

®

Govemning Loadcase: Basic loads: G+ Q1 + Q2
SECTION CONTROL:

IR =MNEdINRd = -318.8/628.4 = 051 < 1.0(0.50L; Ch 8.2.3)
IR =Wz Ed\Vz.Rd = 0.8/231.0 = 0,00 < 1.0 (0.00L; Ch 6.2.8)
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Cﬂ'lbeam EC3 - User defined Project: Air lift analysis Cooler Madule 100 tonnes. Page:

"
Member Design Program incl updates until Feb 2012 ’
Wersion 1.1.7 Identification: Beam Mo.44 Date: 41152016

Copyright () 2010-2012 StruProg AB Time: 18:24
File: new file

Genearal:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 WPa
gmiligrni = 1.18M1.15

Profile: Tube 272¢18 (Hot finished) Dimensions snd weight

. Capacity
12818 mm2 Cross Saction Class: 1/2/2 N/My/Mz

d = 273.0 mm A =
t = 16.0 mm |y = Z141E+% mm4  MRd = I9ETE KN
g = 101.4 kg'm = 1.07T1E+3 mmd  MyRd = 3266 khm
== 5 = 0LB5E mEim  Wely = T7.844E+5 mm3  VeczRd = 14857 kM
Wply = 1.058E+8 mm2
ik i
il
Geome oading: Endforces.: (hNANm/m)
. -
L =3.000 Acial force (kM
— m LT
568
I — 403
0.1 [ TR
| ||||||||||||||||||||||||||||||||W
35 Banding mamant (hy, kNm} Bending mament (Mz, kHm)
s
09
Shear vz, KN) -35 Shear (W, K} a0
Buckiing parameters: -amis Z-axis Lateral buchling parameters:
Bucking length factor 1.00 1.00 x
Bucking Curwe a a
Slenderness lamda = 043 0.42
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR =MEJd™Rd = 55.8/3087.8 = 0.01 = 1.0 (0.50L; Ch8.2.4)

IR = My, EdMN,y.Rd = 3.5326.4 = 0.01 = 1.0 (0.00L: Ch 6.2.8)
IR =%z, Ed\z. Rd = 3.811486.7 = 0.00 = 1.0 {0.00L: Ch 6.28)

BUCKLING CONTROL:
IR = NEQMb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMzRd = 55.53765.8+0 B73.501.00*328 6)+0.53°0.21320.6 = 0.03 < 1.0 (Ch6.3.3)
IR = NEAMbzZRd + kzy"MyEdix T*My,Rd) + kzz"Mz,EdMz.Rd = 55.8/3765 0+0.58°3 5/(1.00°326 6}+0.80°0. 23268 = 0.02 < 1.0(Ch £.3.3)
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culbeam ECS - User defined Project: Air lift analysis Cooler module 100 tonnes Fags:
1M
Member Design Program incl ates until Feb 2012
Version 1.1.7 ved Identification: Beam MNo.80 Date: 41572016
Copyright (C) 2010-2012 StruProg AB Time: 1258
File: new file
General:
Materisl: 5355 NHMLH fy = 355 MP= E = 210000.0 MPa
gmi¥gm1 = 1.15M.15
Profile: Tubs 273x18 (Hot finished) Dimensions and weight Section pro Capsacity:
d e Z73.0 mm A = 12618 mm2 Cross Section Class: 1022 Nikky/Mz
i = 180 mm B = 2141E+8 mmé  NRd = 38875 kN
g e 1.4 kg'm |y = 1.07TIE+E mm4 MyRd = 3268 kMNm
== T 5 B 0258 m2'm \Wely = 7.544E+5 mm3 VezRd = 14857 kM
Wply = 1.058E+8 mm3
Geometryl cading: Endforces: myim
. -
|_L=2.50€|m _| Axial force (kM
1T
-157.8 | 40
1088 13
Bending moment My, kMm) Bending moment (Mz, khm) :
Lareral buckding parameners:
x
Goweming Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

R =MyEdMyRd =157 53266= 048<10(1.00L:ChE25)
IR = My EdMNyRd = 157 53088 = 048 <10 (1001 Cha2g)
R=VzEdVzRd=150.1/14657 = 0.1 < 1.0{0.00L; Ch6.26)
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Appendix Ds: Colbeam EC3 calculations for offshore lift Case B:Cooler

module

R Project: Cffshore Eft analysis Cooler Module 100 tonn Fags:
ﬁ?ﬁ?{?ﬁaqmﬁg C:-;nd'ﬁ'a: "r:: Feb 2012 = i
I S i i
Version 1.1.7 Identification: Beam Mo.0 Diate: 4152016
Copynight (C) 2010-2012 StruProg AB Time: 20:14
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 273x16 (Hot finished) Dimensions and weight- Section property: Capacity:
d e 2730 mm A = 12618 mm2 Cross Section Class: 1/2/2 N/MyMz
t = 18.0 mm b = Z141E+8 mmé4 MRd = 30878 kM
g e 1014 kg'm |y = 1.071E+3 mm4 MyRd = 3268 kMNm
== T 5 e 0858 m2'm Wely = 7.844E+5 mm3 VozRd = 14857 kM
Wply = 1.058E+8 mm3
LY A 2
Geometrpl oading; Endforces: m/m
_. -
l_L=?.DCﬂm _| Axial force (kN
134.
56.3 414
Bending moment [My, KNm) 45 Bendi - #1.1
1 ng moment [z, khm)
e A
-20.1 Shaar (W, k) -20.1
Larerai buciding paramerers:

x

Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-
IR = My EdMy Rd = 7453288 =

0:23 < 1.0 {1.00L; Ch8.2.5)

IR =My EdMNyRd =74 52058 = 023 <1.0(1.00L: Ch8.29)

IR =\z EdVz Rd = 20.11485.7 =

00 < 1.0 (0UDOL; Ch B8.2.8)
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Cﬂlbeam ECS -User defined Project: Offshore lift analysis Cooler Module 100 tonn Page:
5 11
Member Design Program incl updates until Feb 2012 == ’
\fersion 1.1.7 ldentification: Beam Mo. 17 Date: 41152016
Copyright {C) 2010-2012 StruProg AB Time: 2013
File: new file
Genearal:
Material: 5355 NHMLH fiy = 355 MPa E = 10000.0 WPa
gmiligrmi = 1.18M1.15
Profile: Tube 273¢168 (Hot finished) Dimensions snd weight : Capacity.
) d = 273.0 mm . = 12818 mm2 Cross Saction Class: 1042 MIMyMz
t = 180 mm gy = 2141E+2 mmd4  MWRd = 20278 kN
g = 1014 kgim = 10TIE+2 mmd  MyRd = 3266 khm
= 5 = 0858 mim  Wely = T.844E+5 mm3 VeozRd = 1485.7 kM
Wply = 1.058E+8 mm3
1 1
Wt )
Yoo g
\j:_ —
Geomea aadin Endforces- (kNANmim)
. e
=7, Axial fo kM)
L=7.000m al force
2148 ’
=100.1
a.n
Bz 04
Banding mamsant (My, kNm} Banding moment (M, kMm)
e AT A o "
-23.0 Shsar Ve, KN -23.0 Shear Wy, kM)
Buckiing parametars: ‘-3uis Z-zods Lateral buckding paramerers:
Bucking length factor 1.00 1.00 Y
Bucking Curve a a
Slenderness larda = 1.1 1.01
Interaction factors ki Method 1

Goweming Leadcase: Basic loads: G+ Q1 + G2

SECTION CONTROL:
IR = iy, Ed/My,Rd = 100.1/326.8 =

0.3 = 1.0 (2.00L; Ch 8.2.5)

IR = My EdMN,y.Rd = 100.97326.8 = 0.31 < 1.0 (2.00L; Ch &.2.8)

IR =%z, Edivz Rd = 23.0/1468.7 =
BUCKLING CONTROL:

0.02 < 1.0 {0.00L; Ch .28}

IR = MEQNby.Rd + kyy My EdpAT My Rd) + kyz*Mz.EdMz Rd = 21.52836.7+0.656°100.1/1.00°328.6)+0.410.0/328.6 = 0.21 < 1.0 [Ch8.3.3)
IR = MEQMb.z Rd + kzy My Ed/p T*My,Rd) + kzz"Mz,Ed/Mz.Rd = 21.3/2635 7+0.40100.1/(1 D0326.5)+0 65°0.0E26.8 = 0.12 « 1.0 (ChE.3.3)
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Colbeam EC3 . user defined

Wersion 1.1.7
Copyright (C) 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

=1

Project: Offshore lift analysis Cooler Module 100 tonn

Page:
M

Identification: Beam Mo.24

Diate: 4152016

Time: 20:24

File: new file

General:
Material: 5355 NHMLH fiy = 358 MPa E = 2100000 MPa
gmiligmi = 1.18M1.15
Profile: Tube 272¢18 (Hot finishad) i j i : Capacity
! d = 730 mmop = 12818 mmZ  Cross Section Class: 1122 M/MyMz
t = 18.0 mm |y = 2141E+3 mmé4 MNRd = 35378 kN
g = 101.4 kg'm = 1.0T1IE+3 mmd  MyRd = 32685 khm
o= 5 = 0858 m2im  Wely = T7.844E45 mm3  VozRd = 14857 kM
Wply = 1.058E+8 mm3
ik |
II
Geome oadin Endforces: (kN4Nm/m]
| |
- i,
L=3000m Auial forcs (kW)
— — — ———
9233
-35.1 T — M
T e - .| {70
Esznalirgg mamant {hy, kidm ) Banding moment (M, kNm) 160
a4 8.8
00O
-12.0 Sheaar Wy, kM)
Buckiing parameters: ‘f-axis £-ands Lateral buchling paramerers:
BucHing length factor 1.00 1.00 b4
Bucking Curve a a
Slenderness larnda = 0.43 043
Imteraction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:
IR = NEd™MRd = 920 3/3BET 5 =

0.23 < 1.0 (0.50L; ChE.2.4)

IR = My EdMAN, v Rd = 35.1/200.2 = 012 < 1.0(0.00L; Ch6.2.8)

IR =Wz Ed"z Rd = 12.001465.7 =
BUCKLING CONTROL:

0.04 < 1.0 (1.00L; ChE.26)

IR = NEAMb.y.Rd + kyy My Ed/pATMyRd) + kyz'Mz EdMz Rd = 520.3/5765.9+0.52°35.1/1.00*228.6)+0.35*16.0/326.6 = 0.35 < 1.0 [Cha.3.3)
IR = NEME,zRd + kzy*My Ed/ T*My,Rd) + kez"Mz, Ed/Mz,Rd = 020 /3785 0+0.40*35.1/{1 00*326 8)+0.5516.0V326.8 = 0.33 < 1.0 (Ch 8.3.3)
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culbeam EC3 - User defined Project: ':;Ffﬁhure it analysis Cooler Module 100 tonn I:';ge:
Member Design Program incl updates uniil Feb 2012
Version 1.1.7 Identification: Beam Mo.27 Date: 4152016
Copynight (C} 2010-2012 StuProg AB Time: 20:11
Fila: new file
General:
Msterisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmilgm1 = 1.15/1.15
Profile: Tube 273x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 2730 mm A = 12018 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 2141E+8 mmé MRd = 30373 kN
g e 1014 kg'm |y = 1.071E+3 mm4 MyRd = 3268 kMNm
== T 5 B 0858 m2'm \Wely = 7.844E+5 mm3 VezRd = 14857 kM

Wipl.y 1.058E+3 mm3
Geomeingl cading: Endforces. mm
_. -
|_L=2.50€|m _| Axial force (kN
2580
173 Eanding moment (My, khm) 103 E=nding momant [Nz, kHm)]
B1.1 0.0
0.0
Shear [z, kN) -80.7 Shear (W, kiN)
Larerai buckiing paramerers:
b4
Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL-

IR =NEdMNRd =-258.03087 8 = 006 <1.0(0.50L ChB6.23)
IR = MyEdMMyRd = 1733238 = 0.05<1.0({0.00L; ChB.28)
IR =\ EdVzRd =81.114857 = 004 <1.0(0.00L; Ch8.28)
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Colbeam EC3 - user defined

Member Design Program incl updates uniil Feb 2012

e5

Project: Cffshore §ft analysis Cooler Module 100 tonn Fags:

11

Version 1.1.7 ldentification: Beam Mo .35 Drate: 401572018
Copynight (C) 2010-2012 StruProg AB Time: 20-26
Fila: new file
General:
Msterisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmilgm1 = 1.15/1.15
Profile: Tube 114x3 (Hot finished) Dimensions and weight: Section property: Capacity:
d e 1140 mm A = 2036 mm2 Cross Section Class: 1/2/2 N/MyMz
i = BO mm  x = 5055646 mmé MNRd = 828.4 kN
g e 180 kg'm |y = ZO77E+§ mm4 MyRd = 218 kMm
e 5 e 0358 m2'm Wely = 5223E+4 mm3 VozRd = 2310 kN
Wply = 7.006E+4 mm3
Geomeingl cading: Endforces: mm
_. -
|_ L=7.820m _| Axial force (kN
e

4433

0.0

0.0

Bending moment My, kMNm)

08

Shear vz, kN)

-0.8

Lareral buckding paramerers:

x

Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL-

IR =MNEdNRd =-£4356284= 07110 [:Iﬁ'}l_ Chiaz %}
IR =VzEdVz Rd =0%231.0= 0.00 < 1.0 {000 ChB2E)
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Cﬂlbeam EC3 - User defined Project: Offshore lift analysis Cooler Module 100 tonn Page:
5 M

Member Design Program incl updates until Feb 2012 == ’

Wersion 1.1.7 Identification: Beam Mo.44 Date: 41152016

Cnp‘gﬂ'igl‘ftlﬁ] 2010-2012 StruProg AB Time: 20:22

File: new file

General:

Material: 5355 NHMNLH fy = 358 MPa E = 2100000 MPa

gmiigm1 = 1.18M1.15

Profile: Tube 2?3x1ﬂ{Hmﬁn|5h5:l} Limensions snd weight : Capacity
12818 mm2 Cross Section Class: 10212 MiMy/Mz

d = 273.0 mm A =
t = 18.0 mm |y = 2141E+2 mm4 MNRd = 28378 kN
g = 101.4 kp'm = 1.071E+3 mmd  MyRd = 3266 khm
o 5 = 0858 m2im  Wely = 7.844E45 mm3 WezRd = 143857 kM
Wply = 1.058E+8 mm2
_1:F '__'_ 1! |
L
\'\:: _—
Geomel oading: Endforces: kM Amim]
| |
. -
| L=3000m ___| HFudisl forgs (kM)
—
T4
4 TR
O /A
E.erujrq miamsant {y, kMm} Banding moment (M, kiMm)
53
i ] |II|II|||||II||I||I||II||I||I||II||I||I||II||||||I
Shaar Ve, kM) -4.8 Sheaar [y
Buchiing parameters: f-gxis Z-anis Lateral buchling parameters:
Buckling length facior 1.00 1.00 w
Buckling Cunve a a
Slenderness larnda = 0.43 0.43
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR = HEd™Rd = 77 43087 8 = 0.02 < 1.0(0.50L; Ch8.2.4)

IR = My EdMN, v Rd = 483262 = 0.01 =1.0(0.00L; ChE28)
IR =%z, Edhz Rd = 5.311466.7 = 0.00 = 1.0 (0.00L: Ch 8.2.6)

BUCKLING CONTROL:
IR = NEQNb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMzRd = 77.4/3765.8+0 B7-4.5(1.00*328 6)+0.80*0.21320.6 = 0.04 < 1.0 (ChE.3.3)
IR = NEME,zRd + kzy*My Ed/p T*My,Rd) + kaz"Mz, Ed/Mz.Rd = 77.4/3765. 00,5844 2/[1.00°228 81+ 1 00232688 = 0.03 < 1.0 (Ch 8.2.3)
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Cleeam Ecs - User defined Project Offshore lift analysis Cooler Module 100 tonn :';g:e:
Member Design Program incl updstes unfil Feb 2012 =
Version 1.1.7 ldentificafion: Beam Mo 80 Date: 4152018
Copyright {C) 2010-2012 StruProg AB Time: 20:8
File: new filz
General:
katerial: 5355 NH/NLH fiy = 355 MPa E = 210000.0 MPa
gmiigm1 = 1.18M.15
Profile: Tube 273x18 (Hot finished) Dimensions snd weight Secfion properfy- Capsaciby-
o = 2730 mm A = 12012 mm2 Cross Section Class: 122 NMy/Mz
t = 16.0 mm bx = Z141E+2 mmd M.Rd = 30878 kN
g = 101.4 kgim 1y = 1.07T1E+% mmd MyRd = 3268 kMm
5 = 0.858 m2M  wely = T7.844E+5 mm3  VczRd = 1485.7 kN
Wply = 1.058E+6 mm3
Geom oading: Endforces: (khi/ANmim)
. - i
L=2500m A:lual force (kM)
00 & —
-2185 43
i 1521 | S
Bending moment (M. lddm) Bending momeant (Mz, kNm)
g 7 O 11110 AT
Shear (V. kN) -Z20.1 | 77 Shear (Wy. kN) o
Lareral buckling paramezers:
x
Governing Loadcase: Basic loads: G+ Q1+ Q2
SECTION CONTROL :

IR =MyEdMyRd =218.53266= 067 <1.0(000L ChE25)
IR = My,EdMN,y,Rd = 218.5/328.6 = 0.67 < 1.0 (0L00L: Ch 8.2.8)
IR =Ve,EdVe Rd = 220714857 = 0.15 < 1.0 (1.00L; Ch82.8)
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Appendix Ds: Colbeam EC3 calculations for transportation Case B:Cooler
module

