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1 General 
 

1.1 Application 
 

1.1.1 This procedure is applicable to column-stabilised semi-submersible offshore units, hereinafter referred to as semi-
submersibles.  
 
1.1.2 Compliance with this procedure is mandatory for semi-submersibles in accordance with Part 4, Chapter 4,1.3.4 of 
the Rules for Offshore Units [1], which require a finite element assessment to be carried out to verify the strength and fatigue 
of the special and primary structure of the hull. This structure is defined in Part 4, Chapter 2, Section 2.2 of the Rules for 
Offshore Units.  
 
1.1.3 This procedure is applicable to both semi-submersibles that operate as mobile offshore units and to semi-
submersibles that operate at a fixed location for their entire life, such as floating production units. However, where differences 
occur in the design criteria between the two applications these are stated. 
 
1.1.4 This procedure prescribes methodologies to assess the strength and fatigue of the global structure and the local 
structure at the following interfaces with the hull: 
a) supports for risers, umbilicals and caissons; 
b) stools for topside modules; 
c) crane pedestals and crane boom rests; 
d) supports for topside structures including drilling plants, process plants, flare towers, pipe-lay towers and derricks; 
e) supports for helidecks 
f) supports for life boat platforms; 
g) mooring attachments and towing brackets; 
h) supports for thrusters; 
i) supports for main engines;  
j) supports for liquefied natural gas tanks; 
k) supports for offloading stations. 

 
1.1.5 The transit condition in this procedure is applicable to self-propelled voyages and wet tows. Transit by dry tow is 
outside of the scope of this procedure and should be assessed by a marine warranty surveyor. 
 
1.1.6 Load cases for the construction, load-out and installation phases are outside of the scope of this procedure and 
should be assessed by a marine warranty surveyor. 
 
1.2 Class notations 

 
1.2.1 Semi-submersibles that comply with the requirements of Sections 1 and 2 will be assigned the class notation 
ShipRight RBA. 
 
1.2.2 Semi-submersibles that comply with the requirements of Sections 1 and 3 will be assigned the class notation 
ShipRight FDA3 (years). The fatigue life indicated in years is the design fatigue life of the unit when operating at the location 
indicated in the class notation. In accordance with Part 4, Chapter 5,5.2.3 of the Rules for Offshore Units, the minimum design 
fatigue life of a unit is to be specified by the Owner, but is not to be less than 25 years unless agreed otherwise by LR. 
 
1.2.3 The FDA3 class notation cannot be assigned without the ShipRight CM (Construction Monitoring) notation, 
described in Section 4. Semi-submersibles that comply with the requirements of Section 4 will be assigned the class notation 
ShipRight CM. 
 
1.2.4 A description of the wave environment that has been used for the strength and fatigue analysis will be included in 
the class notation in brackets after the RBA and FDA3 class notations. 
 
1.2.5 For a mobile offshore unit, the default wave environment will be the IACS Recommendation No. 34 North Atlantic, 
see 3.1.8, permitting unrestricted worldwide transit and operation. Therefore, the class notation assigned from this procedure 
will read:  
ShipRight RBA FDA3 (years, Worldwide) CM. 
 
1.2.6 For a floating production unit, the wave environment will be the operating field. Therefore, the class notation 
assigned from this procedure will read: 
ShipRight RBA FDA3 (years, Name of operating field) CM. 
 
1.3 Direct calculation reports 
 
1.3.1 Detailed reports are to be submitted to LR for approval for the strength assessment and for the fatigue assessment. 
The reports are to include the following information:  
a) the co-ordinate system and system of units; 
b) a list of plans used including dates and versions; 
c) a description of the hydrodynamic model and analysis including derivation of damping values, modelling 

assumptions and plots of response amplitude operators and phase angles to demonstrate correct modelling; 
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d) a description of the wave environment that has been used including wave spectral parameters and references to the 
MetOcean report; 

e) a description of the structural model including all modelling assumptions; 
f) plots to demonstrate correct structural modelling and quality of mesh; 
g) details of material properties used and thickness plots to demonstrate assigned properties; 
h) details and plots of displacement boundary conditions; 
i) details of all still water and dynamic loading conditions; 
j) a list of the design waves and their amplitudes, headings relative to the unit, wave frequencies and phase 
k) details of the calculations for waterlines used in the dynamic loading conditions; 
l) where unit loads and accelerations are applied, details of the scale factors used to obtain the design loads for each 

loading condition; 
m) details of applied loadings and plots of load vectors to demonstrate that the loads have been applied with correct 

direction and magnitude; 
n) plots and results that demonstrate the correct response of the model to the applied loads; 
o) summaries and plots of global and local deflections; 
p) tabulated results showing compliance, or otherwise, with the design criteria; 
q) proposed amendments to structure where necessary, including revised assessment of stresses and buckling 

properties. 
 
1.3.2 In addition to 1.3.1, the report for the strength assessment is to include:  
a) summaries and sufficient plots of von Mises stress to demonstrate that the design criteria are not exceeded in any 

member. Stress at the centroid of each element, without domain averaging, is to be plotted; 
b) the plate buckling analysis and results;  
The scale bar/legend for the plots is to be chosen in order that the magnitude and extent of the non-compliant areas, if any, 
can be easily identified. The model is to be grouped into structural entities e.g. columns, decks, pontoons. A plot is to be 
provided for each group. The units and scale used on the plots is to be clearly visible. 

 
1.3.3 In addition to 1.3.1, the report for the fatigue assessment is to include:  
a) details of the structure for which the assessment has been carried out including identification of critical locations 

and plots showing the elements from which results have been extracted for assessment; 
b) a description of the S-N curves used including thickness corrections and any additional stress concentration factors 

considered to account for construction tolerances including change of plate thickness and misalignments; 
c) the calculated fatigue lives and factors of safety clearly demonstrating compliance or otherwise with the design 

criteria. The structure is to be clearly identified as being inspectable/repairable (in the wet or dry) or not. 
 
1.4 Finite element model 

 
1.4.1 The finite element models for the strength and fatigue assessments are to be full depth and full breadth plate and 
beam element global models. Structural steel weight is to be represented as structures in the finite element model as far as 
practicable. 
 
1.4.2 Superstructures and deckhouses are to be included in the models. These are to be represented using plate and 
beam elements with a mesh arrangement similar to that used for the hull in way and which adequately represents the 
structural arrangement. 
 
1.4.3 The topside structure is to be represented in the models. Frameworks fitted to the deck to support major items of 
equipment are to be included. This is to ensure that the stiffness of the frameworks is accounted for. Each significant topside 
mass is to be represented by a concentrated mass element, e.g. NASTRAN CONM2 element, placed at its centre of gravity. The 
mass and centre of gravity is to be determined from the weight report. The mass is to be distributed to nodes either on the 
deck or to nodes on the topside frameworks, where modelled, by a rigid body element with the mass at the independent node. 
The rigid body element should be of the type that allows transfer of inertial forces between dependent and independent nodes, 
but can also capture degrees of freedom of sliding supports where fitted e.g. NASTRAN RBE1 element. Uniformly distributed 
loads, e.g. from equipment, are to be applied to their respective areas on the deck as non-structural mass. 
 
1.4.4 Local models may be used for assessing the structure at the interfaces listed in 1.1.4. However, displacements from 
the global model are to be transferred to the boundaries of the local models. The extent of the local finite element models are 
to be such that the calculated stresses at the areas of interest are not significantly affected by the imposed boundary 
conditions and application of loads. The boundaries of the local models are to coincide with primary support members, such as 
girders, stringers and floors. 
 
1.4.5 The finite element models are to adopt a right handed Cartesian co-ordinate system with: 
a) x measured in the longitudinal direction, positive forward; 
b) y measured in the transverse direction, positive to port from the centreline; and 
c) z measured in the vertical direction, positive upwards from the baseline. 
 
1.4.6 The selected size and type of elements are to provide a satisfactory representation of the structural geometry and 
the deflection and stress distributions within the structure. Minimum modelling requirements are given in 1.4.7 to 1.4.19. 
 
1.4.7 The plate element mesh is to follow the primary stiffening arrangement. The minimum coarse mesh size 
requirements are: 
a) one element between every secondary stiffener; 
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b) three or more elements between web frames in pontoons and deck boxes; 
c) three or more elements over the depth of girders, floors, deep webs, and main frames including column ring frames. 
 
1.4.8 In general, the aspect ratio is not to exceed three for coarse mesh regions. 
 
1.4.9 Face plates and web stiffeners of primary members are to be represented by line elements (rods or bars) with the 
cross sectional area modified where appropriate, in accordance with Table 1.1 and Fig. 1.1. For one sided face plates, suitable 
offset is to be applied to the line element property or definition. 
 
1.4.10 Secondary stiffeners are to be modelled using offset bar or beam elements having axial and bending properties. 
These elements are to have a cross-sectional area and bending properties representing the stiffener area, excluding the area of 
attached plating. Stiffeners with asymmetrical cross-sections, e.g. L-type, are to be modelled using beam elements. 
 
1.4.11 Lightening holes and access openings in primary structure are to be represented in areas of interest. Additional 
mesh refinement may be necessary to model these openings, but it may be sufficient to represent the effects of the opening by 
deleting the appropriate element. 
 
1.4.12 Lightening holes and access openings away from areas of interest may be modelled by deleting the appropriate 
elements or by applying a correction factor to the resulting shear stresses in accordance with 2.16.3. Alternative methods 
based on mean thickness will be specially considered. 

