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ABSTRACT

In recent decades the use of ship type offshore structures for the production and storage of oil and gas has become a common method even in harsh environments. Moored permanently at deep seas, these FPSO units should be able to survive the most critical environmental conditions (violent storms, hurricanes, irregular waves, etc,) for years together. Therefore, the important requirement for FPSO hull is the desirability to remain on the deep sea station for the duration of the field life, without the need for dry docking. In these situations, FPSOs are becoming more vulnerable to fatigue failures due to cyclic loads from environmental conditions and operating cycles. Therefore, the first and easiest step to mitigate the impact of these fatigue loads could be refining the shape of the hull structure for FPSOs.Therefore, in this study, a parent conventional hull is taken and an equivalent hemispherical hull, which could be a refined shape hull structure, is created with equal volumes. In order to illustrate the possible difference in fatigue damage between the two hull structures, both are designed according to the Classification Societies (Indian Register of Shipping) Rule book and the fatigue damage for a common critical location in both types of hull structures are calculated by using the simplified fatigue calculation method. Fatigue initiation is a localized phenomenon which strongly depends on the structural geometry and the stress concentration. Therefore, in welded structures, normally cracks are known to initiate at cut-outs and plate joints where abrupt geometrical transitions cause a local rise in stress intensity.The common critical location selected for comparison is a stiffener on central girder of the hull structures. For this location, the fatigue damage at full load and ballast load conditions are calculated, for design life of 25 year, by using simplified fatigue assessment procedure and S-N curve recommended by the Classification Societies (Det Norske Veritas). A long term distribution is established through a parametrically established Weibull two parameter distribution. Finally, the total fatigue damage is calculated as the sum of fatigue damage at each loading conditions. From the study it is observed that the hemispherical hull structure components have higher fatigue capacity than the conventional hull structure.
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CHAPTER – 1
INTRODUCTION

1.1 DEFINITION OF FPSO:



Floating Production, Storage and Offloading system is an offshore production facility that is typically ship-shaped and stores crude oil in tanks located in the hull of the vessel. The crude oil is periodically offloaded to shuttle tankers or ocean-going barges for transport to shores. Also, FPSOs have some refinery machineries capable of carrying out some form of oil seperation process, which are need to be located on such oil platforms. This partial separation be done on FPSOs to increase the overall effectiveness of oil productivity. Hence, Floating Production, Storage and Offloading systems are used as facilities to develop effective oil and gas fields in deepwater areas remote from the existing pipeline infrastructure. FPSOs have been used to develop offshore fields around the world since the late 1970’s. Therefore, FPSOs are generally an amalgam of offshore and petroleum industry operations.
1.2 PROJECT DEFINITION:

The choice of the hull structure for an FPSO project is a strategic decision for the project. In general, the FPSO hull structure design will depend on the area of operation. In benign waters the hull structure may have a simple shape (rectangular) or it may be a converted tanker. For more harsh environments like the North Sea, Arabian Sea, Gulf of Mexico, etc., the FPSO hull structure should have a refined shape with internal turret. This is in order to position itself towards the wind and reduce environmental forces on the hull structure and on its mooring lines, so as to reduce the impact on structural elements. In addition to all, FPSOs, being permanently positioned offshore installations, are continuously subjected to sea actions, and with the compulsion to remain in site for nearly 20-25 years without dry-docking, it is leading to fatigue damages with uncertainty in fatigue loading as one of potential causes for FPSO breakdown. Thus, fatigue damages accumulate over the service life of the FPSO and the FPSO hull is expected to loose its structural integrity and fail in fracture when the fatigue life of the hull is over. Even this fatigue damage can be reduced to an extent by having a refined shape for the FPSO hull structure. In this project, hemispherical shaped hull structure is taken as the refined shape to be compared with the conventional hull structure. This project seeks to reduce the fatigue damage by improving the equilibrium and the distribution of forces, so they could be better spread through the whole structure. Although, this circular hull structure (viewed from the top) proving to be almost unmaneuverable in practice, the circular structure intended to provide a more stable platform for FPSOs even in harsh environment. Therefore, the concept of hemispherical hull structure for FPSOs with due consideration to fatigue and stability has to be explored for further Research and Development. 
1.3 Objective of the work:

The objective of the present work is to design a conventional hull structure and an equivalent hemispherical hull structure according to Classification Societies rules and to compare the fatigue capacity of both the hull structures by using the simplified fatigue calculation method. Here it is has to be emphasized that fatigue initiation is a localized phenomenon which strongly depends on the structural geometry and the stress concentration. In welded structures, normally cracks are known to initiate at cut-outs and plate joints where abrupt geometrical transitions cause  a  local rise in stress intensity. The  aim  of  this  project  is  to compare  the fatigue capacity of the  hemispherical hull structure  and the conventional hull structure for FPSOs.
1.4 OVERVIEW:


[image: image2]
Fig 1.1: Flow chart showing the overview of the Project work
CHAPTER – 2
literature review
         2.1 General Operational Problems in FPSO:
The general operational problems gathered from various sources with respect to the operation of FPSOs in deep-sea are as follows: 
i.  Stability in time of heavy storms / hurricanes

ii.  Hull cracking in service due to fatigue 
iii.  Complex Ballast Management system to maintain constant draft level

iv.  Continuous variation of draft with great range
v.  Large Irregular waves
2.2 Problems with Conventional hull shape for FPSOs:

The Norwegian Oil Industry Association in its “OLF FPSO Experience Transfer” explained that the conventional hull design and basic fatigue analysis has been unable to eliminate FPSO hull cracking in service.  Since, this is not unusual for conventional hull shaped FPSOs, the operational problems and costs of offshore repair make this situation undesirable. Therefore, the hull structural designs should make use of fatigue analysis in all critical and high risk areas with construction detail subject to high levels of control.
In addition, N.Vanderworm, Lamport, Jessefson (2006) in their Next-Generation FPSO Design stated that the conventional ship shaped hulls for FPSOs, were required to have disconnectable riser systems and large mooring systems for operational safety during the heavy storm and irregular wave conditions. In heavy storm or hurricane conditions, the conventional ship shaped hull FPSOs will have to disconnect from the risers and move off the field, to avoid the impact and potential damages, which could result in production shut-in and personnel evacuation. Otherwise, the conventional rectangular hull structures are not that much capable to provide a stable platform even in harsh environmental conditions. 

Since the rectangular hull structure for FPSOs produces a greater range of draft variation between the full load and ballast load conditions, the structure requires a better Ballast management system for maintaining draft variation. Also the effect of equipment malfunctions and operational errors could demand greater scrutiny of Ballast management system with increased pump capacity for offloading and ballast system. In their next-generation FPSO design, they provided a unique centre column to minimize the potential of capsizing at any filling ratio. The centre column as bounds a significant amount of added mass at the lower end to increase the stability.
2.3 Advantages of Circular hull for FPSOs:

According to Imperial Russian Navy’s battleship Novgorod design (1871), the perceived advantage of the circular hull form is that a shallow-draft could be built with a greater displacement; a small ship could then carry the same load with high fatigue capacity. Therefore by design, the hemispherical hull can achieve significantly higher payload ratios when compared to conventional floating production units. Also, the hemispherical hull can have plenty of space in  topsides’ deck for production equipment.
The great advantage of the hemispherical hull structure is that it enables the structure to built greater displacement with the small draught of water, as compared with the conventional rectangular hull structure. Therefore, the rate and range of draft variation during FPSO operation will be considerably low comparing to conventional hull structure.

