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“Design of  Wind Turbine Installation Vessel (WTIV), with improved motion 

characteristics to handle the North Sea weather conditions, with over 80% workability in 

the extended summer season (April-Aug) to perform its function, that provides safe, fast 

and precise installation of  WTG’s offshore, with an aim to reduce time required for the 

same and the costs involved.” 
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Hull Shapes / Vessel types Lifting Mechanism Transportation of 

Wind turbines 

Carrying and lifting 

configurations 

• Monohull crane vessel 

• Monohull dual 

draught 

• Catamaran  

• Catamaran with dual 

draught hulls  

• SWATH vessel 

o Single strut 

o Double strut 

• Semi- SWATH  

• SWATH with 

controllable fins 

• Semi-submersible 

• Flat barges  

• Cathedral hull  

• Offshore 

lifting crane 

• Lifting tower 

single side 

• Lifting tower 

dual side 

• Lifting tower 

with offshore 

crane  

• Reel type tilt 

over board 

• From port 

• Mid sea 

transfer from 

barge/supply 

vessel 

• Submersible 

type vessel  

• Full turbine 

• Tower + bunny 

configuration(na

celle+ 2 

blades)+1 blade  

• Tower + bunny 

configuration(na

celle+ 2 

blades)+1 blade 

(install through 

winch) 

• Tower & 

nacelle(one 

piece)+blades 

separate  
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The longitudinal stability of the SWATH type vessel is a very important parameter which has 

to be evaluated, to check if this does not limit the operational capabilities of the vessel. 

Especially during and just after installation the trim excursions in the vessel will lead to 

difference in drafts at the aft and bow. This could lead to stability issues especially in the strut 

level draft where the water plane area is small and small changes in weight could pose a 

problem. The detail calculations are attached in APPENDIX V. 
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The important conclusions and suggestions are as follows: 

• As expected the excursion are more at the strut level draft (18m)  

• The excursions are not very significant at the lower pontoon draft (9m) 

• The excursion reduce in value as the number of WTG’s reduce on the dec 
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The installation operation at the strut level has to be assisted with a quick ballast system 

which can take in equivalent quantity of water at the other end of ship from where the 

installation is taking place. Since there are a lot of empty spaces in the deck they can be 

used as ballast tanks. The quantity of water also will be not much considering the moment 

arm is quite large. 
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One of the options to handle the problem at hand would be to develop a completely new 

vessel. The vessel will be dedicated for transportation and installation of the WTG’s either in 

one piece or in a few possible configuration after checking the fatigue characteristics of the 

WTG’s during transit and installation. 

!
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���
• Establish all the functional requirements of the operation (like speed, carrying 

capacity, crane capacity etc.) 

• Design basis for the vessel based on the functional blocks 

• Establish some basic dimensions of the vessel and make a model or line diagram to 

import into AQWA for this we need the following 

o Proper understanding of possible hull shapes, advantages and dis-advantages 

of each form (SWATH’s, Catamaran etc.). 

o Feasibility of using the hull form for the above purpose as a crane vessel has to 

be studied 

o Multi criteria analysis has to be done for the hull shapes and a couple of 

feasible and possible solutions should be chosen. 

• Model the WTG’s and try to place them and integrate with the vessel, try different 

configurations and choose most feasible ones for analysis in AQWA. 

o Design and study different concepts for best configurations for transportation.  

o Design concepts and configurations for lifting and installation. 

• Establish basic capacities of cranes and other possible material handling (possible J 

lay type tower for installing the tower part).  

• Use these shapes in AQWA then make a mesh subject to diffraction analysis and 

check the motions 

o First for the hull shape chosen 

o Then for the WTG’s kept at different places or in different configurations 

o During free lift calculate accelerations of the different locations  

o Calculate the motions during set down as well 

• Analyse the workability based on these results. Also then based on the results look at 

improvements to systems like hull shapes, heave compensation systems and check if 

the response can be improved.� 
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The second possibility is a slightly a different approach, with the installation taking the back 

seat but the priority being the transportation of a number of pre-assembled WTG’s. The 

WTG’s will be of the next generation larger modules. The installation will be done using the 

Oleg strashnov. The idea is to develop a high speed transit transport vessel/barge. This 

vessel will bring the assembled WTG’s in one piece from the manufactures load out yard. 

Then the HLV will lift in one piece and install.   

!

"��#���
���
• Model the WTG’s  

• Establish a design for this specialised vessel which will be self-propelled bearing in 

mind the functionalities and the size of these turbines 

• After which a design basis can be developed for the vessel and some basic design 

parameters and sizes established. 

• Design or establish concepts for carrying these WTG’s in a completed form. 

• Place them on the specialised vessel which should be modelled in AQWA and check 

all possible motions. 

• The motions and stability during transit and also high seas during the installation 

phase to be established. 

• The mooring mechanism (mooring on anchors is still possible up to approx. 350 m) or 

DP based on the vessel type has to be conceptualised for the installation phase. 

• Installation approach and mid sea lift of by the HLV to be established and 

conceptualized. 

• Then it is possible also to use these results in a suitable analysis to check for the 

workability of the whole process. 

• Based on the above results improvements can be made.
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• Has higher transit speeds up to 15 knots 
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• Better sea keeping characteristics compared to conventional Monohull 

• It is self-propelled can be DP operated  It has higher operating window compared to 

other Monohull heavy lift vessels 

• Reduced downtime and mobilization times making it less costly for the operators to 

employ in the field 

• The motions especially roll  and pitch are still large and make it difficult to operate 

for precision lift especially in beam and bow quartering waves reducing workability. 

Motion compensation may be required. 

• At higher hook heights the motions are considerable  

• Deck capacity is not as large when compared to SWAT’s and CAT’s of same length to 

breadth ratios 

• Resistance is considerable due to wide shapes and the length is also an important 

factor to decide the resistance and the resulting hull speed.  

• Bad performance in beam waves depending on the natural period 

• There is not much flexibility with respect to the location and placement of the crane 

• It has to be evaluated If weather vanning is possible for WTG installation.    
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Figure 1 : Dual Draft Hull sectional view����

Figure 2 Oleg Strashnov Dual Hull crane ship����
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• Allows for a larger deck space and higher usable volumes 

• Reduced motions roll, pitch and heave accelerations on the deck both during transit 

and stationary operating modes, even in high sea states (it has almost ½ the amount 

of motions of a Monohull of the same size) 

Can this be done at different headings? 

• It works independently of the direction in which the wave acts and does not have any 

directional limitation even in high sea states, hence they have directional stability 

• It can attain high speed , even in high sea states and maintain it   

The effects of parametric pitch slamming and current and wave drift forces have to be 

evaluated? 

Figure 3 Swath vessel with basic Configuration 
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• Flexibility in that the natural frequency of the deck is can be designed in such a way 

that the natural periods can be veered away from the wave frequencies likely to be 

encountered by the vessel 

• It is transversely limited design limiting some negative effects of the same  

And disadvantages 

• Because of the configuration and design of submerged pontoons they operate only at 

high drafts, but this can be accounted for by designing a system which has smaller 

drafts at the harbour and can be ballasted down to deeper draft during operations 

• The amount of power required for propulsion is higher compared to Monohull of 

same size because the wetted area is higher 

• Increased trim and heel excursions because of the small water plane area 

• Increased sensitivity to draught changes by weight shifting on the top of the deck 

• Pitch motions are higher for particular conditions and subjected to bow diving 

• Slamming induced forces are higher as the vessel is susceptible to a lot of slamming  

• Design is complicated and construction is costly and complicated as well 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Swath working in the Germany 

Figure 5 : Swath cruise 

ship 
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• Because of the geometry as we have discussed it will have much less heel  

• Highly stabilised for doing activities in high seas as well as coastal region because of 

the spread out configuration and large area at water line 

• Increased speed compared to Monohull because of the lesser resistance offered by the 

two hulls operating at shallow drafts. As they have wide beams instead of a deep 

ballasted keel like in the mono hull. This offers less drag 

• Wave piercing catamarans are even faster 

• Large deck areas and increased safety from capsizing because of the spread geometry 

• Low fuel consumption because of all the above features 

• Pitching motions are reduced considerably in comparison to Monohull  

• The bow diving motion is considerably less than the SWATH 

 

Some disadvantages 

• The cross structure is subjected to heavy slamming loads when the CAT is subjected 

to slamming in transit, sometimes it also cause the whole structure to vibrate. 

Figure 6 : Catamaran Basic configuration 
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• They have Larger roll motions especially in beam waves compared to even a 

Monohull 

• Vertical deck edge acceleration more compared to the Monohull as the bow might 

experience crest at slightly different phase  

• The geometry gives rise to some unique motions, like the cork screw motion in 

quartering waves when the roll and pitch periods can become close hence the hydro 

dynamics is slightly complicated 

• Design is difficult and construction as well is equally difficult and costly  

 

 

Figure 7 Simple Catamaran shape 
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Some of the advantages of using the semi are as follows 

• Have good sea keeping characteristics 

• Have good stability in rough seas- damage stability can be an issue 

• Motion behaviour also is considerably better- one of the most important features of 

the design. 

• The wave forces at water line are lesser than Monohull as a result of the small area 

• Can be used for heavy lifting because of the stability and motion characteristics- a lot 

of ballasting has to be done to avoid heel during lifts 

• Have huge deck spaces  

Disadvantages 

• Construction costs are high 

• Slow transit speeds 

• Limited payload 

• Very sensitive to load shifts on the decks  
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Figure 8 : Multi legged Semi- Submersible 
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Figure 9 Semi Swath design 
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Figure 9 : LCS ship USS Independence 

Figure 10 SWASH Vessel 
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Passive heave compensation  

 

A simple PHC works on the principle that it absorbs the energy form the disturbance causing 

mechanism, in this case the waves and then either damp the energy away or reapply it 

appropriately into the system. A simple layout of a PHC system is shown below in the fig. 

A  soft spring can be a simple PHC, but there are much more complex hydraulically and 

mechanically operated systems as well. The PHC system can be described as a reactive 

system and moreover does not require power hence it is a fail proof device compared to the 

AHC. 

 

Advantages 

• Closed loop system rarely requiring external power 

• Easy to construct and visualise 

• Compensates the heave motion to a large extent  

• They are fail safe as they do not require any external source of energy 

• Cheap and easy to operate  

Disadvantages 

• The reaction time is large 

• Not as effective as the AHC 

• It is based on a load by load system, hence the accumulator’s pressure has to be 

calculated for each scenario. So every new load case has new values and new 

calculations 

• Limited motion range and hysteresis effects are present 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 & 6.2 Schematics of PHC 
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Figure 6.3 Basic arrangement of AHC 
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Active heave compensation is more a proactive system, in that it uses external power and also 

a control unit. It measures the vessel motion using some instrumentation continuously and 

tries to keep the load motionless during the operation. They come in many different types and 

sizes. 

 It is a complex system compared to the PHC system but it is very effective and has much 

better response than the PHC. The motion reference unit measures the vessel motion in heave 

and inputs the signal to the controller. The controller or control unit is the heart of the system 

it will send an error signal to cylinders, motors etc. to make the compensation. The actual 

system which brings about the compensation can be any of the following types 

• Electrical winches – use an electric motor to run the winch in the opposite direction of 

the motion which the vessel undergoes. 

• Hydraulic winches – similarly these use hydraulically operated winches to compensate 

for heave 

• Hydraulic Cylinders – They are the oldest kind of system to be in operation, they have 

pressurised cylinders either filled with gas or fluid and in conjunction with 

accumulators. The piston within moves to compensate for the motion. 

Advantages 

• The response is really fast 

• The fact that it is continuous and gives real time compensation is really advantageous 

• The error is very minimal and the accuracy levels are high  

• Easy to operate and is very adaptable and one dos not have to reset and calculate the 

different load cases every time 

Disadvantages 

• It is a complex and costly system to design and install 

• The design criteria and loads on the cranes or winches becomes complicated and one 

has to account for fatigue loads, design of sheaves, power consumption, cooling etc. 

extended design is always a problem. 

• They consume power and this leads to operational costs 

• To make them redundant it becomes costly because all the systems have to be installed 

in double 

They can also be used in conjunction with the crane, in that the whole system will be working 

in close relation to the crane wires and they themselves will be compensated using one of the 

systems as mentioned above. Sometimes both the passive and active system are used in 

combination in something called hybrid systems which also have its advantages and 

disadvantages. 
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They two concepts proposed in the next sections will use one of these systems in conjunction 

with the crane or without. 
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This concept can be visualised based on the diagram attached in the appendix. This method 

employs an Active heave compensation system in conjunction with the crane. The motion 

sensors of the vessel will be used to develop a signal of error (Heave, roll etc). This will be 

sent to the controlling unit which will analyse the error and send the signal for operating the 

winches to which the main load lines are attached. Based on the motion which the vessel is 

experiencing the winches will either pull in or give slack, thus keeping the object in this case 

the WTG motion less with respect to the foundation on which it has to be installed.  

 

Tugger lines or steering lines will be connected to the bottom of the WTG , where the vertical 

lines coming down from the clamp is also hooked on. These will be connected to constant 

tension winches. They can be used to also move, align or steer the load to the exact location 

for setting down.  

The continuously acting heave compensation system and the tugger lines can be used to do 

the installation, depending on what the set down force  and accelerations are a suitable 

dampers need to be used. For the fixing and aligning of the wind turbine with the bottom part, 

without going into details it is reasonable to say that the use of positioning guides/stabs 

already prevalent and previously used by SHL in the in-house studies is sufficient. Apart from 

this a quick lock system also previously studied for this single lift concept can be used, it 

helps in holding the WTG till the time all the bolts are tightened. This particular step is useful 

in the sense that the crane can already disconnect from the WTG immediately after set down 

and continue its work. Whereas the bolts can be put in while the crane is already picking up 

the next turbine it is advantageous in that one could save quite a bit of time. To smoothen the 

Figure 11 Actively heave compensated knuckle boom crane 
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landing even further the end of the positioning stabs, there will be some dampers or springs 

which will reduce the impact and also the accelerations with which the set down takes place.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Positioning Stabs 

Figure 12 Quick Lock System 
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The second possibility is to use a crane which works without active heave compensation. In 

this case for the installation a passive heave compensation system has to be used like the 

Cranemaster (alternative products from IHC are also available). But to also have a smooth 

landing of the WTG the positioning stabs, the dampers etc. will be functioning in the same 

way as explained previously.  