Cﬂlbeam EC3 - User defined Project: Transport analysis Cooler module 100 tonnes ;Piige:
Member Design Program incl updates until Feb 2012 !
Wersion 1.1.7 Identification: Beam Mo.® Date: #152016
Copyright {C) 2010-2012 StruProg AB Time: 12:45
File: new file
General:
Material: 5355 NHIMLH fiy = 358 MPa3 E = 2100000 MPa
gmiligmi = 1.15M1.15
Profile: Tube 272¢18 (Hot finished) Dimensions snd weight Section property: Capacity
! d = 730 mm p = 12618 mmZ  Cross Section Class: 1122 MiMyMz
t = 18.0 mm |y = 2141E+2 mmd4 NRd = 39878 kN
g = 104 kgim = 107TIE+3 mm4  MyRd = 326.5 kNm
e U 5 = 085 miim  Wely = T.844E+5 mm3  VozRd = 1485.7 kM
Wply = 1.058E+8 mm2
fer ) P
B o
Geomel oading: Endforces. (WNANm/m)
[ |
. il
L=7.000m Hodal force (kML
— ———
286 8
-35.3 -T.1
17.9
Bending mamant {ky, kMm} Bending moment (M, kMm) a7
20 20
|||||||||||||||||||||mmm................... 000 OB
2B
126 Shuar (W, kN) Shear [V, kM)
Buckiing parameters: -5 Z-ais Lateral buchkling parameters:
Bucking length factor 1.00 1.00 w«
Bucking Curve a a
Slenderness larnda = 1.0 1.01

Interaction factors ki Method 1

Goweming Loadcase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:

IR =My EdMyRd=23533288= 0.1 <1.0{0.00L; Ch3Z5)
IR = My EdMM, v Rd = 3523220 = 011 = 1.0 {0.00L: Chia28)
IR =Y%z,Ed"z,Rd =12.6/1465.7 = 0.01 = 1.0 (0.00L; Ch &.2.8)

BUCKLING CONTROL:
IR = NEAMb.y.Rd + kyy*My Ed/bAT*My Rd) + kyz*Mz EdMz. Rd = 288 52638, 7+0.65°35.2/(1.00*228.6)+0.34*T. 113286 = 0.8 = 1.0 (Ch8.3.3)
IR = NEME,zRd + kzy"My Ed/LT*My,Rd) + kzz"Mz,Ed/M=.Rd = 286 5/2628 T+0.41*35.3/{1 00°326 8}+0.57°7.1/326.8 = 0.17 < 1.0 [Ch £.3.3)
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culbeam Ec3 User defined FProject Transport analysis Cocler module 100 tonnes Fage:
- 1M
Member Design Program incl updates until Feb 2012
ersion 1.1.7 Identification: Beam Mo 17 Date: 4/15/2018
Copyright (C) 2010-2012 StruFrog AB Time: 12:48
Filz: new file
General:
Material 5355 NHMNLH fy = 355 MPa E = 210000.0 MPa
gmiigm1 = 1.18M1.158
Profile: Tube 273218 (Hot finished) Dimensions and weight: Section property: Capacity:
r d = 273.0 mm & e 12012 mm2 Cross Section Class: 1/2/2 M/My/Mz
t = 18.0 mm [ =  2141E+8 mmé4 N.Rd = 3BET.8 kN
g = 101.4 kg/m |y =  107TIE+E mmé4 MyRd = 326.8 kMm
= s = 0858 m2im ey =  T7.544E+5 mm3 VezRd = 1485.7 kM
: b Wely = 1.058E+56 mm3
Ik =+ il "
- i
Geomeiryl oading- Endforces: kNANmdm)
el

—._
L=7.000m

—

By

Aoaal force (KN
P e W

-45.&]]m]]]]m

18.2

Banding moment {ky, kMm)

-13.1 Shear Wz, kN)

[TTIATTIITTIITTTiIs _

Larersi buckiin

X

T ETErS.

Gowerning Loadecase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:
IR = My.EdMy,Rd = 45.8/328.6 =

IR =Vz.Ed\z,Rd = 13.1/1485.7 =

0.14 < 1.0 {0.00L; Ch 6.2.5)
IFt = My EdMN.y,Rd = 45,5328 8 = 0.14 < 1.0(0.00L; Ch 6.2.0)
0.04 < 1.0 {0.00L; Ch 6.2.6)
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Cﬂ'lbeam EC3 - User defined Project: Transport analysis Cooler module 100 tonnes ?192:
Member Design Program incl updates until Feb 2012
\fersion 1.1.7 |dentification: Beam Mo 18 Date: 41152016
Copyright (G) 2010-2012 StuProg AB Time: 12:55
File: news file
General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiigmi = 1.15M1.15
Profile: Tube 114=8 (Hot finished) Limensions snd weight Section property: Capacity
! d = Nl mm a4 = 2038 mmZ  Cross Section Class: 1142 WiMyMz
! = 8.0 mm oy = 5.055E+8 mm4 MNRd = 8234 kN
g = 18.0 kpm = 2077E48 mmd  MyRd = 216 khm
e 5 = 0358 maim  Wely = 5.223E+4 mm3 ez Rd = 2310 kN
Wply = T7.008E+4 mm3
1 1 |
—1:F- = il
W g
\'\:. -
Gepmaeal oading: Endforces: kN Aimfm]
. -
=7 Axial fiol k)
L=7.430m al force
ER] ’
L] il
Bendirg momeant {My, kMm)}
WE]
-0.8 Shaar Ve, kN)
Buckiing parameters: Y-axis £-ans Lateral buckling parameters:
Bucking length factor 1.00 1.00 Y
Buckling Cunwe a a
Slenderness larnda = 2.54 2.54

Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + @2
SECTION CONTROL:

IR =MEJMRd = 37.6/628.4= 0.06< 1.0 (051 Chaz4)
IR =Yz, Edz.Rd = 0.87231.0= 0.00< 1.0 (000 ChE.28)

BUCKLIMNG CONTROL:
IR = NEdMb.y,Rd = 37.6/80.3 = 0.42 < 1.0 (Ch6.3.1)
.= NEd/Mb.zRd =37.6/58.3= .42 < 1.0 (Ch 6.2.1)
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Project: Transport analysis Cooler module 100 tonnes Page:
Eolbeam EC;-UierdEﬁnH.j i
Member Design Program incl updates until Feb 2012
Wersion 1.1.7 Identification: Beam Mo.24 Diate: 41152016
Copyright (G) 2010-2012 StruProg AB Time: 12:53
File: new file
General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiligmi = 1.18M1.15
Profile: Tube 272¢18 (Hot ‘ﬁHIEhEd} Cimensions snd weight Capacity
d = 730 mmop = 12818 mmZ  Cross Section Class: 1122 M/MyMz
t = 18.0 mm |y = 2141E+3 mmé4 MNRd = 35378 kN
g = 101.4 kg'm = 1.0T1IE+3 mmd  MyRd = 32685 khm
= 5 = 0858 maim  Wely = 7.844E+5 mm3 VozRd = 14857 kM
Wply = 1.058E+8 mm3
ik |
il
Geomel oadin Endforces. (hNANm/m)
- i,
L=23.000m Al force (kM
l— —I —
744
-2:|.4P]]j]m 24
0.4 1 Y 13
Esznalirgg mamant {hy, kidm ) Banding maoment (M, kiNm)
14 1.9
00O
. ||||||||||||||||||||||||IIIIIIIIIIIIIIIIIIII||I|||
Shaar (VE, kM) Sheaar Wy, kM)
Buckiing parameters: ‘f-axis £-ands Lateral buchling paramerers:
BucHing length factor 1.00 1.00 b4
Bucking Curve a a
Slenderness larnda = 0.43 043
Imteraction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:
IR = My Edihiy Rd = 23 47328.8 =

0.07 < 1.0 {0.00L; Ch6.2.5)

IR = My EdMN, v Rd = 23473263 = 007 < 1.0(0.00L; Ch6.2.8)

IR =%z Ed"Wz Rd = 17 W1465.7 =
BUCKLING CONTROL:

0.0 < 1.0 (1.00L; Ch8.2.6)

IR = NEAMb.y.Rd + kyy My Ed/(AT*MyRd) + kyz'Mz EdMz Rd = 74.003765.9+0 60°23.4/(1.00°328 6)+0.38°2.3/220.6 = 0.07 < 1.0 (Ch8.3.3)
IR = NEdME,zRd + kzy*MyEd/pT*My,Rd) + kez"Mz, Ed/Mz,Rd = 74 9/3785.0+0.28*23.4/{1.00*326 8+ 63°2 W326.8 = (.05 = 1.0 {Ch §.3.3)
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Colbeam EC23 - user defined

Member Design Program incl updates until Feb 2012
\dersion 1.1.7

Project: Transport analysis Cooler module 100 tonnes

Page:
"

Identification: Beam Mo 23

Diate: 4152018

Copyright (C) 2010-2012 StuProg AE Tine: 12:42
File: news file
Genearal:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiligrmi = 1.15M1.15
Profile: Tube 27218 (Hot finished) i i : Capacity
! d = 730 mmooa = 12818 mm2 Cross Section Class: 1022 N/MyMz
t = 160 mm |y = Z141E+2 mm4  MRd = 3PETE KN
g = 1014 kg'm = 1.07T1E+3 mmd  MyRd = 3266 khm
= 5 = 0.BBE mZim  Wely = T7.B44E+5 mm3  VozRd = 14857 kN
Wply = 1.088E+8 mm2
ey ) p
I'-.'-\. L:
\1:. -
Gepmae oadin Endforces- (hNANm/m)
[ |
. -
I L=2500m sl foree (KN}
]
04
-3
0.1
Biznalireg mamsnt (M, KM m} TaE Banding mamaent (M, km)
O 1101 W O 110
Shear (Vz, kN) 623 | "7 Shear (W, kN) -
Buckiing paramerers: -guis Z-ais Lateral buckling parameters:
Buckling length factor 1.00 1.00 Y
Bucking Curwe a a
Slendernzss lamda = 0.38 0.25
Imteraction factors ki Method 1

Goweming Loadcase: Basic loads: G+ Q1 + Q2
SECTION CONTROL:
IR = Wty Ed/hy,Rd = T2.8(326.6 =

0.24 = 1.0 (1.00L; Ch6.2.5)

IRt = Wiy EdMiN, v Rd = T8.8326.3 = 0.24 <1.0(1.00L; Ch6.28)

IR =z Edfvz, Rd = B2. 3114687 =
BUCKLING CONTROL:

0.04 = 1.0 {1.00L; Ch&.2.6)

IR = NEQNb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMz Rd = 72.603841.0+0.65°75.8/( 1.00°328.6)+0.45°0.4/320.6 = 0.18 < 1.0 (Ch5.3.3)
IR = NEQMbZ Rd + kzy"MyEdipl T*My,Rd) + kzz"Mz EA/Mz.Rd = 72.8/3541.0+0.41°T5 211 00°326 8}+0 TE0.4/326.8 = 0.12 < 1.0 [Ch 5.3.3)
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Colbeam EC23 - user defined

Member Design Program incl updates until Feb 2012

Project: Transport analysis Cooler module 100 tonnes

Page:
"

\dersion 1.1.7 Identification: Beam Mo.44 Date: 4152016
Copyright (C) 2010-2012 StuProg AB Time: 12:50
File: news file
Genearal:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiligrmi = 1.15M1.15
Profile: Tube 27218 (Hot finished) i i : Capacity
! d = 730 mmooa = 12818 mm2 Cross Section Class: 1022 N/MyMz
t = 18.0 mm |3 = 2141E+2 mm4  MRd = 39878 kN
g = 1014 kg'm = 1.07T1E+3 mmd  MyRd = 3266 khm
= 5 = 0.BBE mZim  Wely = T7.B44E+5 mm3  VozRd = 14857 kN
Wely = 1.053E+8 mm2
1 [l |
—1:F- 4 il
I'-.'-\. L:
\1:. -
Gepmae oadin Endforces- (hNANm/m)
. -
=3 Axial fiol k)
L= 3.000 m &l force
544
-0.1
43 0 AT
3 3E!nEtru:!n'-;| mevmiant | My, kim} Bending maoment (e, kiNm)
10,3 T —
T e . . 0o
Shaar (Vz, kM) Sheaar W, kM)
Buckiing paramerers: -guis Z-ais Lateral buckling parameters:
Buckling length factor 1.00 1.00 Y
Bucking Curwe a a
Slendernzss lamda = D43 043
Imteraction factors ki Method 1

Goweming Loadcase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:
IR = My, Ed/Wy,Rd = 13.2/328.6 =

IR =z, Edfvz, Rd = 10.311468.7 =
BUCKLING CONTROL:

0.04 < 1.0 {0.00L; Ch 6.2.5)
IR = bty EdMH,yRd = 13.3/326.4 = 0.04 < 1.0 {0.00L; ChB.2.8)
0.04 < 1.0 {0.00L; Ch&.2.6)

IR = NEQMb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMz Rd = 54 B03765.8+0.68°13.2( 1.00°328.6)+0.58°0.1/320.6 = 0.04 < 1.0 (Ch5.3.3)
IR = NEQMbZ Rd + kzy"MyEdipl T*My,Rd) + kzz"Mz,Ed/Mz.Rd = 54.5/3765.0+0.41*13.301.00°326,8}+0 030, 1/326.8 = 0.02 < 1.0 {Ch 5.3.3)
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culbeam EC3 - User defined Project: Transport analysis Cooler module 100 tonnes I:';ge:
Member Design Program incl updates until Feb 2012

Version 1.1.7 Identification: Beam MNo.G0 Diate: 41572016
Copyright (C) 2010-2012 StruProg AB Time: 12-30

Fila: new file
General:
Mlateris! 5355 NHMLH Ty = 355 MPa E =  20000.0 MPa
pmigm1 = 1.15M1.15
Profile: Tube 273x16 (Hot finished) Dimensions and weight: Section property: Capacity:

d 2730 mm A

12618 mm2 Cross Section Class: 1522 NMy/Mz

i = B0 mm o = 2141E+8 mmé  NRd = 30878 kN
g e 1014 kg'm |y = 1.071E+3 mmd MyRd = 3268 kMNm
e 5 e 0858 m2'm Wely = 7.844E+5 mm3 VozRd = 14857 kM
Wply = 1.058E+8 mm3
Geometryl oading: Endforces. mm
_. -
|_L=2.50€|m _| Axial force (kN
22
-83.8 il
87.0 i s -
Bending moment My, kMNm) -~ Bending moment (Mz, khm)
Lareral buckding paramerers:
x
Goveming Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MySdMyRd=0363286= 028<10(100L ChA25)
IR = My EdMNyRd = 5387328 6= 0.29<1.0{1.00L; Ch6.24)
IR =VzEdVzRd =05714857= 0.07 < 1.0{0.00L; ChA.28)
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Appendix D7: Colbeam EC3 calculations for air lift Case C:Compressor

module

Colbeam EC3 - user defined
Member Design Program incl updates until Feb 2012

‘fersion 1.1.7

Project: Air lift analysis Compressor module 120 tonne Page:
5 1M
Identification: Beam Mo, 12 Diate: 411712016

Copyright (C) 2010-2012_StnuProp AB Time: 17:1
File: newi file
Genearal:
Material: 5355 NHMLH fiy = 355 MPa = 20000.0 MPa
gmiigmi = 1.15M1.15
Profile: Tube 32418 {Hot finished)  Dimensions snd weight .
. d = 3240 mm = 15482 mm2 Cross Section Class: 1122 NIMyMz
t = 18.0 mm = 3632E+2 mmd  MNRd = 47782 kN
g = 121.5 kg'm = 1.B41E+3 mmd  MyRd = 4800 khm
B e U i 5 = 1018 m2m  Wely = 1.138E+8 mm3  VozRd = 17566 kN
Wply = 1.518E+8 mm3
fer ) f
Geomel oadin Endforces: (hNAtm/m)
| |
. i,
L=Z2000m Auial forcs (kM)
— — — g
2192
<610
1140
=12 Sonding momeant Wy, km) 51 Bending mament (Mz, kHm)
111 |
1O
Shear vz, KN 4.5 apaar Wy, kN) 45
Bugkiing parameters: ¥-auis Z-axis Lateral buckling parameters:
BucHing length factor 1.00 1.00 =
Bucking Curwe a a
Slenderness larnds = D24 024
Imteraction factors ki Method 1

Goweming Loadcase: Basic loads: G+ Q1 + @2

SECTION CONTROL:

IR = Wy EdWiy Rd = §1.0/488.0 =
IR = My EdMN, v Rd = 31.0v466.
IR =%z, Edvz, Rd = 50.3/1758.8

BUCKLING CONTROL:

043 < 1.0 {1.00L; Ch
5= 0.43<1.0(1.00L Ch
= 003 <1.0(0.00L ChE2E)

6.2.5)
6.2.9)
2

IR = NEQANby.Rd + kyy My EdiATMyRd) + kyz'Mz.EdMz Rd = 210.24735.9+0.50°61.041.00"489.00+ 0 45°2.0488.0 = 0.43 < 1.0 (Ch8.3.3)
IR = MEQAMb.z R + kay My Ed/l T*My. R} + kzz"Mz, EdiMz.Rd = 219.2/4728.0+0.38°61.0/{1.00°460.0)+0 T4*2.00480.0 = 0.41 < 1.0 {ChE.25)
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R Project: Air it analysis Compressor module 120 tonnea Fags:
Eenmulbuagea mFmE C:';ndt:?azﬁ "r:: Feb 2012 s i
I radmi B i
Version 1.1.7 Identification: Beam Mo.21 Date: 41772016
Copynight (C) 2010-2012 StruProg AB Time: 1854
Fie new file
General:
Mlaterisl: 2355 NHMLH fy e 155 MPa E =  210000.0 MPa
gmiigm1 = 1.15M.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight: Section property: Capsacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 17272 N/Ky/hL
t = 18.0 mm b = 3532E+8 mmé MRd = 47792 kM
0 = 1215 kp'm 1y = 1.B41E+2 mmd MyRd = 480.0 kMm
== T 5 e 1.018 m2m ywely = 1.136E+8 mm3 VozRd = 17566 kM
Wply = 1.519E+8 mm3
LY S5 . .
Geometngl cading: Endforces. mm
_» -
|—L=280m ___| HAxial force (kN
k]
25
218
Bending moment Wy, KNm] 127 Bending moment Wz, KHm] =0
IR
Larerai buckding paramesers-
x
Gowemning Loadcase: Basic loads: G+ 01 = 02
SECTION CONTROL-

IR = My Ed/My Rd = 127 04880 = U.E?{T.G[:Hﬁ_'ﬂhﬂ.lﬂ
IR = My Ed/MMN y.Fd = 127044841 = 0.27 < 1.0(1.00L; Cha.28)
IR=VzEdVzRd =53.117986=  0.03 < 1.0(000L Ch§.28)
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Eﬂlbeam ECS - User defined Project: Air lift analysis Compressor module 120 tonne Page:
1M