 
Table 1.1 Effective cross-sectional area of line elements 

 
Structure represented by line element Effective area, Ae 
Primary member face bars Symmetrical 

Asymmetrical 
Ae = 100% An 
Ae = 100% An 

Curved bracket face bars (continuous) Symmetrical 
Asymmetrical 

From Fig. 1.1 

Straight bracket face bars (discontinuous) Symmetrical 
Asymmetrical 

Ae = 100% An 
Ae = 60% An 

Straight bracket face bars (continuous around toe curvature) Straight 
portion 

Symmetrical 
Asymmetrical 

Ae = 100% An 
Ae = 60% An 

Curved portion Symmetrical 
Asymmetrical 

From Fig. 1.1 

Web stiffeners – sniped both ends Flat bars Ae = 25% stiffener area 
Other sections 
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Web stiffeners – sniped one end, connected other end Flat bars Ae = 75% stiffener area 
Other sections 
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Symbols 
A 
 
An 
Ap 
I 
Yo 
r 

= 
 
= 
= 
= 
= 
= 
= 

cross-section area of stiffener and associated plating (defined in Part 4, Chapter 3,3.2.3 of the Rules for Offshore 
Units) 
average face bar area over length of line element 
cross-section area of associated plating 
moment of inertia of stiffener and associated plating 
distance of neutral axis of stiffener and associated plating from median plane of plate 
radius of gyration 

A
I

 

 
1.4.13 Where the mesh size of the finite element model is insufficiently detailed to represent areas of high strain or high 
stress concentrations, then these areas are to be investigated by incorporating local fine meshed zones into the main model. 
Clear of areas to be analysed in detail, a coarse mesh arrangement may be adopted. The areas to be modelled with fine mesh 
are to be discussed with LR at the earliest opportunity. 
 
1.4.14 As a minimum, the following areas are required to be modelled with fine mesh: 
a) Column to pontoon connections; 
b) Column to brace connections; 
c) Brace to brace connections; 
d) Deck to brace connections; 
e) Interface between deck and accommodation block; 
f) Column to deck connections; 
g) Corners of the moonpool and other significant openings; 
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h) Corners where transverse pontoons connect to longitudinal pontoons; 
i) The interfaces with the hull listed in 1.1.4; and 
j) Helicopter landing points (contact points between the landing gear and helideck). 
 
1.4.15 The mesh size in the fine mesh zones is not to be greater than 50 mm x 50 mm for the strength assessment. The 
mesh size in the fine mesh zones for the fatigue assessment is to be the lesser of 25 mm x 25 mm and t x t (where t is the plate 
thickness). For both assessments, the extent of the fine mesh zone is not to be less than 10 elements in all directions from the 
area under investigation, see Fig. 1.2. A smooth transition from the fine mesh to the coarser mesh is to be maintained. 
 
1.4.16 All plating, including stiffeners, within the fine mesh zone is to be represented by shell elements. Face plates of 
openings, primary support members and associated brackets are to be modelled with at least three elements across their width. 
Flanges of T-girders are to be modelled symmetrically about the web, with at least four elements (two on each side of the web).  
 
1.4.17 The aspect ratio of elements within the fine mesh zone is to be kept as close to unity as possible. Variation of mesh 
density within the fine mesh zone and the use of triangular elements are to be avoided in areas where there are likely to be 
high stresses or a high stress gradient. In all cases, the elements are to have an aspect ratio not exceeding three. Distorted 
elements, with element corner angle less than 60° or greater than 120°, are to be avoided. 
 
1.4.18 Where fine mesh analysis is required for bracket end connections, the fine mesh zone is to be extended at least 10 
elements in all directions from the area of interest. 
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Fig. 1.1 Effective area of face bars 

 

 
 

Fig. 1.2 Example of a fine mesh region 
 
 
1.4.19 In way of large openings with and radius corners (e.g. corners of the moonpool and brackets fitted to braces) and 
brackets (e.g. fitted to braces), a minimum of 15 elements are to be used to represent a 90 degree arc of the free edge of the 
plate. This may be reduced to ten elements for small openings and brackets e.g. holes for permanent means of access. Where 
the plate mesh size necessary to achieve this is less than 50 mm x 50 mm for the strength assessment, stress may be averaged 
over adjacent elements with a combined area of 50 mm x 50 mm. A line element (rod element) of small nominal area is to be 
incorporated at the plating free edge to obtain the peak edge stresses. Except where necessary from practical meshing 
considerations, this level of idealisation is to be maintained from the edge into the primary structure. Alternatively, peak 
stresses at the corners of openings may be used with geometrical stress concentration factors. 
 
1.4.20 The finite element models are to be built with a percentage of the design corrosion additions (tc) deducted from the 
gross thickness in accordance with Table 1.2. For redeployments, the design corrosion additions (tc) are to be deducted from 
the actual scantlings at the time of redeployment determined from thickness measurements. This is to ensure that the 
calculation of fatigue damage accounts for any reduction in the as-built scantlings. Any additional thickness specified by the 
Owner as Owner’s extra margin (enhanced scantlings) is not to be included in the models. For redeployments, evidence of an 
effective cathodic protection system will be specially considered for calculating design corrosion additions. 
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Table 1.2 Corrosion additions to be deducted from gross scantlings 
 

Assessment Mesh Percentage deduction in corrosion addition tc 
Strength  
(von Mises and shear stress criteria) 

Global coarse mesh 50% 
Local fine mesh 100%  

Strength  
(buckling) 

Global coarse mesh 100%  
Local fine mesh 100%  

Fatigue Global coarse mesh 25% 
Local fine mesh 50% 

 
1.4.21 The corrosion addition tc for a structural member can be calculated by the following formula: 
tc = Nc (tc1 + tc2) mm, rounded up to the nearest 0,5 mm 
where 
Nc = number of years of unit life where coating is not fully effective. Where tanks remain uncoated, Nc is to be taken as equal to 
the unit design life 
tc1, tc2 = corrosion rate for each side of the structural member. The corrosion rates given in Table 1.3, may be used as guidance.  
The default coating life is to be taken as 15 years. Where a tank is loaded with contents not listed in Table 1.3, e.g. drilling mud, 
corrosion rates will be specially considered. 
 

Table 1.3 Corrosion rate for one side of structural member 
 

Compartment type Structural member Corrosion rate tc1, tc2 (mm/year) 
Ballast water tank, see Note 5 Within 3 m below top of tank, 

see Note 1 
0,15 

Elsewhere 0,1 
Crude oil tank Within 3 m below top of tank, see Note 

1 
0,125 

Bottom of single bottom tanks 0,125 
Elsewhere 0,075 

Exposed to atmosphere Weather deck plating 0,1 
Other members 0,075 

Exposed to sea-water, see Notes 5 and 6 Shell plating 0,075 
Fuel and lubricating oil tank, see Note 3 All members 0,05 
Fresh water tank All members 0,05 
Slop tanks All members 0,15 
Void spaces, see Note 2 Spaces not normally accessed, e.g. 

access only via bolted manhole 
openings and pipe tunnels 

0,05 

Dry spaces Internals of machinery spaces, pump-
room, store rooms etc. 

0,05 

NOTES 
1. This is only applicable to crude oil tanks and ballast tanks with weather deck as the tank top. 
 
2. The corrosion rate on the outer shell plating in way of a pipe tunnel is to be taken as for a water ballast tank. 
 
3. 0,07 mm/year is to be added to the plate surface exposed to ballast for the plate boundary between water ballast and 
heated crude oil tanks. 0,03 mm/year is to be added to each surface of the web and face plate of a stiffener in a ballast tank 
and attached to the boundary between water ballast and heated crude oil tanks. Heated crude oil tanks are defined as tanks 
arranged with any form of heating capability. 
 
4. Where a tank is loaded with contents not listed, e.g. drilling mud, corrosion rates will be specially considered. 
 
5. The corrosion rates indicated assume effective anodes are fitted to the steel boundary. 
 
6. Additional corrosion allowance in the splash zone is recommended. 
 
7. Additional margins greater than those indicated may be required where the members are subject to high corrosion/wear 
rates. 
 
 
1.5 Software 

 
1.5.1 Full particulars of the computer programs used for the analysis are required to be submitted, see Part 4, Chapter 1,2 
of the Rules for Offshore Units [1]. 
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2 Strength assessment 

 
2.1 Load cases for the global strength assessment 

 
2.1.1 The strength of the global model is to be assessed for the loading conditions (modes of operation) and the relevant 
design load combinations defined in Table 2.1. 
 

Table 2.1 Loading conditions and design load combinations 
 

Loading condition 
(mode of operation) 

Serviceability load cases Accidental load cases Post-
accidental 
load cases 

(a) Maximum 
gravity and 
functional 
loads 

(b) Design 
environmental 
loads and 
associated gravity 
and functional 
loads 

(c) Blast (c) Collision (c) 
Dropped 
objects 

(d) 
Redundancy 

Operating Static Static + dynamic Static + 
accidental 

Static + 
accidental 

Static + 
accidental 

Static + 
dynamic 

Inspection/maintenance Static Static + dynamic - Static + 
accidental 

Static + 
accidental 

Static + 
dynamic 

Survival Static Static + dynamic - Static + 
accidental 

- Static + 
dynamic 

Transit Static Static + dynamic - Static + 
accidental 

- Static + 
dynamic 

 
2.1.2 The following static loads are to be included: 
a) static sea pressure; 
b) static tank pressure; 
c) all gravity  and live functional loads defined in Part 4, Chapter 3,4.4.1 of the Rules for Offshore Units; 
d) marine growth; 
e) snow and ice loads. 
 
2.1.3 Tank overpressure e.g. from vapour pressure or filling of the air pipe, in addition to the static tank pressure is to be 
included for load case (a). Tank overpressure need not be considered for load cases (b), (c) and (d). The static loads are to be 
calculated in accordance with 2.9. 
 
2.1.4 For each combination of loading condition and load case defined in Table 2.1, the global structure is to be assessed 
for a set of tank loading patterns which is to be agreed between the designer and LR, in consultation with the Owner if 
necessary. 
 