Due to its unique hull shape and weight distribution, the hull / FPSO platform is more stable at all filling ratios without intake of ballast water. Unlike conventional FPSO hulls, the hemispherical hull does not require weather-vaning because of its axis-symmetrical shape it has a self weather-vaning tendency.  Therefore, the hemispherical hull structure has an advantage in complex seas where swells, current and wind actions are from different quadrants. Although, circular hull structure (viewed from the top) proving to be almost unmaneuverable in practice, circular structure intended to be a more stable platform for FPSOs even in harsh environmental conditions.
  Therefore, the principle on which the design made is that, in comparison with ship hulls of ordinary form, circular hulls have greater displacement with the same dead weight of structure, and therefore increased fatigue capacity with lesser surface area, thus insuring, in accordance with modern principles of design, the highest attainable amount of safety for FPSOs. Also, the hemispherical hull with the radial and alternate arrangement of the tanks ensures a balanced distribution of forces on the structure. Hence, the hemispherical hull concept for FPSOs seeks to improve the equilibrium and distribution of forces, so they could have better spread through the whole structure with increased overall fatigue life. 
2.4 FATIGUE AND FPSOs:
From the FPSO failures over the last decade, fatigue is recognized as an important contributor to the FPSO operational breakdowns. Structural failures may also result from causes other than fatigue, but majority of structural damages in FPSOs hull are of fatigue cracks. Even if the fatigue cracking does not lead to complete failure, the cost of inspections and repairs and the consequences as environmental pollution can be high. Thus, fatigue cracking should be avoided or at its maximum be kept at acceptable level.
Generally, in hull structure of an Offshore Installation, wave-induced loading is the dominant source of fatigue damage. However, some floating offshore structures like FPSOs, FSOs, etc., also suffer significant fatigue damages from other loading sources. Since these units undergo frequent loading and offloading of the produced fluids, there will be frequent changes in global and local loads, which can induce large ranges of hull girder stress and secondary stress, and continuous variation in hull draft level, which makes different locations of the hull’s external shell to be exposed to direct wave loads. Significant fatigue damage may also be induced by the operation of equipment associated with the function of the Offshore Installation. Therefore, fatigue in FPSOs, is a phenomenon related to cyclic loads due to waves, cargo loading and offloading as well as structural stiffness, workmanship and fabrication standards. Therefore, the fatigue loads in FPSO hull can be grouped into:

1. Fatigue due to environmental loads

2. Fatigue due to operating cycles

3. Age of the unit at the end of life

Usually, the problems related to fatigue damage have been known for a long time in aged hull structures. However, in the last several years some new trends have emerged, as in number of cases fatigue damages were discovered in relatively new hull structures. This kind of fatigue damages has become normal with FPSO hulls even with highly optimized higher tensile steel and without any significant corrosion. This has led the offshore industry to give more consideration towards the fatigue in FPSO hull structural details.
2.5 CLASSIFICATION RULES:
2.5.1 CLASSIFICATION SOCIETIES:
The Classification societies are non-profit organizations in the offshore industry, to establish and maintain standards for the design, construction and classification of ships and other offshore structures, and to provide professionally competent technical inspection and certification services for all types of ships and marine structures. These Classification Societies are the authorities with the most profound influence on ship building, design and its safety. The most dominant Classification Societies are Lloyd’s Register of Shipping, American Bureau of Shipping, Bureau Veritas, Det Norske Veritas, Registro Italiano, Germanischer Lloyd and Nippon Kaiji Kyokai. In this project, the design codes and rules used for design and fatigue calculation are of Indian Register of Shipping, American Bureau of Shipping and Det Norske Veritas.
2.5.2 INDIAN REGISTER OF SHIPPING:


Indian Register of Shipping is the India based internationally recognized Classification Society, founded in 1975. As a Classification Society in India, this is responsible for publishing of the Rules and regulations for the construction and classification of ship structures in India. In this Project, the main course of the design is based on the Indian Register of Shipping’s “Rules and Regulation for the Construction and Classification of Steel Ships – Part-3”. The design values of loads, scantlings of various plating, stiffeners and girders are determined in accordance with the general principles given in “Part-3 General Hull Requirements” of the IRS.
2.5.3 American Bureau of Shipping:



American Bureau of Shipping is the USA based international Classification Society, founded in 1862, with promoting maritime safety as its core commitment. In this project, even though the main course of design for hull structure is based on IRS Rules, some important data are derived from “Part-3 Hull Construction and Equipment” of ABS Rules for Building and Classing Steel Vessels - 2009.  Also, additional requirements specific to floating production installations like critical areas for fatigue assessment, etc., are taken from “Rules for Building and Classing Floating Production Installation -2009” and “Guidance Notes on Spectral based Fatigue Analysis for Floating Offshore Structures’.
2.5.4 DET NORSKE VERITAS:


Det Norske Veritas is the Norway based international Classification Society, founded in 1864, with their core competence as, to identify, assess, and advise on how to manage risk in offshore industry. In this work, the fatigue damage calculation for the common critical location selected in both the hull structures are done according to the Simplified fatigue calculation approach given in the   Classification Notes No. 30.7 of DNV.
2.6 SIMPLIFIED FATIGUE ASSESSMENT APPROACH:
2.6.1 INTRODUCTION:

Simplified Fatigue Assessment methods are useful as they can be performed rapidly and are, therefore, beneficial as a screening tool. By means of Simplified approaches, the Classification societies have simplified the tools available to the industry for the assessment of structural fatigue damage. With the simplified approach the phase relationships between the different loads (i.e., local and global) may be established through parametric equations. A long term distribution is established through a parametrically established Weibull two parameter distribution. Whereas, the rigorous approaches more correctly account for the phase relationship by post-processing with the hydrodynamic analysis results and calculating a Weibull two parameter distribution at a 10-4 probability of exceedence. The approach is termed as simplified approach due to the approximation of the long term distribution of stress ranges with the Weibull two parameter distributions. This type of fatigue assessment approach is also referred to as ‘deterministic’ due to analysis of a large number of specified or deterministic load cases.
Even though simplified approach for fatigue capacity assessment differ among various Classification Societies, they all follow the same procedural steps to assess the fatigue capacity. They are as follows:

1. Determination of various fatigue loads

2. Calculation of the long term distribution of stress range

3. Determination of the fatigue capacity of structure

4. Assessment of the fatigue damage
2.6.2 DETERMINATION OF FATIGUE LOADS:


FPSOs are generally designed to remain at their offshore station for 20-25 years, so the hull structure of FPSOs are subject to various types of environmental and operational loads. But in this project, for simplified fatigue assessment, only static and wave loads are considered to determine the fatigue capacity. The static loads take into account hydrostatic pressure and still water bending moment. The wave induced loads include hull girder wave bending moments, external hydrodynamic pressures and internal inertial loads. These loads are calculated according to Classification Notes and the various load components are combined with different phase angles for different parts of the hull structure for the most probable extreme stress range. Normally, the fatigue assessment has to be carried out for the representative loading conditions according to the intended service of the hull structure. In case of this work, the full load and ballast load conditions are considered for the fatigue assessment. 
2.6.3 Calculation of the long term distribution:


The long term stress range distribution is a fundamental requirement for fatigue analysis. This may be determined in various ways. In this simplified method a Weibull distribution is assumed for the long term stress ranges, leading to a simple formula for calculation of fatigue damage. The load effects can be derived directly from the classification rules and the nominal stresses have to be multiplied by relevant stress concentration factors for calculation of local notch stresses before entering the S-N curve.


In this work, the long term distribution of stress ranges at local details are described by the Weibull distribution as 




Q(∆σ) = exp{ -( ∆σ / q )h }

where,

Q = probability of exceedance of the stress range Δσ

h  = Weibull shape parameter

q  = Weibull scale parameter

2.6.4 Assessment of the fatigue damage:


In order to calculate the fatigue damage, the Palmgren-Miner rule of damage accumulation is adopted by all Classification Societies. The Palmgren-Miner rule states that the total fatigue damage experienced by the hull structure may be expressed by the accumulated damage from individual load cycles at different stress levels.


Based on the Palmgren-Miner’s approach and the assumed Weibull long-term distribution of stress range and a two slope S-N curve, the fatigue damage can be expressed as: 

D = (vo.Td / ā) pn.qm.Г(1+m/h )

where,


Td = Design life 


vo = average zero-crossing frequency

pn = fraction of design life in load condition. Its sum should not be less  than 1 


h  = Weibull stress range shape distribution parameter for load condition 

Г(1+m/h ), the gamma function corresponding to the above ‘h’ value 

q = Weibull stress range scale distribution parameter for load condition 

m and ā are S-N fatigue parameters obtained from S-N curves 



Here, two load conditions, namely full load and ballast load condition are considered for the fatigue damage calculation. So the total fatigue damage is calculated as sum of the damages for each loading condition:



Dtotal = Dfull load + Dballast load
Since it is a simplified approach, there are certain limitations with this approach of which the designer should be aware. Generally, in the simplified approach, it considers only empirical loads (parametric equations), nominated stress concentration factors (SCFs), simple beam bending theory, assumed load phase relationships, ignores shear lag, effective flange approximations. In this project, since it is a comparative study on fatigue capacity of two different hull structures, the simplified approach itself would serve the objective.
CHAPTER – 3
DESIGN OF HULL STRUCTURE
3.1 SHORT INTRODUCTION TO DESIGN:


In this chapter, the conventional and hemispherical hull structures are designed according to “Part 3 – General Hull Requirements” of Rules and Regulation for the Construction and Classification of Steel ships, published by Indian Register of Shipping. The procedure adopted for design is illustrated below:

[image: image3]
Fig 3.1: Flow Chart showing the Midship Section design procedure
3.2 DESIGN FOR CONVENTIONAL HULL STRUCTURE:

3.2.1 Design Parameters:


Mould Length, L = 308m


Length between perpendicular = 301m


Beam B = 58m


Mould Draft, D = 30.4m


Block Coefficient, Cb = 0.947


Corrosion Additive = 4mm


Cw = 10.75


Cv = 0.2 for L > 100m

3.2.2 LONGITUDINAL STRENGTH PARAMETRS:

Design Still Water Bending Moment:

According to Section 2.1.6 of Chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the Design still water bending moment can be obtained from,



Ms = ksm . Mso     kNm

Where, 


ksm = 1.0 within 0.4L amidship 
Wave Bending Moment:



According to Section 2.2 of Chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the Rule Vertical Wave Bending Moment,

For Sagging is,



Mwo =  -0.11 Cw . L2 . B . (Cb + 0.7) Rs   kNm
                                =  -0.11 x 10.75 x 3012 x 58 x (0.947 + 0.7) x 1



        =  -10.234 x 106 kNm

For Hogging is,



Mwo =   0.19 Cw . L2 . B . Cb . Rs   kNm
                                =   0.19 x 10.75 x 3012 x 58 x 0.947 x 1



        =   10.164 x 106 kNm
Hull Section Modulus:



The minimum required Hull section Modulus at any transverse section about the transverse neutral axis, according to section 3.3 of chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, is



Z = [ ( Ms + Mw ) / σL ] x 103  cm3       



The minimum requirement of hull section modulus about the transverse neutral axis, at midship section, is



Z = k C1 . L2 . B . (Cb + 0.7) . (0.5 + Rs / 2)   cm3 

where, 


C1 = 10.75  for 300m  ≤  L  ≤  350m       



Z = 0.68 x 10.75 x  3012 x 58 x (0.947 + 0.7) x (0.5 + 1 / 2)



Z = 63266230.73  cm3   



Z = 63.27 m3  

Moment of Inertia:



The moment of inertia In of the hull section about the transverse neutral axis, at midship, should not be less than,



In = 3 . C1 . L3 . B . (Cb + 0.7) . Rs   cm4  


In = 3 x 10.75 x 3013 x 58 x (0.947 + 0.7) x 1



In = 840.13833 x 108 cm4  


In = 840.138  m4
3.2.3 Design Of MiDSHIP SECTION:
3.2.3.1 Scantling Calculations:

Strength Deck Plating:



According to Section 4 of Chapter 9 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the  thickness ‘t’ of deck plating can be obtained from the following,



t = ( fa . s √p ) / 2 √σ ] + tc    mm

where,


σ = allowable bending stress in N/mm2, as per table 4.1.2 of chapter 9 in IRS rule

   = (175 - fD120) / k 


   = 80.88 N/mm2

p = applicable design pressure in N/mm2, 

       for platform decks, the applicable design pressure can be obtained from,

       p = q [ 1 + (0.5 kv.ao / Cb) ] x 10-2 N/mm2 
       where,


q   = 1.6 t/m2

kv = 0.7


ao = 0.1646

       therefore, the applicable design pressure is


p = 0.01697 N/mm2
s  =  1000mm


fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1000 √0.01646 ) / 2√80.88] + 4


t = 12 mm

The minimum thickness requirement of the deck plating can be obtained from



t = ( to + 0.02 L) √k + tc     mm



t = ( 6 + 0.02 x 301 ) √0.68  +  4



t = 14 mm

Bottom Plating:



According to Section 4 of Chapter 7 in“Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the thickness ‘t’ of bottom plating can be obtained from the following,



t = ( fa . fr . s √p ) / 2 √σ ] + tc    mm

i. Outer Bottom:

For longitudinal framing,


σ = allowable bending stress in N/mm2, as per table 4.2.1 of chapter 7


   = 120 / k 


   = 176.47 N/mm2

p = the applicable design pressure on outer bottom, in N/mm2, 

p = 0.001T + ( ks – 1.5 ) Cw Rs x 10-3 N/mm2 
       where,


ks = 3.5 between 0.2L and 0.7L from AP


T  = 15.36 m, the draft for ballast load condition

        therefore, the applicable design pressure is


p = 0.1751 N/mm2
However, the design pressure is not to be taken less than net internal pressure ‘pi’ as given in ch-4 sec 3.2.4.


pi = external sea pressure – internal tank pressure


pi = 0.30906 -0.1017


    = 0.20736 N/mm2
s = stiffener spacing in mm

   = 1000mm


fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1 x 1000 √0.20736 ) / 2√176.47 ] + 4


t = 22 mm

The minimum thickness requirement of the outer bottom plating can be obtained from



t = ( to + 0.04 L) √k + tc     mm



t = ( 7 + 0.04 x 301 ) √0.68  +  4



t = 19.7 mm

ii. Inner Bottom:

For longitudinal framing,


σ = allowable bending stress in N/mm2, as per table 4.2.1 of chapter 7 of IRS rule

   = 160 / k 


   = 235.29 N/mm2

p = the applicable design pressure on outer bottom, in N/mm2, 

       p = ρ H [1 + 0.5 ( kv ao / Cb  )] 10-2 N/mm2 
       where,


ρ = cargo density t/m3
, not to be less than 0.7 t/m3,


ρ = 0.94 t/m3
   kv = 0.7 


H  = 28.35 m

        therefore, the applicable design pressure for inner bottom plating is


p = 0.3007 N/mm2
s = stiffener spacing in mm

   = 1000mm


fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1 x 1000 √0.3007 ) / 2√235.29 ] + 4


t = 22 mm

The minimum thickness requirement of the outer bottom plating can be obtained from



t = ( to + 0.03 L) √k + tc     mm



t = ( 7 + 0.03 x 301 ) √0.68  +  4



t = 17.22 mm

Bilge Plating:



Since it is framed longitudinally, the thickness should not be less than that of outer bottom plating.

Side Shell Plating:

The thickness of the side shell can be obtained from,



t = ( fa . fr . s √p ) / 2 √σ ] + tc    mm

where,


p = applicable design pressure on the side shell, in N/mm2

       for load points below summer load waterline



p = 0.01 ho + [ks – (1.5 ho / T)] Cw Rs 10-3 N/mm2


p = 0.01 x 16.92 + [3.5 – (1.5x16.92 /18.92)] x 10.75 x 1 x 10-3 N/mm2


p = 0.1924  N/mm2

        for load points above summer load waterline



p = Rs .ks ( Cw  – 0.8 ho ) 10-3 N/mm2


p = 0.01  N/mm2

σ = allowable bending stress in N/mm2 

   = 176.4 N/mm2
Therefore, the thickness of side shell plating is,



t = 1 x 1 x[ 1000 x √0.1924 / 2 x √176.4 ] +4



t = 20.5 mm

The minimum thickness requirement of the side shell plating can be obtained from



t = ( 5 + c L) √k + tc     mm



t = ( 5 + 0.04 x 301 ) √0.68  +  4



t = 18.05 mm

Centre Girder and Side Girders:



According to chapter 7, section 6.1 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the depth of the center girder is not to be less than:



d = 250 + 20 B + 50 T mm 

with minimum of 650mm.



d = 250 + 20 x 58 + 50 x 18.95



d = 2357 mm

Therefore, the depth of centre girder and side girders can be taken as 2400mm.


The thickness  of the bottom girder and floors is not to be less than



t = ( 0.008 d + 4 ) √k  mm,          for centre girder



t = 19.13 mm

and 



t  = (0.008 d +1 ) √k  mm,          for side girders and plate floors



t = 16.66 mm



According  to section 6.3.3 of chapter 7 of Indian Register of Shipping Rule book, the plate floors are to be stiffened at every longitudinal by a vertical stiffener of depth same as that of the inner bottom longitudinal and thickness as that of the floor. Therefore, the central and side girders are stiffened with stiffeners of length 2000mm, width 28mm and thickness 370mm.



For longitudinally framed bottom, the side girders are normally to be fitted at a spacing not exceeding 5.0m. Here, the provided spacing is 4m.