Member Design Program incl updates until Feb 2012 . ’
Wersion 1.1.7 Identification: Beam Mo.28 Date: 4/117/2016
Cnp‘gﬂ'igl'rt_[C:l 2010-2012 StruProg AB Time: 16:53

File: new file

General:
Material: 5355 NHNLH fy = 355 MPa E = 200000 MPa
gmiigm1 = 1.15M1.15

Profile: Tube 32418 (Hot ﬁnls-hs:l} Limensions snd weight : Capacity
15482 mm2 Cross Section Class: 11212 MiMy/Mz

d = 3240 mim s =
1 = 18.0 rnm Ix = 3682E+2 mm4 NRd = 4778.2 kN
g = 121.5 kgm = 1841E+2 mmd  MyRd = 480.0 kMm
= 5 = LO1E m2im  Wely = 1.138E+8 mm3 VozRd = 1758.8 kN
Wply = 1.519E+8 mm2
1
Geomael oading: Endforces: (khAhimim]
[ |
. -
L=2000m Audial force (kM)
l— —I — ———
TTE
-47.3 a7
Bandng momant {ky, kim) 4.5 3.7 Bending moemant (b, kMm )
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||II|IIIIII|||||I|I I|I||I|II|IIIIII|||||I|IIIIII|||||||IIIIII|||I|||I
O 2 (W2, kM) 5.9 7 Shesar [Wy
Buchiing parameters: -5 Z-ais Lataral buckling parameters:
Buckling length factor 1.00 1.00 %
Buckling Curve a a
Slendermess lamda = 0.24 0.24

Interaction factors ki Method 1

Goveming Loadcase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:

IR = My Eddiy,Rd = 47 24880 = 010= 1.0 (0.00L; Ch 6.2.5)
IR = Wy Ed/WM, v Rd = 47 24685 = 010 < 1.0 (0.00L; ChE.2.8)
IR =%z, Edf\z Rd = 48. 8017568 = 0.03 < 1.0 (1.00L; Ch 6.2.6)
BUCKLING CONTROL:

IR = NEd™Mby Rd + kyy"My EdpRd T My Rd) + kyzMz EdMz Rd = 77 54736 9+0.50747 2(1.00°468.0)+ 040735 7/209.0 = 0.1 < 1.0 (Ch 6.2.3)
IR.=MNEdMEb.z.Rd + kzy*"My Ed/ L T*My.Rd) + kzz"Mz Ed/Mz.Rd = 7754736003547, 311 00480, 0)+0.67°35.7/460.0 = 040 = 1.0 (Ch £.3.3)
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culbeam EC3 - User defined Project: :ur lift analysis Compressor module 120 tonne I:';ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identification: Beam Mo 30 Drate: 401772018
Copyright (C) 2010-2012 StruProg AB Time: 1852
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight: Section property: Capscity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 36326+ mmé  MRd = 4779.2 kN
g e 1215 kgim |y = 1.841E+3 mm4 MyRd = 4890 kMNm
== T 5 e 1.018 m2m Waly = 1.136E+§ mm3 VozRd = 1756.6 kM

Wipl.y 1.519E+8 mm3
Geometryl oading: Endforces. mvm
[ |
. -
| L=1400m __ | Lﬂﬂﬁ@l
213
-324
Bending moment [My, KNm) 205
T
Larersi buckding paramerers:
x
Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MySdMyRd=8554600= 0.18<10{1.00L ChE.25)
IR = My Ed/MN yRd = 85 54866 = 0.18 < 1.0{1.00L; Ch8.2.4)
IR =VzEdVzRd=84217566= 0.05<1.0{000L ChE.26)
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Project: Air lift analysis Compressor module 120 tonne Page:
Colbeam EC;}-Userdeﬁnm_:l . o
Member Design Program incl updates until Feb 2012
Wersion 1.1.7 Identification: Beam Mo.G2 Date: 41172016
Copyright {G) 2010-2012 StruProg AB Time: 17:30
File: new file
General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 WPa
gmiigm1 = 1.18M1.15
Profile: Tube 114=8 (Hot finished) Limensions snd weight Section property: Capacity
! d = NLeld mm a4 = 2038 mmZ  Cross Section Class: 10242 MMyMz
t = 8.0 mm |y = 5.055E48 mm4  MNRd = 323.4 kN
g = 18.0 kp'm = 2077E48 mmd  MyRd = 218 kNm
5 = 0358 m2m  Wely = 5223E+4 mm3  VozRd = M0 kN
Wply = T7.008E+4 mm2
Geomel oading: Endforces: kM Amim]
. -
=4 85 HAudial force (kM)
L=4.850m
71.3 ’
a0 na
Benading mamant {hy, kMm )
04
Shaar (W, KN) 0.4
Buciiing parameiers: ‘f-axis Z-ands Lateral buchling parameters:
Bucking length factor 1.00 1.00 o
Buckling Cunve a a
Slenderness larnda = 1.58 1.58
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2
SECTION CONTROL:
IR =MNEdMRd=71.2/6284= 0.9 =< 1.0(0.50L ChE24)
IR =Vz,Edz Rd = 0.4231.0= 0.00<1.0{0.00L: ChB.2.6)
EUCKILING CONTROL:
IR = HNEdMbyRd =71.3211.4 = 0.34 < 1.0{ChE3.1)
IR=NEdNb.zRd =71.3211.4= 034 < 1.0{ChE311)
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R Project: Air it analysis Compressor module 120 tonne Fags:
Eenmulbnagea mH-E C:-;nd'ﬁ;ﬁﬁ ":; Feb 2012 = "
n ram i u
Version 1.1.7 ldentification: Beam Mo.101 Date: 4/17/2016
Copyright (C) 2010-2012 StruProg AB Time: 15:48
Fila: new file
Generai:
Klaterizl 5355 NHMNLH fy = 355 MPa E =  210000.0 MPa
gmligm1 = 1.15M1.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight- Section property: Capacity:
d B 3240 mm A = 15482 mm2 Cross Section Class: /22 NkyMz
t = 18.0 mm be = 32B82E+8 mmé MR = 47702 kN
g B 1215 kg'm 1y = 1.841E+3 mm4 MyRd = 4890 kMNm
e 5 = 1.018 m2im  Wely = 1.136E+8 mm3 VozRd = 17568 kM
Wply = 1.518E+8 mm3
Geomeingl cading: Endforces. mwim
. -
|_L=1.30€|m _| Axial force (kN
248
803
a1.3 (T I 5
Bending moment My, khm) -~ Bending moment (Mz, kMm)
QR o A e
Shear [\z, kM) -148.3 | =" Shear (. N} )
Lareral buckding parameners:
x
Governing Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MyEdMyRd=0074600= 0.19<10(0.00L; ChA25)
IR = My EiMM.y Rd = 80 7/483.6 = 0.19 < 1.0{0.00L; Ch6.21)
IR =\ Ed\zFd = 148317566 = 0.08 < 1.0({1.00L; ChA.28)
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culbeam EC3 - User defined Project: :ur lift analysis Compressor module 120 tonne I:';ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identification: Beam Mo.104 Drate: 401772018
Copyright (C) 2010-2012 StruProg AB Time: 1843
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight: Section property: Capscity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 36326+ mmé  MRd = 4779.2 kN
g e 1215 kgim |y = 1.841E+3 mm4 MyRd = 4890 kMNm
== T 5 e 1.018 m2m Waly = 1.136E+§ mm3 VozRd = 1756.6 kM

Wipl.y 1.519E+8 mm3
Geometryl oading: Endforces. mvm
. -
|_L=-¥.ﬂoam _| Axial force (kN
235
1474 : 147.4 - 7
Bending moment My, kMm) Bending moment (Mz, kkhm))
3154
0.0 0.0
Shear [z, kN) -315.¢4 Shear (W, kiN)
Lareral buckding paramersrs:
x
Gowemning Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR = My EdMyRd = 147.44800= 031 <10 [IJICL Ch.2.5)
IR = My EdMM y Rd = 147 44830 = 0.31 < 1.0(0.00L Ch8.28)
IR=Vz EdWzRd =315.417566 = 0.18 <1.0(0.00L; Ch 8.28)
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Appendix Ds: Colbeam EC3 calculations for offshore lift Case C:Compressor
module

Cﬂlbeam Ec3 - User defined Project: Offshore lift analysis Compressor module 120 Page:
Member Design Program incl updates until Feb 2012 tannes 1
Wersion 1.1.7 Identification: Beam Mo.12 Date: $17/2016
Copyright {C) 2010-2012 StruProg AB Time: 17:48
File: new file
General:
Material: 5355 NH/NLH fiy = 385 MP3 E = 100000 MPa
gmiligrmi = 1.18M1.15
Profile: Tube 32418 (Hot finished)  Dimensions and weight Secfion property: LCapacity
! d = 3240 mm  p = 15432 mmZ  Cross Section Class: 1122 MiMyMz
i = 18.0 mm |y = 3882E+2 mmd4 NRd = 4770.2 kN
g = 121.5 kglm = 1341E+3 mmd4  MyRd = 480.0 kMm
B e W 5 = 1018 m2im  Wely = 1.130E+8 mm3  VozRd = 17568.5 kN
Wply = 1.519E+8 mm2
{1 ) I
Geomel oading: Endforces: (kN/A&hmim)
[ |
. il
L=Z000m Auial forcs (kW)
l— —I — ——
I
-84.48
14
.8 1.4
Bending mamant (ky, kiNm} Bending moment (e, kNm)
110000
L
Shear (Vz, kM) B2 ahear [y, kW) 42
Buckiing parameiers: ‘f-315 L-gods Lateral buchling paramerers:
Buckling length factor 1.00 100 x
Buckling Curve ] a
Slenderness larnda = 024 024

Interaction factors ki Method 1

Goyeming Loadcase: Basic loads: G+ Q1 + Q2

SECTION CONTROL:

IR = My Edibty,Rd = 84 64800 = 018 < 1.0 (1.00L; Ch6.25)
IR = Wy, EdMWM,v.Rd = 34 84648 = 012 < 1.0 (1.00L ChE28)
IR =%z, Edz, Rd = 32.3/1786.8= 0.05<1.0(0.00L; ChB26)

BUCKLING CONTROL:
IR = NEAMb.yRd + kyy* My EdiT*My Rd) + kyz*Mz EdMz, Rd = 304.004735.9+0.50°04.8/{1.00*480.0)+0.44*11.1/480.0 = 0,48 = 1.0 [Ch8.2.3)
IR = NEdMb,zRd + kzy"MyEd/T*My,Rd) + kzz"Mz,Ed/M=Rd = 304.0/4728 0-0.35°54 B/{1 D0°460.0+0.7411.1/480.0 = 0,15 < 1.0 {Ch 8.3.3)
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R Project: Cffshore Eft analysis Compressor module 120 Fags:
Eeml:erulbl:lﬁlgea' an:E C:-;nd'ﬁ'a: "r:: Fen 2012 fonnes n
n ram i u
ersion 1.1.7 Identification: Beam Mo.21 Diate: 4M17/2016
Copynight (C) 2010-2012 StruProg AB Time: 17-42
File: new file
General:
Klzterial 5355 NHMNLH fy = 355 MFPa E =  210000.0 MPa
gm¥gm1 = 1.151.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
t = 18.0 mm be = 32B82E+8 mmé MRd = 47702 kN
g e 1215 kgim |y = 1.841E+3 mmd MyRd = 4890 kMNm
5 = 1.018 m2im  wely = 1.138E+8 mm3 VezRd = 1756.8 kM
Wply = 1.519E+8 mm3
Geomeingl cading: Endforces. myim
. -
|_L=2.anm _| Axial force (kKN
453,
-35
-302
Bending moment [My, &Mm) 1 12-1 Bending moment Wz, KHm) S0
e e
-T3.7 Shaar (W, kN) 73T
Lareral buckding paramerers-
x
Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION COMTROL-

IR=MyEdMyRd=176.14680= 0.38<10(1.00L: Ch825)
I = My Ed/MN.yRd = 176.1480.4 = 0.38 < 1.0{1.00L: ChA28)
R=VzEd\zAd=T3TN7566= 0.04<10(000L Cha28)
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Colbeam EC3 - user defined

tonnes

ersion 1.1.7
Copyright (G) 2010-2012 StuProg AB

Member Design Program incl updates until Feb 2012

Project: Offshore lift analysis Compressor module 120

Page:
L

|dentification: Beam Mo.28

Digte: 41712018

Time: 17:43

File: news file

General:
Material: 5355 NHMLH fiy = 358 MPa E = 2100000 MPa
gmiigmi = 1.15M1.15
Profile: Tube 324x1ﬂ{H|:|tﬁn|5h5:l} Limensions snd weight : Capacity
d = 3240 mm  p = 15482 mm2  Cross Section Class: /22 MiMy/Mz
! = 18.0 mm  jx = 3882E+2 mm4 MRd = 4779.2 kN
g = 1215 kg'm = 1341E+2 mmd  MyRd = 4800 khm
== 5 = 1018 m2m  Wely = 1.138E+8 mm3  VozRd = 17566 kN
Wply = 1.518E+8 mm3
1
Geomeryl oadin Endforces: (khddim./m)
[ |
. -
| L=2000m ___| Auodisl forcs (kM)
—— ———
1045
656 a4
Bending momeant My, kAt ©7 | | 4% Banding mement (Mz. KiHm}
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII||IIIIIII|IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S‘hear Wz, kN Sheaar Wy
Buckiing parameters: Y-axis £-ans Lateral buckling parameters:
Buckling length factor 1.00 1.00 %
Buckling Cunwe a a
Slenderness larnda = 0.24 0.24
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + @2

SECTION CONTROL:
IR = My Ed'My,Rd = §5.6/488.0 =

014 < 1.0 {0.00L; ChE.25)

IR = My EdMAN,y.Rd = 85.6/468.3 = 014 = 1.0(0.00L; Ch6.2.8)

IR =%z, Edfz,Rd = 877117886 =
BUCKLING CONTROL:

0,04 < 1.0 (1.00L; Ch 6.2.6)

IR = NEQNb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMz Rd = 104.5/4755.9+0.55°65.8/1.00"459.00+0.40"45.5480.0 = 0.15 < 1.0 [ChB.3.3)

IR = NEdNb.z Rd + kzy*My,EdipeLT*My,Rd) + kzz"Mz, Ed/Mz.Rd

=104.5/4725 0=0.3565.8/1.00°460.0)+ 0872054600 = 014 = 1.0 {Ch 8.3.3)
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R Project: Cffshore §ft analysis Compressor module 120 Fags:
Eenmulbnagea' an:E C:-;nd'ﬁ'a: "r:: Feb 2012 fonnes n
I S i i

Version 1.1.7 Identification: Beam Mo 30 Drate: 401772018
Copynight (C) 2010-2012 StruProg AB Time: 17-40
Fie new filz
General:
Materisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmiigm1 = 1.15/1.15
Profile: Tube 324x16 (Hot finished) Dimensions and weight Section property: Capacity:

d B 324.0 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/My/Mz

t = 180 mm b = 308248 mmé4  MNRd = 4779.2 kN

g e 1215 kgim Iy = 1.841E+3 mmd MyRd = 4890 kMNm

== T 5 e 1.018 m2m  Wely = 1.136E+8 mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
I = o
Geometryl oading: Endforces. mm
_. -
l_L=1.-&oam _| Axial force (kN
206,
440
Bending moment My, KNm] 1184
IR
-118.5 Shear [\, k) -118.4

Larerai buciding paramerers-
x
Goveming Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MyEdMyRd=11384600= 025<10(100: ChA25)
IR =My SdMNyRd = 15,6464 8= 0.26 <1.0(1.00L: Ch.25)
IR =VzEdVzRd = 116817568 = 0.07 < 1.0(0.00: ChA.25)
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Project: Offshore lift analysis Compressor module 120 Page:
Colbeam EC:_! - User defined o o
Member Design Program incl updates until Feb 2012
\fersion 1.1.7 |dentification: Beam Mo.G2 Date: 411772016
Copyright (G) 2010-2012 StuProg AB Time: 17:50
File: news file
General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 MPa
gmiigmi = 1.15M1.15
Profile: Tube 114=8 (Hot finished) Limensions snd weight Section property: Capacity
! d = Nl mm a4 = 2038 mmZ  Cross Section Class: 1142 WiMyMz
! = 8.0 mm oy = 5.055E+8 mm4 MNRd = 8234 kN
g = 18.0 kpm = 2077E48 mmd  MyRd = 216 khm
e 5 = 0358 maim  Wely = 5.223E+4 mm3 ez Rd = 2310 kN
Wply = T7.008E+4 mm3
1 1 |
—1:F- = il
W g
\'\:. -
Gepmaeal oading: Endforces: kN Aimfm]
. -
= 4,85 Axial fiol ki
L=4.850m al force
ang ’
L] il
Bendirg momeant {My, kMm)}
06
Shaar (e, kM) <0.6
Buckiing parameters: Y-axis £-ans Lateral buckling parameters:
Bucking length factor 1.00 1.00 Y
Buckling Cunwe a a
Slenderness larnda = 1.59 1.58

Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + @2
SECTION CONTROL:

IR =MEJMRd =95.8628.4= 0.16< 1.0 (0501 Chaz4)
IR ="z, Edz.Rd = 0.67231.0= 0.00< 1.0 (000 ChE.28)

BUCHKLING CONTROL:
IR =HEdMbyRd =293.80211.4 = 0.47 < 1.0(ChE.2.1)
IR=NEdNbzRd =BE%211.4= 47 < 1.0(ChE1T)
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culbeam EC3 - User defined Project: gnﬁlﬁ-lr;reiﬂmalysls Compressor module 120 I:';ge:
Member Design Program incl updates uniil Feb 2012
Version 1.1.7 ldentification: Beam Mo 101 Diate: 411772016
Copynight (C) 2010-2012 StruProg AB Time: 17-37
Fila: new file
Generai:
Materizl: 5355 NHMNLH fy = 355 MPa E =  210000.0 MPa
gmil¥gm1 = 1.15M.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 3632E+8 mmé  MRd = 47792 kN
g e 1215 kgim |y = 1.841E+3 mmd MyRd = 4890 kMNm
e 5 e 1.018 m2m  Waly = 1.136E+8§ mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
Geomeingl cading: Endforces: mvm
.
|_L=1.30€|m _| Axial force (kN
342
-1257
B e X
Bending moment (My, khm) "' Bending moment (Mz, kNm)

-118.5

Shear (Vz, kN)