Apart from the PHC system which will be explained further, there will also be a winch system 

within the foundation and the wires form the winch system will be connected to the inner part 

of the tower, this is necessary because the PHC cannot be used alone in such single lifts 

(because their use is generally limited to transfer lifts, subsea lowering etc. where there is 

some damping present) unless there is some force from below is pulling on it to make it 

perform better. It is also useful in the sense that the winch can also perform the function of 

pulling the WTG towards itself , hence it will help in aligning the Tower with the foundation 

effectively. 

Cranemaster  

It is basically a passive heave compensator system housed in one unit. It does not require any 

external power to act it usually reduces the dynamic loads on the crane wire when lifting an 

object. The main effect given by using Cranemaster during the lifting operation in transfer 

lifts is to enable the crane to maintain its lifting capacity at increasing wave height. This is 

possible through an improved and formally approved load chart for the crane. It improves the 

weather window in which a particular crane vessel can operate. 

For stiff cranes, the dynamic amplification factor (DAF) resulting from wave induced 

movements, may be very high even for small wave heights. With a Cranemaster unit 

mounted, the DAF is typically reduced to 1.3 or below for sea states up to Hs = 2.0-2.5 m. 

The first applications of Cranemaster units back in the early 1980s were related to shock 

absorption. Since then small units with SWL of a few tons up to large units with SWL of 500 

tons have been developed.�In the current concept it will be used in conjunction with the 

winch.�Cranemaster has been used in many projects for offshore wind installations, typically 

resulting in reduced downtime for the installation and reduced risk of damaging equipment, 

Used frequently for tension control during installation of transition pieces. 

Note * for the visual arrangement of the system explained in both concepts look at the sketch 

attached. 
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Mode of operation based 

on mission profile
Description Remarks/Detail criterion Weight (D) Weight(P) Monohull Design Project

Monohull with 

dual draft
Design Project Catamaran Design Project

Catamaran 

Dual draft
Design Project SWATH Design Project

Length (longer is '-ve') 5 7 5 25 35 6 30 42 6.5 32.5 45.5 7 35 49 8 40 56

Draft (larger is '-ve') 3 7 5 15 35 6.5 19.5 45.5 7 21 49 7 21 49 8 24 56

Breadth (wider is '-ve') 7 7 5 35 35 6.5 45.5 45.5 6 42 42 6 42 42 8 56 56

Air Draft (higher is '-ve') 6 8 5 30 40 6 36 48 6 36 48 6 36 48 6 36 48

Speed 0 8 6 0 48 6.5 0 52 6.5 0 52 7.5 0 60 8 0 64

Design complexity & Time 4 0 9 36 0 8 32 0 5 20 0 5 20 0 4 16 0

CAPEX cheapest has higher value 6 0 9 54 0 8 48 0 6 36 0 5 30 0 4 24 0

Availabilty of yard
Including ease of construction 

& Dry docking in later years
5 0 9 45 0 8 40 0 6 30 0 6 30 0 4 20 0

Deck Space 8 8 4 32 32 6 48 48 9 72 72 9 72 72 8 64 64

Fuel Efficiency 7 0 5 35 0 7 49 0 9 63 0 9 63 0 8 56 0

others 7 0 7 49 0 7 49 0 5 35 0 7 49 0 8 56 0

Ease of Installation
Crane movement- and 

placement
7 7 4 28 28 6 42 42 8 56 56 8 56 56 8 56 56

Expected time for 

Installation

Time for one WTG to be 

installed in same weather 

conditions

6 8 5 30 40 6 36 48 8.5 51 68 9 54 72 9 54 72

No of people accomodated 6 7 6 36 42 6 36 42 8.5 51 59.5 9 54 63 9 54 63

Ease of locating the Helideck 

and accomodations
5 6 5 25 30 6 30 36 5 25 30 5 25 30 6 30 36

Intact Stability Based on IMO 7 8 6 42 48 7 49 56 9 63 72 9 63 72 8 56 64

Directional Independence

Ability to handle harsh sea 

conditions and maintain the 

direction

0 8 5 0 40 6 0 48 7 0 56 8 0 64 8 0 64

Maneouverability Specially in Harbours 0 6 6 0 36 6 0 36 6 0 36 6 0 36 6 0 36

Motion of the nacelles 

(accelerations)

Approximately at 80 M from 

the deck in all three 

directions

0 9 6 0 54 7 0 63 8 0 72 8 0 72 8 0 72

 pitch and Roll 

(Parametric)

based on previous 

experiments carried out
8 9 7 56 63 7 56 63 7 56 63 7 56 63 5 40 45

Slamming 7 6 6 42 36 8 56 48 6 42 36 6 42 36 7 49 42

Torsional - cork screw loading 6 5 6 36 30 8 48 40 7 42 35 7 42 35 8.5 51 42.5

Relative movement of the 

hulls (split force)
5 5 9 45 45 9 45 45 7 35 35 7 35 35 8.5 42.5 42.5

Projected open sea 

characteristics and 

workability

0 9 5 0 45 6.5 0 58.5 7 0 63 7 0 63 8 0 72

Intact stability with one 

WTG in hook
7 8 6 42 48 7.5 52.5 60 9 63 72 9 63 72 5 35 40

Motions and accelerations 

of nacelles and crane tip
The upper limits as defined by 

manufacturer

4 9 6 24 54 7.5 30 67.5 8 32 72 8 32 72 8 32 72

Set down velocities
Heave motion in stationary 

condition
8 8 6 48 48 6 48 48 7 56 56 7 56 56 8 64 64

Parametric roll and pitch
0 7 7 0 49 7 0 49 7 0 49 7 0 49 6 0 42

Projected open sea 

characteristics and 

workability

0 9 6 0 54 7.5 0 67.5 7 0 63 8 0 72 9 0 81

Total 810 1015 925.5 1198.5 959.5 1302 976 1338 955.5 1350

Note : The dual draught vessels have a considerable advanatage w.r.t the acceleration during transit, as they have shallow draft which is  just enough for transit & deeep draft jus enough for Installation of 1st WTG. But they need a really quick ballasting system.

Installation Mode

Principal Dimensions

Accomodation and other 

aspects

General

OPEX

Deck loading complexity

Transit Mode



SEMI-

SWATH
Design Project Semi sub Design Project

8 40 56 6 30 42

8 24 56 7 21 49

8 56 56 6 42 42

6 36 48 6 36 48

9 0 72 5 0 40

4 16 0 5
20 0

4 24 0 6 36 0

4 20 0 8

40 0

8 64 64 8.5 68 68

8 56 0 5 35 0

8 56 0 5 35 0

8 56 56 8
56 56

9 54 72 8

48 64

9 54 63 8
48 56

7 35 42 8

40 48

8 56 64 6 42 48

9 0 72 4

0 32

9 0 54 4 0 24

9 0 81 8

0 72

5 40 45 6
48 54

6 42 36 7 49 42

8 48 40 6
36 30

8 40 40 6
30 30

8 0 72 8

0 72

6 42 48 5
35 40

8 32 72 7

28 63

8 64 64 6
48 48

7 0 49 6
0 42

9.5 0 85.5 8

0 72

955 1407.5 871 1182

Note : The dual draught vessels have a considerable advanatage w.r.t the acceleration during transit, as they have shallow draft which is  just enough for transit & deeep draft jus enough for Installation of 1st WTG. But they need a really quick ballasting system.



SL No Manufacturer Type Lifting Capacity Max Hook Height Max radius Boom length

Diameter of 

the base Foot print 

Mt m m m m m x m

1 Huijsman Offshore Mast crane crane 1600 125 30 12 x 12

2 Huijsman Offshore pedestal mounted crane 500-1200 125

3 Huijsman Wind turbine installation cranes 1500 125 32

4 Huijsman Heavy lift rigger cranes 1200-1600 140

5 Liebherr Offshore heavy lift crane BOS 45000 1200 120 27.5 51-105

6 Liebherr Offshore heavy lift crane Cal 64000 1500 120 31.5

7 Liebherr Offshore heavy lift crane MTC 78000 2000/1600 120 35 87

Note 3 : IDEAL Offshore Wind Installation Crane 1200-1600 120-140 32-35 75-100 15

Note 1 : The capacities as given by the website of the companies

Note 2 : 90 % of the boxes in yellow the details can be modified based on request and the sizes can only be got after formal enquiries



Manufacturer type Power Rotor Diameter Tower Heigth Blade Nacelle Rotor Blade Nacelle Tower Total Remarks Reference

MW m m m hxlxw [m] Mt Mt Mt Mt

Siemens SWT-3.6-107 3.6 107 80+ 52.0 95.0 16.0 125.0 250.0 470.0 http://www.4coffshore.com + Siemens Brochure

SWT-3.6-120 3.6 120 66.0 58.5 4.3x14.1x4.2 100.0 18.4 125.0 262.0 487.0 90 m Hub height http://www.4coffshore.com + Siemens Brochure

SWT-4.0-120 4.0 120 Site specific 58.5 100.0 140.0 Site specific 90 m Hub height http://www.4coffshore.com + Siemens Brochure

SWT-4.0-130 4.0 130 Site specific 63.5 100.0 140.0 Site specific 90 m Hub height http://www.4coffshore.com + Siemens Brochure

SWT-6.0-120 6.0 120 Site specific 58.0 100 18.0 190.0 180.0 470.0 180 is minimum http://www.4coffshore.com + Siemens Brochure

SWT-6.0-154 6.0 154 88.0 75.0 8.4x16.2x6.5 90.0 27.0 218.0 370.0 678.0 http://www.4coffshore.com + Siemens Brochure

REpower 5M
5.1 126.0 85/95 61.5 6x18x6 130.0 19.5 325.0 455.0

http://www.4coffshore.com + Repower Brochure

6M 6.2 126.0 85/95 61.5 8x20x6.5 135.0 23.0 325.0 460.0 http://www.4coffshore.com + Repower Brochure

Vestas V90-3.0 MW Offshore 3.0 90.0 65-105 44.0 5.4x9.65x3.65 7.0 91.0 91.0 http://www.4coffshore.com + Vestas brochure

V112-3.0 MW Offshore 3.0 112.0 84-119 54.7 3.4x12.8x4 11.9 119.5 119.5 http://www.4coffshore.com + Vestas brochure

V164-7.0 MW 7.0 164.0 105.0 80.0 7.5x24x12 35.0 390.0 800.0 http://www.4coffshore.com + Vestas brochure

Areva Wind M5000-116

5 116 90.0 56.0 112.0 16.5 233.0 350.0 695.0

http://www.4coffshore.com+20120815_ Summary 

M5000_135er weigths and dimensions (Internal 

document)

M5000-135

5.0 135.0 90.0 66.0 134.0 23.3 221.0 355.0 710.0

http://www.4coffshore.com+20120815_ Summary 

M5000_135er weigths and dimensions (Internal 

document)

XEMC -Darwind XE/DD115 5.0 115.0 100.0 55.5 225.0 225.0 http://www.4coffshore.com

XE/DD128 5.0 128.0 100.0 62.0 0.0 http://www.4coffshore.com

Nordex N150/6000 6.0 150.0 100.0 0.0 http://www.4coffshore.com

Alstom Power Haliade 150-6MW 6 150.0 100.0 73.5 26.0 0.0 http://www.4coffshore.com

Gamesa G128 - 5 MW 5 128.0 62.5 0.0 http://www.4coffshore.com

G14X - 7 MW 7.0 140.0 0.0 http://www.4coffshore.com

Samsung SHI 7 MW 7 172.0 105.0 35.0 105.0 http://www.4coffshore.com

GE GE 4.1 4.0 113.0 54.0 0.0 http://www.4coffshore.com

Bard Bard 6.5 6.5 122.0 8x15x8 280.0 280.0 http://www.4coffshore.com

IDEAL CASE XXXX 5 to 7 120 -164 65 - 105 55 - 80 ? ? ? ? ? 500 - 1000

Dimensions Weights

Note 1 : the ideal case is highlighted in the red  an cranes have been searched and the design data established on this criteria

Note 2 : Assuming that 1000 Mt apart from the weight of the slings(5%), SHL contingency(10%), DAF(10%), and if a crane master (heave compensation) is used another 10% - looking at 1400 MT hence the cranes of this capacity researched in the next sheet



Dogger bank 

20

20

8

8

6

0.566954644 Assuming 7 D (rotor diameter)

100

10

Sl NO Port Distance form Port

Time needed for Travel 

both ways in one 

operation 

Total time 

required for 

installing All 

turbines

Total time for one 

complete operation

Total time required for the 

whole field development

Name NM Hrs Hrs Hrs Days

1 Vlissingen 234 23.4 64.22678186 87.62678186 59.33063355

2 Esbjerg 190 19 64.22678186 83.22678186 57.03896688

3 New castle (Tyne) 153 15.3 64.22678186 79.52678186 55.11188355

% Increase of total days Total No of days % Increase of total days Total No of days % Increase of total days Total No of days

Vlissingen 8.9 64.66306695 26.9 75.32793377 80 107.3225342

Esbjerg 8.08 61.6075114 23.9 70.74460043 72.1 98.15586753

New castle (Tyne) 7.11 59.03806695 21.37 66.89043377 64 90.4475342

percentage used for weather delay component (%)

Location used for study

Speed Of ship (Knots)

No of turbines to be carried in one trip

Time needed for installing 1 WTG (Hrs)

• The onshore travel and delivery is not considered

• The distance between the turbines is a thumb rule used in wind farm development feasibility studies (5-7 times the diameter of the wind turbine) [20] 

• The choice of ports has been dealt with previously and the reasons for the same explained in the weightage report [1][14]

• The times indicated for the installation of turbines and also the time required to take the fully assembled turbine on board are based on previous reports of the Thanet wind farm 

(vestas), Report on kentish flats wind farm with A2sea vessels working, report on Glosten Associates on vessel data. Apart from in-house data available with Seaway heavy 

lifting.[14][21][22]

• The components for delay in weather and also some force majeure case have also been accounted for

• The time involved for installing the foundation is not accounted for because it is not relevant at this stage

Important conclusions

• The reduction in speed by 25% increases the number of days only by 9 %(4 days approximately).