Bottom Longitudinals:



According to chapter 7, section 6.3.4 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the section modulus of the bottom and inner bottom longitudinals is not to be less than 



Z = ( s p l2 . 103 / 12 σ ) + Zc  cm3
where, 

Zc  = corrosion additive, it is assumed to be 25% of required section modulus

i. Outer Bottom:


The minimum required section modulus for outer bottom longitudinals from the above equation is 



Z = ( 1000 x 0.2073 x 2.52 x 103) / 12 x 110.29] + Zc  cm3


Z = 980 + Zc  cm3
ii. Inner Bottom:


The minimum required section modulus for inner bottom longitudinals from the above equation is 



Z = ( 1000 x 0.3007 x 2.52 x 103) / 12 x 49.32] + Zc  cm3


Z = 3175 + Zc  cm3
Side Shell Longitudinals:



According to chapter 8, section 4.2 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the section modulus of side longitudinals is not to be less than 



Z = ( s p l2 . 103 / 12 σ ) + Zc  cm3


Z = ( 1000 x 0.2073 x 1.252 x 103) / 12 x 97.014] + Zc  cm3


Z = 516.46 + Zc  cm3
Side Main Frames:



The section modulus of the main frames bracketed at both ends is not to be less than 



Z = ( s p l2 . 103 / 2.4 ) + Zc  cm3


Z = ( 2500 x 0.1012 x 20.4 x 1000 / 2.4 ) + Zc  cm3


Z = 29831.736 + Zc  cm3
The main frame brackets are to be as follows:

Length of bracket:



For upper bracket: 70 l mm  = 1428mm = 1500mm



For lower bracket: 120 l mm = 2448mm = 2500mm

Deck Longitudinals:



According to chapter 9, section 4.2 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the section modulus of the deck longitudinals is not to be less than 



Z = ( s p l2 . 103 / 12 σ ) + Zc  cm3


Z = ( 1000 x 0.01697 x 282 x 103) / 12 x 117.65] + Zc  cm3


Z = 9424 + Zc  cm3
Deck Transverse:


The section modulus of the deck transverse is not to be less than 



Z = ( s p l2 / 1.6 ) + Zc  cm3


Z = [ ( 2500 x 0.01697 x 282 ) / 1.6 ] + Zc  cm3


Z = 20789 + Zc  cm3
3.2.3.2 CHECK FOR SECTION MODULUS:

The minimum requirement of hull section modulus about the transverse neutral axis, at midship section, is



Zreqd = 63.27 m3   



Whereas, the provided section modulus at midship section, taken from Appendix – B, are


Zkeel = 265.47 m3   



Zdeck = 254.28 m3   



Since the provided section modulus is greater than the minimum required section modulus, the design is satisfactory.
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Fig 3.2: MidShip Section for Conventional Hull Structure


3.3 DESIGN FOR HEMISPHERICAL HULL STRUCTURE:
3.3.1 Design Parameters:


Mould Length, L = 149.1m


Effective Length = 0.96 x 149.1 with respect to ABS rules




    = 143.14m


Mould Draft, D = 53m


Block Coefficient, Cb = 0.459



According to “Ultimate limit state design of steel plated structure”, by Jeom Kee Paik, Anil Kumar Thayamballi, if the value of Cb < 0.6, it has to be taken as 0.6.


Corrosion Additive = 4mm


Cw = 10.75 – [(300 – L )/100]3/2

     =  8.896


Cv = 0.2 for L > 100m

3.3.2 LONGITUDINAL STRENGTH PARAMETERS:

Design Still Water Bending Moment:

According to Section 2.1.6 of Chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the Design still water bending moment can be obtained from,



Ms = ksm . Mso     kNm

Where, 


ksm = 1.0 within 0.4L amidship 
Wave Bending Moment:



According to Section 2.2 of Chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the Rule Vertical Wave Bending Moment,

For Sagging is,



Mwo =  -0.11 Cw . L2 . B . (Cb + 0.7) Rs   kNm
                                =  -0.11 x 8.896 x 143.142 x 149.1 x (0.6 + 0.7) x 1



        =  -3.89 x 106 kNm

For Hogging is,



Mwo =   0.19 Cw . L2 . B . Cb . Rs   kNm
                                =   0.19 x 8.896 x 143.142 x 149.1 x 0.6 x 1



        =   3.1 x 106 kNm
Hull Section Modulus:



The minimum required Hull section Modulus at any transverse section about the transverse neutral axis, according to section 3.3 of chapter 5 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, is



Z = [ ( Ms + Mw ) / σL ] x 103  cm3       


The minimum requirement of hull section modulus about the transverse neutral axis, at midship section, is



Z = k C1 . L2 . B . (Cb + 0.7) . (0.5 + Rs / 2)   cm3 

where, 


C1 = 8.896 



Z = 0.68 x 8.896 x  143.142 x149.1 x (0.6 + 0.7) x (0.5 + 1 / 2)



Z = 24.03 m3  

Moment of Inertia:


The moment of inertia In of the hull section about the transverse neutral axis, at midship, should not be less than,



In = 3 . C1 . L3 . B . (Cb + 0.7) . Rs   cm4  


In = 3 x 8.896 x 143.143 x 149.1 x (0.6 + 0.7) x 1



In = 151.7 x 108 cm4  


In = 151.7  m4
3.3.3 Design Of MIDSHIP SECTION:
3.3.3.1 Scantling Calculations:

Strength Deck Plating:


According to Section 4 of Chapter 9 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the  thickness ‘t’ of deck plating can be obtained from the following,



t = ( fa . s √p ) / 2 √σ ] + tc    mm

where,


σ = allowable bending stress in N/mm2, as per table 4.1.2 of chapter 9


   = (175 - fD120) / k 


   = 80.88 N/mm2

p = applicable design pressure in N/mm2, 

       for platform decks, the applicable design pressure can be obtained from,

       p = q [ 1 + (0.5 kv.ao / Cb) ] x 10-2 N/mm2 
       where,


q   = 1.6 t/m2

kv = 0.7


ao = 0.27

       therefore, the applicable design pressure is

p = 0.01852 N/mm2
s  =  1000mm


fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1000 √0.01852 ) / 2√80.88] + 4


t = 12 mm

The minimum thickness requirement of the deck plating can be obtained from



t = ( to + 0.02 L) √k + tc     mm



t = ( 6 + 0.02 x 143.14 ) √0.68  +  4



t = 12 mm

Bottom and Side Shell Plating:



According to Section 4 of Chapter 7 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the thickness ‘t’ of bottom plating can be obtained from the following,



t = ( fa . fr . s √p ) / 2 √σ ] + tc    mm

I. Outer Plating:

For longitudinal framing,


σ = allowable bending stress in N/mm2, as per table 4.2.1 of chapter 7


   = 120 / k    = 176.47 N/mm2

p = the applicable design pressure on outer bottom, in N/mm2, 

i .In case of Bottom plating:

       p = 0.001T + ( ks – 1.5 ) Cw Rs x 10-3 N/mm2 
       where,


ks = 3.5 between 0.2L and 0.7L from AP


T  = 34.92 m, the draft for ballast load condition

        therefore, the applicable design pressure is


p = 0.367 N/mm2
ii. In case of Side Shell plating:
              a ). for load points below summer load waterline



p = 0.01 ho + [ks – (1.5 ho / T)] Cw Rs 10-3 N/mm2


p = 0.01 x 38.52 + [3.5 – (1.5x 38.52 /38.52)] x 8.896 x 1 x 10-3N/mm2


p = 0.403  N/mm2
b ). for load points above summer load waterline



p = Rs .ks ( Cw  – 0.8 ho ) 10-3 N/mm2


p = 0.01  N/mm2

Therefore, the design pressure on outer bottom will be the resultant of these two pressures.


p = √(0.3072+ 0.4032)



p = 0.507 N/mm2
s = stiffener spacing in mm
   = 1000mm


fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1 x 1000 √0.507) / 2√176.47 ] + 4


t = 31 mm

The minimum thickness requirement of the outer bottom plating can be obtained from



t = ( to + 0.04 L) √k + tc     mm



t = ( 7 + 0.04 x 143.14 ) √0.68  +  4



t = 15.5 mm

II. Inner Bottom:

For longitudinal framing,


σ = allowable bending stress in N/mm2, as per table 4.2.1 of chapter 7 of IRS Rule

   = 160 / k 


   = 235.29 N/mm2

p = the applicable design pressure on outer bottom, in N/mm2, 

   p = ρ H [1 + 0.5 ( kv ao / Cb  )] 10-2 N/mm2 
       where,


ρ = cargo density t/m3
, not to be less than 0.7 t/m3,


ρ = 0.94 t/m3
kv = 0.7 


H  = 51 m

        therefore, the applicable design pressure for inner bottom plating is


p = 0.5903 N/mm2
 s = stiffener spacing in mm

    = 1000mm


 fa = √ [ 1.10 – 0.5 (s/ 1000 l)2, but not greater than 1

    = 1

Therefore, 



t = [(1 x 1 x 1000 √0.5903 ) / 2√235.29 ] + 4


t = 30 mm

The minimum thickness requirement of the outer bottom plating can be obtained from



t = ( to + 0.03 L) √k + tc     mm



t = ( 7 + 0.03 x 143.14 ) √0.68  +  4



t = 14.5 mm

Centre Girder and Side Girders:


According to chapter 7, section 6.1 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the depth of the center girder is not to be less than:



d = 250 + 20 B + 50 T mm 

with minimum of 650mm.



d = 250 + 20 x 149.1 + 50 x 38.52



d = 5158mm 

Therefore, the depth of centre girder and side girders can be taken as 5200mm.