-2051

-38

IR
" Bhear (. kiN)

-3.8

Lareral buckding paramerers:

x

Governing Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL-

IR =MyEdMyRd=12574600= 027 <10(000L Cha 25
IR = My EdMNy,Rd = 125 7/488.9 = 0.27 < 1.0{0.00L: ChE.28)
IR =\zEd\zAd = 205817566 = 012<10(1.00L Cha28)
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culbeam EC3 - User defined Project: gnﬁizre it analysis Compressor module 120 I:';ge:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identification: Beam MNo. 104 Diate: 411772016
Copyright (C) 2010-2012 StruProg AB Time: 17-35
Fila: new file
General:
Materisl: 5355 NHMNLH fy = 355 MPa E = 210000.0 MPa
gmi¥gm1 = 1.15M.15
Profile: Tube 324x16 (Hot finished) Dimensions and weight: Section property: Capacity:
d B 324.0 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/My/Mz
i = B0 mm o = 36326+ mmé MR = 47792 kN
g e 1215 kgim |y = 1.841E+3 mmd MyRd = 4890 kMNm
= 5 e 1.018 m2m  Wely = 1.136E+8 mm3 VozRd = 1756.6 kM

Wipl.y 1.5189E+3 mm3
Geometryl oading: Endforces. myim
. -
|— L=4000m — Axial force (kN
a8
2044 Eanding moment (My, ENm) 20+ Bending moment [z, KN
4373
o0 0.0
Shear [z, kN) 4373 Shear (W, kiN)

Lareral buckding paramerers:
x
Goveming Loadease: Basic loads: G+ Q1 + 02
SECTION CONTROL-

I =MyEdMyRd =204 44600= 0.44<10{000L:Cha25)
IR = My EdMMyFd =304 /4830 = 0.44 < 1.0 (0.00L: ChA.28)
IR =VzEdVzRd = 437317566 = 0.25<1.0(0.00: ChA.2H)
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Appendix Do: Colbeam EC3 calculations for transportation Case
C:Compressor module

colbeam ECS - User defined Project: Transport anahysis Compressor module 120 tonn I:';lig:e:
es5
Member Desig incl updstes until Feb 2012
Version 1.1.7 " Frogram incl upd N Identification: Beam Mo.12 Date: 41772016
Copyright (C) 2010-2012 StuProg AB Time: 16:36
Fie new filz
General:
Materisl: 5355 NHMLH fy e 155 MPs E =  210000.0 MPa
gmiigm1 = 1.15M.15
Profile: Tube 324x16 (Hot finished) Dimensions and weight: Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 17272 NMy/liz
t = 180 mm b = 3B82E+8 mmé4  MNRd = 4779.2 kN
g e 1215 kg'm |y = 1.841E+3 mmd MyRd = 4890 kMNm
= T 5 = 1.018 m2im  wWely = 1.138E+3 mm3 VezRd = 1756.68 kN
Wply = 1.510E+8 mm3
LY A 2
Geometrpl oading; Endforces m/m
I |
_. -
l_L=2.DC€Im _| Axial force (kN
k]
228
0.8
28.8 Eanding mament (W, kM) 5.2 Eanding moment [Nz, kHm)
2 8 )21
5 o UL CATCTEARD ,
Shear [\, kM) ~ Shear (W, kiN) i
Larerai buciding paramerers:
x
Goweming Loadcase: Basic loads: G+ Q1 + 02
SECTION CONTROL-

IR =MyEdMyRd=2604800= (.06 <10(000L ChE25)
IR = My, EdMN y,Rd = 20 2468 8= 0.06 < 1.0(0.00L: Ch8.2.8)
R =\eEdVz Rd = 27917566 = (.02 < 1.0(0.00L ChE.28)
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Project Transport analysis Compressor module 120 tonn Fags:
Eerrterulbl:iﬁagea'mﬁs Cand'ﬁ'a: "r:: Feb 2012 = n
I S i i
Version 1.1.7 Identification: Beam MNo.21 Date: 41772016
Copyright (C) 20M10-2012 StruProg AB Time: 1831
Fie new filz
General:
Materisl: S355 NHMLH fy e 155 MPs E =  210000.0 MPa
gmiigm1 = 1.161.15
Profile: Tube 324x18 (Hot finished) Dimensions snd weight Section property: Capacity:
d N 3240 mm A = 15482 mm2 Cross Section Class: 10212 NiMy/Mz
t = 18.0 mm b = 3082E+8 mmé MR = 4778.2 kM
g N 1215 kgim Iy = 1.841E+3 mmd MyRd = 480.0 kMm
i 5 . 1.0182 m2'm  wWely = 1.136E+8 mm3 VezRd = 17568 kM
Wply = 1519+ mm3
Geometrpl oading: Endforces. mvm.
| |
_. -
| L=2800m __ | Lﬂﬂﬁ@l
134.
-1.1
114
0.8
Bending moment Wiy, ENm] | 212 Bending momant [z, KHm)
LT AT
I axs|| oo L,
Larerai buciding paramerers:
x
Gowemning Loadcase: Basic loads: G+ 01 =+ 02
SECTION CONTROL-

IR =MyEdMyRd=3124800= 017<10(1.00L; Ch825)
IR = My EdMN.yRd = #1.2/467.8 = 0.7 <1.0{1.00L; Ch8.29)
IR =VzEdVzRd=34017566= 0.02<10(1.00L; Ch828)
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Colbeam EC3 . user defined

Wersion 1.1.7
Copyright {G) 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

=

Project: Transport analysis Compressor module 120 fonn

Page:
M

Identification: Beam MNo.28

Diate: 41712018

Time: 16:34

File: new file

General:
Material: 5355 NHMLH fiy = 355 MPa E = 2100000 WPa
gmiigm1 = 1.18M1.15
Profile: Tube 32418 (Hot ﬁnlshs:l} Limensions snd weight : Capacity
d = 3240 mm p = 15482 mm2  Cross Section Class: 1022 MiMyMz
t = 18.0 mm  jx = 3882E+3 mm4 MRd = 4779.2 KN
g = 121.5 kp'm gy = 1.841E+3 mmd  MyRd = 480.0 kNm
= 5 = LO1E m2im Wely =  1.130E+8 mm3 oz Rd = 1758.8 kM
Wply = 1.518E+8 mm2
1
Geomel oadin Endforces: kM Amim]
| |
. -
L=2000m ___| HFudisl forgs (kM)
—
EL R
-343 .1
Banding mamsant {hy, kMm} 477 54 Banding moment (M, kiMm)
|||||I|IIIIIIIIIIIIIIIIIIIIIIIIIIII||I||||||I|I|I| |II|II||||III|I|||I||||||I|III|I|I|I||I||II|I|I||I
S‘hear Wz, kM) Sheaar [y
Buciiing parameiers: ‘f-axis Z-ands Lateral buchling parameters:
Bucking length factor 1.00 1.00 o
Buckling Cunve a a
Slenderness larnda = 0.24 0.24
Interaction factors ki Method 1
Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:
IR = My EdMy.Rd = 47.7/480.0 =
IR = My EdMM,y.Rd = 47 774652 =
IR = Wz, Edz, R = 44.001758.8 =

BUCKLING CONTROL:

010 < 1.0 {1.00L; Ch6.25)
010 < 1.0 (1.00L; Ch 6.2.8)
0.03 < 1.0 {1.00L; Ch 8.2.6)

IR = NEQNb.y.Rd + kyy My EdpATMyRd) + kyz*Mz. EdMzRd = 38.1/4736.8+0.64°47.7/1.00*458.0)+0.42*15.4/488.0 = 0.08 < 1.0 (Ch §.3.3)
IR = NEdMb,zRd + kzy*My Ed/ T*My,Rd) + kaz"Mz, Ed/Mz.Rd = 30.1/4738 00,2847 T/{1.00°480.0}+ 0. 70" 5.4/480.0 = 0.07 < 1.0 [Ch £.3.3)
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Cﬂ'lbeam EC3 - User defined Project: Transport analysis Compressor module 120 fonn Page:
5 "

Member Design Program incl updates until Feb 2012 == ’

Wersion 1.1.7 Identification: Beam Mo.30 Date: 411772016

Cnp‘gﬂ'igl'rtll:]ZC-H]-ZIHZ SiruProg AB Time: 16:28

File: new file

Genearal:

Material: 5355 NHMLH fiy = 355 MPa E = 2100000 WPa

gmiligrni = 1.18M1.15

Profile: Tube 32418 (Hot finished) Dimensions snd weight : Capacity
| 15482 mm2 Cross Saction Class: 1/2/2 N/My/Mz

d = 3240 mm A =
i = 18.0 mm |3 = 3B82E+42 mm4  MRd = 4779.2 kN
g = 1215 kg'm gy = 1.B41E+3 mmd  MyRd = 480.0 khm
= 5 = 108 mEm  Wely = 1.128E+8 mm3 WezRd = 17568.8 kN
Wely = 1.519E+8 mm2
_1:F '__'_ I} |
"-'\ L:
\'\:: —
Geome oading: Endforces.: (hNANm/m)
[ |
. -
=1. Acxial fiol (AR}
L=1.400m &l force
a2
54
Bnalirg mamsnt (M, kMm} 6.9 Banding mamaent (M, kim) 164
113 1.3
00O
e EE
9 Shear (Vz, kN) -66.3 Shear [y, kN)
Buckiing parameters: -amis Z-axis Lateral buchling parameters:
Bucking length factor 1.00 1.00 x
Bucking Curwe a a
Slenderness lamda = 017 0T

Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:

IR = My Eddy,Rd = 28.8/469.0 = 019 < 1.0(1.00L; Ch 6.2.5)
IR = My EdMb,y.Rd = 39.8/462.3 = 019 = 1.0 (1.00L; Ch 6.2.8)
IR =%z, Ed\z, Rd=80.3/17668 = 0.04 = 1.0 {1.00L; Ch 828}
BUCKLIMNG CONTROL:

IR = NEQMb.y.Rd + kyy My EdpATMyRd) + kyz*Me.EdMzRd = 381 24770240, T4°80.8/(1.00*488.00+ 0.47*18.5/480.0 = 0.24 < 1.0 [ChE.3.3)
IR = NEAMbZRd + kzy"MyEdip T*My, Rd) + kzz"Mz,EdMz.Rd = 39124778 2+0 44°50.00[1 O0"460,0)+0 T515.8460.0 = 0.20 < 1.0 (Ch8.2.3)
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Colbeam EC3 _user eine Project Transpet analyss Compressor mode 120 fon Page:
Member Design Program incl updates until Feb 2012
Version 1.1.7 Identificaion: Beam Mo 63 Date: 4M72016
Copyright {C) 2010-2012 StruProg AB Time: 16:39
File: new file
General:
Material: 5355 NH/NLH Ty = 355 MPa E = 2100000 MPa
gmidigmi = 1.15M1.15
Profile: Tube 114x6 (Hot finished)  Dimensions and weight Seclion property: Capacily:
d = 1140 mm A = 2036 mm2 Cross Secfion Class: 1/22 NMyMz
t = 6.0 mm b = 5055E+6 mm4 N.Rd = 6284 kN
g = 16.0 kg/m = 2977E+6 mmd MyRd = 216 kNm
=T 5 = 035 m2m wely = 5223F+4 mm3 VczRd = 231.0 kN
I8 Wply = 7.006E+4 mm3
Her ) [
. i
=4 Axial force (kM
L=4650m
100.9 . »
Buckling parameters: Y-awos £-a05 Lateral buckling parametars:
Buckling length factor 1.00 1.00 x
Buckiing Curve a a
Slendemess lamda= 159 159
Interaction factors ki  Method 1
Goveming Loadcase: Basic loads: G + Q1 + Q2
SECTION CONTROL:
IR = NEA/MRd = 109.9/628 4 = 0.17 <1.0(0.50L; Ch6.24)
BUCKLING CONTROL:
IR = NEdNbyRd = 109.9211.4= 0.52 <10(ChE&31)
IR =NEdNbzRd =10992114= 052 <10 (Ch631)
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Colbeam EC3 - user defined

Wersion 1.1.7
Copyright () 2010-2012 StruProg AB

Member Design Program incl updates until Feb 2012

=

Project: Transport analysis Compressor module 120 fonn

Page:
"

Identification: Beam Mo, 101

Diate: 41712016

Time: 16:25

File: new file

Genearal:
Material: 5355 NHMLH fiy = 356 MPa E = 2100000 MPa
gmiligrni = 1.18M1.15
Profile: Tube 32418 (Hot finished) Dimensions snd weight : Capacity
! d = 3240 mm A = 15482 mm2 Cross Section Class: 1022 N/My/Mz
i = 18.0 mm |3 = 3B82E+42 mm4  MRd = 4779.2 kN
g = 1215 kg'm gy = 1.B41E+3 mmd  MyRd = 480.0 khm
== 5 = 108 mEm  Wely = 1.128E+8 mm3 WezRd = 1758.8 kM
Wply = 1.5195+8 mm3
ik i
I_I
Geome oadin Endforces.: (hNANm/m)
[ |
. -
L L=t300m odisl fores (KN}
184
24
-28.1
Bendrg momant (My, Km0 | | 25 Bending mement (M, k)
O AR o, AL E A RTEECnDID
- Shear Ve, kM) -1 "7 Shear (W, k) e
Buckiing parameters: -amis Z-axis Lateral buchling parameters:
Bucking length factor 1.00 1.00 x
Bucking Curwe a a
Slenderness lamda = 018 0.15
Interaction factors ki Method 1

Goweming Loadcase: Basic leads: G+ Q1 + Q2

SECTION CONTROL:

IR = My, Ed'My,Rd = 105.7/460.0 =
IR = My Ed™MN, v Rd = 103.7/268.8 =
IR =%z, Edz, Rd = 117 817568 =

BUCKLIMNG CONTROL:

022 <10
023<1.0
007 <1.0

(1.00L; Ch &.2.5)
{1.00L; Ch &.2.9)
[1.00L; Ch &.2.6)

IR = NEAMb.y.Rd + kyy My EdDATMyRd) + kyzMe.EdMzRd = 18.804778.2+0 T3"105.7/{1.00*488.0)+0.35°2. 5/498.0 = 0.7 < 1.0 (Ch §.3.3)
IR = MEAMb.zRd + kzy My SdixiT*My, R} + kez*Mz. EdiMz. Rl = 19.3/4770.2+0.44105.7/{1.00°460. 01+ 0 50°2.5/460.0 = 041 < 1.0 {Ch 825
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culbeam EC3 - User defined Project: ;rsmspu't analysis Compressor module 120 tonn I:';ge:
Member Design Program incl updates uniil Feb 2012
Veersion 1.1.7 Identification: Beam Mo.104 Date: 411772016
Copynight (C} 2010-2012 StuProg AS Time: 18:23
File: new file
General:
Msterisl: 2355 NHMLH fy e 55 MPs E =  210000.0 MPa
gmilgm1 = 1.15/1.15
Profile: Tube 324x18 (Hot finished) Dimensions and weight Section property: Capacity:
d e 3240 mm A = 15482 mm2 Cross Section Class: 1/2/2 N/MyMz
i = B0 mm o = 3632E+8 mmé  MRd = 47792 kN
g e 1215 kgim |y = 1.841E+3 mm4 MyRd = 4890 kMNm
== T 5 e 1.018 m2m  Wely = 1.136E+8 mm3 VozRd = 1756.6 kM
Wply = 1.519E+8 mm3
Geomeingl cading: Endforces: mm
_. -
|_L=-¥.ﬂoam _| Axial force (kN
————
a7
878 Banging moment (My, kNm) 278 Bending moment [z, KN
1841 18
Shaar (V2. kM) -134. Shear (. K90 =14
Lareral buckding paramerers:
b4

Governing Loadcase: Basic loads: G+ 01 =+ 02

SECTION CONTROL-
IR = My EdiMy,Rd = §7.8480.0 =

019 < 1.0 (0UDOL; Ch8.2.5)

IR = My Ed/MN yRd = 27 24800 = 0.5 < 1.0(0.00L; Ch8.2.8)
IR =\ EdVz Rd = 134117586 = 010 < 1.0{0.00L; Ch6.28)
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Appendix E: Staad.Pro input

Appendix E1: Staad.Pro input for air lifting Case A:Pump module
STAAD SPACE

START JOB INFORMATION

JOE NAME PUMP MODULE 40 tonnes

ENGINEER NAME Yohannes

ENGINEER DATE 19-03-16

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES

1lo000; 2300; 30047 4304507 0; &3 70; 70747837 4;

15 01.50; 20 0 1.5 4; 21 3 1.5 4y 22 3 1.5 0; 27 0 5 47 28 3 5 4; 33 0 5 07
34 3 50; 35 0 7.15 0; 36& 3 7.15 0y 37 0O 7.15 4; 38 3 7.15 4; 35 1.58 8.73 2;
40 0 -0.5 0y 41 3 -0.5 0y 42 0 -0.5 4; 43 3 -0.5 4; 44 0 5 2; 45 1.5 5 4;

46 3 5 2y 47 1.5 5 ¢

MEMBEE INCIDENCES

121 1 3 122 2 4; 147 1 18; 148 19 33; 149 20 3y 150 21 4; 151 22 2; 152 13 Z20:
153 22 21; 154 20 21; 155 19 22; 156 22 34; 163 20 27; 164 21 28; 13 27 7;

lee 28 87 187 1 27 188 3 47 189 335 57 194 34 &; 200 5 77 201 7 &7 202 8 &;

203 & 5; 204 35 57 205 3@ &6y 208 38 gy 207 37 7; 208 36 39; 209 33 39;

210 35 39; 211 37 359; 212 1 40; 213 3 42; 214 4 43; 215 2 41; 2168 33 44;

217 27 45; 218 28 4a; 219 34 47; 220 44 27; 221 45 28y 222 46 34 223 47 33;
224 5 44; 225 7 44p 226 T 45y 227 8 45y 228 % 4er 229 & 468; 230 & 47y 231 5 4T:
ELEMENT INCIDENCES SHELL

31578 &;

LR S s R R s ]

ELEMENT FROFEETY

LR S s R R s ]

*Cover and side steel plate thickness. Steel plate design is not performed
EE R Y]