2.1.5 Loading patterns will vary according to the tank configuration of the unit and the mode of operation under 
consideration. It is to be ensured that the most onerous of the loading patterns defined in the Operations Manual are covered 
in the assessment. 
 
2.1.6 Where the semi-submersible includes an inspection/maintenance condition, if it can be demonstrated that the loads 
for this condition do not exceed the loads in the operating condition, then a structural assessment need not be carried out for 
the inspection/maintenance condition. The loads defined in 2.10.7 (a) to (j) are to be compared between the 
inspection/maintenance condition and the operating condition. 
  
2.1.7 Transit conditions need only be assessed for the loading conditions defined in the Operations Manual for transit. 
 
2.1.8 Each combination of loading condition and dynamic load case (columns (b) and (d) defined in Table 2.1) is to be 
assessed for a set of design waves which are defined in 2.10.7 and are to be calculated in accordance with 2.10. Each design 
wave is to be combined with each tank loading pattern defined in 2.1.5. 
 
2.1.9 Each combination of loading condition, design wave and loading pattern creates a unique load case to be assessed 
where applicable. Each dynamic load case is to be repeated with the same set of design waves but phase shifted by 180 
degrees. This is to ensure that structure is assessed in both tension and compression, e.g. with the loads applied in the opposite 
direction. 
 
2.1.10 For structures exposed to wave impacts, e.g. columns, braces and stability boxes/sponsons, load case (b) is to 
include wave impact forces as determined in 2.12. 
 
2.1.11 The strength of the bottom structure when the semi-submersible is in dry dock is to be confirmed. For each dry-
docking arrangement, the stress and buckling behaviour of the bottom structure in way of the proposed dock blocks is to be 
assessed. The model for global strength assessment is to be used. The mass of topside structures and equipment are to be 
included. The model is to be supported on grounded spring elements representing the proposed dry-docking arrangements. 
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The spring element stiffness in the model is to be representative of the combined block and capping stiffness. A sensitivity 
assessment is to be carried out to ascertain the structural response to the spring constant used. The structure is to comply with 
the acceptance criteria defined in 2.16 for load case (a). 
 
2.1.12 For the assessment of collision, dropped objects and blast, tank loading patterns can be reduced to consider only 
fully empty and fully loaded conditions. Accidental load cases should be limited to those identified with a probability of 
occurrence greater than 10-5. A methodology to establish risk based collision loads is given in LR's Guidelines for Collision 
Analysis. A methodology to establish risk based explosion loads is given in LR's Guidelines for the Calculation of Probabilistic 
Explosion Loads. 
 
2.1.13 A redundancy assessment, load case (d), is required to assess the global strength of the semi-submersible after 
credible structural failures. The methodology to follow is detailed in 2.14. 
 
2.1.14 Where the Owner requests the strength of the offshore unit to be assessed to 1000 or 10,000 year return period 
environmental loads, it is recommended that this assessment be carried out for the survival condition using the acceptance 
criteria defined in 2.16 for load case (d) unless other acceptance criteria are specified, e.g. by the National Authority. 
 
2.2 Load cases for the strength assessment of deckhouses and superstructures 

 
2.2.1 Deckhouses, superstructures and their integration with the hull are to be assessed as part of the global strength 
assessment in accordance with 2.1. However, for load cases (b) and (d), in addition to the wave induced loads, wind loads are 
to be applied to the deckhouses and superstructures above the weather deck. The wind loads are to be calculated in 
accordance with Part 4, Chapter 3,4.6 using one minute mean wind speed calculated at the return period specified in Table 2.5 
for the respective loading condition. A minimum of eight wind directions at increments of 45 degrees are to be considered. 
 
2.2.2 Deckhouses, superstructures and their integration with the hull are also to be assessed to static loads combined 
with wind loads. The wind loads are to be calculated in accordance with Part 4, Chapter 3,4.6 using 15 second mean sustained 
wind speed calculated at the return period specified in Table 2.5 for the respective loading condition. A minimum of eight wind 
directions at increments of 45 degrees are to be considered. Wave loads need not be considered. The structure is to comply 
with the acceptance criteria defined in 2.16 for load case (b). 
 
2.3 Load cases for the strength assessment of helidecks and supporting structure 

 
2.3.1 The helideck and supporting structure are to be assessed as part of the global strength assessment in accordance 
with 2.1. This is required in order to demonstrate that the structure can withstand the loads due to the motions of the unit. In 
addition, the helideck and supporting structure are to be assessed to the load cases and associated loads defined in Table 6.5.1 
in Part 4, Chapter 6 of the Rules for Offshore Units. 
 
2.3.2 The supporting structure to be assessed is to include both the framework and its integration with the primary 
members of the hull. A local finite element model of the helideck and supporting structure may be used. However, this model is 
to extend into the hull as far as three primary hull girders from the connections between the hull and the frameworks.  
 
2.3.3 The helideck and supporting structure are to comply with the acceptance criteria defined in Table 6.5.2 in Part 4, 
Chapter 6 of the Rules for Offshore Units. These criteria is applicable to coarse mesh and may be increased by a factor of 1,5 for 
fine mesh regions with mesh size equal to 50 mm x 50 mm. In accordance with 1.4.14 (i), the integration of the supports for the 
helideck with the hull is to be modelled in fine mesh. 
 
2.3.4 For the helicopter emergency landing and normal usage load cases, the helicopter is to be positioned so as to 
produce the most severe loading condition for each structural member under consideration.  
 
2.3.5 The mesh size at helicopter landing points is not to be greater than the tyre print or 300 mm x 300 mm where the 
designated helicopter is fitted with skids. Helicopter tyre patch loads are to be applied as uniformly distributed loads on the 
plate elements where the tyre contact occurs. Loads are to be distributed between the undercarriage wheels or along the skids 
in accordance with Part 4, Chapter 6,5.6.1 of the Rules for Offshore Units. 
 
2.3.6 When arrangements are made to stow helicopters secured to the deck in predetermined positions, the global 
strength assessment in Section 2.1 is to be extended to consider three additional design waves that maximise acceleration at 
the centre of gravity of the helicopter in the longitudinal, transverse and vertical directions. For this assessment, the helideck 
and supporting structure are to comply with the acceptance criteria for the normal usage load case. 
 
2.3.7 In accordance with Part 4, Chapter 6,5.1.3 of the Rules for Offshore Units, wave impact loads are to be considered 
where applicable. Wave impact loads may be calculated in accordance with 2.12 and 2.15.8. 
 
2.4 Load cases for the strength assessment of lifeboat platforms and supporting structure 

 
2.4.1 Lifeboat platforms and their integration with the hull are to be assessed as part of the global strength assessment in 
accordance with 2.1. In addition, a local strength assessment of each different type of lifeboat platform and its integration with 
the hull is to be carried out in accordance with this Section. Where the same type of lifeboat platform is fitted in multiple 
locations on the unit, only one lifeboat platform representing the most onerous location needs to be assessed. 
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2.4.2 In accordance with the Rules for Offshore Units, Part 4, Chapter 4,1.9, the lifeboat platform is to be assessed to 
static and static + dynamic load cases, both with the semi-submersible in upright and inclined conditions. The load cases are 
defined in Table 2.2. 
 

Table 2.2 Loading conditions and design load combinations 
 
Load condition Static Static + dynamic 

All lifeboats stowed 
Static + dynamic 
One lifeboat launching, 
remaining lifeboats stowed 

Upright Self-weight of lifeboat 
platform + weight of 
lifeboats 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.3 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.4 

Inclined pitch Self-weight of lifeboat 
platform + weight of 
lifeboats 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.3 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.4  

Inclined roll Self-weight of lifeboat 
platform + weight of 
lifeboats 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.3 

Self-weight of lifeboat 
platform + weight of 
lifeboats + dynamic load set 
defined in Table 2.4  

 

Notes 
1 
 
 
 
 
2 
 
 
 
 
3 
 
 
4 

For the inclined pitch load condition, the semi-submersible is to be inclined to the greater of an angle of 15 degrees and 
the angle corresponding to the worst damage waterline, taken about the y axis of the co-ordinate system shown in Fig. 
2.1. Where the Owner requests an assessment at an angle greater than 15 degrees, it is recommended that this 
assessment be carried out using the acceptance criteria defined in 2.4.3. 
 
For the inclined roll load condition, the semi-submersible is to be inclined to the greater of an angle of 15 degrees and 
the angle corresponding to the worst damage waterline, taken about the x axis of the co-ordinate system shown in Fig. 
2.1. Where the Owner requests an assessment at an angle greater than 15 degrees, it is recommended that this 
assessment be carried out using the acceptance criteria defined in 2.4.3. 
 
The self-weight of the lifeboat is to be considered by applying acceleration due to gravity, 9.81m/s2, to the mass of the 
lifeboat. The model is to include the mass of personnel, davits and associated equipment. 
 
The weight of each lifeboat is to be applied as forces to the appropriate release points on the platform. 
Each dynamic load set is to be considered as a separate load case. 
 