The thickness  of the bottom girder and floors is not to be less than



t = ( 0.008 d + 4 ) √k  mm,          for centre girder



t = 37.6 mm

and 



t  = (0.008 d +1 ) √k  mm,          for side girders and plate floors



t = 34.85 mm


According  to section 6.3.3 of chapter 7 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the plate floors are to be stiffened at every longitudinal by a vertical stiffener of depth same as that of the inner bottom longitudinal and thickness as that of the floor. Therefore, the central and side girders are stiffened with stiffeners of length 4300mm, width 70mm and thickness 600mm.


For longitudinally framed bottom, the side girders are normally to be fitted at a spacing not exceeding 5.0m. Here, the provided spacing is 4m.

Bottom Longitudinals:


According to chapter 7, section 6.3.4 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the section modulus of the bottom and inner bottom longitudinals is not to be less than 



Z = ( s p l2 . 103 / 12 σ ) + Zc  cm3
where, 

Zc  = corrosion additive, it is assumed to be 25% of required section modulus

i. Outer Bottom:


The minimum required section modulus for outer bottom longitudinals from the above equation is 



Z = ( 1000 x 0.507 x 2.52 x 103) / 12 x 110.29] + Zc  cm3


Z = 2395 + Zc  cm3
ii. Inner Bottom:


The minimum required section modulus for inner bottom longitudinals from the above equation is 



Z = ( 1000 x 0.5903 x 2.52 x 103) / 12 x 49.32] + Zc  cm3


Z = 6234 + Zc  cm3
Deck Longitudinals:


According to chapter 9, section 4.2 in “Part 3 of Rules and Regulation for the Construction and Classification of Steel ships” by Indian Register of Shipping, the section modulus of the deck longitudinals is not to be less than 



Z = ( s p l2 . 103 / 12 σ ) + Zc  cm3


Z = ( 1000 x 0.01852 x 37.252 x 103) / 12 x 117.65] + Zc  cm3


Z = 18227 + Zc  cm3
3.3.3.2 CHECK FOR SECTION MODULUS:
The minimum requirement of hull section modulus about the transverse neutral axis, at midship section, is



Zreqd = 24.03 m3   

Whereas, the provided section modulus at midship section, taken from Appendix – B, are



Zkeel = 1152.46 m3   



Zdeck = 1300.58 m3   



Since the provided section modulus is greater than the minimum required section modulus, the design is satisfactory.
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Fig 3.3: MidShip Section for Hemispherical Hull Structure


CHAPTER – 4
FATIGUE DAMAGE ASSESSMENT
         4.1 FATIGUE DAMAGE CALCULATION:
Here, for fatigue damage calculation, a critical location having common geometry and characteristics in both the conventional and the hemispherical hull structure is chosen. Also, the critical location is chosen based on the section-3 of Guidance Notes on Spectral Based Fatigue Analysis for Floating Offshore Structures, published by American Bureau of Shipping.

4.1.1 Geometry of the critical location:



According to appendix – A, Table A-7 in RP-C203 of DNV, the critical location considered is coming under ‘F’ category of S-N curve. Therefore, from appendix – A, Table A-3 ‘K–factors for stiffeners welded to a plate’ of Classification Notes 30.7, the geometric stress concentration factor Kg= 1.27. The critical locations chosen for fatigue damage calculation are shown in Figure 6.1 and Figure 6.2.
The fatigue damage calculation is performed according to simplified procedure as described in Section 4 of the Classification Notes 30.7 of Det Norske Veritas and using the simplified formulas for load and stress calculations as given in Section 5 and 6 of the same. 

[image: image6.wmf]Fig 4.1: Critical Location selected in Conventional Hull Structure
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4.1.2 CALCULATION PROCEDURE:



The flow chart below shows the calculation steps involved in the fatigue damage calculation process:

[image: image8]
Fig 4.3: Flow chart for Fatigue Damage Calculation

4.2 FATIGUE DAMAGE FOR Conventional Hull Structure:

The principle ship dimensions are tabulated below:

Table 4.1: Principle dimensions of Conventional hull
	Length
	308m

	Beam
	58m

	Draft
	30.4m

	Block Coefficient
	0.947

	Ixx
	3957 m4

	Iyy
	4351.3 m4

	Zkeel
	266 m3

	Zdeck
	254 m3

	Height of Neutral Axis
	14.84m



Here, for the calculation of fatigue damage, two load conditions are considered, that is, full load and ballast load conditions. The fraction of time in load conditions is assumed to be 0.5 for both conditions.

Table  4.2: Definition of Load conditions for Conventional hull

	
	Full Load
	Ballast Load

	Still water bending moment
	6117554 kNm
	6117554 kNm

	Draught
	18.95m
	15.36m

	Metacentric height
	7.48m
	7.48m

	Roll radius of gyration
	22.62m
	22.63m

	Part of time in Load condition
	0.5
	0.5


4.2.1 Local Bending Stress of Stiffener:



According to Classification Notes 30.7 of DNV, section 5.4, the local bending stress of stiffener can be calculated from:


σ2A =  ± Kg. Kn. ( M / Zs ) ± Kg. ( mδ.EI / l2.Zs ) rδ . δ 


Here, the stresses due to deflection are not considered and thus the stress will be



σ2A =  ± Kg. Kn. ( p s l2 / 12 rp Zs )

where,


p  = lateral dynamic pressure in N/mm2

s  = stiffener spacing in mm


l   = effective span of stiffener in mm


Zs = section modulus of stiffener in mm3

rp = 6(x/l)2 – 6(x/l) +1.0 , where x = 0


    = 1.0

Therefore, for a unit pressure of 1 kN/m2 = 10-3 N/mm2


σ2A =  ± 1.27 x 1.0 (10-3 x 1000 x 20002 / 12 x 638800)



σ2A =  ± 0.66353 N/mm2
To determine the stresses from stiffener bending in the relevant loading conditions the bending stress is to be multiplied with the relevant dynamic pressure. For an external pressure load (pressure acting on plate side of the panel) there will be compression stress at the considered location and hence the negative sign applies. Internal pressure loads (pressure acting on stiffener side) will give tension stress and the positive sign applies.
4.2.2 FOR FULL LOAD CONDITION:
4.2.2.1 Stress Calculation for Local Loads:

Internal Pressure loads:


Since the centre girder is acting as a wall of a ballast tank, there will be no local bending due to internal loads in Full load condition.


Therefore, the stress due to internal pressure load will be



σi =  0 N/mm2
External sea Pressure loads:

The dynamic external pressure amplitude (half pressure range), pe, related to the draught of the load condition considered, can be calculated according to section 6.3.1 of Classification Notes No. 30.7 of DNV.


pe = rp . pd
where, ‘pd’ the dynamic pressure amplitude below the waterline can be obtained from the maximum of the following:




pdp = p1 + 135 | ȳ | / ( B + 75 ) + 1.2( Tact – Zw ) kN/m2



pdr  = 10 { | y | (Ф/2) + [CB | y + kf | /16] [ 0.7+2(Zw/Tact )kN/m2
where,


p1 = ks Cw + kf
Ф = 50 c / (B + 75)


c   = (1.25 – 0.025 TR) k


TR = 2 . KR / GM


y   = 0


ȳ   = 58/4  = 14.5m


kf  = 11.45 m

Then,




pdp = 35.44 kN/m2



pdr  = 5.62 kN/m2
Therefore, the external sea pressure will be



pe = 1.0 x 35.44




pe = 35.44 kN/m2
By combining the local stress component, the stress due to external pressure loads will be


 
σe =  -0.66353 x 35.44  =  - 23.52 N/mm2
Combined Local Stress Range:


From section 4.6 of Classification Notes 30.7, the combined local stress range, Δσl, due to external and internal pressure loads may be taken as

∆ σl =  2 √( σe2 + σi2 + 2 pp σe σi )  kN/m2
∆ σl =  2 √( -23.52)2 

∆ σl =  47.04  N/mm2 

4.2.2.2 Stress Calculation for Global Loads:

Global Hull Bending Moment:


The vertical wave bending moments due to hogging and sagging calculated according to Indian Register of Shipping are


Mwo,s  =  -10.2342 x 106 kNm


Mwo,h  =  10.1642 x 106 kNm


The horizontal wave bending moment can be calculated as


MH = 0.22 L9/4 (Tact + 0.30 B) CB (1-cos(2πx/L))

MH = 6.0193 x 106 kNm

Since these are moments at 10-8 probability level of exceedance, the above values has to multiplied with factor fr = 0.5(1/ho)
 
fr = 0.5(1/0.8716)
 

fr  = 0.4515

Therefore, the moments at 10-4 probability level of exceedance are


Mwo,s  =  -4.621 x 106 kNm


Mwo,h  =   4.589 x 106 kNm


MH  = 2.718 x 106 kNm

Stresses for Global Loads:

The vertical and horizontal bending moments results in the following stress ranges, according to section 5.2.1 and 5.2.3 of Classification Notes 30.7, at the 10-4 level. 
The wave induced vertical hull girder stress is

σv =  0.5 Kg,axial (Mwo,h  - Mwo,s ) x 10-3 x (z – no)/IN N/mm2
σv =  20.125 N/mm2
∆σv =  2 x 20.125 
∆σv =  40.25 N/mm2
The wave induced horizontal hull girder stress is

σhg =  Kg,axial  MH x 10-3 x ( y /IC )N/mm2
σhg =  0.31574 N/mm2
∆σhg =  2 x 0.31574 
∆σhg =  0.63146 N/mm2
Therefore, the stress range due to global loads will be
∆σg =  √( σv2 + σhg2 + 2 pp σv σhg )  N/mm2 

∆σg =  40.275  N/mm2 

4.2.2.3 Combined Hot Spot Stress:


The combined local and global stress range ∆σ will be the maximum of the following:

∆σ =  fe x (∆σg + b.∆σl )       and

∆σ =  fe x (a.∆σg + ∆σl )

where,
a, b = Load combination factors, accounting for the correlation between the wave induced local and global stress range equal 0.6
fe = 1.0



∆σ =  71.205 N/mm2
Mean Stress Correction:

To calculate the mean stress correction factor the static stress at the hot spot has to be established. The static stress can be calculated in the same manner as the dynamic stress, but based on static loads and full correlation between the different stress components.
The static external pressure is



pstatic,external = 1.025 x 9.81 x (Tact − z) 



      =  178.23 kN/m2
And the internal pressure is zero in full load condition.

Therefore, the static stress due to local bending of stiffener will be



σstatic,local = -0.66353 x 178.23




   = -118.26 kN/m2
The stress due to still water bending can be calculated as below:

σv,static  =  0.5 Kg,axial  x Ms x 10-3 x (z – no)/IN  kN/m2



= 0.5 x 1.27 x 6117554.37 x 10-3 x (14.84 – 1.225)/3957




= 26.73 N/mm2
Therefore, the total static stress at hot spot is



σstatic   = -118.26 + 26.73



          =  - 91.53 N/mm2
Now, to calculate the mean stress correction factor, the compression and tension stress have to be obtained.

The tension stress will be



σt = σstatic, + ∆σ / 2 



    =  -55.92 N/mm2
The compression stress will be



σt = σstatic, - ∆σ / 2 



    =  -127.132 N/mm2
Then, the mean stress correction factor ‘fm’ can be calculated as below,



fm = ( σt + 0.7σc ) / ( σt + σc )



fm = 0.797

The stress range to be used in fatigue calculations is then:

Δσo = fm · Δσ

Δσo = 0.797 x 71.205

        = 56.8 N/mm2
4.2.2.4 Fatigue Damage:

When the long-term stress range distribution defined by applying Weibull distributions for the different load conditions and S-N curve are used, the fatigue damage is given by:
D = (vo.Td / ā) pn.qm.Г(1+m/h )

where,


Td = Design life of 25 years


vo = 1 / ( 4 x log L ) = 0.10046


   pn = fraction of design life in load condition. Since its sum should not be less  than 1, here it is assumed to be 0.5 


h  = Weibull stress range shape distribution parameter for load condition 

    = ho – 0.005 Tact   for bottom longitudinals


    = 0.77685


Г(1+m/h ), the gamma function corresponding to the above ‘h’ value obtained from Table-G 1 of Classification Notes is equal to 19.547

q = Weibull stress range scale distribution parameter for load condition 

   =  Δσo / ( ln no)1/h   = 3.3

m and ā are S-N fatigue parameters obtained from page 14, Table – 2.2 S-N curves in seawater with cathodic protection.

m = 3.0

log ā = 11.455

Therefore,



Dnc = 0.1952

However, the above calculated fatigue damage is for non-corrosive environment. For corrosive environment, the value has to be multiplied by 2.



Dc = 0.3904

Now, the fatigue damage for full load condition can be calculated  by


DFL = pfl [ Dnc .Tc / Td  + Dc . (Td – Tc) / Td ]


DFL = 0.5 [ 0.1952 x 15 / 25 + 0.3904 x 10 / 25 ]


DFL = 0.137

4.2.3 FOR BALLAST LOAD CONDITION:
4.2.3.1 Stress Calculation for Local Loads:

Internal Pressure loads:


The accelerations and pressures are calculated below with reference to Classification Notes 30.7 of DNV.

Acceleration components:


ao = 0.16460m/s2  


ax = 0.33186m/s2  


ay = 0.48440m/s2  


az = 1.16150m/s2  

Roll motions:


ary = 0.16870m/s2 


arz = 0.65730m/s2     

Pitch motions:


apx = 0.23m/s2  


apz = 0.0337m/s2  

Combined acceleration:


at = 0.829m/s2  


al = 0.408m/s2  


av = 1.3346m/s2  

The dynamic pressure from liquid cargo or ballast water should be calculated based on the combined accelerations related to a fixed co-ordinate system. The gravity components due to the motions of the vessel should be included.

The dynamic internal pressure amplitude, pi in kN/m2, may be taken as the maximum pressure due to acceleration of the internal mass. That is, maximum of



p1 = ρ. av . hs



p2 = ρ. at . ys



p3 = ρ. at . xs

here,


hs = 1.225m

ys = 14.5m

xs =  0m

Hence, 



p1 = 1.676 kN/m2


p2 = 12.32 kN/m2


p3 = 0

The internal pressure amplitude, ‘pi’ will be 
pi = 0.4182 x 12.32 kN/m2
pi = 5.153 kN/m2
Therefore, the stress due to internal pressure load  by combining the local stress component will be



σi =   0.664 x 5.153 



    =  3.422 N/mm2
External sea Pressure loads:

The dynamic external pressure amplitude (half pressure range), pe, related to the draught of the load condition considered, can be calculated according to section 6.3.1 of Classification Notes No. 30.7 of DNV.


pe = rp . pd
where, ‘pd’ the dynamic pressure amplitude below the waterline can be obtained from the maximum of the following:




pdp = p1 + 135 | ȳ | / ( B + 75 ) + 1.2( Tact – Zw ) kN/m2



pdr  = 10 { | y | (Ф/2) + [CB | y + kf | /16] [ 0.7+2(Zw/Tact )kN/m2
where,


p1 = ks Cw + kf
Ф = 50 c / (B + 75)


c   = (1.25 – 0.025 TR) k


TR = 2 . KR / GM


y   = 0


ȳ   = 58/4  = 14.5m


kf  = 15.04 m

Then,




pdp = -0.568 kN/m2



pdr  = 37.83 kN/m2
Therefore, the external sea pressure will be



pe = 1.0 x 37.83




pe = 37.83 kN/m2
By combining the local stress component, the stress due to external pressure loads will be


 
σe =  -0.66353 x 37.83 N/mm2


σe =  - 25.1 N/mm2
Combined Local Stress Range:


From section 4.6 of Classification Notes 30.7, the combined local stress range, Δσl, due to external and internal pressure loads may be taken as

∆ σl =  2 √( σe2 + σi2 + 2 pp σe σi )  N/mm2
∆ σl =  2 √( -25.12 +  3.4222 + 2 x 0.495 x -25.1 x 3.422 ) 

∆ σl =  47.2  N/mm2 
4.2.3.2 Stress Calculation for Global Loads:

Global Hull Bending Moment:


The vertical wave bending moments due to hogging and sagging calculated according to Indian Register of Shipping are


Mwo,s  =  -10.2342 x 106 kNm


Mwo,h  =  10.1642 x 106 kNm


The horizontal wave bending moment can be calculated as


MH = 0.22 L9/4 (Tact + 0.30 B) CB (1-cos(2πx/L))

MH = 5.426 x 106 kNm

Since these are moments at 10-8 probability level of exceedance, the above values has to multiplied with factor fr = 0.5(1/ho)
 
fr = 0.5(1/0.8716)
 

fr  = 0.4515

Therefore, the moments at 10-4 probability level of exceedance are


Mwo,s  =  -4.621 x 106 kNm


Mwo,h  =   4.589 x 106 kNm


MH  = 2.45 x 106 kNm

Stresses for Global Loads:

The vertical and horizontal bending moments results in the following stress ranges, according to section 5.2.1 and 5.2.3 of Classification Notes 30.7, at the 10-4 level. 
The wave induced vertical hull girder stress is

σv =  0.5 Kg,axial (Mwo,h  - Mwo,s ) x 10-3 x (z – no)/IN N/mm2
σv =  20.125 N/mm2
∆σv =  2 x 20.125 
∆σv =  40.25 N/mm2
The wave induced horizontal hull girder stress is