31 THICENESS 0.015

A R R R R R R R R A R R R R A R R R R A A R R R A A A A R A A A A A A AR AT I AT IR X TR AT TR TR

* Material constant properties set according to section 3.3.1 of project work

EE s ]
DEFINE MATERIAT START

ISOTROPIC STEEL

E 2.1le+008

BOISSON 0.3

DENSITY 77

ALPHR 1.2e-005

DAME 0.03
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ISOTROFIC S5LINGS

E 2.1e+008

FOISS5CH 0.3

DENSITY 0.0001
ALFHAE 1.2e-003

DAME 0.03

ENC DEFINE MATERTAL

A R A A A A R A A A A R A N A R A A A A R A A A A A R A A A A A A A R A A A A A R A A A A A F AR A A A I AT AR IR T T EF

*Hollow gection 3teel Droperty

EE S S SRS SR SRS SRS R RS ESEEE RS RS RS SRS EE SRS RS ES SRS
MEMBER PROFERTY EUROFELN

224 TO 231 TABLE 5T FIFE OC 0.1143 IC 0.1017

121 122 147 TO 156 163 TO 166 187 TO 189 194 200 TO 203 212 TO 222 -
223 TABLE ST PIFE OL 0.3239 IC 0.2919

MEMBER PROFERTY EUROFERN

208 TO 211 TABLE 3T FIFE OC 0.02 ID O

MEMEBEE PROFERTY EUROFELN

204 TO 207 PFRIS YO 0.02 ZC 0.01

CONSTRNTS

BETE: 45 MEME 204 204

BET2 315 MEME 205 207

MARTERIAL 3TEEL ALL

MRTERIAL SLINGS MEME 208 TO 211

SUPPORTS

R R R L e L e e L L R R ]

*Boundary conditions for air lifting analysis set according to sectiom 5.3.1

EE R LS s R R R RS
39 PINMNED

40 TO 43 FIXED BUT FY M¥ MY MZ KFX 10 KFZ 10

EE R LS s R R R RS

*BASIC LOADS
EE R ]
MEMBER TENSION

208 TO 211

MEMBER RELELSE

EE R ]

LR s AR R s ]

*Braces released for moment

EE R L S R R R R R ]
224 TO 231 START M MY MZ

224 TQ 231 END MY MY ME

LOAD 1 STATIC SELFWEIGHT

EE L R L L L L L L L L L

* Static selfweight with 10% weight inaccuracy

EE R L]
SELFWEIGHT ¥ -1.1

LOAD 2 STATIC SUBSER MODULE WEIGHT

EE L L s s s s s LR R s Rl s e L L L )
*Total static pump module weight 30 tonnes (294.3kN)

*Applied on plate 4%3 (294.3/(4#*3))= 24.525kN/m2

R A R A A A A R A A A A A A A A R A R A A R A A R A A A A A A A A A A A A A A A A A A A AR T I I T I A A AT A AT T T
ELEMENT LOAD

31 PE GY -24.525 -2 -1.5 2 1.5

EE R L]

*LOAD COMBINATIONS-AIR LIFTING ANALYSIS
R R A A R A A A A R R R A A A A A A A A A A A A R A A A A R A A A A A A A A A A A AR IR AT A I AR IR AT A I AT IR T T A K
LOAD COME 3 LC25.AIR LIFTING

12.25 2 2.25

DERFORM ANALYSIS

LOAD LIST 3

FRINT MEMBER FORCES

PRINT SUPPORT REACTION

FRINT CG

FINISH
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Appendix Ez: Staad.Pro input for offshore lifting Case A:Pump module

STAAD SPACE

START JOE INFORMATION

JOE HAME PUMP MODULE 40 tonnes
ENGINEEE HIME ¥ohannes
ENGINEEE C&TE 15-03-16

ENL J0E INFORMALTION

INFUT WILDTH 79

UHIT METEE EN

JOINT COORLDINATES

1000; 2300; 3004; 4 30 4; 507 0; @37 0; 70747 837 4;

19 0 1.5 0 20 0 1.5 4; 21 3 1.5 4; 22 3 1.5 0; 27 05 4; 28 3 5 4; 33 0 5 0r
34 350y 35 0 7.15 0y 36 3 7.15 0; 370 T.15 47 38 3 7.15 4y 39 1.58 B.73 2»
40 0 -0.5 0y 41 3 -0.5 0; 42 0 -0.5 4; 43 3 -0.5 4; 44 0 5 2; 45 1.5 5 4;

46 3 5 2; 47 1.5 5 07

MEMBER INCIDENCES

121 1 3; 122 2 4; 147 1 19; 148 19 33; 145 20 3; 150 21 4; 151 22 2; 152 13 20;
153 22 21; 154 20 21; 155 19 22; 156 22 3534; 163 20 27; 164 21 28; 15 27 7;:

lae 28 8; 187 1 27 188 3 47 189 33 5; 194 34 &y 200 5 7y 201 7 &8; 202 B &;

203 & 5; 204 35 5; 205 3e @y 20€ 38 &; 207 37 7T; 208 36 39; 209 38 39;

210 35 39; 211 37 358; 212 1 40; 213 3 42; 214 4 43; 215 2 41; 21e 33 44;

217 27 45; 218 28 46; 219 34 47; 220 44 27; 221 45 28; 222 46 34; 223 47 33;
224 5 44; 225 7 44; 226 T 45; 227 8§ 45; 228 § 4487 229 4§ 4467 230 © 477 231 5 47;
ELEMENT INCIDENCES SHELL

31 5 7 &8 &;

L s s s L A i ]

ELEMENT PROFERTY

LR S ]

*Cover and side steel plate thickness.

Steel plate deaign i3 not performed

LR S ]

31 THICENESS 0.015

LR L s R i

* Material constant properties set according to section 3.3.1 of project work
R A R R A A A A AR R A R A A A A R A R A R A A A A A A A A A A A R A A A A A R A R A A A A A R A R A A A A A R A A R A AT AR F AT A AT AR F A FHR

DEFINE MATERIAL START
I30TROFIC STEEL

E 2.le+008

BOISSCH 0.3

CENSITY 77

ALPHRE 1.2e-005

DEME 0.03

L i ]
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L T T TS
ISOTROFPIC SLINGS

E 2.1e+008

POISS0N 0.3

CEMSITY 0.0001

ALFHL 1.2e-005

DAME 0.03

ENLC CEFINE MATERIAT

B L T

*Hollow section steel property

LR S s R R s ]
MEMBEE FROFERTY EURCFEAN

224 TQ 231 TABLE 5T FIFE OC 0.1143 IC 0.1017

121 122 147 TQ 156 163 TO 166 187 TO 189 194 200 TQ 207 212 TO 222 -

223 TABLE 5T FIPE OC 0.323% IC 0.2913%

MEMBEE FROFERTY EURCFEAN

208 TO 211 TABLE 5T FIFE OC 0.02 IC O

MEMBEE FROFERTY EURCFEAN

204 TJ 207 PFRIS YL 0.02 Z0 0.01

CONSTANTS

BETR 45 MEME 204 206

BETA 315 MEME 205 207

MATERIAL STEEL ALL

MATERIAL SLINGS MEME 208 TO 211

SUFPORTS

LR S s R R s ]

*Boundary conditions for offshore lifting analysis set according to section 5.3.1

EE s ]
39 PINNED

40 TO 43 FIXED BUT FY M MY MZ KHFX 10 KEFZ 10

LR S s R R s ]

*BASIC LOADS
EE s ]
MEMBER TENSION

208 TQ 211

MEMBER RELELSE

LR S s R R s ]

EE R L e L e L L L Ly

*Braces released for moment

EE s L R R ]
224 TQ 231 START ME MY MZ

224 TQ 231 END MK MY MZ

LORD 1 STATIC SELFWEIGHT

EE s L R R ]

* Static selfweight with 10% welight inaccuracy

EE S L L R R R R R R R R R R Y]
SELFWEIGHT ¥ -1.1

LORD 2 STATIC SUBSEXA MODULE WEIGHT

LR s s T L R R L L L LI R L R L L)
*Total static pump module weight 30 tonnes (294.3kN)

*Applied on plate 4%3 (294,37 (4*3) )= 24.525kN/m2

EE s L R R ]
ELEMENT LOAD

31 PR GY -24.525 -2 -1.5 2 1.5

EE s L R R ]

*LOAD COMBINATIONS-OFFSHORE/SUBSER LIFTING RNALYSIS
A A R A A A A R A A A R R A A R A A R A A A A A A R A A A A A A A A A A A A A A AR A A AR T F I AT I T A AT T AT
LOAD COME 3 LC26.SUBSEA LIFTING

1 3.12 2 3.12

PERFORM ANALYSIS

LOAD LIST 3

PRINT MEMEER FORCES

PRINT SUPPORT RERCTION

PRINT CG

FINISH
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Appendix E3: Staad.Pro input for transportation Case A:Pump module

3Taa0 SPRCE

START JOB INFORMATION

JOBE HAME PUMP MOLDULE 40 tonnes
ENGINEEE HiME ¥ohannes
ENGINEEE DATE 15-0316&

ENL JOE INFORMATICON

INPUT WILTH 79

UHIT METER EN

JOINT COORDINATES

1000 2300; 3004; 4304507 0; 637070747 8374;

15 01.50; 200 1.5 4; 21 3 1.5 4; 22 3 1.5 0; 27 0 5 4; 28 3 5 4; 33 0 5 0;
34 350; 350 -0.50; 368 3 -0.50; 370 -0.5 4; 38 3 -0.5 4; 35 0 5 2;

40 1.5 5 4; 41 3 5 2; 42 1.5 5 0;

MEMBER INCILDENCES

1211 3: 122 2 4; 147 1 15; 148 193 33: 149 20 3; 150 21 4; 151 22 2 152 19 20
153 22 21; 154 20 21; 155 189 22; 156 22 34; 163 20 27; 1led4 21 28; 163 27 7;
leg 28 &7 187 1 2; 188 3 47 189 33 5y 194 34 6y 200 5 77 201 7 &7 202 & &;
203 & 5; 204 1 35; 205 3 37; 206 4 38; 207 2 36; 208 33 39; 209 27 40;

210 23 41; 211 34 42; 212 39 27; 213 40 23; 214 41 34; 215 42 33; 216 5 3%9;
217 7 358; 218 7 40; 219 & 40; 220 & 41; 221 & 41; 222 & 42; 223 5 42;

ELEMENT INCIDEWCES SHELL

31578 &;

R R R R R R R A R A R A R R R A A A R R A A R A A A A A A A A A A AR AT TR AT TR R T T TR TS

ELEMENT PROFERTY

L s S s s ]

*Cover and side steel plate thickness.

Steel plate deaign i3 not performed

L s S s s ]

31 THICENESS 0.015

EE L L s L ]

* Material constant properties set according to section 3.3.1 of project work

R R R R R R R A R A R A R R R A A A R R A A R A A A A A A A A A A AR AT TR AT TR R T T TR TS

DEFINE MATERIAL 3TART
I30TROPIC STEEL

E 2.1e+008

POISS0H 0.3

CENSITY 77

ALPHE &.5e-008

CEME 0.03

ENC CEFINE MATERIAT

R R R R A A R R A R R R A R A R A R A R A A A R A R R A A A R AT R A A A A A AT A R A A TR AT R AT TR AT AT
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e R R

*Hollow section steel property
EE L R L s L s s L s R R L L L R

MEMEBER FROPERTY EUROFELN

21a TQ 223 TRABELE ST PFIFE OC 0.1143 IO 0.1017

121 122 147 TO 156 163 TO 166 187 TO 189 194 200 TO 214 -
215 TABLE 5T PIFE OC 0.3239 IO 0.2919

CONSTANTS

MATERTILAT STEEL ALL

SUFFORTS

A A A A A A A A A A A A R A R A A A A A A R R A A A R R R A A A A A A A A A A A A A A A A A A AR A A A A A AR I I F AT A TR T HTH

*Boundary conditions for transportaion analvsis set according to section 5.3.2
EE S R L s R R ]

35 TQO 38 FIXEL BUT MX MY MZ

L L T e
*BASIC LOADS

B T T L T I I T T I I It

MEMEBEE RELEASE
HA AR A A AR R R R R R A AR R AR R A A AR AR R R A R AR AR AR R AR R AR AR AR AR Ak kR kR kR

*Braces released for moment
EE L R L R s L E s L L L L L s L

216 TO 223 START M¥ MY MZ
216 TQ 223 ENL MX MY MZ

LOALD 1 3TATIC SELFWEIGHT
e L E R R R R R R R R R R E s e s s L R L ]

* Static selfweight with 10% weight inaccuracy
A A A A A R A A A A A A A A A A R A A N A A A A A A A A A A A A A A A A I I AT AT T FT AT AT T TR T AT H

SELFWEIGHT ¥ -1.1
LOATC 2 STATIC SUBSER MODULE WEIGHT
B T T T T s T T T T I T T I T T T T T T T I I I T

LOARD 2 STATIC SUBSER MODULE WEIGHT

R R S R R e e R s R R R L R
*Total static pump module weight 30 tonnes (294.3kN)

*Applied on plate 4%3 (294.3/(4*3) )= 24.525kN/m2
S L  E  E L R R
ELEMENT LOAD

31 PR &Y -24.525 -2 -1.5 2 1.5

LOAD 3 DYNAMIC SELFWEIGHT IN +¥X DIRECTION

SELFWEIGHT X 1.1

LOAD 4 DYNRAMIC SELFWEIGHT IN +Z DIRECTION

SELFWEIGHT Z 1.1

LOARD 5 DYNAMIC SELFWEIGHT IN +¥ DIRECTION

SELFWEIGHT ¥ 1.1

LOAD & DYNRMIC SUBSER MODULE WEIGHT TN +¥X DIRECTION

R R S R R e e R s R R R L R
*Total purnp module weight 30 tonnes =294 .3kN

A EE AR F AR A F AR I A F AR F AR F R A F AR R F A F A A A A A R A AR R A AR A A A A A F A A F AR F A FF A F AR F AR I A I A I I A I A A I A AT R T IR
ELEMENT LOAD

31 PR GX 294.3 0 0

LOARD 7 DYNRMIC SUEBSER MODULE WEIGHT IN +Z2 DIRECTION

ELEMENT LOAD

31 FE G2 294.3 0 0

LOAD & DYNRMIC SUBSER MODULE WEIGHT IN +Y DIRECTION

ELEMENT LOAD

31 PR Y 294.3 0 0

LOAD 9 DYNAMIC SELFWEIGHT IN -X DIRECTION

SELFWEIGHT ¥ -1.1

LOAD 10 DYNARMIC SELFWEIGHT IN -Z DIRECTION

SELFWEIGHT Z -1.1

LOAD 11 DYMRMIC SUBSER MODULE WEIGHT INM -X DIRECTION

R R S R R e e R s R R R L R
*Total purmp module weight 30 tomnes =294.3kN

A EE AR F AR A F AR I A F AR F AR F R A F AR R F A F A A A A A R A AR R A AR A A A A A F A A F AR F A FF A F AR F AR I A I A I I A I A A I A AT R T IR
ELEMENT LOAD

31 PR GX -2894.3 0 0

LOAD 12 DYMRMIC SUBSER MODULE WEIGHT IMN -Z DIRECTION

ELEMENT LOAD

31 FE GZ -294.3 0 0
B
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*LOAD COMBINATIONS-TRANSPORTATION ANALYSIS
R R A A A R A A A A R A A A A R A A A A R A A A A A R A A A A A I A R A A A I IR F A I A I I AT A I AT IR T T EA T T E
LOLD COME 13 LC1.TEANSPORTATION ROLL, MAX.Z
11.321.331.06 1.0

LOLD COME 14 LC2.TEANSPORTATION ROLL, MIN.Z
10.720.731.061.0

LOLD COMB 15 LC3.TRANSPORTATION PITCH, MREX.
11.321.341.07 1.0

LOAD COMB 16 LC4.TRANSPORTATION PITCH, MIN.Z
10.720.741.071.0

LOLD COME 17 LC5.TRANSPORTATION -ROLL, MEX.
11.321.391.0 11 1.0

LOLD COME 18 LC6.TRANSPORTATION -ROLL, MIN.Z
10.720.791.011 1.0

LOLD COME 19 LC7.TRANSPORTATION -PITCH, MRX.
11.32 1.3 10 1.0 12 1.0

LOAD COMB 20 LC8.TRANSPORTATION -PITCH, MIN.Z

1 0.7 2 0.7 10 1.0 12 1.0

EE s Y]

*LOAD COMBINATIONS-ULSa TRANSPORTATION ANALYSIS
A R R R R R A R R R R R A A R R A A A R A A A T R A I T F R T AT TR T TR T T H
LOAD COME 21 LC9.ULS A, ROLL+HEAVE

11.321.330.75-0.7 6 0.7 & -0.7

LOAD COME 22 LC10.ULS A&,ROLL-HEAVE

11.321.330.750.7 6 0.7 8 0.7

ORD COME 23 LC11.ULS A, -ROLL+HEAVE

11.321.35-0.7 & -0.7 9 0.7 11 0.7

LOAD COME 24 LC12.ULS A, -ROLL-HEAVE

11.321.350.78 0.7 9 0.7 11 0.7

LOAD COME 25 LC13.ULS A&, PITCH+HEAVE

11.321.340.75-0.77 0.7 & -0.7

LOAD COME 26 LC14.ULS A&, PITCH-HEAVE

11.321.340.750.770.78 0.7

ORD COME 27 LC15.ULS A, -PITCH+HEAVE

11.321.35-0.7 & -0.7 10 0.7 12 0.7

LOAD COME 28 LC16.ULS A, -PITCH-HEAVE

11.321.35 0.7 8 0.7 10 0.7 12 0.7

eSS SRR LSS S R L L L R L L R L SRR LRSS

[

-1

[

*LOAD COMBINATIONS-ULSk TRANSPORTATION ANALYSIS
R R A A A R A A A A R A A A A R A A A A R A A A A A R A A A A A I A R A A A I IR F A I A I I AT A I AT IR T T EA T T E
LOLD COME 29 LC17.ULS E,ROLL+HEAVE
11.021.031.35-1.3 6 1.3 8 -1.3
LOLD COME 30 LC18.ULS E,ROLL-HEAVE
11.02 1.0 31.351.3 6 1.3 28 1.3
LOLD COMB 31 LC19.ULS B, -ROLL+HEAVE
11.021.05 -1.3 8 -1.3 9 1.3 11 1.3
LOAD COMB 32 LC20.ULS B,-ROLL-HEAVE
11.021.051.3 8 1.3 9 1.3 11 1.3
LOLD COME 33 LC21.ULS E, PITCH+HEAVE
11.021.041.35-1.37 1.3 8 -1.3
LOLD COME 34 LC22.ULS E, PITCH-HELVE
11.021.041.351.371.32 1.3
LOLD COMB 35 LC23.ULS B, -PITCH+HEAVE
11.021.05-1.3 & -1.3 10 1.3 12 1.3
LOAD COMB 36 LC24.ULS B,-PITCH-HEAVE
11.021.051.3 8 1.3 10 1.3 12 1.3
PERFORM ANALYSIS