 
Table 2.3 Dynamic load sets for lifeboat platform with all lifeboats stowed 

 
Load set name Fs-x Fs-y Fs-z ap-x ap-y ap-z 
Longitudinal acceleration negative -0,3 mg 0 0 -0,3 g 0 0 
Longitudinal acceleration positive 0,3 mg 0 0 0,3 g 0 0 
Transverse acceleration negative 0 -0,3 mg 0 0 -0,3 g 0 
Transverse acceleration positive 0 0,3 mg 0 0 0,3 g 0 
Vertical acceleration negative 0 0 -0,3 mg 0 0 -0,3 g 
Combined x negative y negative -0,212 mg -0,212 mg 0 -0,212 g -0,212 g 0 
Combined x negative y positive -0,212 mg 0,212 mg 0 -0,212 g 0,212 g 0 
Combined x positive y negative 0,212 mg -0,212 mg 0 0,212 g -0,212 g 0 
Combined x positive y positive 0,212 mg 0,212 mg 0 0,212 g 0,212 g 0 
Where 
m = mass of one lifeboat fully manned and equipped. 
g = acceleration due to gravity, 9.81 m/s2. 
Fs-x = Component of dynamic force for a stowed lifeboat in x direction in co-ordinate system defined in Fig. 2.1. Fs-x is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
Fs-y = Component of dynamic force for a stowed lifeboat in y direction in co-ordinate system defined in Fig. 2.1. Fs-y is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
Fs-z = Component of dynamic force for a stowed lifeboat in z direction in co-ordinate system defined in Fig. 2.1. Fs-z is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
ap-x = Component of dynamic acceleration in x direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
ap-y = Component of dynamic acceleration in y direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
ap--z = Component of dynamic acceleration in z direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
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Table 2.4 Dynamic load sets for lifeboat platform with one lifeboat launching and all remaining lifeboats stowed 
 
Load set name Fs-x Fs-y Fs-z Fl-z ap-x ap-y ap-z 
Longitudinal acceleration 
negative 

-0,3 mg 0 0 -0,5 mg -0,3 g 0 0 

Longitudinal acceleration positive 0,3 mg 0 0 -0,5 mg 0,3 g 0 0 
Transverse acceleration negative 0 -0,3 mg 0 -0,5 mg 0 -0,3 g 0 
Transverse acceleration positive 0 0,3 mg 0 -0,5 mg 0 0,3 g 0 
Vertical acceleration negative 0 0 -0,3 mg -0,5 mg 0 0 -0,3 g 
Combined x negative y negative -0,212 mg -0,212 mg 0 -0,5 mg -0,212 g -0,212 g 0 
Combined x negative y positive -0,212 mg 0,212 mg 0 -0,5 mg -0,212 g 0,212 g 0 
Combined x positive y negative 0,212 mg -0,212 mg 0 -0,5 mg 0,212 g -0,212 g 0 
Combined x positive y positive 0,212 mg 0,212 mg 0 -0,5 mg 0,212 g 0,212 g 0 
Where 
m = mass of one lifeboat fully manned and equipped. 
g = acceleration due to gravity, 9.81 m/s2. 
Fs-x = Component of dynamic force for a stowed lifeboat in x direction in co-ordinate system defined in Fig. 2.1. Fs-x is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
Fs-y = Component of dynamic force for a stowed lifeboat in y direction in co-ordinate system defined in Fig. 2.1. Fs-y is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
Fs-z = Component of dynamic force for a stowed lifeboat in z direction in co-ordinate system defined in Fig. 2.1. Fs-z is to be 

calculated for each stowed lifeboat and is to be distributed to the support points for the lifeboat. 
Fl-z = Component of dynamic force for a lifeboat being launched in z direction in co-ordinate system defined in Fig. 2.1. Fl-z is to 

be calculated for one lifeboat and is to be distributed to the support points for the lifeboat. 
ap-x = Component of dynamic acceleration in x direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
ap-y = Component of dynamic acceleration in y direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
ap--z = Component of dynamic acceleration in z direction in co-ordinate system defined in Fig. 2.1 to be applied to the mass of 

the lifeboat platform. 
 
Notes 
The dynamic load component Fl-z is applicable to conventional lifeboat platforms. Dynamic load components for the launch of 
free fall lifeboats are to be specially considered based on recommendations from the manufacturer. 
 
 

 
 

Fig. 2.1 co-ordinate system for the application of dynamic loads to lifeboat platforms 
 
2.4.3 For the static load cases, the structure is to comply with the acceptance criteria defined in 2.16 for load case (a). For 
the static + dynamic load cases, the structure is to comply with the acceptance criteria defined in 2.16 for load case (b). 
 
2.5 Load cases for the strength assessment of supports for moorings and towing brackets 

 
2.5.1 The supporting structure for moorings and towing brackets are to be assessed to the stress that results from 
applying the following loads simultaneously: 
a) minimum breaking load of the mooring line/tow line applied to the mooring attachment/towing bracket, and; 
b) global loads defined in 2.1 for load case (b) in Table 2.1 for the transit draught. 
 
2.5.2 A range of angles between the mooring line/tow line load and the mooring attachment/towing bracket are to be 
considered. This is to include the angles at the end of the range of rotation of the mooring attachment/towing bracket, and the 
midpoint position. 
 
2.5.3 The global loads that are to be applied are those that result from applying a design wave that:  
a) where the mooring attachment/tow bracket is located below the transit draught still water line, maximises dynamic 

wave pressure at the location of the mooring attachment/tow bracket; or  
b) where the mooring attachment/tow bracket is located above the transit draught still water line, maximises dynamic 

wave pressure at the waterline below the location of the mooring attachment/tow bracket.  
The design wave is to be applied first in phase and then out of phase, and is to be derived in accordance with 2.10. 
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2.5.4 Where multiple mooring lines are supported at the same attachment, only one mooring line needs to be considered 
at the minimum breaking load. The remaining lines are to be considered at the maximum tension in the damaged condition 
defined in Part 3, Chapter 10 of the Rules for Offshore Units. Each mooring line is to be considered at the minimum breaking 
load in turn. 

 
2.5.5 Where multiple mooring lines are supported at different attachment points in close proximity and the mooring line 
loads are supported by the same primary member on the hull, each attachment is to be assessed in turn to the minimum 
breaking load of the mooring line. For each assessment, the mooring line loads at the remaining attachments are to be taken at 
the maximum tension in the damaged condition defined in Part 3, Chapter 10 of the Rules for Offshore Units. 
 
2.5.6 The supporting structure is to comply with the acceptance criteria defined in 2.16 for load case (b). 
 
2.6 Load cases for the strength assessment of supports for topside structures 

 
2.6.1 This Section is applicable to crane pedestals, crane boom rests and supports for topside structures including drilling 
plants, process plants, flare towers, pipe-lay towers and derricks. 
 
2.6.2 The supports for topside structures are to be assessed to the following conditions: 
a) As part of the global strength assessment in accordance with 2.1.  
b) A local assessment of the supports loaded to maximum forces and moments resulting from long-term accelerations 

calculated for each structure/module at the return periods defined in Table 2.5, added to static loads and wind loads 
applied to the structures above the weather deck. The wind loads are to be calculated in accordance with Part 4, 
Chapter 3,4.6 using 1 minute mean wind speed calculated at the return period specified in Table 2.5 for the 
respective loading condition. A minimum of eight wind directions at increments of 45 degrees are to be considered. 
Green sea loading, at the return periods defined in Table 2.5, is also to be applied where applicable. The supporting 
structure is to comply with the acceptance criteria defined in 2.16 for load case (b). 

c) A local assessment of the supports loaded to static loads combined with wind loads applied to the structures above 
the weather deck. The wind loads are to be calculated in accordance with Part 4, Chapter 3,4.6 using 15 second 
mean sustained wind speed calculated at the return period specified in Table 2.2 for the respective loading 
condition. A minimum of eight wind directions at increments of 45 degrees are to be considered. Wave loads need 
not be considered. The supporting structure is to comply with the acceptance criteria defined in 2.16 for load case 
(b). 

d) In accordance with Part 3, Chapter 7,1.4.4 and Chapter 8,1.4.4 of the Rules for Offshore Units, the supporting 
structures of drilling and process plants are also to be designed for an emergency static condition with the semi-
submersible inclined to an angle of 25 degrees in any direction. Where the maximum angle in the worst damage 
condition, calculated in accordance with the appropriate damage stability criteria exceeds 25 degrees, then this 
angle is to be used in lieu of 25 degrees. As a minimum, eight directions are to be considered at increments of 45 
degrees about the vertical axis. The supporting structure is to comply with the acceptance criteria defined in 2.16 for 
load case (d). 

 
2.7 Load cases for the strength assessment of supports for risers, umbilicals and caissons 

 
2.7.1 The supports for risers, umbilicals and caissons, and their integration with the hull are to be assessed for load cases 
(a), (b) and (c) defined in Table 2.1. Load case (d) need not be considered as this is restricted to the redundancy of the global 
structure. 
 
2.7.2 Load case (a) is to consider the following combination of loads: 

i) hydrostatic pressure + weight of structure including marine growth, snow, ice and riser contents 
 
2.7.3 Load case (b) is to consider separately the following combinations of loads: 

i) hydrostatic pressure + weight of structure including marine growth, snow, ice and riser contents + maximum 
accelerations + maximum drag and lift forces 

ii) hydrostatic pressure + weight of structure including marine growth, snow, ice and riser contents + maximum 
accelerations + wave impact forces + associated drag and lift forces 

A number of different relative wave directions from 0 to 360 degrees are to be considered consistent with the available 
MetOcean data, typically 16. Where model tests confirm that there is no potential for wave impacts, then (ii) need not be 
considered. 
 
2.7.4 Load case (c) is to consider the following combination of loads: 

i) hydrostatic pressure + weight of structure including marine growth, snow, ice and riser contents + accidental load as 
defined by the project. Each accidental load e.g. resulting from a mooring line failure, collision, blast, dropped object may 
be considered as a separate load case. 

 
2.8 Load cases for the strength assessment of supporting structure for azimuth thrusters 
 
2.8.1 The supporting structure for azimuth thrusters is to be assessed to the stress that results from applying the 
following loads simultaneously: 
a) maximum reaction loads on the hull from the thruster in accordance with recommendations from the manufacturer, 

and; 
b) global loads defined in 2.1 for load case (b) in Table 2.1 for the corresponding draught. 
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2.8.2 The global loads that are to be applied are those that result from applying a design wave that maximises dynamic 
wave pressure at the location of the thruster. The design wave is to be applied first in phase and then out of phase, and is to be 
derived in accordance with 2.10. Where the same type of thruster is fitted in multiple locations on the unit with the same 
supporting structure, only the most onerous location needs to be assessed. 
 