σhg =  Kg,axial  MH x 10-3 x ( y /IC )N/mm2
σhg =  0.287 N/mm2
∆σhg =  2 x 0.287 
∆σhg =  0.574 N/mm2
Therefore, the stress range due to global loads will be
∆σg =  √( σv2 + σhg2 + 2 pp σv σhg )  N/mm2 

∆σg =  40.32  N/mm2 

4.2.3.3 Combined Hot Spot Stress:


The combined local and global stress range ∆σ will be the maximum of the following:

∆σ =  fe x (∆σg + b.∆σl )       and

∆σ =  fe x (a.∆σg + ∆σl )

where,
a, b = Load combination factors, accounting for the correlation between the wave induced local and global stress range equal 0.6
fe = 1.0



∆σ =  71.4 N/mm2
Mean Stress Correction:

To calculate the mean stress correction factor the static stress at the hot spot has to be established. The static stress can be calculated in the same manner as the dynamic stress, but based on static loads and full correlation between the different stress components.
The static external pressure is



pstatic,external = 1.025 x 9.81 x (Tact − z) 



      =  142.13 kN/m2
And the internal pressure is 



pstatic,internal = 1.025 x 9.81 x (Ht − z) 



      =  12.07 kN/m2
Therefore, the static stress due to local bending of stiffener will be



σstatic,local = -0.664 x 142.13 + 0.664 x 12.07




   = -86.36 N/mm2
The stress due to still water bending can be calculated as below:

σv,static  =  0.5 Kg,axial  x Ms x 10-3 x (z – no)/IN  N/mm2



= 0.5 x 1.27 x 6117554.37 x 10-3 x (14.84 – 1.225)/3957




= 26.73 N/mm2
Therefore, the total static stress at hot spot is



σstatic   = -86.3 + 26.73



          =  - 59.63 N/mm2
Now, to calculate the mean stress correction factor, the compression and tension stress have to be obtained.

The tension stress will be



σt = σstatic, + ∆σ / 2 



    =  -23.93 N/mm2
The compression stress will be



σt = σstatic, - ∆σ / 2 



    =  -95.33 N/mm2
Then, the mean stress correction factor ‘fm’ can be calculated as below,



fm = ( σt + 0.7σc ) / ( σt + σc )



fm = 0.7602
The stress range to be used in fatigue calculations is then:

Δσo = fm · Δσ

Δσo = 0.76 x 71.4

        = 54.3 N/mm2
4.2.3.4 Fatigue Damage:

When the long-term stress range distribution is defined by applying Weibull distributions for the different load conditions and a one-slope S-N curve is used, the fatigue damage is given by:
D = (vo.Td / ā) pn.qm.Г(1+m/h )

where,


Td = Design life of 25 years


vo = 1 / ( 4 x log L ) = 0.10046


   pn = fraction of design life in load condition. Since its sum should not be less  than 1, here it is assumed to be 0.5 


h  = Weibull stress range shape distribution parameter for load condition 

    = ho – 0.005 Tact   for bottom longitudinals


    = 0.79


   Г(1+m/h ), the gamma function corresponding to the above ‘h’ value obtained from Table-G 1 of Classification Notes is equal to 17.772

q = Weibull stress range scale distribution parameter for load condition 

   =  Δσo / ( ln no)1/h
   = 3.3

  m and ā are S-N fatigue parameters obtained from Classification Notes 30.7 Page 14, Table – 2.2 S-N curves in seawater with cathodic protection.

  m = 3.0

  log ā = 11.455

Therefore,



Dnc = 0.1775

However, the above calculated fatigue damage is for non-corrosive environment. For corrosive environment, the value has to be multiplied by 2.



Dc = 0.355

Now, the fatigue damage for full load condition can be calculated  by


DBL = pfl [ Dnc .Tc / Td  + Dc . (Td – Tc) / Td ]


DBL = 0.5 [ 0.1775 x 15 / 25 + 0.355 x 10 / 25 ]


DBL = 0.125

4.2.4 Total fatigue damage:

The total fatigue damage in full load and ballast condition is:

Dtotal = DFL  + DBL
Dtotal = 0.137 + 0.125 = 0.262

Dtotal = 0.262

The total fatigue damage is less than 1.0 and the detail has an acceptable fatigue life for 25 years operation in North Atlantic wave environment.
4.3 FATIGUE DAMAGE For Hemispherical Hull Structure:


The principle ship dimensions are tabulated below:

Table 4.3: Principle dimensions of Hemispherical hull  

	Length
	149.1m

	Beam
	149.1m

	Draft
	53m

	Block Coefficient
	0.6

	Ixx
	32384.3 m4

	Iyy
	71019.7 m4

	Zkeel
	1152.46 m3

	Zdeck
	1300.58 m3

	Height of Neutral Axis
	28.1m


	
	Full Load
	Ballast Load

	Still water bending moment
	2294000kNm
	2294000 kNm

	Draught
	38.52m 
	34.92m 

	Metacentric height
	10.017m
	10.017m

	Roll radius of gyration
	55.8
	55.8

	Part of time in Load condition
	0.5
	0.5



Here, for the calculation of fatigue damage, two load conditions are considered, that is, full load and ballast load conditions. The fraction of time in load conditions are assumed to be 0.5 for both conditions.

Table  4.4: Definition of Load conditions for Hemispherical hull

4.3.1 Local Bending Stress of Stiffener:



σ2A =  ± Kg. Kn. ( M / Zs ) ± Kg. ( mδ.EI / l2.Zs ) rδ . δ 


Here, the stresses due to deflection are not considered and thus the stress will be



σ2A =  ± Kg. Kn. ( p s l2 / 12 rp Zs )

where,


p  = lateral dynamic pressure in kN/m2

s  = stiffener spacing in mm


l   = effective span of stiffener in mm


Zs = section modulus of stiffener in mm3

rp = 6(x/l)2 – 6(x/l) +1.0 , where x = 0


    = 1.0

Therefore, for a unit pressure of 1 kN/m2 = 10-3 N/mm2


σ2A =  ± 1.27 x 1.0 (10-3 x 1000 x 43002 / 12 x 4200000)



σ2A =  ± 0.4659 N/mm2
To determine the stresses from stiffener bending in the relevant loading conditions the bending stress is to be multiplied with the relevant dynamic pressure. For an external pressure load (pressure acting on plate side of the panel) there will be compression stress at the considered location and hence the negative sign applies. Internal pressure loads (pressure acting on stiffener side) will give tension stress and the positive sign applies.
4.3.2 FOR FULL LOAD CONDITION:
4.3.2.1 Stress Calculation for Local Loads:

Internal Pressure loads:


Since the centre girder is acting as a wall of a ballast tank, there will be no local bending due to internal loads in Full load condition.


Therefore, the stress due to internal pressure load will be



σi =  0 kN/m2
External sea Pressure loads:

The dynamic external pressure amplitude (half pressure range), pe, related to the draught of the load condition considered, can be calculated according to section 6.3.1 of Classification Notes No. 30.7 of DNV.


pe = rp . pd
where, ‘pd’ the dynamic pressure amplitude below the waterline can be obtained from the maximum of the following:




pdp = p1 + 135 | ȳ | / ( B + 75 ) + 1.2( Tact – Zw ) kN/m2



pdr  = 10 { | y | (Ф/2) + [CB | y + kf | /16] [ 0.7+2(Zw/Tact )kN/m2
where,


p1 = ks Cw + kf  = 3 x 0.6 x 8.896 + 14.48 = 30.49 N/mm2
Ф = 50 c / (B + 75) = 0.2168 rad


c   = (1.25 – 0.025 TR) k = 0.972


TR = 2 . KR / GM = 11.13 s


y   = 0


ȳ   = 143.1/4  = 35.775m


kf  = 14.48 m

Then,




pdp = 8.98 kN/m2



pdr  = 54.55 kN/m2
Therefore, the external sea pressure will be



pe = 1.0 x 54.55




pe = 54.55 kN/m2
By combining the local stress component, the stress due to external pressure loads will be


 
σe =  -0.4659 x 54.55 N/mm2


σe =  - 25.41 N/mm2
Combined Local Stress Range:


From section 4.6 of Classification Notes 30.7, the combined local stress range, Δσl, due to external and internal pressure loads may be taken as

∆ σl =  2 √( σe2 + σi2 + 2 pp σe σi )  N/mm2
∆ σl =  2 √( -25.41)2 

∆ σl =  50.82  N/mm2 
4.3.2.2 Stress Calculation for Global Loads:

Global Hull Bending Moment:


The vertical wave bending moments due to hogging and sagging calculated according to Indian Register of Shipping are