• The % increase in the days for the same speed reduction, decreases with the reduction in distance between ports and site.

• The % increase in the days for the same speed reduction, decreases or remains same with the increase in the number of turbines.

• The % increase in the days is not significant enough with respect to the total number of days the vessel is chartered for the project.

• But the reduction of power could have significant effect on the CAPEX of the vessel.

 Also the data is helpful to get a feeling for the time involved for different shapes because 20 Knots (associated with High speed swaths), 15 knots (associated with Swaths and 

Catamarans), 10 knots (high speed Monohull) and 5 knots (when the vessel is towed or a self-propelled semi). Hence it gives a good idea of number which can be used in the power 

calculations later. The shapes being suggested at the lower speed have the better motion characteristics (semi, swath etc.) so this it is very interdependent.

Time needed for loading 1 WTG on the ship (Hrs)

Distance between each turbine to be installed (NM)

Total number of turbines to be installed

% correction needed for other unforseen events

Important Assumptions

15 knots (25% reduction from 20 Knots) 10 knots (50% reduction from 20 Knots) 5 knots (75 % reduction from 20 Knots)
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Description Parameter

Value original 

& changed by Unit 

 % 

Change

GM without WTG , Mid 

draft Change in (%)(2) 

GM with WTG , Mid draft 

Change in (%)(2) Operation Remarks

Height of deck box D1 5 Meter Increase by 20 Increase by 600 Reduced 

5 Decreases by 30 Decreases Drastically Increased

Width of Deck above pontoon D2 15 Meter Increase by 3 Increase by 100 Reduced 

5 Decreases 3 Decreases by 100 Increased

Distance between two pontoons D3 80 Meter Decrease by 60 Decrease by 100 Reduced 

20 Increase by 90 Increase by 800 Increased

Height of struts S1 5 Meter Increase by 30 Increase by 60 Reduced 

2 Decreases by 30 Decreases by 60 Increased

Length of struts S2 60 Meter Decreases by 61 Decreases by 800 Reduced 

10 Increase by 61 Increase by 800 Increased

Thickness of struts S3 3 Meter Decreases by 30 Decreases by 300 Reduced 

2 Increase by 30 Increase by 370 Increased

Height of pontoon P1 10 Meter Increase by 10 Decreases by 100 Reduced 

2 Decreases by 50 Decreases by 300 Increased

width of pontoon P2 15 Meter Increase by 50 Decreases by 400 Reduced 

5 Decreases by 20 Increase by 300 Increased

length of the pontoon P3 96 Meter Increase by 25 Decreases by 100 Reduced 

10 Decreases by 17 Increase by 200 Increased

height of dual draft shape H1 4 Meter Increase by 13 Increase by 200 Reduced 

2 Decreases by 8 Decreases by 100 Increased

100

Height of the deck if increased raises the cg even 

more so the High GM's are reduced but the mid 

draft GM is decreased

33

The increase or decrease has not much drastic 

effect on any values

25

The reduction in this value also helps drop the 

values of the other high value GM's can be used 

to increse values of (2) upto 10 m

33

10

10

40

Reduction of value is better but the strut height 

reduces hence not much change can be done 

here

16

The reduction of this value has a drastic effect 

on the mid draft GM 

33

20
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>.�dp �� � u>^p^ $ >^pZ � v�gfgw $ >^p2 � v�gfgw
2 $ >^p� � �h� $ >^p[ � �h�2 $��>^p| � v#j�gw $ >^p}

� v#j�gw
2 �$ >^p\ � v~gfgw $ >^p_ � v~gfgw

2 $ >^p� � vfjfgw $ >^pZ^ � vfjfgw
2 $ >^pZZ

� v�gfgw � #j�g � fjfg $ >^pZ2 � v�gfgw
2 � #j�g � fjfgx

$ u>Zp^ $ >ZpZ � v�gfgw $ >Zp2 � v�gfgw
2 $ >Zp� � �h� $ >Zp[ � �h�2 $��>Zp| � v#j�gw

$ >Zp} � v#j�gw
2 �$ >Zp\ � v~gfgw $ >Zp_ � v~gfgw

2 $ >Zp� � vfjfgw $ >ZpZ^ � vfjfgw
2 $ >ZpZZ

� v�gfgw � #j�g � fjfg $ >ZpZ2 � v�gfgw
2 � #j�g � fjfgx � �S

$ u>2p^ $ >2pZ � v�gfgw $ >2p2 � v�gfgw
2 $ >2p� � �h� $ >2p[ � �h�2 $��>2p| � v#j�gw

$ >2p} � v#j�gw
2 �$ >2p\ � v~gfgw $ >2p_ � v~gfgw

2 $ >2p� � vfjfgw $ >2pZ^ � vfjfgw
2 $ >2pZZ

� v�gfgw � #j�g � fjfg $ >2pZ2 � v�gfgw
2 � #j�g � fjfgx � �S2

$ u>�p^ $ >�pZ � v�gfgw $ >�p2 � v�gfgw
2 $ >�p� � �h� $ >�p[ � �h�2 $��>�p| � v#j�gw

$ >�p} � v#j�gw
2 �$ >�p\ � v~gfgw $ >�p_ � v~gfgw

2 $ >�p� � vfjfgw $ >�pZ^ � vfjfgw
2 $ >�pZZ

� v�gfgw � #j�g � fjfg $ >�pZ2 � v�gfgw
2 � #j�g � fjfgx � �S��
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Description Parameter Unit 

Height of deck box D1 6 Meter

Width of Deck above pontoon D2 15 Meter

Distance between two pontoons D3 47 Meter

Height of struts S1 8 Meter

Length of struts S2 96 Meter

Thickness of struts S3 8 Meter

Height of pontoon P1 10 Meter

width of pontoon P2 15 Meter

length of the pontoon P3 100 Meter

height of dual draft shape H1 4 Meter

Draft at lower case T1 9 Meter

Draft at transport case T2 18 Meter

Draft at installation case T3 22 Meter

Total depth of vessel D4 28 Meter

Angle of slope at strut A1 41.18593 Degrees

Overall length of the top pontoon TP1 120 Meter

Length of Triangular projection from pontoon TP2 12 Meter

COG X Y Z Mass

WTG 1 -48 -31 66.5 1000

WTG 2 -16 -31 66.5 1000

WTG 3 16 -31 66.5 1000

WTG 4 48 -31 66.5 1000

WTG 5 -48 31 66.5 1000

WTG 6 -16 31 66.5 1000

WTG 7 16 31 66.5 1000

x(m) y(m) z(m) Area(m2) WTG 8 48 31 66.5 1000

COG of Shape 1 0 0 -3 282 0 0 66.5 8000

COG of Shape 2 0 -31 -3 90 Crane At the centre Location 0 0 35 1800

COG of Shape 2' 0 31 -3 90

COG of Shape 3 0 -33.83333333 -7.555555556 21

COG of Shape 3' 0 33.83333333 -7.555555556 21 When the WTG 1 is in the hook on Aft side -35 0 86.5 1400

COG of Shape 4 0 -31 -14 64 When the WTG 1 is in the hook on Bow side 35 0 86.5 1400

COG of Shape 4' 0 31 -14 64 When the WTG 8 is in the hook on Aft side -35 0 86.5 1400

COG of Shape 5 0 -31 -23 150 When the WTG 8 is in the hook on Bow side 35 0 86.5 1400

COG of Shape 5' 0 31 -23 150

Final CoG 0 0 -11.15379113

0 25.83333333 -7.333333333 7 0 25.83333333 -7.333333 7

0 44.66666667 -7.333333333 7 0 36.16666667 -7.333333 7

0 31 -8 7 0 31 -8 32

0 33.83333333 -7.555555556 21 0 31 -7.797101

KG only ship 16.84620887

Note : Crane has same dimensions as established previously (liebherr 1600 MT capacity) comparable boom length to 

oleg strashnov and hence approximated to 35 

Finding out the geometric CG



x(m) y(m) z(m) Area(m2) Description Value

COB of shape 5 0 -31 -23.5 135 I shape 1 22792.5 m4 Light Weight (tons) 18597.6

Volume of 

ballast water

COB of shape 5' 0 31 -23.5 135 I shape 1' 146767.5 m4 Dead weight (tons) 24176.9 583.804878

Combined COB 0 0 -23.5 I shape 3 2939250 m4 Weight of WTG's (tons) 8000

KB (m) 4.5 I-Area Moment of Inertia 3108810 m4 Weight to be distributed in tanks (tons) 598.4

Volume of submerged part (m3) 30240 BM 100.29714 m

Displacement (tons) 30996 GM 87.950926 m Loss in GM due to free surface effects case 1 12.0334

Loss in GM due to free surface effects case 2 24.0668

Loss in GM due to free surface effects case 3 4.63325

Loss in GM due to free surface effects case 4 11.5172

x(m) y(m) z(m) Area(m2)

COB of shape 5 0 -31 -23 150 Description Value

COB of shape 5' 0 31 -23 150 I-Area Moment of Inertia 1484288 m4 Light Weight (tons) 18597.6

Volume of 

ballast water

COB of shape 4 0 -31 -14 32 BM 31.556962 m Dead weight (tons) 24176.9 16231.80488

COB of shape 4' 0 31 -14 32 GM 21.29317 m Weight of WTG's (tons) 8000

Combined COB 0 0 -21.41758242 Weight to be distributed in tanks (tons) 16637.6

KB(m) 6.582417582

Volume of submerged part (m3) 45888 Loss in GM due to free surface effects case 1 7.92997

Displacement (tons) 47035.2 Loss in GM due to free surface effects case 2 15.8599

Loss in GM due to free surface effects case 3 3.05329

Loss in GM due to free surface effects case 4 7.58977

x(m) y(m) z(m) Area(m2)

COB of shape 5 0 -31 -23 150 Description Value

COB of shape 5' 0 31 -23 150 I-Area Moment of Inertia 4269600 m4 Light Weight (tons) 18597.6

Volume of 

ballast water

COB of shape 4 0 -31 -14 64 BM 83.109805 m Dead weight (tons) 24176.9 20463.80488

COB of shape 4' 0 31 -14 64 GM 76.168724 m Weight of WTG's (tons) 8000

COB of shape 3 0 -31 -7.797101449 46 Weight to be distributed in tanks (tons) 20975.4

COB of shape 3' 0 31 -7.797101449 46

Combined COB 0 0 -18.09487179 Loss in GM due to free surface effects case 1 7.26039

KB(m) 9.905128205 Loss in GM due to free surface effects case 2 14.5208

Volume of submerged part (m3) 50120 Loss in GM due to free surface effects case 3 5.59096

Displacement (tons) 51373

Loss in GM due to free surface effects case 4 6.94891

Note: Case 3 the length is 96 instead of 48 because the 

height of the pontoon is not enough

Estimation of the New KG and GM with the WTG's on board

Estimation of the New KG and GM with the WTG's on board

Estimation of the New KG and GM with the WTG's on board

Without WTG's at the level of the dual draft shape

Value Unit

Centre of Buoyancy and Displacement for T1 (valid for T1 between 0 and 10)

Centre of Buoyancy and Displacement for T2 (valid for T2 between 10 and 18)

Centre of Buoyancy and Displacement for T3 (valid for T3 between 18 and 22)

Description

Without WTG's at the level of the pontoons

Without WTG's at the level of the struts

Value Unit

Value Unit



height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG] Case 4

New 

Weight

height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG]

New GM After 

loss due to FSE

0.389203252 0 31 -27.805398 GM

0 -31 -27.805398 Weight 1 598.4 -1.666893 0 14.4759771 62.32 50.80398985

0.194601626 0 31 -27.902699 Dropped 0 0 10.8742614 65.92 54.40570553

0 -31 -27.902699 Weight 2 7198.4 5.01630662 0 36.75 -25.491847

0.778406504 0 27.25 -27.610797 0 25.25 -25.491847

0 -27.25 -27.610797 GM 0 -36.75 -25.491847 58.09400888

Case 1 0 0 12.792368 64.005 51.97134694 0 -25.25 -25.491847 31.2714846

Case 2 0 0 12.79036 64.007 39.93993483 -1.361262 -2.02E-16 7.18595802 69.61

Case 3 0 0 12.796384 64.001 59.36750449 Dropped 0 -2.1E-16 3.97634827 42.79

case 4 0 0 12.792655 64.004 52.487312 T1-4 33.2019739

height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG] case 3

New 

Weight

height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG]

New GM After 

loss due to FSE

10.82120325 0 31 -22.589398 GM

0 -31 -22.589398 Weight 1 16637.6 -1.078459 3.203E-16 1.60146403 8.538 0.948149482

5.410601626 0 31 -25.294699 Dropped 0 0 -1.0976937 11.24 3.647307209

0 -31 -25.294699 Weight 2 23237.6 16.19344948 0 36.75 -19.903275

10.82120325 0 27.25 -22.589398 0 25.25 -19.903275

0 -27.25 -22.589398 GM 0 -36.75 -19.903275 2.940466153 with FSE

Case 1 0 0 0.7459567 9.3934 1.46344893 0 -25.25 -19.903275 5.342889639 1.40476761

Case 2 0 0 -0.2534773 10.393 -5.467090532 -0.94167 3.305E-16 -0.3908526 10.53 -5.2478714

Case 3 0 0 0.7459567 9.3934 6.340132376 Dropped 0 0 -2.7932761 12.93 6.08590601

Case 4 0 3.231E-16 0.4033032 9.7361 2.146310352 T2-4 2.06024769

height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG] Case 3

New 

Weight

height of 

water in each 

pontoon x (m)[LCG] y(m)[TCG] z(m)[VCG]