2.8.3 The supporting structure is to comply with the acceptance criteria defined in 2.16 for load case (b). 
  
2.9 Static loads 

 
2.9.1 Static sea pressure, Phys, is to be calculated as: 
Phys = ρsw g (TLC – z) 
Where 
ρsw = Density of sea-water, 1,025 t/m3 
g = Acceleration due to gravity, 9.81 m/s2 
TLC = Draught in the loading condition being considered, in metres 
z = Vertical coordinate of load point, in metres, and is not to be greater than TLC 
 
2.9.2 Static tank pressure, Ptank, is to be calculated as: 
Ptank = ρsw g ztop 
Where 
ρsw = Density of sea-water, 1,025 t/m3 
g = Acceleration due to gravity, 9.81 m/s2 
ztop = Vertical distance from highest point of tank, excluding small hatchways, to the load point, in metres 
 
Where a tank is loaded with a liquid of greater density than 1,025 t/m3, e.g. drilling mud, the tank is also to be assessed to the 
load resulting from filling the tank to the permitted filling limit for this liquid. Where a tank is not designed to be filled or tank-
tested with sea water e.g. liquefied gas tanks, the greater of the density of the testing liquid and the actual liquid to be stored, 
is to be used to assess the tank. 
 
2.9.3 Static tank pressure plus overpressure, Max Ptank, is to be calculated as: 
Max Ptank = max (ρsw g zair, ρsw g ztest, ρsw g ztop + Pvalve) 
Where 
ρsw = Density of sea-water, 1,025 t/m3 
g = Acceleration due to gravity, 9.81 m/s2 
zair = Vertical distance from half the height between the crown of the tank and the top of the overflow to the load 

point, in metres, and is not to be taken less than 0,76 m. 
 = ztop + 0,5 hair 
ztop = Vertical distance from highest point of tank, excluding small hatchways, to the load point, in metres 
hair  = Height of air pipe or overflow pipe, in metres, and is not to be taken less than 0,76 m above highest point of 

tank, excluding small hatchways. For tanks with tank top below the weather deck, the height of air pipe or 
overflow pipe is not to be taken less than 0,76 m above the weather deck at side. 

ztest = Vertical distance from the tank testing height to the load point, in metres. The tank testing height is to be 
taken as 2,4 m above the highest point of tank. 

Pvalve = Setting of pressure relief valve, if fitted, is not to be taken less than 25 kN/m2 
 
2.9.4 Acceleration due to gravity, 9.81 m/s2, is to be applied to the structural mass of the models including the mass 
modelled in accordance with 1.4.3. 
 
2.9.5 Marine growth is to be accounted for by applying a mass, distributed in accordance with the marine fouling study, 
across the splash zone and submerged surfaces of the hull, risers, umbilicals and caissons. Unless more accurate data is 
available from the marine fouling study, the density of marine growth is to be taken as 1,325 t/m3. 
 
2.9.6 When the minimum design air temperature of the unit is 0°C or below, snow and ice loads are to be applied to the 
structure as uniformly distributed mass in accordance with Part 4, Chapter3,4.12 of the Rules for Offshore Units. The snow and 
ice loads are to be calculated at a return period of five years. 
 
2.10 Global dynamic wave loads 

 
2.10.1 The dynamic loads are to be calculated using the design wave approach that is outlined is this Section. For each load 
condition, the dynamic loads for load cases (b) and (d) are to be calculated for the return periods, heading distributions and 
wave environments specified in Table 2.5. Where the heading distribution is specified as omni-directional, the number of 
headings of the unit, and their probabilities that the unit can adopt within the wave environment defined in the scatter diagram 
is to be in accordance with Table 2.6. 
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Table 2.5 Return periods, heading distributions and wave environments for dynamic load cases 
 

Loading condition 
(mode of operation) 

Mobile offshore unit Floating production unit 
Return 
period 

for load 
cases (b) 
and (d) 

Heading 
distribution 

Wave environment Return 
period 

for load 
cases (b) 
and (d) 

Heading 
distribution 

Wave environment 

Operating 1 year 
see Note 
1 

Omni-
directional 

IACS 
Recommendation 
No. 34 North 
Atlantic 

1 year 
see Note 
1 

Fixed vessel 
heading 

Site-specific 
operating field 

inspection/maintenance 1 year Omni-
directional 

IACS 
Recommendation 
No. 34 North 
Atlantic 

1 year Fixed vessel 
heading 

Site-specific 
operating field 

Survival 50 years Omni-
directional 

IACS 
Recommendation 
No. 34 North 
Atlantic 

100 
years 

Fixed vessel 
heading 

Site-specific 
operating field 

Transit 25 years Omni-
directional 

IACS 
Recommendation 
No. 34 North 
Atlantic 

1 year Omni-
directional 

Owner-defined 
transit route for the 
delivery voyage 
or 
IACS 
Recommendation 
No. 34 North 
Atlantic 

Note 
1. Where requested by the Owner/designer, a return period higher than 1-year may be used. 
 

Table 2.6 Headings of the unit and associated probabilities for an omni-directional wave environment 
 

Heading of the unit 
relative to wave Probability 

0 0.0625 
22.5 0.0625 
45 0.0625 

67.5 0.0625 
90 0.0625 

112.5 0.0625 
135 0.0625 

157.5 0.0625 
180 0.0625 

202.5 0.0625 
225 0.0625 

247.5 0.0625 
270 0.0625 

292.5 0.0625 
315 0.0625 

337.5 0.0625 
 
2.10.2 Mobile offshore drilling units, in accordance with IACS Unified Requirement D [2], are required to be designed to the 
IACS Recommendation No. 34 North Atlantic wave environment [3]. Other mobile offshore units may be designed to Owner 
defined wave environments using a scatter diagram for the operating area of the unit. In this case a service area restriction will 
be recorded in the class notation. 
 
2.10.3 For all scatter diagrams, the upper values of the Hs ranges are to be used with mid-values of their corresponding 
values of wave period. For Owner-defined scatter diagrams, the number of observations in the scatter diagram is to be at least: 

 
2922 x Return period (specified in Table 2.5) 

 
2.10.4 The IACS Recommendation No. 34 North Atlantic scatter diagram is reproduced in Appendix A. For this wave 
environment, the wave spectrum is to be defined by the Pierson-Moskowitz spectrum. 
 
2.10.5 For floating production units, the wave environment for the site-specific operating field is to be defined by the 
Owner as an all-year hindcast/measured MetOcean data series. The data series is to contain the following MetOcean 
parameters at each sea state for each wave spectrum: 
a) significant wave height, 
b) wave direction, 
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c) wave peak period 
d) wave spectral shape parameters (typically JONSWAP or Gaussian). The unit (Hertz or radian per second) of the 

standard deviation should be clearly stated if a Gaussian spectrum is adopted. 
e) wind speed and direction; and 
f) current speed and direction. 
Typically 25 years of data is required to accurately estimate 100 year return period events, see ISO 19901-1 [4] for guidance. 
 
2.10.6 The dynamic loads are to be calculated from the long-term wave history, which is to include all of the sea states in 
the MetOcean time series or scatter diagram. A Rayleigh distribution representing each long-term load response is acceptable. 
This is opposed to calculating most probable maximum loads for individual operating sea states. This would be used for 
identifying suitability of the unit to operate in short-term conditions (weather windows). 
 
2.10.7 Individual design waves for each loading condition are to be calculated that maximise the following conditions: 
a) Splitting load between longitudinal pontoons 
b) Torsion between longitudinal pontoons 
c) Vertical wave bending moment 
d) Vertical wave shear force 
e) Shear force between longitudinal pontoons 
f) Longitudinal acceleration at the centre of the weather deck (x at midships, y at centreline and z at base of steel of 

weather deck) 
g) Transverse acceleration at the centre of the weather deck (x at midships, y at centreline and z at base of steel of 

weather deck) 
h) Vertical acceleration at the centre of the weather deck (x at midships, y at centreline and z at base of steel of 

weather deck) 
Where transverse pontoons are fitted, the following design waves are also to be calculated:  
i) Splitting load between transverse pontoons 
j) Torsion between  transverse pontoons 
 
2.10.8 The process to determine the design waves requires the following information: 
a) Environmental data specified in Table 2.5.  
b) The heading of the unit for each sea state.  
c) Response amplitude operators (RAOs) calculated for each response specified in 2.10.7. 
 