LOAC LIST 13 TO 36

PRINT MEMEER FORCES

PRINT SUPPORT REACTION

FINISH
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Appendix E4: Staad.Pro input for air lifting Case B: Cooler module

STAAD SPRCE

START JOE INFORMATION

JOE HAME COOLER MODULE 100 tonnes
ENGINEEE HiME ¥ohannes

ENGINEEE L[&TE 04-Apr-la

ENL JOE INFOERMATION

INFUT WILTH 79

UHIT METER EN

JOINT COORDINATES

l000; 20057 39007 4905507060735 7975897 20;

907 2.5; 1000 2.5; 11 9 0 2.5; 12 9 7 2.5; 13 3 7 5; 14 6 7 5; 15 & 7 0O;

le 3 7 0; 17 3 0 5; 18 0519600 203 00y 21 3 5.5 57 22 & 5.5 57

23 315y 24615 256 5.50y 26 35.50 276 10y 28 31 0 29 3 7 2.5;

308 7 2.5y 31 3 0 2.5y 32 6 0 2.5y 33 0 7.15 0y 34 0 7.15 57 35 9 7.15 5;

3g 9 7.15 0; 37 4.5 11.65 2.5; 38 0 -0.5 0; 39 0 -0.5 5; 40 9 -0.5 0O;

41 9 -0.5 5; 42 0.5 0 5; 43 8.5 0 5; 44 8.5 0 0; 45 0.5 0 07

B e T T S R L IS S IS TS T I T IS I T

MEMEER INCILDENCES

1110, 2 2 42; 3 4 11; 4 53 44; 55 9; 6 6 13; 7 7 12; 8 8 15; 9 1 5; 10 2 &;

11 3 &8; 12 4 7; 13 9 &; 14 10 2; 15 11 3; 16 12 3; 17 10 9; 18 11 12; 159 5 107

20 & 107 21 8 11; 22 7 11; 23 13 14; 24 14 7; 25 15 1&; 26 16 5; 27 17 18;

28 18 43; 29 19 20; 30 20 457 31 16 26y 32 15 25; 33 13 21; 34 14 22; 35 & 17;

3a 7 13; 37 8 19; 38 5 20; 39 21 23; 40 22 24; 41 21 22; 42 23 17; 43 24 18;

44 23 24; 45 21 24; 48 25 27; 47 24 28; 43 25 2Za; 49 27 19; 50 28 20; 51 27 Z8;

532 23 28; 53 14 29; 54 15 30; 55 23 13; 56 30 14; 57 9 29; 58 29 30; 5% 30 12;

g4 10 31; &5 31 32; €& 32 11; &7 10 17; &8 10 20; 70 11 1la3; 71 11 13; 72 34 &;

73 33 5; 74 36 8; 75 35 7; 76 33 37; 77 34 37; 78 36 37; 7O 35 37; B8O 20 31;

g1 31 17; 82 13 32; B3 32 18; 84 2 39; B85 1 38; && 3 40; 87 4 41; 88 42 17;

89 42 39; 90 43 4; 91 43 41; 92 44 19r 93 44 40; 94 45 1: 95 45 38;

A A R R R R R A R R A A R A A A R A A A A A A A R A A A A A A A A A AT A AT X T AT AT T T TR
R R A R A A A A R A R A A A A R A R A A A A R A A A A A A R A A A A A R A A A A A A A R A A A A A A A R A A A A AT AR AT AT AT AR AT A TE TS
* Material constant properties set according to section 3.3.1 of project work

EE R ]
DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

BOISSOHN 0.3

DENSITY 77

AL.PHL &.5e-006

DAME 0.03
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R
* Dummy 3lings for lifting with density O
R
ISOTROPIC SLINGS

E 2.1e=+008

BOISSCH 0.3

CENSITY 0.0001

LLPHE 1.2e-005

DEME 0.03

ENC CDEFINE MRTERIRT

L s S s s ]

*Hollow section steel property

L s S s s ]
MEMBER FROFERTY EUROFERN

1 T2 15 23 TQ 34 39 TQ 44 46 TQ 51 53 TO 5% 64 TO &8 70 71 80 TO 94 -
95 TABELE 5T FIPE OC 0.273 IL 0.241

19 TO 22 35 TO 38 45 52 TABLE 53T PIFE OO 0.1143 IC 0.1017

MEMBER FROFERTY EUROFERN

76 IO 78 TABLE 5T FIFE OO 0.02 IC 0O

MEMBER FROFERTY EUROFERN

72 IO 75 FRI3 ¥O 0.02 ZC 0.1

CONSTANTS

BETR 45 MEME 73 75

BETR 315 MEME 72 74

MATERIAL STEEL ALL

MATERIAL S5LINGS MEME 764 IO 79

L s S s s ]

*Braces released for moment
EE R ]

MEMBEE ERELELSE

13 TO 22 35 TO 38 45 52 S5TART M¥ MY MZ
13 TO 22 35 TO 38 45 52 EWLD MX MY MZ
SUFPORTS

L s S s s ]

*Boundary conditions for air lifting analysis set according to section 5.3.1
EE R ]

37 FINHED

38 TO 41 FIXELD BUT FY MX MY MZ EFX 10 EFZ 10
P T e

EE e R

*BASTC LOADS
kR R R R R R R R R A R R R R R R A R R R R R R R R R R R R R R R R A A A R R R R A R AR AR AR A AR AR A A AR A A ARk h h kh Rk h kR hh Rk kR

LOAD 1 STATIC SELFWEIGHT
khkkkhkhkkkhhkhkhkkhkkhhhkhhkhhkkhhkhhkkhkkkkkhhhkhkkhkkhhkkhhkhhkkkkkhhhkkhkkhhkhhkkhh ok ok

* Static selfweight with 10% weight inaccuracy

EE R L s e s R s R R
SELFWEIGHT ¥ -1.1

LOARD 2 STATIC SUBSER MODULE WEIGHT

EE L E L S R L R SR
*Total static cooler module weight 75 tonnes (735.75kN)

*Thizs load is distributed on Rrea 5 x 9, hence (735.75/(5x9))= 16.35kN/m2

EE R R R R R s e e R R R R R R R
FLOOER LOAD

YERAWNGE 0 O FLOAD -16.35 XBRANGE 0 9 ZEANGE O 5

EE R L s e s R s R R

*LOAD COMBINATIONS-AIR LIFTING ANAL¥SIS
EE R L s e s R s R R
LOAD COME 3 LC25.AIR LIFTING

1 2.25 2 2.25

PERFORM ANALYSIS

LOAD LIST 3

PRINT MEMEER FORCES

ERINT SUBPORT REACTION

ERINT CG

FINISH
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Appendix Es: Staad.Pro input for offshore lifting Case B: Cooler module

3TRAL SPACE

3TART J0E INFORMATION

JOB HaME COQLER MODULE 100 tonnes
ENGINEEE NAME Yohannes

ENGINEEE DATE 04-Apr-16&

ENC JOE INFORMATION

INEUT WILDTE 79

UHNIT METEE EM

JOINT COOEDIHATES

100020005 3900;49053530706075; 7897588740

907 2.5; 100 0 2.5; 11 9 0 2.5; 12 9 7 2.5; 13 3 7 5; 14 6 7 5; 15 6 7 07

16 3 70; 17 3 0%5; 18 60057 196 00; 203 00; 21 3 5.5 537 22 & 5.5 5;

23 31 5; 24815 256 5.50; 26 3 5.5 0y 27 €1 0; 28 3 1 0; 25 3 7 2.5;

30 & 7 2.5; 31 30 2.5; 32 €0 2.5; 33 0 7.150; 34 0 7.15 5; 35 9 7.15 5;

36 9 7.15 0y 37 4.5 11.85% 2.5; 38 0 -0.5 0y 39 0 -0.5 5; 40 9 -0.5 0;

41 9 -0.5 5y 42 0.5 0 57 43 3.5 0 5y 44 3.5 0 0y 45 0.5 0 0O

R E AR AR R R R AR R AR R AR R AR R A AR R AR R AR IR AR R AR IR AR R AR IR AR R AR IR AR R AR R AR R AR

MEMBER INCIDENCES

11 10; 2 2 42; 3 4 11; 4 3 44; 55 9; & & 13; 77 12; 8 8 15; 91 5; 10 2 &;

11 gy 12 4 7; 13 5 &y 14 10 2; 15 11 3; 16 12 &; 17 10 9; 18 11 12; 13 5 10;

20 6 10; 21 & 11; 22 7 11; 23 13 14; 24 14 7; 25 15 1la; 26 14 5; 27 17 1&;

28 18 43; 29 19 20; 30 20 45; 31 16 26; 32 15 25; 33 13 21; 34 14 22; 35 6 17;

38 7 18; 37 8 19; 3B 5 20; 39 21 23; 40 22 24; 41 21 22; 42 23 17; 43 24 18;

44 23 247 45 21 24; 48 25 27; 47 2a 237 48 25 Zay 49 27 19y 50 28 20y 51 27 28;

52 25 28; 53 16 29; 54 15 30; 55 29 13; 56 30 14; 57 9 29; 58 29 307y 59 30 12;

64 10 31; 65 31 32; a6 32 11; &7 10 17; &8 10 20; 70 11 1&; 71 11 18; 72 34 a;

73 33 5; 74 36 8; 75 35 7; T4 33 37; 77 34 37; 78 36 37; 79 35 37; 80 20 31;

81 31 17; 82 19 32; 83 32 18; 84 2 39; 85 1 33; 8¢ 3 40; 87 4 41; 88 42 17;

59 42 39; 90 43 4; 91 43 41; 92 44 19; 93 44 40; 94 45 1; 95 45 38;
L R R L R TR T
R R R R R R R R A R R R A R R A A R A A R A R A A A A A A A F R A A EF A IR AT F A F R AT F T AT EE
* Material constant properties set according to section 3.3.1 of project work

EE S S R L R L L LR LR SRR
DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

POISSON 0.3

DEMSITY 77

LLPHA &.5e-006&

DARME 0.03
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L
* Dummy 3lings for lifting with density O
L
ISOTROPIC SLINGS

E 2.1e+008

BOISSCHN 0.3

CEMSITY 0.0001

LLPHE 1.2e-005

DRME 0.03

ENC LEFINE MRTERIZTL

L S R s ]

*Hollow section steel property

KR R A A R R R R R A R R A R R A A A R F A I A F IR I F I I IR I A I I I IR I F I I I IR FF T T d
MEMBEE FROFERTY EURCEEAN

1 T2 18 23 TQ 34 39 TQ 44 46 TO 51 53 TO 59 64 TQ &8 70 71 80 TO 94 -

95 TABLE 5T FIPE OC 0.273 IL 0.241

19 TQ 22 35 TQ 38 45 52 TABLE 3T PFIPE OC 0.1143 IC 0.1017

MEMBER FPROFERTY EURCEELN

76 TQ 78 TABLE 5T FIFE OO 0.02 IC 0O

MEMBEE FROFERTY EURCEEAN

72 TQ 75 FRIS YO 0.02 Z0 0.1

CONSTANTS

BETR 45 MEME 73 75

BETR 315 MEME 72 74

MATERIAL S5STEEL ALL

MATERIAL SLINGS MEME 76 TQ 79

L S R s ]

*Braces released for moment

L S R s ]
MEMBEE RELEASE

19 TQ 22 35 TQ 38 45 52 5TART MX MY MZ

19 TO 22 35 TO 38 45 52 ENL MX MY MZ

SUFPORTS

L S R s ]

*Boundary conditions for lifting analysis set according to section 5.3.1

R R A A A R A A A A R A A A A R A A A A R A A A A A R A A A A A I A R A A A I IR F A I A I I AT A I AT IR T T EA T T E
37 PINNED

38 TO 41 FIXED BUT FY MX MY MZ KFX 10 EFZ 10

L S R s ]

T P T e T e T P R T T T T
*BASTC LOARDS
T P T e T e T P R T T T T
LOALD 1 STATIC SELFWEIGHT

EE L L L e L L L L L L e Ly

* Static selfweight with 10% weight inaccuracy

LR s s T L R R L L L LI R L R L L)
SELFWEIGHT ¥ -1.1

LORD 2 STATIC SUBSEXA MODULE WEIGHT

EE R S S R L R L]
*Total static cooler module weight 75 tonnes (735.75kN)

*This lecad is distributed on Area 5 X 9, hence (735.75/(5x9))= 16.35kN/m2

A A R A A A A A A A R R A A A A A A A A A A A A A A A A A A A A A A A A A AR AT AR T I I I I T A AT H
FLOOR LOAD

YEANGE 0 0 FLOAD -16.35 XRANGE 0 9 ZERNGE 0 5

s s R R R ]

*LOAD COMBINATIONS-SUBSER LIFTING ANALYSIS
EE s L R R ]
LOAD COME 3 LC26.SUBSEA LIFTING

1 3.12 2 3.12

PERFORM ANALYSIS

LOAD LIST 3

PRINT MEMEER FORCES

PRINT SUPPORT REACTION

PRINT CG

FINISH
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Appendix E¢: Staad.Pro input for transportation Case B: Cooler module

STAAD SPRCE

START JOE INFORMATION

JOE HAME COOLER MODULE 100 tonnes
ENGINEEE HiME ¥ohannes

ENGINEEE L[&TE 04-Apr-la

ENL JOE INFOERMATION

INFUT WILTH 79

UHIT METER EN

JOINT COORDINATES

l000; 20057 39007 4905507060735 7975897 20;

907 2.5; 1000 2.5; 11 9 0 2.5; 12 9 7 2.5; 13 3 7 5; 14 6 7 5; 15 & 7 0O;

16 37 0; 17 30 5; 182 ¢ 05; 19 60 0; 20 3 0 0; 21 3 5.5 5; 22 & 5.5 5;

23 315y 24615 256 5.50y 26 35.50 276 10y 28 31 0 29 3 7 2.5;

308 7 2.5y 31 30 2.5y 32 60 2.5y 330 -0.5 07y 34 0 -0.5 57 35 9 -0.5 0;

3g 9 -0.5 5; 37 0.5 0 5; 38 8.5 0 5; 39 8.5 0 0; 40 0.5 0 07

B e T T S R L IS S IS TS T I T IS I T

MEMBEE INCIDENCES

1110; 22 37; 3 4117 4 3 397 5 5 9y &€ €13y 7 7 127 8 8 157 91 57 10 2 &;
11 gy 12 4 7; 13 9 &7 14 10 2; 15 11 3; 16 12 &; 17 10 9; 18 11 12; 15 5 10;
20 8 10; 21 8 11; 22 7 11; 23 13 14; 24 14 7; 25 15 14; 26 16 5; 27 17 18;

28 18 38; 29 19 20; 30 20 407 31 16 26y 32 15 257 33 13 21; 34 14 227 35 & 17;
3@ 7 18: 37 8 19; 38 5 20; 39 21 23; 40 22 24; 41 21 22; 42 23 17; 43 24 1a&:

44 23 24; 45 21 247 4@ 25 27 47 26 28y 48 25 Zey 49 2T 197 50 28 20y 51 27 2E;

52 25 28; 53 16 29; 54 15 307 55 29 13; 56 30 14; 57 9 29; 58 29 307 59 30 1z;

60 20 31; &1 19 32; &2 31 17; &3 32 18; 64 10 31; &5 31 32; 66 32 11; &7 10 17;

68 10 207 70 11 1a8; 71 11 19; 72 1 337 73 2 347 74 4 3&; 75 3 357 Te 3T 17;
77 38 4; T8 39 19; 79 40 1; B0 37 34; 81 38 34; &2 39 35; 83 40 33;

L s s e e s Ry

L s s s A s A L]

* Material constant properties set according to section 3.3.1 of project work

R R R R A A R R A R R R A R A R A R A R A A A R A R R A A A R AT R A A A A A AT A R A A TR AT R AT TR AT AT

DEFINE MATERIAL 3TART
I30TROPIC STEEL

E 2.le+008

BOISSOH 0.3

CENSITY 77

ALPHE &.5e-008

DEME 0.03

ENC CEFINE MATERIAT
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L S R s ]

*Hollow section 3teel property

L s s s s s e
CONSTANTS

MATERIAL STEEL MEME 1 TQ &8 70 IO B

MEMEEER FROFERTY EUROFERN

1 T2 18 23 TO 34 39 TQ 44 46 TO 51 53 TQ &8 70 TO 82 -

83 TRBLE 3T PIPFE OL 0.273 IO 0.241

189 TQ 22 35 TO 38 45 52 TRBLE 5T FIFE OO 0.1143 IO 0.1017

L S R s ]

*Braces released for moment

L L R ]
MEMBER RELELSE

19 TO 22 35 IO 38 45 52 START MX MY MZ

19 TO 22 35 IO 38 45 52 ENLD MX MY MZ

SUFFORTS

L S R s ]

*Boundary conditions for transportaion analy3is set according to section 5.3.2
e e e L L RS

33 TC 36 FIXKEL BUT M MY MZ

EE s s s s s s R L]
*BLSIC LOADS

R A A R R R A A R N A A R R R R R R A A A A A R A A A A A R A A A A R A A AR A AT IR TR TTH
LOAD 1 STATIC SELFWEIGHT

SELEWEIGHT ¥ -1.1

LOAD 2 STATIC SUBSER MODULE WEIGHT

L s s I R R L]
*Total static cooler module weight 75 tonnes (735.75kN)

*This load is distributed on Area 5 x 9, hence ({735.75/(5x9))= le&.35kN/m2

E L]
FLOOR LOAD

YEANGE 0 0 FLOAC -16.35 XEANGE 0 9 ZRANGE O 5

LOAD 3 DYNAMIC SELFWEIGHT IN +X DIRECTION

SELEWEIGHT X 1.1

LOAD 4 DYMAMIC SELFWEIGHT INM +Z DIRECTICH

SELFWEIGHT Z 1.1

LOAD 5 DYMAMIC SELFWEIGHT IN +Y DIRECTICON

SELFWEIGHT ¥ 1.1

LOAD & DYNAMIC SUBSER MODULE WEIGHTI IN +X DIRECTICON

JOINT LOAD

1 T2 4 FX -183.94
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LOan DYNAMIC 3UBSER MODULE WEIGHT IN +Z DIEECTION
JOINT LOAD