New GM After 

loss due to FSE

13.64253659 0 31 -21.178732 GM

0 -31 -21.178732 Weight 1 20975.4 -0.984469 0 -0.4731283 65.49 59.89710461

6.821268293 0 31 -24.589366 Dropped 0 0 -2.9902842 68.01 62.41426046

0 -31 -24.589366 Weight 2 27575.4 19.21630662 0 36.75 -18.391847

13.64253659 0 27.25 -21.178732 0 25.25 -18.391847

0 -27.25 -21.178732 GM 0 -36.75 -18.391847 60.57694444

Case 1 0 0 -1.1477146 66.163 58.90226004 0 -25.25 -18.391847 62.80920674

Case 2 0 0 -2.5966729 67.612 53.09083071 -0.86921 0 -1.1529682 66.17

Case 3 0 0 -1.1477146 67.612 62.02064915 Dropped 0 0 -3.3852305 68.4

case 4 0 0 -1.582829 66.598 59.64885603 T3-4 62.5375649

New GM After 

loss due to FSE

Estimation of the New KG and GM with the WTG's on board

Estimation of the New KG and GM with the WTG's on board

Estimation of the New KG and GM with the WTG's on board Estimation of the New KG and GM with one WTG's on hook

With FSE 

case 1 , Case 

2 , case 3 as 

shown 

previously

Estimation of the New KG and GM with one WTG's on hook

Estimation of the New KG and GM with one WTG's on hook

New GM After 

loss due to FSE

New GM After 

loss due to FSE



Angle (DEG)GZ= GM SIN( θ) (T2-4) GZ (T1-4) GZ (T3-4)

0 0 0 0

10 1.690651857 11.11426 11.56458

15 2.519881897 16.56558 17.23677

20 3.329934113 21.89082 22.77778

25 4.114643521 27.04946 28.14543

30 4.868038006 32.00224 33.29888

35 5.584383784 36.71146 38.19891

40 6.258229028 41.14129 42.80822

50 7.458266927 49.03028 51.01685

60 8.43168916 55.42951 57.67535

70 9.148918785 60.14454 62.58143

Area Under 30 Deg  LINE 8.5752

1.304421

8.922643

Area Under 40 Deg  LINE 14.97546

2.278

15.58222

Limit as Given by IMO is that the area under the curve at 30 deg intercept should be more than 0.055 radian-metre

Limit as Given by IMO is that the area under the curve at 40deg intercept should be more than 0.09 radian-metre
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Stactic angle of equillibrium before loss of load This angle should 

be less than 15 deg (DNV code) Degrees

Case 4 FSE and 1st turbine installation 7.218034273 -7.218034273

Case 4 FSE and last turbine installation 5.116872115 -5.116872115

Case 4 FSE and 1st turbine installation -t1 1.532297792 -1.532297792

Case 4 FSE and last turbine installation-t1 1.12036056 -1.12036056

Angle last t2 last t2 dropped First t2 First t2 dropped

-60 -9.119448259 -11.20000803 -7.39405141 -9.73159057

-50 -8.066625566 -9.906988727 -6.540422451 -8.60809723

-40 -6.768702537 -8.312950587 -5.488066067 -7.22305121

-35 -6.039892838 -7.41786634 -4.897146942 -6.445320212

-30 -5.265115907 -6.46632765 -4.268957572 -5.618536435

-25 -4.450268265 -5.465576303 -3.608278857 -4.748992204

-20 -3.601551394 -4.423228619 -2.920138961 -3.843305274

-15 -2.725424543 -3.347217495 -2.209775045 -2.90836847

-10 -1.828555565 -2.245732025 -1.482593406 -1.951297226

0 0 0 0 0

10 1.828555565 2.245732025 1.482593406 1.951297226

15 2.725424543 3.347217495 2.209775045 2.90836847

20 3.601551394 4.423228619 2.920138961 3.843305274

25 4.450268265 5.465576303 3.608278857 4.748992204

30 5.265115907 6.46632765 4.268957572 5.618536435

35 6.039892838 7.41786634 4.897146942 6.445320212

40 6.768702537 8.312950587 5.488066067 7.22305121

50 8.066625566 9.906988727 6.540422451 8.60809723

50 8.066625566 9.906988727 6.540422451 8.60809723

60 9.119448259 11.20000803 7.39405141 9.73159057

Corresponding 

angle of static 

equillibrium Mid point

Area Under 

curve

Intercept case1 -1.411887671 -0.707346621 0.089051534

Intercept case2 -1.153432503 -0.577291687 0.051538635

Intercept case1 -4.570529297 -1.639796112 0.198697655

Intercept case2 -5.260184803 -2.121493544 0.438276641

Angle of down flooding 24 -24

Corresponding 

angle of static 

equillibrium Mid point

Area Under 

curve

Intercept case1 -1.762807557 -0.881482584 0.023573352

Intercept case2 -0.836635168 -0.418337578 0.008180035

Intercept case1 -26.81324837 -12.84269072 4.533736804

Intercept case2 -17.403713 -8.486640063 3.139167176

Angle of down flooding 24 -24

Angle last t1 last t1 dropped First t1 First t1 dropped

-60 -60.28504775 -37.05606032 -53.97170607 -60.28504775

-50 -53.32525539 -32.77800971 -47.74077682 -53.32525539

-40 -44.74520213 -27.50401586 -40.05926822 -44.74520213

-35 -39.92733089 -24.54256299 -35.74594775 -39.92733089

-30 -34.80558855 -21.3943264 -31.16057903 -34.80558855

-25 -29.41895466 -18.08326607 -26.33805949 -29.41895466

-20 -23.80842477 -14.63458117 -21.31509141 -23.80842477

-15 -18.01669838 -11.07451826 -16.12990262 -18.01669838

-10 -12.08785405 -7.430171584 -10.82195553 -12.08785405

0 0 0 0 0

10 12.08785405 7.430171584 10.82195553 12.08785405

15 18.01669838 11.07451826 16.12990262 18.01669838

20 23.80842477 14.63458117 21.31509141 23.80842477

25 29.41895466 18.08326607 26.33805949 29.41895466

30 34.80558855 21.3943264 31.16057903 34.80558855

35 39.92733089 24.54256299 35.74594775 39.92733089

40 44.74520213 27.50401586 40.05926822 44.74520213

50 53.32525539 32.77800971 47.74077682 53.32525539

50 53.32525539 32.77800971 47.74077682 53.32525539

60 60.28504775 37.05606032 53.97170607 60.28504775

Potential Energy

This value must be 1.4 

times the potential Energy 

Potential Energy

This value must be 1.4 

times the potential Energy 

For Draft T-2



-15

-10

-5

0

5

10

15

-80 -60 -40 -20 0 20 40 60 80

G
Z

Angle In Degrees

Case 3 t-2-with 1 turbine in hook and 7 on deck 

GZ curve-With Load

New GZ case 1

Intercept at angle of New Static

equillibrium

Intercept at down flooding angle

Area 2

-15

-10

-5

0

5

10

15

-80 -60 -40 -20 0 20 40 60 80

G
Z

Angle In Degrees

Case 3 t-2-with 1 turbine in hook and none on deck 

GZ curve-With Load

New GZ case 1

Intercept at angle of New Static

equillibrium
Intercept at down flooding angle

Area 2

-80

-60

-40

-20

0

20

40

60

80

-80 -60 -40 -20 0 20 40 60 80

G
Z

Angle In Degrees

Case 2 t-3-with 1 turbine in hook and 7 on deck 

GZ curve-With Load

New GZ case 1

Intercept at angle of New Static

equillibrium

Intercept at down flooding angle

Area 2



                                                                                                                                                                                                                                                                                   PAGE

                                                                                                    SHIPSHAPE - VERSION  5.23.0005,  DATE : 2014-02-21

                                                    /                         

                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  2

   
                                                                                                    CONDITION DRAFT AT STRUT BETWEEN 10M AND 18M      
   

                                                                                      FLOATING CONDITION DATA                                                                                                          ___________________________________________

   
                                                                                      Mean Draught (moulded) :     16.328 m      

                                                                                      Trim over Lpp (aft +)  :      0.000 m      

                                                                                      List (starboard +) ... :      0.000 °      

                                                                                      Draught, AP  (moulded) :     16.328 m      

                                                                                      Draught, LCF (moulded) :     16.328 m      

                                                                                      Draught, FP  (moulded) :     16.328 m      

   
   
                                                                                      Displacement ......... :  42983.004 MT     

                                                                                    LCB (rel. AP) ........ :     60.000 m     

                                                                                    VCB (rel. BL) ........ :      6.899 m     

                                                                                    LCF (rel. AP) ........ :     60.005 m     

                                                                                      TPC - Immersion ...... :     15.747 MT/cm  

                                                                                      Trim Moment .......... :    100.776 MT*m/cm

   
   
                                                                                  STABILITY DATA/CONTROL                                                                                                         ___________________________________________

   
                                                                                      KG (incl. FSC) ....... :     30.050 m      

                                                                                      Free Surface Correction:      0.000 m      

                                                                                      KM (metacentre) ...... :     39.053 m      

                                                                                      GM (incl. FSC) ....... :      9.003 m      

   
                                                                                      KGmax, intact, calc. . :     38.903 m      

   
                                                                          Stability Margin ......:      8.853 m

                                                                          Stability Conclusion . :      OK     

                                                                                      WEIGHT SUMMARY                                                                                                                   ___________________________________________

   
                                                                                      Miscellaneous Mass Loads      :  22319.0 MT                                                                                      _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                      Total DEADWEIGHT              :  22319.0 MT

   

                                                                                                                                        Water Density =   1.025  t/m3
   

                          P l e a s e  n o t e  !                          _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                                                                                                                                      - F l o a t i n g  d a t a  a r e  b a s e d  o n  h y d r o s t a t i c  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l ) .  L i s t  i s  f o u n d  b y  u s e  o f  G M .

AP FP
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

      
                                                      Loading Condition no.  :  2

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT STRUT BETWEEN 10M AND 18M      

   
                        WEIGHT LOADS

                        ------------

                                                                                                                                                                                                                                                                 Distribution                          FSCT 

                                                                                                                                                                                                        Part    Id.text                 Weight   Load  Density   Aft    Fore   LCG     TCG     VCG    Moment

                                                                                                                                                                                                         no.                             (MT)     (%)  (MT/m3)   (m)    (m)    (m)     (m)     (m)    (MT*m)

                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

   
                                                                                                                                                                                          1 WTG WEIGHTON DECK          8000.000                               60.000   0.000  94.500

   
                                                                                                                                                                                          2 WATER BALLAST             12519.000                               60.000   0.000   6.180

   
                                                                                                                                                                                          3 CRANE WEIGHT ON DECK       1800.000                               60.000   0.000  63.000

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            DEAD WEIGHT               22319.000                               60.000   0.000  42.420        

   
                                                                                                                                                                                            LIGHT WEIGHT, lSW         20664.000                               60.000   0.000  16.690

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            TOTAL WEIGHT              42983.000                               60.000   0.000  30.050        



                                                                                                                                                                                                                                                                                   PAGE

                                                                                                    SHIPSHAPE - VERSION  5.23.0005,  DATE : 2014-02-21

                                                    /                         

                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  2

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT STRUT BETWEEN 10M AND 18M      
   
                                                                                                                                              INTACT STABILITY DATA (GZ-curve, Areas, Particulars & Criteria Control)

                                                   Angle      GZ     Area  

                                                  (degr.)     (m)   (m*rad)

                                                  -------------------------

                                                    0.000    0.000   0.0000

                                                    5.000    1.152   0.0450

                                                   10.000    3.636   0.2399

                                                   15.000    8.189   0.7433

                                                   20.000   13.519   1.6925

                                                   25.000   17.166   3.0557

                                                   26.850   17.453   3.6162

                                                   30.000   16.852   4.5639

                                                   40.000   11.954   7.1112

                                                   50.000    6.581   8.7255

                                                   60.000    0.989   9.3957

   
                                                    Maximum GZ at  :  26.850 °

                                                    Equilibrium at :   0.000 °

                                                            Area, 0 - 30   :  4.5639 m*rad

                                                            Area, 0 - 40   :  7.1112 m*rad

                                                            Area,30 - 40   :  2.5473 m*rad

                                                            Area, 0 - maxGZ:  3.6162 m*rad

                                                    GM             :   9.003 m

                                            Heel to starboard side

                                              Applied VCG :  30.050 m

                                                      TCG :   0.000 m

                                                                    Table of intact stability criteria

                                                                    ----------------------------------

                                                                                                                  TYPE : IMO A.167 (ES.IV)                                 

                                                                                                                                                                                                                                                                                       Actual Concl-  KGmax 

                                                                                                                                                                                                        Code    Id. text                                                  Req.         value  usion    (m)  

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                                                        GZMi1   GZ at angle greater or equal to  30.0º                 :  0.20 m       16.852   OK    63.355

                                                                                                                                                                                                        GZAng   Angle at which max. GZ occur, ð                        : 25.00 º       26.850   OK    50.998

                                                                                                                                                                                                        GMMin   Minimum GM                                             :  0.15 m        9.003   OK    38.903

                                                                                                                                                                                                        GZAr1   Area, GZ curve ( 0.0-30.0)º                         *) : 0.055 m·rad    4.564   OK    58.272

                                                                                                                                                                                                        GZAr2   Area, GZ curve ( 0.0-min<40.0,ß>)º                  *) : 0.090 m·rad    7.111   OK    57.687

                                                                                                                                                                                                        GZAr2   Area, GZ curve (30.0-min<40.0,ß>)º                  *) : 0.030 m·rad    2.547   OK    60.408

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                ß      : flooding angle                                                         

                                                                                                                                                                ð      : angle for maximum GZ                                                   

                                                                                                                                                                GZarea : area of righting lever                                                 

                                                                                                                                                                *)     : area will also be limited by angles for equilibrium and 2nd intercept  

   
                                                                                                  Intact Stability conclusion ...... :        OK   

   
                                                                                                  Resulting KGmax ............... (m):       38.903

                                                                                                  KG (incl. correction) ......... (m):       30.050

                                                                                                  Intact stability margin ....... (m):        8.853

                          P l e a s e  n o t e  !