2.10.9 The RAOs required by 2.10.8 are to be calculated using a linear potential flow diffraction/radiation hydrodynamic 
analysis for each loading condition. In general, only first order linear responses need to be calculated. Validated hydrodynamic 
software, see 1.5, is to be used. The analysis is to comply with the following:  
a) The hull is to be modelled with panels representing the mean wetted surface. The mesh size should be based on the 

highest wave encounter frequency considered. In general, the length of the panels should be chosen such that there 
are at least five panels per wave length for the highest wave encounter frequency ωe max. The maximum panel length 
can be calculated by: 

max
25

2
e

glengthpanelMaximum
ω
p

=  

b) Values of radii of gyration for roll, pitch and yaw are to be calculated from the finite element model, whose mass 
distribution is to be as accurate as practicable. The linearised roll damping should be calculated for each loading 
condition using a published method such as Lloyd [5].  The roll damping calculation should be verified with model 
tests.  The value of roll damping used is to be reported as a percentage of the critical roll damping. 

c) The values of pitch and heave damping should be verified with model tests.  
d) The mass matrix from the corresponding finite element model is to be used for the mass matrix of the 

hydrodynamic model. This mass matrix is to include the mass of all topside structures, mooring lines and risers. The 
linearised stiffness of mooring lines and risers should be included in the hydrodynamic model. The stiffness of the 
mooring lines and risers need not be included in cases where it does not have a significant effect on the loads and 
motions of the unit. 

e) The hydrostatic parameters listed in Table 2.7 are to be calculated from the finite element model. These are to be 
compared with the values given in the loading manual or those calculated by the on-board loading computer. The 
tolerances given in Table 2.7 are to be met. 

f) The hydrostatic parameters listed in Table 2.8 are to be calculated from the hydrodynamic model. These are to be 
compared with the values calculated from the corresponding finite element model. The tolerances given in Table 2.8 
are to be met. 

g) RAOs are to be calculated for wave frequencies from 0,1 rad/s to 1.5 rad/s at an increment of 0,05 rad/s and relative 
headings from 0 degrees (following seas) to 360 degrees at an increment of 10 degrees. Intermediate values are to 
be obtained by linear interpolation. 

h) Transverse and longitudinal components of acceleration are to include the component due to gravity. The vertical 
component of acceleration is not to include the component due to gravity.  

i) Dynamic pressures are to be taken at the centres of the hydrodynamic panels. 
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Table 2.7 Hydrostatic tolerances between finite element models and loading manual 
 

Hydrostatic parameter Tolerance 
Displacement +/- 1 % 

Trim  +/- 0,5 degrees 
Draught (Forward; Mean; Aft) +/- 1 % 

LCG - LCB +/- 0,005 × Rule length 
1,025 × (Displacement - Weight)  < 0,005  × Rule length 

 
 

Table 2.8 Hydrostatic tolerances between hydrodynamic models and finite element models 
 

Hydrostatic parameter Tolerance 
Displacement +/- 1 % 

Trim +/- 0,5 degrees 
Draught (Forward; Mean; Aft) +/- 1 % 

LCB +/- 0,005 × Rule length 
1,025 × (Displacement - Weight)  < 0,005 × Rule length 

 
2.10.10 Assuming the responses are linear, the long term value of each response is to be calculated using spectral analysis 
methods for each draught as follows: 
a) The RAOs of the response under investigation are to be calculated for each draught and heading of the unit in 

accordance with 2.10.7. 
b) The short term response for each sea state is to be calculated by adding the response spectrum of each wave 

partition (wind seas and swells). The response spectrum is taken as the product of the wave spectrum and the 
square of the RAO evaluated at the wave-to-unit relative heading.  

c) The long term distribution of the response under investigation is to be calculated by combining the spectral statistics 
of the Rayleigh distributions for each sea state.  From the long term distribution, the long term value of the response 
is to be calculated at the required return period level. This procedure assumes the response cycle to be narrow 
banded. Assuming a Rayleigh process applies to the peaks of the response, the long term value of the response, R is 
determined from: 

∑
=
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= Variance of spectral response process for sea state i, where the spectral response process is defined as 
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RAO  = Response amplitude operator for response under consideration 

Sw  = Wave energy spectrum 
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TR,i = Mean period of response process for sea state   

NSS = Number of sea states in return period RP 
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d) Each design wave is to be defined by its wave amplitude, heading relative to the unit, wave frequency and phase. 
Note there are numerous possible design waves and using one design wave for each response is a significant 
simplification irrespective of the selection method. The amplitude of the design wave is chosen as the value 
required to induce the long term value at the required return period. The amplitude, A, of the design wave for the 
response under consideration is to be calculated as: 

RAO
RA =  

Where 
R = Long term value of response 
RAO = Response amplitude operator for the response under consideration evaluated at the design wave heading 

and frequency. 
 
2.10.11 For operating sites susceptible to cyclones, the design wave amplitude should be based on a response R obtained as 
the greater of: 
a) the long term value of response in non-cyclonic sea-states; and  
b) the maximum of all the short term most probable maximum responses corresponding to each cyclonic sea-state, 

where the environmental conditions for each cyclonic sea state are defined at the return period specified in Table 
2.5 for the respective loading condition. 

 
2.10.12 The heading and frequency of each design wave are chosen as the values where, in the long term, the greatest 
contribution to the linear response occurs. These values are taken as the heading and frequency corresponding to the peak of a 
histogram created by the cumulative sum of all of the short term linear response spectra. The process is as follows:    
a) For each response, a histogram is to be created by summing every short-term response spectrum (each allocated to 

a relative heading bin) from each sea state.  
b) To construct the histogram, bins are to be created for each heading used for the hydrodynamic analysis (covering 

360 degrees) with the heading taken as the midpoint of the bin. 
c) The response spectra of each wave spectrum of each sea state are to be separately assigned to a bin (of relative 

heading) in the histogram, determined by the relative heading of the wave spectrum lying within the bounds of that 
relative heading bin. The spectra within each bin are to be summed. 

 
2.11 Drag, lift and inertia forces on slender members 

 
2.11.1 Drag forces are to be calculated by the Morison equation in accordance with Part 4, Chapter 3,4.9.7 of the Rules for 
Offshore Units. The water particle velocity, u, can be calculated assuming linear wave theory as follows: 
 
u = uc + uw 
 
Where 
u = Water particle velocity, in m/s 
uc = Current velocity at the return period specified in Table 2.5, in m/s 
uw = Wave orbital particle horizontal velocity at the return period specified in Table 2.5, in m/s 
 = 

θp coskze
T
H

 for finite water depth 

 = ( )
( ) θp cos

sinh
]cosh[

kdT
dzkH +

 for deep water where d > 0,5λ 

H = Wave height, in metres 
T = Wave period at the return period specified in Table 2.5, in seconds 
k = Wave number 
 = 

λ
p2

  

λ = Wave length, in metres 
z = Distance from the mean free surface, to be taken positive upwards, in metres 
θ = kx-ωt 
t = Time, in seconds 
x = Distance of propagation, in metres 
w = Angular wave frequency, in rad/s 
d = Mean water depth, in metres 
 
2.11.2 Lift forces are to be calculated as per 2.11.1 but with appropriate lift coefficients. 
 
2.11.3 Inertia forces are to be calculated by the Morison equation in accordance with Part 4, Chapter 3,4.9.7 of the Rules 
for Offshore Units.  
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2.12 Wave impact forces 
 

2.12.1 Wave impact forces on vertical slender members, e.g. columns and braces, may be determined from model tests or 
alternatively can be approximated using methods published by Nestegård et al [6] using the analytical wave impact coefficient 
published by Campbell and Weynberg [7]. The slamming force, per unit length, F, can be calculated as: 
 
F = 0,5ρsw Cs D u2 
 
Where 
ρsw = Density of sea-water, 1,025 t/m3 
Cs = 5,15 
D = Diameter of cylindrical section, in metres 
u = Relative horizontal velocity between wave surface and cylinder, in m/s 
 
2.12.2 Wave impact forces on non-slender structures are to be determined from model tests. 
 
2.13 Application of loads 

 
2.13.1 The external dynamic wave pressure corresponding to the design wave and loading condition under assessment is to 
be mapped to the external shell of the model. The pressure at the waterline is to be linearly extrapolated above the waterline 
and applied to the model, and the pressure below the waterline is to be modified such that the sum of still water pressure and 
hydrodynamic pressure is never less than zero, as shown in Fig. 2.2. 
 

 
 

Fig. 2.2 Pressure distributions on the external shell 
 
2.13.2 Loads on tank boundaries are to be applied as pressures, which may be derived from the vertical, transverse and 
longitudinal components of acceleration at the centre of gravity of each tank, assuming the tanks to be pressed full. 

 
Static tank pressure is to be calculated in accordance with 2.9.2 for load case (a) and 2.9.3 for load case (b). 
Dynamic tank pressure, Pin-dyn, for load cases (b) and (d) is to be calculated as: 
 
Pin-dyn = Pin-lng + Pin-t + Pin-v 
 
Where 
Pin-lng = tank pressure due to longitudinal acceleration, in kN/m2 
 = ρ alng (x0 - x) 
Pin-t = tank pressure due to transverse acceleration, in kN/m2 
 = ρ at (y0 - y) 
Pin-v = tank pressure due to vertical dynamic acceleration, in kN/m2 
 = ρ av (z0 - z) 
 
Where 
ρ = density of liquid in the tank, in tonnes/m3, and is to be taken as: 

a) the greater of 1.025 and the density of the liquid to be stored for tanks designed to be tank tested with sea 
water; and 
b) the maximum density of the liquid to be stored for tanks not designed to be tank tested with sea water. 

alng = longitudinal acceleration, in m/s2, at the centre of gravity of the tank 
at = transverse acceleration, in m/s2, at the centre of gravity of the tank 
av = vertical dynamic acceleration, in m/s2, at the centre of gravity of the tank 
x0 = longitudinal coordinate of reference point, in metres, and is to be taken as: 

c) the forward boundary of the tank for alng > 0; or 
d) the aft boundary of the tank for alng < 0 

y0 = transverse coordinate of reference point, in metres, and is to be taken as: 
e) the port side boundary of the tank for at > 0 
f) the starboard boundary of the tank for at < 0 

z0 = vertical coordinate of reference point, in m, and is taken as the top of the tank 
x, y, z are the longitudinal, transverse and vertical co-ordinates of the load point, in metres 
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2.13.3  Alternatively, pressure RAOs from a coupled internal tank-external hull potential flow hydrodynamic analysis can be 
used. 

 
2.13.4 The finite element models are to be balanced by adjusting the accelerations of the unit. 

 
2.14 Redundancy assessment 

 
2.14.1 For the redundancy assessment, load case (d), the global strength of the semi-submersible is required to be 
assessed after credible structural failures. This assessment is to consider typically two to six different scenarios with each 
scenario representing one structural failure of a major connection between primary members. 
 