1 T2 4 F2 -183.594

JAC B8 DYNRMIC SUBSER MODULE WEIGHT IN +Y DIRECTION
JOINT LOAD

1 T2 4 FY -183.94

QA0 9 DYNAMIC SELFWEIGHT IN -X DIRECTION

SELFWEIGHT ¥ -1.1

LOAD 10 DYNAMIC SELFWEIGHT IN -2 DIRECTION
SELFWEIGHT £ -1.1

LOAD 11 DYNAMIC SUESEX MODULE WEIGHT IN -X DIRECTION
JOINT LOAD

1 T2 4 FE 183.94

LOAD 12 DYNAMIC SUBSEX MODULE WEIGHT IN -Z DIRECTION
JOINT LOAD

1 IO 4 FZ 183.94

L s S s s ]

*LOAD COMBINATIONS-TRANSPORTATION ANALYSIS

s s I LY
LOLD COME 13 LC1.TEANSPORTATION ROLL, MAX.Z

11.321.331.06 1.0

LOLD COME 14 LC2.TEANSPORTATION ROLL, MIN.Z

10.720.731.061.0

LOAD COMB 15 LC3.TRANSPORTATION PITCH, MEX.Z

11.321.341.07 1.0

OAD COME 16 LC4.TRANSPORTATION PITCH, MIN.Z

10.720.741.071.0

LOLD COME 17 LCS5.TRANSPORTATION -ROLL, MEX.
11.321.391.0 11 1.0

LOLD COME 18 LC6.TEANSPORTATION -ROLL, MIN.Z
10.720.791.011 1.0

LOAD COMB 19 LC7.TRANSPORTATION -PITCH, MAX.
11.3 2 1.3 10 1.0 12 1.0

OAL COME 20 LCE.TRANSPORTATION -PITCH, MIN.Z
10.7 2 0.7 10 1.0 12 1.0

-1

=1
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R R A R R R R R R R R R R R A R A R A A A A A A A R A A A A A A A IR F TR AT TR T TR T TR

*LOAD COMBINATIONS-ULSa TRANSPORTATION ANALYSIS
AR R R A A A A AR R A R A A A A R R A R A A R R R A R A A R A R A A A A A R R A A A A A A R R A A A AR AR R AT AR R F AT A F AR T AT HE R
LOAD COME 21 LC9.ULS A, ROLL+HEAVE

11.321.330.75-0.7 & 0.7 & -0.7

ORD COME 22 LC10.ULS A,ROLL-HEAVE

11.321.330.750.760.780.7

LOAD COME 23 LC11.ULS A, -ROLL+HEAVE

11.321.35-0.7 & -0.7 9 0.7 11 0.7

LOAD COME 24 LC12.ULS A, -ROLL-HEAVE

11.321.350.78 0.7 9 0.7 11 0.7

0R0 COME 25 LC13.ULS A, PITCH+HEAVE

11.321.340.75-0.77 0.7 & -0.7

ORD COME 26 LC14.ULS A, PITCH-HEAVE

11.321.340.750.770.78 0.7

LOAD COME 27 LC15.ULS A, -PITCH+HEAVE

11.321.35-0.7 & -0.7 10 0.7 12 0.7

OLD COME 28 LC16.ULS A, -PITCH-HELVE

11.321.350.7 8 0.7 10 0.7 12 0.7

L S R s ]

*LOAD COMBINATIONS-ULSk TRANSPORTATION ANALYSIS
R R A A A R A A A A R A A A A R A A A A R A A A A A R A A A A A I A R A A A I IR F A I A I I AT A I AT IR T T EA T T E
LOLD COME 29 LC17.ULS E,ROLL+HEAVE

11.021.031.35-1.3 6 1.3 8 -1.3

LOLD COME 30 LC18.ULS E,ROLL-HEAVE

11.02 1.0 31.351.3 6 1.3 28 1.3

LOLD COMB 31 LC19.ULS B, -ROLL+HELVE

11.021.05 -1.3 8 -1.3 9 1.3 11 1.3

LOAD COMB 32 LC20.ULS B,-ROLL-HEAVE

11.021.051.3 8 1.3 9 1.3 11 1.3

LOLD COME 33 LC21.ULS E, PITCH+HELVE

11.021.041.35-1.37 1.3 8 -1.3

LOLD COME 34 LC22.ULS E, PITCH-HELVE

11.021.041.351.371.32 1.3

LOLD COMB 35 LC23.ULS B, -PITCH+HEAVE

11.021.05-1.3 & -1.3 10 1.3 12 1.3

LOAD COMB 36 LC24.ULS B,-PITCH-HEAVE

11.021.051.3 8 1.3 10 1.3 12 1.3

PERFOEM RNATYSIS

QALD LIST 13 TO 34
FRINT MEMBEE FORCES
FRINT SUFFJRT RELCTION
FINISH
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Appendix E7: Staad.Pro input for air lifting Case C: Compressor module

STARD SEAC
START JOE INFORMATION

JOE HAME COMEFRESSCR MODULE 120 tonnes
ENGINEEE HaME Yohannes

ENGINEEE L&TE 07-&Zpr-la
ENL JOE INFOERMATION
INFUT WILTH 79

UHIT METER EN

JOINT COORDINATES

l000; 2400 30047 4404 50707647
90 -0.5 0; 10 4 -0.5 0; 11 0 -0.5 4; 12 4 -0.5 4;
150 2.8 0 16 0 2.8 2; 17 0 2.8 4; 18 4 5.8 4; 119
21 4 1.4 4> 22 0 1.4 4y 23 0 5.8 4; 24 0 4.2 4; 25
27T 2 2.8 4y 28 2 4.2 4y 29 2 5.8 4; 30 4 2.8 0; 31
34 2 00; 35 2 2.8 0; 3@ 27 0; 37080; 38480
41 1 9 4; 42 3 9 4; 43 0 7 2.5; 44 4 T 2.5; 450 3
43 3 9 2.5; 49 1 5 0; 50 3 9 0; 51 00 1.3; 32 00
25 2 12.5 2.17;

0 T07 4; 847 4;

1307 2; 14 0 0 2;

4 4.2 4; 20 4 2.8 4;

20 4; 28 2 1.4 4;

4 7 2y 3240 2y 33 4 2.8 2
;3908 4; 40 4 8 42

£.5; 48 4 8 2.5; 47T 1 5 2.5
£2.7; 33 4 0 2.7; 534 4 0 1.3

L s e s R ]

MEMBER INCILDENCES

132357 2 4537 32347 41517 57 237 & 5 15;
11 & 347 12 5 137 13 3 11; 14 1 9; 15 2 10;
19 13 167 20 15 1;
28 15 1e6; 29 16 17;
36 18 29; 37 13 15;
44 21 257 45 22 25;
52 29 23; 53 8 29;
60 31 33r &1 33 32;
68 35 15; &9 38 5;
76 38 &r 77 37 5;
g4 43 44; 85 47 43; 87 49 50; 49 37;
93 48 44; 94 45 39; 95 49 47; 98 47 41; 97 50
100 51 14; 101 52 3; 102 53 327 103 54 2;
109 35 36; 110 5 557 111 & 557 112 7 55; 113
ELEMENT INCIDENCES SHELL

106 49 47 43 50; 107 47 41 42 48;

38 13 172 39 15 14; 40
46 27 177 47 19 27; 48
54 7 25; 55 30 2; 54 20
62 31 20; &3 31 30:; 64

T8 39 40;

oo
oo

o
a

21 1la 14; 23 17 224; 24 13 19;
30 22 3; 31 23 24; 32 24 17;
17 14;
24 273
33y 57 31 &;
30 32;
70 15 347 T1 30 34; 72 38 307 73 36 152
T9 41 42; 80 43 Ty 81 44 31 32 45 43; B3 448 44;
g9 50 38&;

7

2
3

f=
o

104 51 54;
997

o
=]

o
=]

a: a 30y 9 7 8r 10 & 44

16 4 12; 17 13 43y 18 14 52;

5 19 20;
3 21 28;

26 20 21;
34 20 27;
41 25 4; 42 26 22;
49 28 24; 50 18
58 32 54;
32; 66 30
74 39 7;

27 21 4;
35 19 28;
43 26 25;
87 51 23 28
54 33 30;
35; &7 34 1;
75 40

85 20

DO
=

90 41 39;
98 43 42;

9l 42 40; 92 47 45
959 4q 40;
105 52 53; 108 34 35;

L s s s A s A L]
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e L s s s s s L]

ELEMENT FROFERTY
LT T T P T T T R R R T R

*15 mr Cover steel plate.Steel plate deaign is not performed
AR R A A A A R R A A A A A A R A A A R A A R A A A A A A A R A A A A A A R A A A R A A A R A A A A A A A R A A A A AT AR F AT F AT AR F A THR

106 107 THICENE3S 0.015

R e

* Material conatant properties set according to section 3.3.1 of project work

EE L s s R LRy
DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1le+008

BOISSON 0.3

DENSITY 77

LLFHA 6.5e-006

DAME 0.03

EE s IR

* Dummy slings for lifting with density 0

X s s s s s s i EL]
ISOTROPIC SLINGS

E 2.le+008

BOISSON 0.3

DEMSITY 0.0001

LLFHA 1.2e-00%

DRME 0.03

ENC DEFINE MATERIAL

EE L I s s s s s s s s s I Ly

*Hollow section ateel property

R R A R R A R R R A A R A R N A R A A N A R A A N A A R AN A A A A R AT T A A A AT AT T AT AT T AT TR T A T T AT
MEMBER FROFERTY EUROFEZN

1 TQ 21 23 TO 36 41 TO 43 46 49 52 55 TQ €1 &4 IO 69 74 TQ &5 &7 TO 105 108 -
109 TABLE 5T FIPE OO0 0.3239 ILD 0.291%9

37 TO 40 44 45 47 48 50 51 53 54 &2 TQ &5 70 TO 72 -

73 TABLE 5T PIPFE OC 0.1143 IC 0.1017

MEMBER FROFERTY EUROFELN

110 TQ 113 TABLE 53T FIFE COC 0.02 IC O

COMSTANTS

MRTERIAL STEEL ALL

MARTERIAL SLINGS MEME 110 TQ 113

R e

University of Stavanger Page 287



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

EE S s s R R L L]

*Braces released for moment

R R R R R R R R R R R R R A R R A R R R A A A R R A R A A A A R A T R A A A IR AT I AT IR T T TR H S
MEMEEE RELEALSE

37 TO 40 44 45 47 43 50 51 53 54 62 IO &5 70 TQ 73 53TART MM MY MZ

37 TO 40 44 45 47 43 50 51 53 54 62 TO 65 70 TQ 73 END MX MY MZ

SUFFORIS

L s s s R L ]

*Boundary conditions for air lifting analysis set according to sectiom 5.3.1

L s s s s s s L]
9 TO 12 FIXEL BUT FY M¥ MY MZ KFX 10 KEFZ 10

55 PINHED

L s s L]

*BASIC LOADS

L s s L]

LOAD 1 STATIC SELFWEIGHT
P T I I T I T T T T I T T I T I I I

* Static selfweight with 10% weight inaccuracy

EE L]
SELFWEIGHT ¥ -1.1

LOAD 2 STATIC SUBSER MODULE WEIGHT
s L ]
*Total static compresscr module weight 100 tonnes (9E1kH)

*This load is distributed on Area 4 x 4, hence (981 ({4x4d))= 61.3kN/m2
L L R R Y]
FLOOR LOAD

YRANGE 0 0 FLOAD -61.3 XEARNGE 0 4 ZRRNGE 0 4

R A R R A A R A A R R A A A A A R A A A A A R A A A A R A A AR AF A E TR AT TR AT T e
*LOAD COMBINATICNS-AIE LIFTING ANALYSIS

R s R L R
LOAD COME 3 LC25.AIE LIFTING

1 2.25 2 2.25

PERFORM ANATYSIS

LOAD LIST 3

PFRINT MEMEEE FORCES

FRINT SUPPJET REACTION

ERINT CG&

FINISH
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Appendix Eg: Staad.Pro input for offshore lifting Case C: Compressor module

STRAL SEAC
START JOE INFOBMATION

JOE NAME COMEFEESSOE MODULE 120 tonnes
ENGINEEE HAME Yohannes

ENGINEEE DATE 07-&pr-16&
ENL JOE INFORMATION
INFUT WILDTH 79

UHIT METEE EN

JOINT COORDINATES

100a0; 2400; 3004; 44 04; 507 0; 647 0; 707 4; 3847 4;

90 -0.50; 10 4 -0.50; 11 0 -0.5 47 12 4 -0.5 47 13 0 7 2 14 0 0 2»

15 02,80y 16 0 2.8 2; 17 0 2.8 47 18 4 5.6 47 19 4 4.2 4; 20 4 2.8 47

21 4 1.4 4; 22 0 1.4 4; 23 0 5.6 4; 24 0 4.2 4; 25 2 0 4; 26 2 1.4 4;

27 2 2.8 4; 28 2 4.2 4; 29 2 5.6 4; 30 4 2.8 0y 31 4 7 2; 32 40 2; 33 4 2.8 2;
34 200; 35 2 2.8 0; 36 27 0; 3708 0; 38 48 0; 33008 4; 40 4 4;

41 1 9 4; 42 3 9 4; 43 0 7 2.5; 44 4 7 2,5; 45 0 8 2.5; 46 4 2 2.5; 47 1 9 2.5;
43 3 9 2.5; 49 1 9 0; 50 3 9 0; 51 00 1.3; 52 00 2.7; 5340 2.7; 54 40 1.3;
55 2 12.5 2.17:

L s R L A A A AL

MEMBEE INCIDENCES

1 3 25; 2 4 53y 3 2 34y 4151y 57 23 &8 5 15; 7

11 & 36; 12 5 13; 13 3 11;
19 13 1a6; 20 15 1;
28 15 1le; 29 18 17;
36 18 29; 37 13 15;
44 21 25; 45 22 25;
52 29 237 53 8 29;
60 31 33r 61 33 32:
68 35 15; &9

38 5;
76 38 &; 77 37 5; T8 39 40;
g4 43 44a;

g5 47 48;
93 48 4e; 94 45 33;
100 51 14; 101 52 3;
109 35 368; 110 5 55;

ELEMENT INCICENCES SHELL

54 7 25;

1

21 1a 14;
30 22 3;
38 13 17; 39 15 14;
46 27 17; 47 18 27;

62 31 20; &3 31 30r
T0 15 34; T1 30 34; T2 36 307 73 36 15;
87 49 50;
95 49 477 96 47 41;

102 53 327 103 54 2; 104 51 54;

111 & 557 112 7 55; 113

41 3; 15 2 10;
23 17 227 24 18 13;
JL 23 247 32 24 17;

40 17 14;

4z 24 27;

20 33r 57

84 30 32;

la 4 1

55 30 2 56

79 41 42 80 43 Tr 81
& 49 37; 89 50 3&8;
97 50

o
o

=1
=]

55;

10& 49 47 48 50y 107 47 41 42 4a&;
R R R R R R R R R R R R e L]

o
[}

2;

23 19 20;
33 21 26;

41
439
31
&85

44
90
93

o

g & 30r 9 7 & 10
17 13 43; 18 14 52

26 20 21; 27 21 4;

34 20 27; 35 19 287
4; 42 248 22; 43 24 25;
24; 50 18
58 32 54;
32; &6 30 35; &7 34 1:
T4 39 T; T3 40
31y 82 45 437 83 46 44;
41 39; 91 42 407
48 42; 99 46 407
105 52 53; 108 34 35;

o

Ow
(= [}

25
28
ar
20

0w
=

59 33 30;

f=
o

51 23 28

447

92 47 45;
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L s S s s ]

ELEMENT EROFERTY
R S I I T I I T T I I T S T T I I I

*15 mr Cowver steel plate.Steel plate design is not performed
A R A R R A R R A R R R R A A R A A A A R A A A A A A R A A A A A A AT T AT AT TR T T AT TS

106 107 THICENWESS 0.015

L s S s s ]

* Material conatant properties set according to section 3.3.1 of project work

EE R ]
DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

BOISSON 0.3

DENSITY 77

ALFHRE &.5e-008

DAME 0,03
R

* Dummy slings for lifting with density O

L R sy
ISOTROPIC SLINGS

E 2.1e+008

BOISSOHN 0.3

DENSITY 0.0001

ALFHRE 1.2e-005

DAME 0,03

ENC DEFINE MRTERIAT
Y]

*Hollow section steel property

R R R R R R R A R A R A R R R A A A R R A A R A A A A A A A A A A AR AT TR AT TR R T T TR TS
MEMEERE FROFERTY EUROFEAN

1 TO 21 23 TO 36 41 TQ 43 46 49 52 55 IO &1 &6 TQ 69 74 TQ 85 &7 TO 105 1038 -
109 TAELE 5T FIPFE OO 0.3239 IC 0.2919

37 IO 40 44 45 47 48 50 51 53 54 62 IQ &5 70 TIQ 72 -

73 TRBLE 5T PIPE OO 0.1143 IC 0.1017

MEMEEE FROFERTY EUROEEAN

110 TO 113 TRELE 5T FIFE QL 0.02 IL O

CONSTRNTS

MATERIZL STEEL ALL

MARTERIZL SLING3 MEME 110 TQ 113

L s S s s ]
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e L s s s s s L]

*Brace3 released for moment

EE L S L L A A S i Ry
MEMEEER ERELERSE

37 TQ 40 44 45 47 43 50 51 53 54 62 TOQ 65 70 TQ 73 START MX MY MZ

37 TQ 40 44 45 47 43 50 51 53 54 62 TOQ 65 70 IO 73 END M MY MZ

SUFFORTS

R e

*Boundary conditions for air lifting analysis set according to sectionm 5.3.1

EE E L s R Ly
9 TQ 12 FIXEL BUT FY MY MY MZI KFX 10 KFZ 14

55 PINNED

R R R R R A A A R R R R A A A A A R A R A A A R A A R A A A R AR A A A AR R AT AR F AT AT A A RS

*BASIC LOADS

R e

LOAD 1 STATIC SELFWEIGHT
B T T T e R R I T I I I T s S I T T I

* Static selfweight with 10% weight inaccuracy

EE L I s s s s s s s s s I Ly
SELFWEIGHT ¥ -1.1

LOARD 2 STATIC SUBSER MODULE WEIGHT

e R
*Total static compresscr module weight 100 tonnes (351KN)