                          - - - - - - - - - - - - -

                                                                                                                                                                    - G M  i s  c a l c u l a t e d  b a s e d  o n  m e t a c e n t r i c  h e i g h t  ( K M T )  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l )
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

   
   
                                              Freeboard to Deck

                                              -----------------

                                                                                                                                                                    Loading Condition no.  :   2 ,CONDITION DRAFT AT STRUT BETWEEN 10M AND 18M  

   
                                                                                                                                        Freeboard     

                                                                                                        No.    X       Y       Z    Starboard   Port  

                                                                                                              (m)     (m)     (m)      (m)      (m)   

                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                       1    0.000   0.000  28.100   11.772   11.772

                                                                                                       2    0.000   0.000  28.100   11.772   11.772

                                                                                                       3    0.000   0.000  28.100   11.772   11.772

   
                                                                                                                                                      Freeboard is vertical distance from deck point to sea at equilibrium.

                                                                                                                                                              - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  3

   
                                                                                                    CONDITION DRAFT AT UPPER PONTOON MORE THAN 18M    
   

                                                                                      FLOATING CONDITION DATA                                                                                                          ___________________________________________

   
                                                                                      Mean Draught (moulded) :     18.446 m      

                                                                                      Trim over Lpp (aft +)  :      0.000 m      

                                                                                      List (starboard +) ... :      0.000 °      

                                                                                      Draught, AP  (moulded) :     18.446 m      

                                                                                      Draught, LCF (moulded) :     18.446 m      

                                                                                      Draught, FP  (moulded) :     18.446 m      

   
   
                                                                                      Displacement ......... :  48464.004 MT     

                                                                                    LCB (rel. AP) ........ :     60.000 m     

                                                                                    VCB (rel. BL) ........ :      8.154 m     

                                                                                    LCF (rel. AP) ........ :     59.997 m     

                                                                                      TPC - Immersion ...... :     67.482 MT/cm  

                                                                                      Trim Moment .......... :    408.074 MT*m/cm

   
   
                                                                                  STABILITY DATA/CONTROL                                                                                                         ___________________________________________

   
                                                                                      KG (incl. FSC) ....... :     27.928 m      

                                                                                      Free Surface Correction:      0.000 m      

                                                                                      KM (metacentre) ...... :     80.795 m      

                                                                                      GM (incl. FSC) ....... :     52.867 m      

   
                                                                                      KGmax, intact, calc. . :     51.701 m      

   
                                                                          Stability Margin ......:     23.773 m

                                                                          Stability Conclusion . :      OK     

                                                                                      WEIGHT SUMMARY                                                                                                                   ___________________________________________

   
                                                                                      Miscellaneous Mass Loads      :  27800.0 MT                                                                                      _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                      Total DEADWEIGHT              :  27800.0 MT

   

                                                                                                                                        Water Density =   1.025  t/m3
   

                          P l e a s e  n o t e  !                          _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                                                                                                                                      - F l o a t i n g  d a t a  a r e  b a s e d  o n  h y d r o s t a t i c  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l ) .  L i s t  i s  f o u n d  b y  u s e  o f  G M .

AP FP
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

      
                                                      Loading Condition no.  :  3

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT UPPER PONTOON MORE THAN 18M    

   
                        WEIGHT LOADS

                        ------------

                                                                                                                                                                                                                                                                 Distribution                          FSCT 

                                                                                                                                                                                                        Part    Id.text                 Weight   Load  Density   Aft    Fore   LCG     TCG     VCG    Moment

                                                                                                                                                                                                         no.                             (MT)     (%)  (MT/m3)   (m)    (m)    (m)     (m)     (m)    (MT*m)

                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

   
                                                                                                                                                                                          1 WTG WEIGHT ON DECK         8000.000                               60.000   0.000  94.500

   
                                                                                                                                                                                          2 CRANE WEIGHT               1800.000                               60.000   0.000  63.000

   
                                                                                                                                                                                          3 BALLAST WATER             18000.000                               60.000   0.000   7.734

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            DEAD WEIGHT               27800.000                               60.000   0.000  36.281        

   
                                                                                                                                                                                            LIGHT WEIGHT, lSW         20664.000                               60.000   0.000  16.690

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            TOTAL WEIGHT              48464.000                               60.000   0.000  27.928        
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  3

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT UPPER PONTOON MORE THAN 18M    
   
                                                                                                                                              INTACT STABILITY DATA (GZ-curve, Areas, Particulars & Criteria Control)

                                                   Angle      GZ     Area  

                                                  (degr.)     (m)   (m*rad)

                                                  -------------------------

                                                    0.000    0.000   0.0000

                                                    5.000    2.334   0.1153

                                                   10.000    4.213   0.3942

                                                   15.000    7.804   0.9051

                                                   20.000   12.407   1.7883

                                                   25.000   15.571   3.0263

                                                   28.700   16.226   4.0604

                                                   30.000   16.158   4.4281

                                                   40.000   12.695   6.9996

                                                   50.000    7.898   8.7995

                                                   60.000    2.834   9.7409

   
                                                    Maximum GZ at  :  28.700 °

                                                    Equilibrium at :   0.000 °

                                                            Area, 0 - 30   :  4.4281 m*rad

                                                            Area, 0 - 40   :  6.9996 m*rad

                                                            Area,30 - 40   :  2.5715 m*rad

                                                            Area, 0 - maxGZ:  4.0604 m*rad

                                                    GM             :  52.867 m

                                            Heel to starboard side

                                              Applied VCG :  27.928 m

                                                      TCG :   0.000 m

                                                                    Table of intact stability criteria

                                                                    ----------------------------------

                                                                                                                  TYPE : IMO A.167 (ES.IV)                                 

                                                                                                                                                                                                                                                                                       Actual Concl-  KGmax 

                                                                                                                                                                                                        Code    Id. text                                                  Req.         value  usion    (m)  

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                                                        GZMi1   GZ at angle greater or equal to  30.0º                 :  0.20 m       16.158   OK    59.843

                                                                                                                                                                                                        GZAng   Angle at which max. GZ occur, ð                        : 25.00 º       28.700   OK    51.701

                                                                                                                                                                                                        GMMin   Minimum GM                                             :  0.15 m       52.867   OK    80.645

                                                                                                                                                                                                        GZAr1   Area, GZ curve ( 0.0-30.0)º                         *) : 0.055 m·rad    4.428   OK    51.823

                                                                                                                                                                                                        GZAr2   Area, GZ curve ( 0.0-min<40.0,ß>)º                  *) : 0.090 m·rad    7.000   OK    51.811

                                                                                                                                                                                                        GZAr2   Area, GZ curve (30.0-min<40.0,ß>)º                  *) : 0.030 m·rad    2.572   OK    57.377

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                ß      : flooding angle                                                         

                                                                                                                                                                ð      : angle for maximum GZ                                                   

                                                                                                                                                                GZarea : area of righting lever                                                 

                                                                                                                                                                *)     : area will also be limited by angles for equilibrium and 2nd intercept  

   
                                                                                                  Intact Stability conclusion ...... :        OK   

   
                                                                                                  Resulting KGmax ............... (m):       51.701

                                                                                                  KG (incl. correction) ......... (m):       27.928

                                                                                                  Intact stability margin ....... (m):       23.773

                          P l e a s e  n o t e  !

                          - - - - - - - - - - - - -

                                                                                                                                                                    - G M  i s  c a l c u l a t e d  b a s e d  o n  m e t a c e n t r i c  h e i g h t  ( K M T )  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l )
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

   
   
                                              Freeboard to Deck

                                              -----------------

                                                                                                                                                                    Loading Condition no.  :   3 ,CONDITION DRAFT AT UPPER PONTOON MORE THAN 18M

   
                                                                                                                                        Freeboard     

                                                                                                        No.    X       Y       Z    Starboard   Port  

                                                                                                              (m)     (m)     (m)      (m)      (m)   

                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                       1    0.000   0.000  28.100    9.654    9.654

                                                                                                       2    0.000   0.000  28.100    9.654    9.654

                                                                                                       3    0.000   0.000  28.100    9.654    9.654

   
                                                                                                                                                      Freeboard is vertical distance from deck point to sea at equilibrium.

                                                                                                                                                              - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  1

   
                                                                                                    CONDITION DRAFT AT LOWER PONTOON LESS THAN 10M    
   

                                                                                      FLOATING CONDITION DATA                                                                                                          ___________________________________________

   
                                                                                      Mean Draught (moulded) :      9.850 m      

                                                                                      Trim over Lpp (aft +)  :      0.000 m      

                                                                                      List (starboard +) ... :      0.000 °      

                                                                                      Draught, AP  (moulded) :      9.850 m      

                                                                                      Draught, LCF (moulded) :      9.850 m      

                                                                                      Draught, FP  (moulded) :      9.850 m      

   
   
                                                                                      Displacement ......... :  32464.002 MT     

                                                                                    LCB (rel. AP) ........ :     60.000 m     

                                                                                    VCB (rel. BL) ........ :      4.928 m     

                                                                                    LCF (rel. AP) ........ :     60.008 m     

                                                                                      TPC - Immersion ...... :     33.210 MT/cm  

                                                                                      Trim Moment .......... :    270.548 MT*m/cm

   
   
                                                                                  STABILITY DATA/CONTROL                                                                                                         ___________________________________________

   
                                                                                      KG (incl. FSC) ....... :     37.527 m      

                                                                                      Free Surface Correction:      0.000 m      

                                                                                      KM (metacentre) ...... :     87.066 m      

                                                                                      GM (incl. FSC) ....... :     49.539 m      

   
                                                                                      KGmax, intact, calc. . :     13.058 m      

   
                                                                          Stability Margin ......:    -24.469 m

                                                                          Stability Conclusion . :   NOT OK !! 

                                                                                      WEIGHT SUMMARY                                                                                                                   ___________________________________________

   
                                                                                      Miscellaneous Mass Loads      :  11800.0 MT                                                                                      _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                      Total DEADWEIGHT              :  11800.0 MT

   

                                                                                                                                        Water Density =   1.025  t/m3
   

                          P l e a s e  n o t e  !                          _ _ _ _ _ _ _ _ _ _ _ _ _

                                                                                                                                                                                                      - F l o a t i n g  d a t a  a r e  b a s e d  o n  h y d r o s t a t i c  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l ) .  L i s t  i s  f o u n d  b y  u s e  o f  G M .

AP FP
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                                                      Loading Condition no.  :  1

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT LOWER PONTOON LESS THAN 10M    

   
                        WEIGHT LOADS

                        ------------

                                                                                                                                                                                                                                                                 Distribution                          FSCT 

                                                                                                                                                                                                        Part    Id.text                 Weight   Load  Density   Aft    Fore   LCG     TCG     VCG    Moment

                                                                                                                                                                                                         no.                             (MT)     (%)  (MT/m3)   (m)    (m)    (m)     (m)     (m)    (MT*m)

                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

   
                                                                                                                                                                                          1 WTG ON DECK                8000.000                               60.000   0.000  94.500

   
                                                                                                                                                                                          2 CRANE WEIGHT               1800.000                               60.000   0.000  63.000

   
                                                                                                                                                                                          3 BALLAST WATER              2000.000                               60.000   0.000   2.000

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            DEAD WEIGHT               11800.000                               60.000   0.000  74.017        

   
                                                                                                                                                                                            LIGHT WEIGHT, lSW         20664.000                               60.000   0.000  16.690

   
                                                                                                                                                                                                        ----------------------------------------------------------------------------------------------------

                                                                                                                                                                                                            TOTAL WEIGHT              32464.000                               60.000   0.000  37.527        
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

                                                         Loading Condition no.  :  1

                                                Condition Id. text     :                                                                                                                                                      CONDITION DRAFT AT LOWER PONTOON LESS THAN 10M    
   
                                                                                                                                              INTACT STABILITY DATA (GZ-curve, Areas, Particulars & Criteria Control)

                                                   Angle      GZ     Area  

                                                  (degr.)     (m)   (m*rad)

                                                  -------------------------

                                                    0.000    0.000   0.0000

                                                    5.000    2.615   0.1276

                                                   10.000    5.020   0.4503

                                                   15.000    9.835   1.0788

                                                   20.000   15.492   2.2023

                                                   22.800   16.444   2.9907

                                                   25.000   15.997   3.6163

                                                   30.000   12.943   4.8903

                                                   40.000    6.502   6.5795

                                                   50.000   -0.277   7.1304

                                                   60.000   -7.093   6.4807

   
                                                    Maximum GZ at  :  22.800 °

                                                    Equilibrium at :   0.000 °

                                                            Area, 0 - 30   :  4.8903 m*rad

                                                            Area, 0 - 40   :  6.5795 m*rad

                                                            Area,30 - 40   :  1.6892 m*rad

                                                            Area, 0 - maxGZ:  2.9907 m*rad

                                                    GM             :  49.539 m

                                            Heel to starboard side

                                              Applied VCG :  37.527 m

                                                      TCG :   0.000 m

                                                                    Table of intact stability criteria

                                                                    ----------------------------------

                                                                                                                  TYPE : IMO A.167 (ES.IV)                                 

                                                                                                                                                                                                                                                                                       Actual Concl-  KGmax 

                                                                                                                                                                                                        Code    Id. text                                                  Req.         value  usion    (m)  

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                                                        GZMi1   GZ at angle greater or equal to  30.0º                 :  0.20 m       12.943   OK    63.013

                                                                                                                                                                                                        GZAng   Angle at which max. GZ occur, ð                        : 25.00 º       22.800 NOT OK  13.058

                                                                                                                                                                                                        GMMin   Minimum GM                                             :  0.15 m       49.539   OK    86.916

                                                                                                                                                                                                        GZAr1   Area, GZ curve ( 0.0-30.0)º                         *) : 0.055 m·rad    4.890   OK    65.352

                                                                                                                                                                                                        GZAr2   Area, GZ curve ( 0.0-min<40.0,ß>)º                  *) : 0.090 m·rad    6.579   OK    65.351

                                                                                                                                                                                                        GZAr2   Area, GZ curve (30.0-min<40.0,ß>)º                  *) : 0.030 m·rad    1.689   OK    59.674

                                                                                                                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                                                                                ß      : flooding angle                                                         

                                                                                                                                                                ð      : angle for maximum GZ                                                   

                                                                                                                                                                GZarea : area of righting lever                                                 

                                                                                                                                                                *)     : area will also be limited by angles for equilibrium and 2nd intercept  

   
                                                                                                  Intact Stability conclusion ...... :      NOT OK 

   
                                                                                                  Resulting KGmax ............... (m):       13.058

                                                                                                  KG (incl. correction) ......... (m):       37.527

                                                                                                  Intact stability margin ....... (m):      -24.469

                          P l e a s e  n o t e  !