2.14.2 In accordance with Part 4, Chapter 4,1.3.5 of the Rules for Offshore Units, the structure is to be able to withstand 
the following failures without causing the overall collapse of the unit’s structure: 
a) The failure of any main primary bracing member. 
b) When the upper hull structure consists of heavy or box girder construction, the failure of any primary slender 

member. 
 
2.14.3 The results of the strength assessment for the serviceability and accidental load cases (a), (b) and (c) and the fatigue 
assessment are to be used to identify which structural failures to consider in the redundancy assessment e.g. brace failure, 
column to deck connection failure. Therefore, prior to undertaking the redundancy assessment, these assessments are to be 
completed. 
 
2.14.4 For each of the type of connections listed in 1.4.14 (a) to (h), a structural failure at the location with the lowest 
strength and fatigue life is to be considered. Only connections whose failure may result in the overall collapse of the unit’s 
structure need to be considered. 
 
2.14.5 For each scenario, the finite element model is to be modified by removing the failed structure e.g. deleting a brace 
or deck girder. A failure of a column to deck or column to pontoon connection may be represented by removing a number of 
finite elements in the locality. 
 
2.14.6 The strength assessment is to consider failure by yielding and buckling. 
 
2.14.7 The scenarios for the redundancy assessment are to be discussed with LR at an early opportunity. 
 
2.15 Air gap assessment 

 
2.15.1 In accordance with Part 4, Chapter 4,1.2 of the Rules for Offshore Units, an analysis is to be carried out to determine 
the clearance air gap between the undersides of the deck and/or deck beams and the highest predicted design wave crest. This 
analysis is to be carried out for all draughts for load case (b) in Table 2.1. The mooring system is to be assumed intact. 
 
2.15.2 The air gap is to be calculated at a minimum of nine locations on the underside of the deck, as shown in Fig. 2.3. 
 

 
 

Fig. 2.3 Locations for the calculation of air gap on the underside of the deck 
 
2.15.3 A time domain hydrodynamic analysis is to be carried out that, in accordance with ISO 19904-1 [8], is to consider the 
following effects: 
a) wave crest elevation, including wave asymmetry; 
b) wave/structure interaction effects (wave enhancement, run-up, etc.); 
c) global rigid body motions (including dynamic effects); 
d) effects of interacting systems (e.g. mooring and riser systems); 
e) maximum/minimum operating draughts. 
These effects may be captured directly in the hydrodynamic analysis, or applied as corrections to the results, depending on the 
capabilities of the software package used. 
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2.15.4 The time domain analysis with an irregular sea is to be carried out for sea states that cover the range of possible 
wave periods for the wave environment defined in Table 2.5 for the survival condition. The wave height for the sea states is to 
be calculated at the return period defined in Table 2.5. Wave steepness criteria may be applied to limit wave heights to realistic 
values. 
 
2.15.5 For each sea state defined in 2.15.4, sixteen wave directions are to be considered at an increment of 22.5 degrees. 
Ten separate three hour simulations are to be carried out for each sea state with a different seed for each simulation. The air 
gaps are to be calculated at each location defined in 2.15.2. Where the air gaps have not been corrected to take account of the 
effects listed in 2.15.4, they are to be corrected. Corrections to account for the diffracted wave surface and the non-linear wave 
elevation may be applied in accordance with 2.15.6 and 2.15.7 respectively. For each location, the most probable minimum air 
gap is to be calculated as the mean of the minimum air gaps from each of the ten simulations. 

 
2.15.6 The reduction in air gap due to wave diffraction may be calculated as the difference between the air gap calculated 
with an un-diffracted wave surface and the air gap calculated with a diffracted wave surface. Both air gaps are to be calculated 
in the frequency domain. 

 
2.15.7 The reduction in air gap due to the non-linear wave surface may be calculated as the difference between the linear 
wave crest height and the second-order wave crest height. The linear wave crest height is to be taken at the time of minimum 
air gap. The second-order wave crest height for the sea state is to be calculated based on Forristall [9], assuming the same 
probability of exceedence as the linear wave crest height. The probability of exceedence of the linear wave crest height is to be 
calculated assuming a Rayleigh distribution at the return period specified in Table 2.5. 
 
2.15.8 At locations where there is no air gap, the relative horizontal and vertical velocities are to be calculated. Wave-in-
deck forces and forces on superstructures are to be calculated and the impacted structure is to be designed for wave impact 
forces using the acceptance criteria defined in 2.16 for load case (b). Simplified methods provided in API RP 2A-WSD [10] and 
Kaplan [11] may be used to calculate wave-in-deck forces and forces on superstructures. 
 
2.15.9 Where the Owner requests an air gap assessment to 1000 or 10,000 year return period environmental loads, it is 
recommended that this assessment be carried out for the survival condition using the acceptance criteria defined in 2.16 for 
load case (d) (irrespective of whether the unit has an air gap or not), unless other acceptance criteria are specified, e.g. by the 
National Authority. 
 
2.16 Acceptance criteria 

 
2.16.1 The maximum permissible stress criteria are given in Table 2.9 and 2.16.2. The membrane stress result is to be used 
for comparison with the acceptance stress criteria. Stress is to be calculated at the centroid of each element without domain 
averaging. 
 

Table 2.9 Maximum permissible stress criteria 
 

Mesh size Stress Load case 
(a) (b) (c) (d) 

Coarse σx and σy 0,6 0,8 0,8 1,0 
Coarse τxy 0,4 0,53 0,53 0,58 
Coarse von Mises 0,7 0,9 0,9 1,0 
Fine σx and σy 0,9  1,2 1,2 1,5 
Fine τxy 0,6 0,79 0,79 0,87 
Fine von Mises 1,05 1,35 1,35 1,5 
NOTES 
1. The factors are based on the tensile yield stress of the steel. 
2. σx is the membrane stress in the element’s in-plane x axis 
3. σy is the membrane stress in the element’s in-plane y axis 
 
 
2.16.2 The maximum permissible utilisation factors against buckling are given in Table 2.10. The critical buckling stress of 
flat stiffened plates is to be calculated in accordance with Part 1, Chapter 8 of the IACS Common Structural Rules for Bulk 
Carriers and Oil Tankers [12]. The combined interaction of bi-axial stress, shear stress and in-plane bending stress are to be 
included in the buckling calculation. The critical buckling stress of curved plates is to be calculated in accordance with a 
recognised standard. The buckling analysis is to be carried out using a linearised buckling solution. 
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Table 2.10 Maximum permissible utilisation factors against buckling 
 

Load case 
(a) (b) (c) (d) 
η  ≤  0,6 for the lowest 
buckling stress. 
 
Uni-axial compressive stress 
is not to exceed 0,6 σyd. 

η  ≤  0,8 for the lowest 
buckling stress. 
 
Uni-axial compressive stress 
is not to exceed 0,8 σyd. 

η  ≤  0,8 for the lowest 
buckling stress. 
 
Uni-axial compressive stress 
is not to exceed 0,8 σyd. 

η  ≤  1 for the lowest 
buckling stress. 
 
Uni-axial compressive stress 
is not to exceed σyd. 

 
2.16.3 Where openings are not represented in the structural model, the element shear stress, τxy, is to be increased in 
direct proportion to the modelled web shear area divided by the actual web area. The revised τxy is to be used to calculate the 
von Mises stress. Where the resulting stresses are greater than 90 per cent of the maximum permitted, a more detailed 
analysis using a fine mesh representing the opening may be required. 
 
2.16.4 The capacity of tubular members, joints, connections and details are to be assessed using capacity formulations 
from agreed codes as applicable. Factors of safety are not to be less than those shown in Table 2.9 and Table 2.10. 
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3 Fatigue assessment 
 

3.1 Methodology 
 

3.1.1 The global fatigue assessment is to be in accordance with the ShipRight FDA3 procedure [13] modified as outlined in 
this Section to account for:  
a) operation as an offshore unit; 
b) drag and inertia forces on slender members; and 
c) the type of fabrication joints used on semi-submersibles. 
 
3.1.2 In accordance with the FDA3 procedure, at each sea state a stress range RAO is calculated for each hotspot. This is 
achieved by applying the wave loads and accelerations of the unit from the potential flow hydrodynamic model to the finite 
element structural model and determining the stress range at the hotspot over the wave cycle for each wave frequency. For 
semi submersibles this stress range RAO is to be modified to account for drag and inertia forces on structures with dimensions 
less than 0,2 of the wave length e.g. braces, columns and stability boxes/sponsons. 
 
3.1.3 Drag and inertia forces due to wave and current motions are to be calculated from the Morison’s equation in 
accordance with 2.11.1 using the water particle velocity. The wave orbital particle velocity is to be calculated at each panel in 
the hydrodynamic model. This velocity vector is to be added to the current velocity vector for each sea state to give the water 
particle velocity. For mobile offshore units, the current velocity need not be included. 
 
3.1.4 At 20 time steps (at an increment of 18 degrees) from the phase angle where the stress range RAO is maximum), 
drag and inertia forces calculated at each time step are to be applied to the structural model. The stress range RAO is to be 
corrected to that experienced by the hotspot over these 20 time steps with the drag and inertia forces applied. Drag and inertia 
forces can be applied to the structural model by rigid body elements at intervals of approximately three metres. The rigid body 
elements should be of the type that introduce no additional stiffness into the model e.g. NASTRAN RBE3 element. This method 
assumes that the wave diffraction forces are not coupled with the drag and inertia forces. Alternative methods to consider 
Morison loads will be specially considered. 
 