*Thias load is distributed on Area 4 X 4, hence (981/(4x4))= &6l.3kN/m2

Er E Ry
FLOOR LOAD

YRREWNGE 0 O FLOAD -61.3 XRRNGE 0 4 ZERNGE 0O 4

EE
*LOAD COMBINATIONS-SUBSER LIFTING ANALYSIS

EE s L R R ]
LORD COME 3 LC26.5UBSER LIFTING

1 3.12 2 3.12

PERFORM RNALYSIS

LOARD LIST 3

PRINT MEMBER FORCES

PRINT SUPBORT REACTION

ERINT CG

FINISH
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Appendix Eo: Staad.Pro input for transportation Case C: Compressor module
STAAD SPACE

START JOE INFORMATION

JOE NAME COMPRESSOR MODULE 120 tonnes

ENGINEER NAME Yohannes

ENGINEER DATE 07-Apr-16

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES

1000; 2400; 3004; 440 4; 507 0; & 47 0; 707 4; 847 4;

90 -0.50; 10 4 -0.50; 11 0 -0.5 47 12 4 -0.5 4; 13 0 7 22 14 0 0 2;

150 2.8 0y 16 0 2.8 2; 17 0 2.8 47 18 4 5.6 4; 19 4 4.2 4; 20 4 2.8 4;

21 4 1.4 4; 22 0 1.4 4; 23 0 5.6 4; 24 0 4.2 4; 25 2 0 4; 286 2 1.4 4;

27 2 2.8 4; 25 2 4.2 4; 29 2 5.6 4; 30 4 2.8 0; 31 4 7 2; 32 40 2; 33 4 2.8 2;

34 200; 35 22.80; 3@ 27 0; 3708 0; 33 483 0; 39 08 4; 40 4 8 4;

41 1 9 4; 42 3 9 4; 43 0 7 2.5; 44 4 7 2.5; 45 0 8 2.5; 46 4 5 2.5; 47 1 9 2.5;

43 3 9 2.5; 49 1 9 0; 50 3 9 0; 51 00 1.3; 52 00 2.7; 53 40 2.7 54 4 0 1.3;
R R R A R R R A R R A A R R R A R AR R A R A AR T A R F A AR T R A IR T F R F A I F TR TR T HETE

MEMBEE INCILDEHCES

13257 2 4 53; 32347 4151; 57 23; 6 5157 78 18; 8 & 307 9 7 8; 10 8 44;
11 6 367 12 5 137 13 3 11; 14 1 9; 15 2 10; 16 4 12; 17 13 43; 18 14 52;

19 13 1e6; 20 15 1y 21 1e 147 23 17 22; 24 18 19; 25 19 207 26 20 21; 27 21 4
28 15 167 29 16 17; 30 22 37 31 23 24; 32 24 17; 33 21 26; 34 20 27; 35 19 2&;
36 18 29; 37 13 157 38 13 177 39 15 14; 40 17 14; 41 25 4; 42 2g 227 43 26 25;
44 21 25; 45 22 25; 4a 27 17; 47 19 27; 48 24 27; 45 28 24; 50 18 28; 51 23 28;
52 29 23; 53 8 29; 54 7 29; 55 30 2; 56 20 33; 57 31 &; 58 32 54; 59 33 30;

60 31 33r 81 33 32; &2 31 207 &3 31 30; &4 30 32; &5 20 32; 66 30 357 &7 34 1:
68 35 15y &9 36 5; 70 15 34; 71 30 34; 72 36 30; 73 36 157 T4 39 77 TS5 40 B;

T 38 &; TT 3T 5:; T8 39 40; 79 41 4Z; 80 43 T; 81 44 31; 82 45 43; 83 46 44;

84 45 467 85 47 487 27 49 50; 88 49 37; 89 50 33y 90 41 397 91 42 407 92 47 45;
93 48 44; 94 45 35; 95 49 47; 948 47 41; 97 50 48; 98 48 42; 99 4q 40;

100 51 14; 101 52 3; 102 53 32; 103 54 2; 104 51 54; 105 52 53; 108 34 35;

105 35 3&;

ELEMENT INCTIDENCES SHELL

10e 49 47 43 50y 107 47 41 42 48;

L T L T L T R L T T L T T e T e T e T T T

ELEMENT PFROFERTY

L S R s ]

*15 mr Cover 3teel plate.Steel plate design i3 not performed
EE s e R ]

106 107 THICEMESS 0.015
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e s L s s s s s s L]

* Material constant properties set according to section 3.3.1 of project work

EE S S R L R L L LR LR SRR
DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

POISSON 0.3

DEMSITY 77

LLPHA &.5e-006&

DARME 0.03

ENC DEFINE MATERIAL

AR R A A A A R R A A A A A A R A A A R A A R A A A A A A A R A A A A A A R A A A R A A A R A A A A A A A R A A A A AT AR F AT F AT AR F A THR

*Hollow section 3teel property

R A A R R A A R R R A A R R R A R R R A A R R R A A R A R A A A A I AT A A AT I AT A A AT AT I A A AT Ry
CONSTRNTS

MATERIAL STEEL MEME 1 TQ 21 23 TO 85 &7 TQ 109

MEMEEE FROFERTY EUROFELN

1 T2 21 23 TC 36 41 TO 43 46 49 52 55 TO &1 &6 TQ &9 74 TO 85 &7 IO 105 108 -

109 TAELE 5T FIEE OO0 0.3239 IC 0.2919

37 IO 40 44 45 47 48 50 51 53 54 &2 TQ &5 70 TQ 72 -

73 TABLE 3T FIEE OO 0.1143 IC 0.1017

R e

*Braces released for moment

e s s L]
MEMEER EELERSE

37 IO 40 44 45 47 48 50 51 53 54 &2 TO &5 70 TQ 73 START MX MY MZ

37 IO 40 44 45 47 48 50 51 53 54 &2 TQ &5 70 TQ 73 END MX MY MZ

SUPFORIS

R e

*Boundary conditions for transportaion analysis set according to section 5.3.2
EE s L R R ]

9 TO 12 FIXELD BUT MX MY MZ
B Y T P L I T T I I I T TS T I ITI I
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L s s s A s A L]

*BASTC LOADS
R R R R R R R R L R R e S L ]

LJa0 1 STATIC 3ELFWEIGHT

L s S s s ]

* Static seliweight with 10% weight inaccuracy

EE S E e R
SELFWEIGHT ¥ -1.1

LOAD 2 STATIC SUBSER MODULE WEIGHT

A A R R R R R A R R A A R A A A R A A A A A A A R A A A A A A A A A AT A AT X T AT AT T T TR
*Total static compresscr module weight 100 tonnes (981kN)

*This load is distributed on Area 4 X 4, hence (981/(4xd))= 61l.3kN/m2
EE Y s s ]
FLOOR LOAD

YRANGE O O FLOAD -61.3 XEANGE 0 4 ZRRNGE 0 4

LOAD 3 DYNAMIC SELFWEIGHT IN +X DIRECTION

SELFWEIGHT ¥ 1.1

LOAD 4 DYNAMIC SELFWEIGHT IN +Z DIRECTION

SELFWEIGHT Z 1.1

LOAD 5 DYNAMIC SELFWEIGHT IN +Y DIRECTION

SELFWEIGHT ¥ 1.1

LOAD & DYNAMIC SUBSER MODULE WEIGHT IN +X DIRECTION

JOINT LOAD

1 TO 4 F¥ -245.3

LOAD 7 DYNAMIC SUBSER MODULE WEIGHT IN +Z DIRECTION

JOINT LOAD

1 TO 4 FZ2 -245.3

LOAD & DYNAMIC SUBSER MODULE WEIGHT IN +Y DIRECTION

JOINT LOAD

1 T2 4 FY -245.3

LOAD 9 DYNAMIC SELFWEIGHT IN -X DIRECTION

SELFWEIGHT X -1.1

LOAD 10 DYNRMIC SELFWEIGHT IN -Z DIRECTICON

SELFWEIGHT Z -1.1

LOAD 11 DYNAMIC SUBSEXR MODULE WEIGHT IN -X DIRECTION

JOINT LOAD

1 T3 4 F¥ 245.3

LOAD 12 DYNAMIC SUBSEX MODULE WEIGHT IN -Z DIRECTICON

JOINT LOAD

1 TO 4 FZ 245.3
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*LOAD COMBINATIONS-TRANSPORTATION ANALYSIS

R R R R R R R R R R R A R A A A R A A A T A R F A I AT IR T T A I AT TR T TR T H T
LOAD COME 13 LC1.TRIZNSPORTATION ROLL, MAX.Z
11.321.331.06 1.0

LOAD COME 14 LC2.TRANSPORTATION ROLL, MIN.Z
10.720.731.06 1.0

OAD COME 15 LC3.TRANSPORTATION PITCH, MAX.
11.321.341.071.0

LOAD COME 16 LC4.TRINSPORTATION PITCH, MIN.Z
10.720.741.071.0
LOAD COME 17 LC5.TRINSPORTATION -ROLL, MAX.
11.321.3 9 1.0 11 1.0

OAD COME 18 LC6.TRANSPORTATION -ROLL, MIN.Z
10.720.791.0 11 1.0

OAD COME 19 LC7.TRANSPORTATION -PITCH, MAX.Z
11.3 2 1.3 10 1.0 12 1.0
LOAD COME 20 LCE.TRANSBORTATION -PITCH, MIN.Z
10.720.710 1.0 12 1.0

R R R R R R R A R A R A R R R A A A R R A A R A A A A A A A A A A AR AT TR AT TR R T T TR TS

*LOAD COMBINATIONS-ULSa TRANSPORTATION ANALYSIS
EE R ]
LOAD COME 21 LC9.ULS A,ROLL+HEAVE
11.321.330.75-0.7 6 0.7 & -0.7

LOAD COME 22 LC10.ULS A,ROLL-HEAVE
11.321.330.750.760.780.7

LOAD COME 23 LC11.ULS A, -ROLL+HEAVE
11.321.35 -0.7 & -0.7 9 0.7 11 0.7

OAC COME 24 LC12.TULS A,-ROLL-HEAVE
11.321.350.7 8 0.7 9 0.7 11 0.7

LOAD COME 25 LC13.ULS A, PITCH+HEAVE
11.321.340.75-0.77 0.7 & -0.7

LOAD COME 26 LC14.ULS A, PITCH-HEAVE
11.321.340.750.770.78 0.7

LOAD COME 27 LC15.ULS A&, -PITCH+HEAVE
11.321.35 -0.7 & -0.7 10 0.7 12 0.7

LOAD COME 28 LC16.ULS A&, -PITCH-HEAVE
11.321.35 0.7 & 0.7 10 0.7 12 0.7

-1

[~

L s s L]

*LOAD COMBINATIONS-ULSk TRANSPORTATION ANALYSIS
A R R A A R A R A A A R R A A R A R R A A A R A R A A A A A R A A A A A A A R A A AT A A A R AR AT A IR I A I AT TR IR AT EH
LOLD COME 29 LC17.ULS E,ROLL+HEAVE
11.021.031.35-1.3 6 1.3 8 -1.3
LOLD COME 30 LC18.ULS E,ROLL-HEAVE
11.021.031.351.36 1.3 2 1.3
LOLD COME 31 LC19.ULS E,-ROLL+HELVE
11.021.05-1.3 & -1.3 9 1.3 11 1.3
LOAD COMB 32 LC20.ULS E,-ROLL-HEAVE
11.021.05 1.3 8 1.3 9 1.3 11 1.3
LOLD COME 33 LC21.ULS E, PITCH+HEAVE
11.021.041.35-1.37 1.3 8 -1.3
LOLD COME 34 LC22.ULS E, PITCH-HELVE
11.021.041.351.371.3¢2 1.3
LOLD COMB 35 LC23.ULS E,-PITCH+HEAVE
11.021.05-1.3 & -1.3 10 1.3 12 1.3
LOAD COMB 36 LC24.ULS E,-PITCH-HEAVE
11.021.051.3 8 1.3 10 1.3 12 1.3
PERFORM ANALYSIS

LOAC LIST 13 TC 36

PRINT MEMBER FORCES

PRINT SUPPORT REACTION

FINISH
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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

39 1.143 131.851 0.000 a

@

= 0
oy 40 -0.286 0.000 0.000 c
2 2
o 41 -0.286 0.000 0.000 g
[ :
2 42 -0.286 0.000 0.000 5
© (=4
& 2
43 -0.286 0.000 0.000 8

©

39 2.551 294.300 0.000 =

(] (]
S =
s 40 -0.638 0.000 0.000 b
(@] [
€ _ ~
o < 41 -0.638 0.000 0.000 a
20 g
S5 2 S
@ 42 -0.638 0.000 0.000 o0
Q o
e 5
n 43 -0.638 0.000 0.000 ‘;0:3

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

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

35 0.882 32.960 1.587 ”

< 5
.50 Qo
g 36 -0.882 32.960 1.587 c
T S
u c
b 37 0.882 32.960 -1.587 2
Q o
- c
g 38 -0.882 32.960 -1.587 é
(]

35 0.031 73.575 0.022 _é

© < 3
3 -% 36 -0.031 73.575 0.022 -
Sz L
o2 37 0.031 73.575 -0.022 &
w O =
2 O =
@ g 38 -0.031 73.575 -0.022 <
[a'4
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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

37 0.000 227.908 0.000 g

- @
© 38 0.001 0.000 0.000 'g
(] >
; c
o 39 0.001 0.000 0.000 w
© kS
N c
= 40 -0.001 0.000 0.000 .
© L
g g
41 -0.001 0.000 0.000 S

©

37 0.000 735.750 0.000 I

< v
'§ 38 0.005 0.000 0.004 &
= =
o 39 0.005 0.000 -0.004 3
N g
S5 2 >
@ 40 -0.005 0.000 0.004 o0
2 b
e 2
n 41 -0.005 0.000 -0.004 2

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

Load Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks
33 19.447 57.161 7.387 ”
< o
.20 o
g 34 19.297 56.742 -7.303 c
1 =}
w c
g 35 -19.297 56.742 7.303 2
2 o
- c
g 36 -19.447 57.161 -7.387 é
(O]
33 91.379 183.882 51.936 _§
© < o
3 -% 34 91.418 183.993 -51.959 —
Sz L
P 35 -91.418 183.993 51.959 &
w O
2 O =
v g 36 -91.379 183.882 -51.936 %
[a'4
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Appendix Fs: Air/offshore lifting reaction forces-Case C: Compressor

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

9 0.000 0.000 0.020 “

- @
.-ED 10 0.000 0.000 0.020 'g
(] >
; c
o 11 0.000 0.000 0.020 )
© 8
N c
= 12 0.000 0.000 0.020 5
4] (S
& 2
55 0.000 232.082 -0.080 8

©

9 0.002 0.000 -3.204 N

< v
B 10 -0.003 0.000 -3.204 &
£ . =
© < 11 0.003 0.000 -3.209 N
N g
S5 2 >
» 12 -0.003 0.000 -3.209 .an
Q L
e 2
n 55 0.001 980.800 12.826 2

Appendix F¢: Transportation reaction forces-Case C: Compressor module

Load Node Force -X (kN) Force-Y(kN) Force-Z(kN) Remarks
9 3.626 52.959 4.472 ’
£ 5
o 3
g 10 -3.626 52.959 4.472 £
1 =}
= c
Q 11 2.656 63.082 -4.472 g
Q o
- c
= 12 -2.656 63.082 -4.472 5
(O]
9 61.931 245.200 53.071 é
o £ ©
g ® 10 -61.931 245.200 53.071 K
Sz ¢
P 11 59.111 245.200 -53.071 &
w O
2 O =
@ g 12 -59.111 245.200 -53.071 <
[a's
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Appendix G: Reference drawings

Appendix G1: Reference drawings from Statoil presentations

Asgard Subsea Compression
System modules

Cooler

\

\
4

WIS
PR\
- -

University of Stavanger Page 299



CRITICAL DESIGN PHASE FOR SUBSEA MODULE SUPPORTING STRUCTURES

Appendix Gz: Reference drawings from AkerSolutions presentations

Subsea modules and equipment

Compressor
module

Cooler module

VSD module

Circuit breaker
module

o ity

e —

UPS modules

Main suppliers: Aker Solutions (Aberdeen, Tranby), Converteam. GE Oil&Gas, Aker Midsund, Posejdop. Ifokus, ConSepT,

ABB, Deutsch, Tronic. Ifokus

AkerSolutions

University of Stavanger
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2 + 1 spare Compressor trains

Separator Module AS SCM
( 6x7x13m — 175t)

Inlet & Antisurge AMB SCM

Cooler Module
(5x9x7m — 75t)

‘‘‘‘‘‘‘‘

-----
Wt
_______

= _ = = pr— _‘.,‘.,‘.,’.f_'.‘ """ Z Flexible Compressor
| © Module
(6x7x12m — 175t)

Export Cooler
Pump module Module
Train SCM (4x3x7m — 30t) (5x10x5m — 40t)

EE AkerSolutions

to edil this text Side 30 0 2008 Aker Sohuflons pan of Aker
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Compressor unit ready tested from
Compressor vendor including AMB
electronic

AMBCM assembled and tested from
Aker Solutions

HV Connection system, valves,
actuators, instruments, jumpers etc.
from qualified and nominated
subvendors

Integration, assebly, module FAT at
Egersund -> ready for SIT
Option:
e 1 compressor unit directly to
testing in K-Lab (“Pilot unit”)

Ve i
- ‘- L TR

\

&
A

LA

Bl
>
o

Rl
o “'.
S

Va

T ke

.,
N

Integration and
assembly under
controlled environment
in new Hall

IE AkerSolutions
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Compact Compression
Aker Solutions Subsea GasBooster

x 6 MW unit

s Minimised number of mechanical
and electrical connections

s Separately retrievable control
module and actuators

= Compact and low weight

Footprint: 4 mx4 m
Height: 7 m
Weight: 100 tonnes

[ AkerSolutions
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