                          - - - - - - - - - - - - -

                                                                                                                                                                    - G M  i s  c a l c u l a t e d  b a s e d  o n  m e t a c e n t r i c  h e i g h t  ( K M T )  f o r  u p r i g h t  v e s s e l  ( z e r o  h e e l )
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                                                                                                                    Project  : Swath-1                         File  : Swath 1

   
   
                                              Freeboard to Deck

                                              -----------------

                                                                                                                                                                    Loading Condition no.  :   1 ,CONDITION DRAFT AT LOWER PONTOON LESS THAN 10M

   
                                                                                                                                        Freeboard     

                                                                                                        No.    X       Y       Z    Starboard   Port  

                                                                                                              (m)     (m)     (m)      (m)      (m)   

                                                                                                        - - - - - - - - - - - - - - - - - - - - - - - 

                                                                                                       1    0.000   0.000  28.100   18.250   18.250

                                                                                                       2    0.000   0.000  28.100   18.250   18.250

                                                                                                       3    0.000   0.000  28.100   18.250   18.250

   
                                                                                                                                                      Freeboard is vertical distance from deck point to sea at equilibrium.

                                                                                                                                                              - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



I (total) m^4 BM (L) m

Empty ship loaded ship

loaded ship with 1st 

turbine in aft side hook

loaded ship with 8th 

turbine in aft side hook

44010

Lower pontoon 2500000 2544010 75.71458333 63.86837446 43.14150875 41.59550478 47.52653914

Strut level Draft 1333333.333 26.6028199 16.33902861 4.507911552 3.31216311 5.521575674

Trimming moment 14000

LP 219.9626817 148.5793561 143.2549185 163.6814008

STRUT 76.85094785 21.20305215 15.57882543 25.97084161

LP 97.72788361 85.53201482

STRUT 898.6556824 539.0660883

LP 0.488639418 0.244319709

STRUT 4.493278412 2.695330442Change in draft on aft side(m)

longitudinal stability

GM(L) m

Corresponding to above GM(L)

MCT 1cm (tonnes m/cm)

Change of trim (cm)



Data to Be Input Value Unit

Speed 20 Knots

Length overall (Loa) 240 Meters

Length at waterline (Lwl) 235.2 Meters

Breadth 38 Meters

Draught (T) 10 Meters

Bilge radius 3 Meters

Depth 20 Meters

Cp 0.742759

Cwp 0.825571

Froude Number 0.214289

C=1.08(Single screw)=1.09(Twin screw) 1.09

length between perpendiculars (Lpp ) 225.792 Meters

Cubic Number CN (Lpp*B*T) 85800.96 m3

Cd  for general cargo ships ( Scheenkluth) 0.7

Displacement 87774.38 Tons

Deadweight 61442.07 Tons

Light weight 26332.31 Tons

Method 1 0.989835

Method 2 Kerlen (1970) 0.98916

Method 3 HSVA 0.990384

Method 4 Meizoso 0.981696

Method 5 Parson 0.989835

AVG value of Cm 0.988182

Estimating the Value KB

KB Normand using Cb and Cwl 5.389908

KB Normand using Cm 5.442545

KB Scheenkluth 5.301473

KB Wobig 5.283371

AVG KB 5.354324

Estimating the Value KM

(Cb/Cwp) 0.889058

KM - applicable for ships with 0.73 <(Cb/Cwp)<0.95 19.48882

Method 1 Schneekluth (1987) 18.15545

Estimating the Value of Mid Ship Coefficient Cm



Method 1 Schneekluth (1987) 0.729994993

Method 2 Schneekluth (1987) 0.658085314

Method 3 Schneekluth (1987) 0.646966439

Method 4 Schneekluth (1987) 0.728847748

Method 5 Barras(2004) 0.691400482

Method 6 Alexander(1962) 0.760011344

Method 7 Katsoulis 0.911692713

Method 8 Kerlen(1970) 0.744851105

AVG Value of Cb 0.733981267

Method 1 Schneekluth - Cwl (u shape sections) 0.813738668

Method 2 Schneekluth - Cwl (Intermediate shapesections) 0.822654178

Method 3 Schneekluth - Cwl (V Shape Sections) 0.842010254

Method 4 Schneekluth - Cwl general 0.825571476

Method 5 Torroja - U shaped vessel 0.849687894

Method 6 Torroja - V shaped vessel 0.826377239

Method 7 Parson 0.838429763

AVG  Value of Cwl 0.831209925

Common values are Passenger ships 6-8,Freighters 5-7, Tug Boats 3-5

Increased values good for speed but not for manoeuverability & Stability and 

vice versa

6.315789474 L/B Ratio 

The customary values vary between 10-15 12 L/D Ratio

This generally varies between 2-4.5 3.8 B/T Ratio

This generally  varies between 1-2

 (increase will cause deck edge submergence)
1.9

B/D Ratio

BM 14.13449573

GM (should lie between 0.3 and 0.5 for general Cargo ships) IMO & Should not 

be less than 0.15 (Initial) 0.488820136

Note : Heavy lifting might require a higher GM but this can be 

countered using a quick ballasting system

Other General Criterion

Estimating the Value of Block Coefficient Cb

Estimating the Value of Block Coefficient Cwl



Angle (DEG) GZ= GM SIN( θ)

0 0

10 0.084882726

15 0.126515961

20 0.167186333

25 0.206584316

30 0.244410068

35 0.280375712

40 0.314207527

50 0.374457949

50 0.374457949

60 0.423330656

70 0.459340675

80 0.48139386

90 0.488820136

100 0.48139386

110 0.459340675

120 0.423330656

130 0.374457949

140 0.314207527

150 0.244410068

160 0.167186333

170 0.084882726

180 5.98877E-17

GM 0.488820136

Area Under 30 Deg  LINE 0.065491204

Area Under 40 Deg  LINE 0.114371759

Roll Period 31.44422127

Limit as Given by IMO is that the area under the curve at 30 deg intercept should be more than 0.055 radian-metre

Limit as Given by IMO is that the area under the curve at 40deg intercept should be more than 0.09 radian-metre

Calculated based on the 3.2.2.3 of the Special purposes ship code

0.244410068

0.314207527
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GZ - Righting Lever Curve 

 GZ Curve

30 Deg Intercept

40 deg intercept

GM Curve



No Description Symbol Value Unit

1 Velocity of the ship V 10 Knots Fill in value based on what speed in required

5.144 m/s

2 operating draft of ship D 18 m

3

Arriving water velocity to propeller

(speed of advance of propellar) Va 3.6008 m/s

4 Wake fraction w range 0.2-0.45 0.3

5 Resistance of the ship Rt 6190.496 KN

Value got from resistance calculations based on the 

same speed 

6 Thrust reduction factor t range 0.12-0.3 0.2

7 Thrust T 7738.12 KN

8 Effective (Towing) Power Pe=T*V Pe 31843.91 KW

9 Thrust power (Pt=T*Va) Pt 27863.42 KW

10 Hull efficiency ɳh 1.142857

11 Open water efficiency ɳo range 0.35-0.75 0.55 Choose This value as per the range given

12 Rotational efficiency ɳr range 1 to 1.07 1 Choose This value as per the range given

13 Propeller efficiency behind hull ɳb 0.55

14 propulsive efficiency ɳd 0.628571

15 Shaft Efficiency ɳs range 0.96-0.995 0.99 Choose This value as per the range given

16 Total Efficiency ɳt 0.622286

17 Thrust power delivered by propeller Pi 27863.42 KW

18 Power delivered to propeller Pd 50660.77 KW

19 Power delivered by main engine Pb 51172.49 KW

No Description Symbol Value Unit

1 propeller diameter d range 5-10 9 m Choose This value as per the range given

2 diameter by design draft d/D 0.5

3 No of blades usually 4, 5 or 6 blades 5

4 n rpm of the blades Based on fig 65 rpm

5 Advance Number J 3.693054

6 Torque Q 74426.73 KNm

7 Thrust Coefficient Kt 0.098043

8 Torque coefficient KQ 0.104777

9 Open water efficiency ɳo range 0.54999

10 Power delivered to propeller Pd 50661.68

1) There have to be two propeller systems with at 20000 KW each to move the swath at 10 Knots. This without considering any details like dynamic positioning and crane 

activities etc.

Propeller details & matching the values

Power Estimation

Note

check if values correspond to values given above

Results
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Where r 1 = Inner diameter of the cylinder 

            r 2 =  Outer diameter of the cylinder 

            h   = height of the cylinder 
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Formulas used to calculate individual moment of inertia for the Nacelle (A6.1-6.3) & Tower 

(A6.4-6.5) 
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• Monohull model from solid works  

• Swath model from solidworks 
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Turbine1 x acc 4.905m/s2

Turbine1 y acc 4.905m/s2

Turbine1 z acc 2.943m/s2

Turbine2 x acc 4.905m/s2

Turbine2 y acc 4.905m/s2

Turbine2 z acc 2.943m/s2
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Hs-Tp Limits, SWATH TRANSPORT 18

SWATH, heading = 180°

 

 

Turbine1 x acc 4.905m/s2

Turbine1 y acc 4.905m/s2

Turbine1 z acc 2.943m/s2

Turbine2 x acc 4.905m/s2

Turbine2 y acc 4.905m/s2

Turbine2 z acc 2.943m/s2
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Hs-Tp Limits, SWATH TRANSPORT 18

SWATH, heading = 225°

 

 

Turbine1 x acc 4.905m/s2

Turbine1 y acc 4.905m/s2

Turbine1 z acc 2.943m/s2

Turbine2 x acc 4.905m/s2

Turbine2 y acc 4.905m/s2

Turbine2 z acc 2.943m/s2
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Hs-Tp Limits, SWATH TRANSPORT 18

SWATH, heading = 270°

 

 

Turbine1 x acc 4.905m/s2

Turbine1 y acc 4.905m/s2

Turbine1 z acc 2.943m/s2

Turbine2 x acc 4.905m/s2

Turbine2 y acc 4.905m/s2

Turbine2 z acc 2.943m/s2
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Hs-Tp Limits, SWATH TRANSPORT 18

SWATH, heading = 315°

 

 

Turbine1 x acc 4.905m/s2

Turbine1 y acc 4.905m/s2

Turbine1 z acc 2.943m/s2

Turbine2 x acc 4.905m/s2

Turbine2 y acc 4.905m/s2

Turbine2 z acc 2.943m/s2
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Hs-Tp Limits, SWATH TRANSPORT 18
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 0°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 45°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 90°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 135°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 180°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 225°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 270°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, MONOHULL INSTALLATION

MONOHULL, heading = 315°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits,MONOHULL INSTALLATION

MONOHULL
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 0°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 45°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 90°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 135°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 180°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 225°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 270°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 9

SWATH, heading = 315°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits,SWATH INSTALLATION 9

SWATH
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 0°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 45°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 90°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 135°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 180°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 225°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 270°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits, SWATH INSTALLATION 18

SWATH, heading = 315°

 

 

Roll 1 deg

Pitch 1 deg

Nacelle x acc 4.905m/s2

Nacelle y acc 4.905m/s2

Nacelle z acc 0.39m/s2

CT-X Displacement 1.3m

CT-Y Displacement 1.3m

CT-Z Displacement 1.0m

Vertical speed 0.63m/s
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Hs-Tp Limits,SWATH INSTALLATION 18
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Hs-Tp Limits, SWATH Transport+Install 18
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Hs-Tp Limits, SWATH Transport+Install 9
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Hs-Tp Limits, MONOHULL Transportation+Installation
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DSO PROJECT WORKABILITY MONOHULL

Period of analysis 2000-2010

Workability [%]