3.1.5 For tanks designed for liquid filling, the mean density of liquid is to be used. 
 
3.1.6 The service profile (time at each draught, heading distribution and wave environment) to be assumed for the fatigue 
assessment is to be in accordance with Table 3.1. The most representative tank loading pattern is to be used at each draught. 
Where the unit adopts an inspection/maintenance draught at sea, this time may be assumed as additional time spent at the 
operating draught. For mobile offshore units, the service life over which fatigue damage is calculated may be reduced by two 
days per year to account for out of service time in a dry dock. Where the heading distribution is specified as omni-directional, 
the number of headings of the unit, and their probabilities that the unit can adopt within the wave environment defined in the 
scatter diagram is to be in accordance with Table 3.1. 
 

Table 3.1 Operating profile for fatigue assessment 
 

Loading 
condition  
(mode of 
operation) 

Mobile offshore unit Floating production unit 
Duration 
see Note 
1 

Heading 
distribution 

Wave environment Duration Heading 
distribution 

Wave environment 

Operating 85% of 
service 
life 

Omni-
directional 

IACS 
Recommendation No. 
34 North Atlantic 

fo . Field life 
see Note 2 

Fixed vessel 
heading 

Site-specific operating 
field 

Survival 10% of 
service 
life 

Omni-
directional 

IACS 
Recommendation No. 
34 North Atlantic 

fs . Field life 
see Note 2 

Fixed vessel 
heading 

Site-specific operating 
field 

Transit 5% of 
service 
life 

Omni-
directional 

IACS 
Recommendation No. 
34 North Atlantic 

Duration of 
delivery 
voyage 

Omni-
directional 

Owner-defined transit 
route for the delivery 
voyage 
or 
IACS Recommendation 
No. 34 North Atlantic 

Notes 
1. Where more accurate predictions on the percentage time per draught are available, these will be specially 

considered. 
2. fo = (Number of sea states with Hs < Hs_survival) / Total number of sea states in time series) 

fs= (Number of sea states with Hs >= Hs_survival) / Total number of sea states in time series) 
 
Where 
Hs_survival = the significant wave height at which the semi-submersible changes from operating draught to 
survival draught, as specified in the Operations Manual. 

 
3.1.7 For floating production units, where wave scatter diagrams are used for the calculation of fatigue damage, they are 
to contain: 
(a) at least five years of data for the site-specific operating field; and 
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(b) at least one year of data for the Owner-defined transit route for the delivery voyage. 
 

3.1.8 Mobile offshore drilling units, in accordance with IACS Unified Requirement D, are required to be designed to the 
IACS Recommendation No. 34 North Atlantic wave environment. Other mobile offshore units may be designed to Owner 
defined wave environments using a scatter diagram for the operating area of the unit. In this case a service area restriction will 
be recorded in the class notation. For mobile offshore units designed with a service area restriction, the wave scatter diagram 
used for the calculation of fatigue damage is to contain at least five years of data. 
 
3.1.9 For redeployments the fatigue damage accrued during previous deployment is to be calculated. Damage is to be 
calculated at the operating, survival and transit draughts and is to be based as far as practicable on the actual documented 
service history of the semi-submersible. 

 
3.1.10 Fatigue damage is to be calculated using the design S-N curves defined in Part 4, Appendix A of the Rules for 
Offshore Units. The S-N for the corresponding joint classification is to be used. 
 
3.1.11 The factors of safety on fatigue life are to be calculated as follows: 
a) For mobile offshore units: 

Factor of safety = ( )+ tso

p

dleiF efil d d d
D

. 0, 58 0,1 0, 50
1

+

−
 

b) For floating production units: 

Factor of safety = ( )ssoo

pt

dfdflifeField
DD
+

−−

.
1

 

Where 
do = Annual damage rate for operation 
ds = Annual damage rate for survival 
dt = Annual damage rate for transit 
Dp = Damage for previous deployment 
Dt = Damage for transit delivery voyage 
fo and fs are defined in Table 3.1 
 
3.1.12 The minimum factors of safety on the calculated fatigue life of structural components are to comply with Table 5.5.1 
in Part 4, Chapter 5 of the Rules for Offshore Units. 
 
3.1.13 The fatigue life of crane pedestals and supports for flare towers is to include fatigue damage due to wind loads. The 
annual damage rates defined in 3.1.11 are to be calculated as follows: 
 
do = do WF + do WD 
ds = ds WF + ds WD 
dt = dt WF + dt WD 
 
Where 
do WF = Annual damage rate due to wave frequency motion for operation 
do WD = Annual damage rate due to wind loads for operation 
ds WF = Annual damage rate due to wave frequency motion for survival 
ds WD = Annual damage rate due to wind loads for survival 
dt WF = Annual damage rate due to wave frequency motion for transit 
dt WD = Annual damage rate due to wind loads for transit 
 
3.1.14 The fatigue life of mooring attachments is to include fatigue damage due to low frequency drift motion. The annual 
damage rates defined in 3.1.11 are to be calculated as follows: 
 
do = do WF + do LF 
ds = ds WF + ds LF 
 
Where 
do WF = Annual damage rate due to wave frequency motion for operation 
do LF = Annual damage rate due to low frequency motion for operation 
ds WF = Annual damage rate due to wave frequency motion for survival 
ds LF = Annual damage rate due to low frequency motion for survival 
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4 Construction monitoring 
 

4.1 Application 
 

4.1.1 The accuracy of the fatigue calculations will depend to a large extent on the assumptions employed with respect to 
the construction tolerances used to determine the stress concentration factors. To ensure the integrity of the hull structure in 
service, it is important that a systematic approach be adopted during construction of the tanks to ensure that the tolerances 
stay within the maximum allowed for in the calculations.  
 
4.1.2 The ShipRight Construction Monitoring procedure [14] has been well established amongst Shipbuilders as a means 
for the enhanced monitoring in way of fatigue critical locations for the hull structure.  
 
4.1.3 The ShipRight CM (Construction Monitoring) class notation complements the strength and fatigue assessments and 
is mandatory. Enhanced controls in construction tolerances are to be applied and verified in accordance with the Construction 
Monitoring plan. 
 
4.1.4 A construction monitoring plan is required to be submitted to LR together with the supporting strength and fatigue 
calculations. The CM plan is required to identify the alignment method for all critical joints and the allowable construction 
misalignment for these joints, with remedial measures where appropriate. Where remedial measures are proposed, e.g. weld 
build-up and smooth dressing to compensate for larger than expected out of tolerance, its effectiveness is to be verified at the 
design assessment stage. 
 
4.1.5 If weld grinding and/or weld profile control are specified as a fatigue design feature, these are also to be clearly 
specified in the CM plan. Specification for weld grinding is to include the allowable over-grinding to remove weld toe undercuts, 
required weld profile shape, grinding tool burr radius, etc. If weld profile control is specified, the weld flank angle and toe 
radius is to be specified, and the means and extent of verification is to be suitably defined. 
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6 APPENDIX   
 

Table 6.1 IACS Recommendation No. 34 North Atlantic wave scatter diagram 
 

Hs 
                   

16.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0 
 

15.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.6 0.7 0.5 0.3 0.1 0.1 0.0 0.0 
 

14.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 1.2 1.8 1.8 1.3 0.7 0.3 0.1 0.0 0.0 
 

13.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 1.4 3.5 5.0 4.6 3.1 1.6 0.7 0.2 0.1 0.0 
 

12.5 0.0 0.0 0.0 0.0 0.0 0.0 0.1 1.0 4.4 9.9 12.8 11.0 6.8 3.3 1.3 0.4 0.1 0.0 
 

11.5 0.0 0.0 0.0 0.0 0.0 0.0 0.3 3.3 13.3 26.6 31.4 24.7 14.2 6.4 2.4 0.7 0.2 0.1 
 

10.5 0.0 0.0 0.0 0.0 0.0 0.0 1.2 10.7 37.9 67.5 71.7 51.5 27.3 11.4 4.0 1.2 0.3 0.1 
 

9.5 0.0 0.0 0.0 0.0 0.0 0.2 4.3 33.2 101.9 159.9 152.2 99.2 48.3 18.7 6.1 1.7 0.4 0.1 
 

8.5 0.0 0.0 0.0 0.0 0.0 0.7 15.4 97.9 255.9 350.6 296.9 174.6 77.6 27.7 8.4 2.2 0.5 0.1 
 

7.5 0.0 0.0 0.0 0.0 0.0 3.0 52.1 270.1 594.4 703.2 524.9 276.7 111.7 36.7 10.2 2.5 0.6 0.1 
 

6.5 0.0 0.0 0.0 0.0 0.2 12.6 167.0 690.3 1257.9 1268.6 825.9 386.8 140.8 42.2 10.9 2.5 0.5 0.1 
 

5.5 0.0 0.0 0.0 0.0 1.0 51.0 498.4 1602.9 2372.7 2008.3 1126.0 463.6 150.9 41.0 9.7 2.1 0.4 0.1 
 

4.5 0.0 0.0 0.0 0.0 6.0 196.1 1354.3 3288.5 3857.5 2685.5 1275.2 455.1 130.9 31.9 6.9 1.3 0.2 0.0 
 

3.5 0.0 0.0 0.0 0.2 34.0 0.9 695.5 3226.5 5675.0 5099.1 2838.0 1114.1 337.7 84.3 18.2 3.5 0.6 0.1 
 

2.5 0.0 0.0 0.0 2.2 197.5 2158.8 6230.0 7449.5 4860.4 2066.0 644.5 160.2 33.7 6.3 1.1 0.2 0.0 0.0 
 

1.5 0.0 0.0 0.0 29.3 986.0 4976.0 7738.0 5569.7 2375.7 703.5 160.7 30.5 5.1 0.8 0.1 0.0 0.0 0.0 
 

0.5 0.0 0.0 1.3 133.7 865.6 1186.0 634.2 186.3 36.9 5.6 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
 

0.0 1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 16.5 17.5 18.5 Tz 
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