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Heading

0 35.8 45.0 52.6 77.6 88.7 91.2 93.9 90.6 73.6 57.1 42.3 46.0

5 32.5 40.6 50.5 73.6 87.8 91.2 93.4 90.1 72.6 53.8 37.2 42.4

10 27.7 33.5 46.0 69.5 85.6 91.0 92.4 88.6 70.6 51.0 32.9 36.8

15 25.1 29.9 43.4 66.6 82.1 89.8 91.6 86.3 69.5 46.4 28.5 31.5

20 22.3 27.4 39.8 63.2 80.5 89.1 89.7 85.4 64.1 44.4 26.1 29.9

25 19.3 22.3 34.5 59.3 76.7 86.9 89.1 84.8 63.2 39.6 23.4 25.9

30 18.0 19.1 31.5 58.6 74.4 84.9 88.1 82.5 60.3 36.0 22.3 22.1

35 16.0 17.8 30.0 53.5 71.6 83.5 87.4 81.3 59.0 35.0 19.3 20.6

40 15.0 15.6 27.5 50.6 69.1 83.5 87.3 80.3 55.9 33.3 17.9 19.3

45 12.0 13.8 25.9 49.3 67.3 82.3 85.9 78.0 54.4 31.0 15.5 19.3

50 11.7 13.1 24.6 48.6 66.1 79.3 85.0 76.5 52.3 30.7 14.8 18.3

55 11.4 13.5 23.3 47.9 66.1 77.9 84.6 76.2 51.8 30.5 14.5 18.5

60 11.1 14.5 23.6 48.4 65.2 76.0 84.1 75.4 50.8 30.4 13.8 18.8

65 11.7 14.5 24.6 49.1 64.7 75.0 83.8 75.2 51.3 30.7 14.5 19.3

70 11.9 15.8 24.7 48.9 63.5 73.3 82.3 74.2 51.3 30.5 16.5 19.8

75 12.9 16.5 26.4 50.3 63.2 71.4 82.1 73.6 53.4 30.2 17.2 21.4

80 13.5 18.0 27.9 51.1 63.2 71.1 80.0 73.7 54.0 31.5 17.6 21.4

85 14.2 18.0 29.2 52.2 63.2 70.9 80.3 73.9 53.4 31.8 18.6 22.1

90 15.2 18.0 30.2 53.5 62.2 69.5 80.0 73.7 54.2 32.2 18.8 23.6

95 16.5 20.9 31.0 54.4 63.7 70.1 80.0 75.1 55.7 32.5 20.5 24.4

100 16.2 21.4 31.3 52.7 62.5 70.1 78.4 73.7 55.7 33.8 19.8 24.7

105 17.2 21.1 31.0 52.8 64.3 70.1 77.9 73.9 57.1 34.6 19.8 25.7

110 19.5 21.8 32.5 53.5 65.0 70.1 77.9 73.6 58.1 35.0 19.1 27.1

115 20.8 23.3 34.3 53.7 66.6 71.4 79.5 75.4 60.3 36.1 19.9 28.2

120 22.6 26.5 35.3 56.8 68.0 74.5 81.0 77.9 60.9 36.8 20.8 29.5

125 25.2 28.7 37.9 59.3 70.6 75.2 83.6 79.2 63.8 41.1 22.5 31.5

130 26.2 32.3 38.6 60.7 73.6 77.7 86.1 81.3 64.3 43.5 25.7 33.3

135 27.7 34.1 41.6 63.1 78.0 81.6 87.4 82.8 65.1 44.0 27.3 35.1

140 29.2 36.8 45.2 64.6 81.2 84.2 89.2 84.1 66.0 47.5 30.0 35.5

145 31.3 39.7 46.0 69.4 82.1 86.6 90.4 85.3 67.3 49.5 32.0 36.8

150 32.3 41.1 47.5 72.8 85.0 87.4 90.7 86.1 68.0 51.8 33.4 40.6

155 34.3 43.1 49.8 74.1 86.6 87.8 91.6 86.6 67.8 54.9 37.0 43.4

160 34.3 44.4 52.0 75.2 87.4 89.1 92.0 87.4 69.5 56.3 38.7 44.4

165 35.0 47.3 52.6 75.2 88.1 89.7 92.0 87.6 71.3 57.9 39.4 46.8

170 36.3 47.3 53.9 77.2 88.6 90.2 92.9 87.9 71.8 58.4 40.1 45.5

175 37.3 46.7 53.9 76.5 88.7 89.5 92.4 87.4 71.4 58.2 41.3 46.2

180 37.3 45.8 52.6 75.7 88.9 89.5 92.4 87.4 71.8 57.7 41.1 45.5

185 37.4 43.6 51.3 74.3 88.9 88.6 91.4 86.9 71.8 55.9 40.6 44.4

190 34.0 42.2 49.8 71.1 87.3 88.3 90.1 87.1 71.4 53.8 38.9 44.4

195 31.0 39.6 46.8 71.1 85.4 87.3 89.9 86.1 71.1 50.8 37.2 40.6

200 27.9 32.6 44.4 67.0 84.6 86.1 88.9 85.1 69.5 50.1 35.3 36.5

205 25.2 29.3 41.1 63.8 82.5 85.6 88.4 84.0 68.0 47.2 33.2 32.8

210 22.3 28.0 38.9 63.4 79.7 84.4 87.8 82.6 65.1 43.4 29.5 29.2

215 20.3 24.8 36.5 60.7 76.4 82.3 87.1 82.0 63.1 41.2 27.4 27.9

220 19.6 25.2 33.8 57.4 73.2 79.8 85.9 80.7 62.7 39.6 25.7 25.6

225 18.6 23.4 31.3 53.9 71.6 79.8 85.4 79.0 61.9 38.4 25.4 24.9

230 18.3 22.6 31.0 53.9 68.5 78.1 84.3 77.9 61.2 37.3 24.0 24.2

235 18.1 23.0 31.5 54.4 67.0 75.2 82.6 76.5 59.1 36.5 23.9 24.9

240 18.1 22.6 32.5 54.4 65.5 73.1 81.5 76.0 58.1 36.1 24.2 27.2

245 21.4 22.3 32.8 55.2 65.5 71.9 81.0 76.2 58.1 36.1 23.9 27.5

250 20.3 22.7 33.8 54.9 64.0 70.9 79.2 75.4 57.3 35.6 22.5 29.0

255 19.6 24.5 34.1 54.5 63.7 71.8 79.2 75.1 59.1 35.5 23.4 29.7

260 19.6 23.4 33.8 54.2 62.7 70.4 78.4 74.1 58.1 35.0 22.3 28.4

265 20.1 21.9 33.2 54.5 63.0 70.7 78.7 75.1 58.5 36.3 22.3 27.1

270 19.8 22.3 32.3 55.4 64.0 71.6 79.7 75.9 58.5 36.6 22.0 26.1

275 19.8 23.4 33.3 56.4 65.0 74.1 82.8 77.5 59.8 37.4 21.6 26.4

280 20.1 23.8 35.0 56.3 65.7 74.3 83.0 78.7 61.0 38.3 22.0 26.4

285 21.4 24.5 35.3 57.3 66.5 75.0 84.3 81.3 61.9 38.4 21.6 26.4

290 21.8 24.0 34.8 57.1 67.0 76.4 85.6 82.0 61.7 39.1 22.0 26.6

295 21.1 25.4 36.5 59.0 69.3 77.9 86.3 82.1 62.6 40.6 21.6 27.9

300 23.8 27.2 37.8 59.8 71.4 78.8 87.1 82.8 64.1 41.4 23.5 29.2

305 26.1 29.9 39.1 61.0 73.2 82.8 88.7 84.3 66.0 44.4 25.2 31.5

310 27.2 34.3 42.4 62.7 77.0 85.2 90.1 86.1 66.6 47.7 25.9 34.3



315 30.5 38.6 44.7 65.3 80.2 87.3 91.1 87.6 68.0 49.2 29.0 36.6

320 31.8 40.2 47.5 68.4 84.5 88.8 92.5 88.4 69.5 50.6 32.4 38.1

325 31.8 42.9 49.8 73.3 86.9 90.0 93.0 89.6 70.6 53.1 34.6 40.4

330 33.5 46.2 51.0 74.7 89.1 90.9 93.0 90.9 71.8 55.3 37.2 43.7

335 36.1 48.0 53.6 78.8 89.4 91.9 93.7 91.2 73.3 57.2 39.7 45.0

340 37.0 49.5 55.4 79.6 89.4 92.2 94.0 91.2 73.6 59.2 42.3 47.3

345 38.6 51.1 56.4 79.9 89.9 92.2 94.5 91.4 74.5 59.4 45.0 48.7

350 39.1 50.9 56.1 79.6 89.2 92.2 94.2 91.1 74.1 60.0 44.7 49.0

355 38.4 49.1 54.8 78.9 88.6 91.7 94.4 90.4 73.8 60.0 44.7 48.8

max 39.1 51.1 56.4 79.9 89.9 92.2 94.5 91.4 74.5 60.0 45.0 49.0

Workability at most favorable headings [%]:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 34 31 49 75 96 96 96 98 81 62 68 40

2001 76 56 65 84 96 96 94 96 64 62 45 60

2002 56 20 62 77 94 86 100 98 96 49 66 44

2003 36 80 76 71 94 96 96 98 88 69 75 45

2004 40 47 78 83 94 92 98 78 62 58 54 51

2005 25 44 51 77 89 99 94 93 83 76 41 58

2006 71 56 47 83 80 94 100 98 86 69 34 51

2007 11 48 47 86 89 92 94 93 66 89 32 51

2008 33 47 29 83 94 90 93 98 84 49 36 58

2009 44 84 76 96 91 98 93 89 84 74 43 62

2010 44 70 82 90 96 94 96 94 58 58 47 51

max 76 84 82 96 96 99 100 98 96 89 75 62

mean 43 53 60 82 92 94 96 94 77 65 49 52

min 11 20 29 71 80 86 93 78 58 49 32 40



DSO PROJECT WORKABILITY - SWATH T9

Period of analysis 2000-2010

Workability [%]

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Heading

0 4.9 9.1 13.9 36.8 53.4 72.6 82.3 71.4 39.0 21.3 9.2 10.6

5 4.9 9.5 14.8 38.5 55.4 73.3 82.5 71.1 40.2 22.9 9.5 11.5

10 5.3 9.8 15.8 39.9 57.1 73.0 82.5 72.1 41.9 23.9 10.9 12.7

15 6.9 10.2 17.2 40.9 58.6 73.8 83.3 72.6 43.6 25.6 11.9 13.7

20 7.9 11.3 18.5 42.3 60.0 74.3 84.0 73.4 45.0 26.2 12.6 14.7

25 9.2 12.4 20.1 44.0 60.4 74.1 84.0 73.9 47.7 27.1 14.0 15.3

30 10.7 14.5 22.1 47.0 61.7 75.5 84.0 75.7 50.5 27.4 15.0 16.0

35 11.5 15.9 24.7 50.1 63.7 76.5 83.6 75.4 52.8 28.5 15.7 17.0

40 13.4 17.8 26.7 51.5 64.2 77.2 83.8 75.7 54.2 29.0 15.3 19.6

45 14.4 18.1 27.7 52.8 65.3 78.1 83.6 75.1 56.6 28.9 16.0 20.9

50 14.0 18.1 27.7 52.8 65.2 76.9 83.1 75.2 57.3 30.4 16.7 20.6

55 14.0 18.5 28.5 52.5 64.5 75.2 82.3 72.9 56.6 30.7 15.7 21.6

60 12.7 17.0 28.9 53.2 63.3 73.1 80.8 73.1 55.4 30.7 16.0 20.1

65 12.7 16.3 27.9 51.1 61.2 71.1 79.8 72.3 54.4 31.3 16.0 20.8

70 11.7 16.7 26.9 51.5 60.7 69.0 78.5 71.1 53.7 30.2 16.0 21.4

75 11.7 16.7 26.6 51.5 59.2 68.5 77.5 71.4 53.0 29.5 16.0 21.4

80 12.0 16.7 25.9 50.8 57.6 67.2 76.4 69.1 51.1 29.4 16.0 21.1

85 11.7 16.3 25.9 50.5 56.7 67.5 75.5 69.0 51.5 28.4 16.0 21.1

90 11.7 16.3 26.6 50.5 56.7 67.3 75.4 68.6 52.0 28.4 15.7 20.9

95 12.0 16.3 25.9 50.8 58.1 67.7 76.0 69.6 51.6 29.2 14.7 20.6

100 12.0 16.0 26.7 50.5 58.1 68.4 76.4 70.1 52.0 29.5 14.7 20.6

105 11.4 14.9 26.4 49.4 59.4 69.7 78.4 71.8 51.0 28.4 14.7 19.0

110 10.1 13.8 25.2 48.4 58.7 70.6 79.3 72.7 50.3 27.4 13.6 17.7

115 9.6 12.7 24.6 46.4 59.9 70.1 81.2 73.7 49.6 26.2 14.0 16.0

120 8.9 11.6 21.6 44.3 60.9 73.6 82.8 74.6 47.9 25.7 11.9 14.7

125 7.3 10.9 19.3 42.1 62.5 75.0 84.0 74.2 46.7 26.1 11.3 13.7

130 6.9 9.1 17.7 42.1 61.4 76.5 84.3 74.2 44.5 24.6 10.6 11.1

135 6.6 8.7 16.7 40.9 58.9 75.5 83.6 73.2 43.1 22.9 10.2 10.6

140 6.6 8.4 15.2 39.5 56.9 75.5 82.3 72.6 41.1 22.6 9.5 9.6

145 5.3 8.0 14.5 38.5 56.9 74.3 81.7 71.6 39.5 21.3 9.2 9.6

150 4.9 8.0 14.2 37.5 55.1 73.0 80.8 69.9 38.9 19.6 8.9 8.9

155 4.3 8.0 13.5 36.8 54.4 72.1 80.2 68.8 38.2 19.3 7.8 8.9

160 4.0 7.6 13.2 34.1 53.4 71.4 80.5 67.8 37.5 19.6 7.8 9.2

165 4.0 8.0 12.9 33.8 52.8 70.1 80.7 67.5 37.2 19.5 8.2 9.6

170 4.0 8.7 12.9 34.4 52.1 69.2 80.0 67.1 38.0 19.8 9.5 9.6

175 4.0 8.7 13.2 34.8 51.5 68.7 79.7 68.5 38.9 20.3 9.5 9.9

180 4.3 9.1 13.9 35.1 51.5 69.4 79.2 69.8 38.9 20.3 9.5 9.9

185 4.6 9.5 14.2 35.8 53.1 69.7 80.0 70.1 39.9 22.1 10.2 10.6

190 5.3 9.8 14.5 37.8 54.1 70.6 80.7 70.6 40.9 23.8 10.6 10.9

195 6.3 10.2 16.8 39.5 56.1 70.6 82.3 71.3 43.0 24.4 10.6 13.4

200 6.6 10.9 17.5 42.3 57.2 71.4 82.8 72.7 44.5 25.1 12.3 14.4

205 8.9 12.4 19.5 44.0 58.9 73.3 83.3 73.7 46.2 26.9 13.3 14.7

210 10.2 13.8 21.4 46.0 61.5 74.5 83.8 74.1 50.1 27.5 14.7 15.7

215 11.5 16.3 23.8 47.7 63.2 76.2 83.8 75.7 52.0 29.4 15.0 16.7

220 13.5 17.4 25.4 49.8 64.8 76.9 83.8 76.2 52.3 29.4 14.7 18.6

225 14.0 17.4 25.4 51.1 66.1 78.1 83.8 74.9 53.2 29.7 15.3 20.1

230 14.0 18.1 27.2 52.7 66.0 77.9 83.5 75.1 54.9 30.4 14.7 19.5

235 13.4 17.4 27.5 52.0 66.8 76.9 83.0 75.1 55.6 31.2 15.0 20.0

240 13.0 16.3 27.9 52.5 64.5 75.3 81.8 74.1 54.9 30.2 14.0 20.0

245 12.7 16.3 27.5 52.5 63.5 73.6 80.8 72.6 54.5 30.7 14.0 20.0

250 12.0 16.7 26.6 51.1 60.2 71.4 79.5 72.6 54.2 29.2 15.3 19.6

255 11.1 15.9 25.2 50.8 59.7 69.0 79.2 70.9 53.9 29.5 16.0 19.6

260 11.1 16.3 24.9 50.1 57.9 68.5 77.5 70.3 51.1 29.7 16.0 20.0

265 11.4 16.0 24.9 49.8 58.2 68.2 76.0 69.1 50.8 28.9 15.9 20.3

270 11.7 16.7 25.2 50.1 58.2 68.2 75.2 69.9 50.8 28.7 16.4 21.3

275 12.0 17.4 26.2 50.1 57.9 68.2 76.2 70.1 50.6 28.7 16.2 21.9

280 11.7 16.3 26.2 49.1 57.7 67.8 76.4 70.3 50.3 27.9 15.5 20.3

285 10.7 16.7 25.1 48.8 59.1 68.2 76.4 71.3 50.3 28.0 15.3 19.0

290 9.4 13.8 24.1 48.4 58.4 68.5 78.2 71.9 49.9 26.7 15.0 18.0

295 8.1 13.1 23.1 46.7 59.1 70.2 80.2 72.7 48.9 26.4 14.3 16.0

300 7.9 12.4 22.8 45.3 59.7 72.4 82.0 75.1 49.9 26.6 12.6 15.0

305 7.6 11.3 20.8 43.5 62.2 75.5 83.8 74.9 47.4 25.4 11.6 14.0

310 7.3 9.8 18.1 42.8 61.9 76.4 84.3 75.5 45.9 24.9 11.3 12.7



315 6.6 8.7 17.3 41.3 60.4 77.0 84.8 74.9 43.3 22.6 9.9 11.1

320 6.6 8.7 15.7 40.2 59.2 76.5 84.3 73.9 42.3 22.9 9.2 10.2

325 6.3 8.4 14.8 39.5 56.3 76.9 83.6 73.2 40.7 22.8 8.5 9.9

330 5.3 8.0 14.5 38.2 55.9 76.7 83.6 72.9 38.5 21.1 8.5 9.9

335 4.6 8.0 14.2 37.5 55.6 74.7 83.1 72.4 38.2 20.1 8.2 8.9

340 4.6 8.0 14.2 37.5 54.9 74.1 82.8 71.3 37.5 19.5 8.5 9.2

345 4.3 8.0 13.5 37.2 55.6 73.5 81.5 70.8 37.5 20.1 8.2 9.6

350 4.3 8.7 13.5 35.8 53.9 72.8 81.8 69.9 37.3 20.5 8.9 11.2

355 4.3 9.1 13.5 36.1 53.8 72.8 82.1 71.6 38.7 20.9 9.2 10.9

max 14.4 18.5 28.9 53.2 66.8 78.1 84.8 76.2 57.3 31.3 16.7 21.9

Workability at most favorable headings [%]:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 7 8 18 30 80 64 83 94 60 36 23 15

2001 40 16 47 53 80 86 82 89 49 40 11 44

2002 18 0 33 62 65 77 94 89 79 25 39 25

2003 11 36 40 56 65 90 85 73 71 34 41 24

2004 15 31 49 56 73 75 93 60 38 31 19 4

2005 4 12 29 71 49 88 80 73 62 33 23 29

2006 34 40 18 45 54 90 94 78 77 34 4 18

2007 0 20 33 62 67 84 85 71 36 58 8 25

2008 7 8 15 60 91 66 83 87 69 18 15 25

2009 7 24 36 75 67 88 83 80 62 36 24 29

2010 25 36 29 60 67 88 93 83 47 36 11 36

max 40 40 49 75 91 90 94 94 79 58 41 44

mean 15 21 32 57 69 81 87 80 59 35 20 25

min 0 0 15 30 49 64 80 60 36 18 4 4



DSO PROJECT WORKABILITY HLV OS

Period of analysis 2000-2010

Workability [%]

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Heading

0 57.1 59.0 71.9 87.3 97.8 97.7 98.1 98.6 90.9 83.5 66.5 65.3

5 57.1 59.7 71.6 87.3 97.8 97.7 98.1 98.6 90.9 83.5 66.8 65.7

10 57.1 59.9 71.6 87.3 97.8 97.7 98.1 98.6 91.0 83.5 67.2 65.7

15 57.4 60.1 71.6 87.3 97.8 97.7 98.1 98.6 91.0 83.5 67.3 65.5

20 57.4 59.9 71.9 87.3 98.0 97.7 98.1 98.6 91.0 83.3 67.5 65.8

25 57.4 59.9 72.3 87.3 98.0 97.7 98.1 98.6 91.0 83.3 67.5 66.1

30 57.4 60.6 72.3 87.3 98.0 97.7 98.3 98.6 91.4 83.5 68.2 66.8

35 58.1 61.2 72.6 87.3 98.0 97.7 98.3 98.6 91.9 83.3 68.5 66.8

40 58.4 61.7 72.9 87.3 98.1 97.7 98.3 98.6 92.6 83.6 69.0 67.3

45 58.1 62.3 72.9 87.3 98.1 97.8 98.3 98.6 92.7 84.0 69.9 67.3

50 58.1 63.0 73.4 87.6 98.1 97.8 98.3 98.6 92.7 84.0 70.6 67.1

55 59.4 63.2 73.7 88.1 98.1 97.8 98.3 98.6 92.7 84.6 70.6 67.3

60 59.7 63.9 73.9 88.1 98.3 97.8 98.3 98.8 92.7 85.4 70.6 67.3

65 60.0 64.6 74.2 88.1 98.3 97.8 98.3 98.8 93.1 85.4 70.6 67.3

70 60.2 64.6 74.2 88.1 98.3 97.8 98.3 98.8 93.1 86.1 70.6 67.0

75 59.9 64.3 73.9 88.1 98.3 97.8 98.3 99.1 93.1 86.1 70.6 67.6

80 58.9 63.9 73.6 88.1 98.3 97.8 98.3 99.1 93.1 86.1 70.4 67.5

85 58.9 63.5 73.6 88.1 98.3 97.8 98.3 99.1 93.1 85.6 70.4 67.1

90 58.2 62.8 73.2 88.1 98.3 97.8 98.3 99.1 93.1 85.3 69.9 66.8

95 58.2 62.8 72.9 88.1 98.3 97.8 98.3 99.1 93.1 85.4 68.9 66.3

100 57.9 62.5 72.9 88.1 98.3 97.8 98.3 99.1 93.1 85.3 68.5 66.3

105 57.9 62.1 72.9 88.1 98.3 97.8 98.3 99.1 92.7 84.6 68.7 66.0

110 57.9 61.7 72.3 88.1 98.3 97.8 98.3 98.8 92.7 84.6 68.0 65.5

115 57.1 61.7 71.8 87.8 98.1 97.8 98.3 98.8 92.4 84.8 67.2 65.3

120 57.1 60.1 72.1 87.8 98.1 97.8 98.1 98.8 91.7 83.5 67.2 65.0

125 56.4 59.0 72.1 87.6 98.1 97.8 98.1 98.8 91.2 83.6 66.6 64.5

130 56.1 59.4 72.1 87.6 98.1 97.8 98.1 98.6 91.2 83.3 66.8 64.8

135 55.4 58.4 71.9 87.6 98.1 97.8 98.1 98.6 91.2 83.3 66.5 64.5

140 55.1 58.4 71.6 87.6 98.0 97.8 98.1 98.6 91.2 83.3 66.5 64.5

145 55.1 58.1 71.4 87.6 98.0 97.8 98.1 98.6 91.2 83.0 65.8 64.2

150 54.8 57.4 71.1 87.6 98.0 97.7 98.1 98.6 91.2 83.0 65.8 64.2

155 54.4 57.4 71.1 87.6 98.0 97.7 98.1 98.6 91.2 83.0 65.5 64.2

160 54.4 57.4 71.1 87.6 98.0 97.7 98.1 98.6 91.2 83.1 65.1 64.2

165 54.4 57.7 70.8 87.6 98.0 97.7 98.1 98.6 90.9 83.1 65.5 64.2

170 54.8 57.7 70.4 87.3 97.8 97.7 98.1 98.6 91.0 83.1 65.5 64.2

175 55.1 57.7 70.6 87.3 97.8 97.7 98.1 98.6 91.0 83.0 65.5 63.8

180 55.1 58.1 70.9 87.3 97.8 97.7 98.1 98.6 91.0 83.0 65.5 63.5

185 55.1 58.4 70.9 87.3 98.0 97.7 98.1 98.6 91.0 83.0 65.5 63.8

190 55.8 58.6 71.9 87.3 98.0 97.7 98.1 98.6 91.4 83.3 65.5 64.2

195 57.1 58.8 71.9 87.3 98.0 97.7 98.1 98.6 91.4 83.1 66.1 64.5

200 57.1 59.2 72.3 87.3 98.0 97.7 98.1 98.6 91.4 83.0 66.8 64.5

205 57.1 59.4 72.3 87.3 98.0 97.7 98.3 98.6 91.7 83.0 67.8 65.0

210 57.1 60.5 72.3 87.3 98.1 97.7 98.3 98.6 91.7 83.3 67.8 65.3

215 57.4 61.4 72.3 87.3 98.3 97.8 98.3 98.6 92.4 83.3 68.5 65.7

220 57.4 61.7 72.6 87.3 98.3 97.8 98.3 98.6 92.6 83.3 69.5 65.8

225 57.4 62.5 72.7 87.6 98.3 97.8 98.3 98.6 92.6 83.5 70.2 65.7

230 58.1 61.6 72.6 88.1 98.3 97.8 98.3 98.6 92.6 84.1 70.2 66.3

235 58.4 62.1 72.9 88.1 98.3 97.8 98.3 98.8 93.1 84.8 70.6 67.0

240 58.6 63.2 73.2 88.1 98.3 97.8 98.3 98.8 93.1 85.3 70.9 67.0

245 59.2 64.3 73.6 88.1 98.3 97.8 98.3 98.8 93.1 85.6 70.7 67.5

250 59.5 63.9 73.9 88.1 98.3 97.8 98.3 98.8 93.1 85.6 70.4 67.1

255 59.5 64.3 74.2 88.1 98.3 97.8 98.3 99.1 93.1 85.6 70.1 66.8

260 59.2 64.3 74.2 88.1 98.3 97.8 98.3 99.1 93.1 85.6 70.1 66.8

265 59.2 64.3 74.2 88.1 98.3 97.8 98.3 99.1 93.1 85.4 69.9 66.8

270 58.6 63.5 73.2 88.1 98.3 97.8 98.3 99.1 93.1 85.3 69.9 66.8

275 58.6 63.5 73.2 88.1 98.3 97.8 98.3 99.1 93.1 85.1 69.2 66.1

280 58.2 62.8 73.2 88.1 98.3 97.8 98.3 99.1 92.4 84.3 69.2 66.6

285 58.2 62.8 72.9 88.1 98.3 97.8 98.3 99.1 92.4 84.3 69.2 66.3

290 57.7 62.1 72.7 87.8 98.3 97.8 98.3 98.8 92.0 84.5 69.2 65.7

295 57.4 61.9 72.1 87.8 98.3 97.8 98.1 98.8 91.7 84.3 68.5 65.7

300 56.7 61.0 72.1 87.6 98.3 97.8 98.1 98.8 91.5 84.1 67.3 65.2

305 56.7 60.3 72.1 87.6 98.3 97.8 98.1 98.6 91.2 83.8 67.0 65.5

310 56.7 60.3 72.1 87.6 98.1 97.8 98.1 98.6 91.0 83.8 67.0 65.2



315 56.4 60.5 72.1 87.6 98.0 97.8 98.1 98.6 91.0 83.5 67.2 65.2

320 56.4 60.1 72.1 87.6 98.0 97.8 98.1 98.6 91.2 83.3 66.5 65.2

325 56.1 59.4 72.3 87.6 98.0 97.8 98.1 98.6 91.2 83.3 66.1 64.8

330 55.8 59.4 72.3 87.6 98.0 97.7 98.1 98.6 91.2 83.3 66.3 64.8

335 55.4 59.4 72.3 87.6 97.8 97.5 98.1 98.6 90.7 83.3 66.3 64.8

340 55.4 59.2 71.9 87.6 97.8 97.7 98.1 98.6 90.9 83.3 66.1 64.5

345 56.1 58.8 71.9 87.3 97.8 97.7 98.1 98.6 90.9 83.3 66.1 65.2

350 56.7 58.8 71.9 87.3 97.8 97.7 98.1 98.6 90.9 83.3 66.3 64.8

355 57.1 58.8 71.9 87.3 97.8 97.7 98.1 98.6 90.9 83.3 66.3 65.2

max 60.2 64.6 74.2 88.1 98.3 97.8 98.3 99.1 93.1 86.1 70.9 67.6

Workability at most favorable headings [%]:

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 42 50 51 68 98 98 98 100 96 94 90 73

2001 98 78 93 86 100 96 100 100 90 94 38 67

2002 67 42 69 92 100 96 100 100 99 87 92 83

2003 64 72 85 86 96 99 100 100 90 78 92 42

2004 58 70 93 92 98 99 100 96 88 93 60 47

2005 33 48 78 90 93 99 100 98 98 98 68 83

2006 78 72 69 92 100 99 96 100 99 91 71 69

2007 40 76 62 81 98 96 96 100 86 89 51 74

2008 58 58 54 90 100 99 94 100 96 60 62 65

2009 62 72 85 98 100 99 98 100 98 91 88 80

2010 73 84 80 96 100 96 100 98 84 80 69 71

max 98 84 93 98 100 99 100 100 99 98 92 83

mean 61 66 74 88 98 98 98 99 93 87 71 69

min 33 42 51 68 93 96 94 96 84 60 38 42
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