Mwo,s  =  -3.89 x 106 kNm


Mwo,h  =  3.1 x 106 kNm


The horizontal wave bending moment can be calculated as


MH = 0.22 L9/4 (Tact + 0.30 B) CB (1-cos(2πx/L))

MH = 0.856 x 106 kNm

Since these are moments at 10-8 probability level of exceedance, the above values has to multiplied with factor fr = 0.5(1/ho)
 
fr = 0.5(1/1.03)
 

fr  = 0.51

Therefore, the moments at 10-4 probability level of exceedance are


Mwo,s  =  -1.98 x 106 kNm


Mwo,h  =   1.58 x 106 kNm


MH  = 0.436 x 106 kNm

Stresses for Global Loads:

The vertical and horizontal bending moments results in the following stress ranges, according to section 5.2.1 and 5.2.3 of Classification Notes 30.7, at the 10-4 level. 
The wave induced vertical hull girder stress is

σv =  0.5 Kg,axial (Mwo,h  - Mwo,s ) x 10-3 x (z – no)/IN N/mm2
σv =  1.7775 N/mm2
∆σv =  2 x 1.7775 
∆σv =  3.55 N/mm2
The wave induced horizontal hull girder stress is

σhg =  Kg,axial  MH x 10-3 x ( y /IC )N/mm2
σhg =  0.005 N/mm2
∆σhg =  2 x 0.005 
∆σhg =  0.01 N/mm2
Therefore, the stress range due to global loads will be
∆σg =  √( σv2 + σhg2 + 2 pp σv σhg )  N/mm2 

∆σg =  3.55  N/mm2 

4.3.2.3 Combined Hot Spot Stress:


The combined local and global stress range ∆σ will be the maximum of the following:

∆σ =  fe x (∆σg + b.∆σl )       and

∆σ =  fe x (a.∆σg + ∆σl )

where,
a, b = Load combination factors, accounting for the correlation between the wave induced local and global stress range equal 0.6
fe = 1.0



∆σ =  52.95 N/mm2
Mean Stress Correction:

To calculate the mean stress correction factor the static stress at the hot spot has to be established. The static stress can be calculated in the same manner as the dynamic stress, but based on static loads and full correlation between the different stress components.
The static external pressure is



pstatic,external = 1.025 x 9.81 x (Tact − z) 



      =  360 kN/m2
And the internal pressure is zero in full load condition.

Therefore, the static stress due to local bending of stiffener will be



σstatic,local = -0.4659 x 360




   = -167 N/mm2
The stress due to still water bending can be calculated as below:

σv,static  =   Kg,axial  x Ms x 10-3 x (z – no)/IN  N/mm2



= 1.27 x 2290000 x 10-3 x (28.1 – 2.635)/32384.3




= 2.29 N/mm2
Therefore, the total static stress at hot spot is



σstatic   = -167 + 2.29



          =  - 164.7 N/mm2
Now, to calculate the mean stress correction factor, the compression and tension stress have to be obtained.

The tension stress will be



σt = σstatic, + ∆σ / 2 



    =  -138.225 N/mm2
The compression stress will be



σt = σstatic, - ∆σ / 2 



    =  -191.175 N/mm2
Then, the mean stress correction factor ‘fm’ can be calculated as below,



fm = ( σt + 0.7σc ) / ( σt + σc )



fm = 0.825
The stress range to be used in fatigue calculations is then:

Δσo = fm · Δσ

Δσo = 0.825 x 52.95

        = 43.6 N/mm2
4.3.2.4 Fatigue Damage:

When the long-term stress range distribution is defined by applying Weibull distributions for the different load conditions and a one-slope S-N curve is used, the fatigue damage is given by:
D = (vo.Td / ā) pn.qm.Г(1+m/h )

where,


Td = Design life of 25 years


vo = 1 / ( 4 x log L ) = 0.115


   pn = fraction of design life in load condition. Since its sum should not be less  than 1, here it is assumed to be 0.5 


h  = Weibull stress range shape distribution parameter for load condition 

    = ho – 0.005 Tact   for bottom longitudinals


    = 0.8437


   Г(1+m/h ), the gamma function corresponding to the above ‘h’ value obtained from Table-G 1 of Classification Notes is equal to 12.58

q = Weibull stress range scale distribution parameter for load condition 

   =  Δσo / ( ln no)1/h   = 3.136

   m and ā are S-N fatigue parameters obtained from Classification Notes 30.7 Page- 14, Table – 2.2 S-N curves in seawater with cathodic protection.
   m = 3.0

   log ā = 11.455

Therefore,



Dnc = 0.123

However, the above calculated fatigue damage is for non-corrosive environment. For corrosive environment, the value has to be multiplied by 2.



Dc = 0.246

Now, the fatigue damage for full load condition can be calculated  by


DFL = pfl [ Dnc .Tc / Td  + Dc . (Td – Tc) / Td ]


DFL = 0.5 [ 0.123 x 15 / 25 + 0.246 x 10 / 25 ]


DFL = 0.086

4.3.3 FOR BALLAST LOAD CONDITION:
4.3.3.1 Stress Calculation for Local Loads:

Internal Pressure loads:


The accelerations and pressures are calculated below with reference to Classification Notes 30.7 of DNV.

Acceleration components:


ao = 0.270m/s2  


ax = 0.6839m/s2  


ay = 0.7946m/s2  


az = 2.3936m/s2  

Roll motions:


ary = 1.76 m/s2 


arz = 0.138 m/s2     

Pitch motions:


apx = 1.778 m/s2  


apz = 0.14 m/s2  

Combined acceleration:


at = 1.965 m/s2  


al = 1.919 m/s2  


av = 2.3977m/s2  

The dynamic pressure from liquid cargo or ballast water should be calculated based on the combined accelerations related to a fixed co-ordinate system. The gravity components due to the motions of the vessel should be included.

The dynamic internal pressure amplitude, pi in kN/m2, may be taken as the maximum pressure due to acceleration of the internal mass. That is, maximum of



p1 = ρ. av . hs



p2 = ρ. at . ys



p3 = ρ. al . xs

here,


hs = 2.635m

ys = 2m

xs = 0m

Hence, 



p1 = 6.4759 kN/m2


p2 = 4.0280 kN/m2


p3 = 0

The internal pressure amplitude, ‘pi’ will be 

pi = fa . p1 
pi = 0.4397 x 6.4759 kN/m2
pi = 2.847 kN/m2
Therefore, the stress due to internal pressure load  by combining the local stress component will be



σi =   0.4659 x 2.847 N/mm2   =  1.326 N/mm2
External sea Pressure loads:

The dynamic external pressure amplitude (half pressure range), pe, related to the draught of the load condition considered, can be calculated according to section 6.3.1 of Classification Notes No. 30.7 of DNV.


pe = rp . pd
where, ‘pd’ the dynamic pressure amplitude below the waterline can be obtained from the maximum of the following:




pdp = p1 + 135 | ȳ | / ( B + 75 ) - 1.2( Tact – Zw ) kN/m2



pdr  = 10 { | ȳ | (Ф/2) + [CB | ȳ + kf | /16][ 0.7+2(Zw/Tact )]kN/m2
where,


p1 = ks Cw + kf = 34.093kN/m2
Ф = 50 c / (B + 75) = 0.2168 rad


c   = (1.25 – 0.025 TR) k = 0.972


TR = 2 . KR / GM = 11.13s


Tact = 34.92m


y   = 0


ȳ   = 143.1/4  = 35.775m


kf  = 18.08 m

Then,




pdp = 17.49 kN/m2



pdr  = 55.96 kN/m2
Therefore, the external sea pressure will be



pe = 1.0 x 55.96




pe = 55.96 kN/m2
By combining the local stress component, the stress due to external pressure loads will be


 
σe = - 0.4659 x 55.96 N/mm2


σe = - 26.07 N/mm2
Combined Local Stress Range:


From section 4.6 of Classification Notes 30.7, the combined local stress range, Δσl, due to external and internal pressure loads may be taken as

∆ σl =  2 √( σe2 + σi2 + 2 pp σe σi )  N/mm2
∆ σl =  2 √(-26.072 +  1.3262 + 2 x 0.4957 x -26.07 x 1.326 ) 

∆ σl =  50.8  N/mm2 

4.3.3.2 Stress Calculation for Global Loads:

Global Hull Bending Moment:


The vertical wave bending moments due to hogging and sagging calculated according to Indian Register of Shipping are


Mwo,s  =  -3.89 x 106 kNm


Mwo,h  =  3.1 x 106 kNm


The horizontal wave bending moment can be calculated as


MH = 0.22 L9/4 (Tact + 0.30 B) CB (1-cos(2πx/L))

MH = 1.633 x 106 kNm

Since these are moments at 10-8 probability level of exceedance, the above values has to multiplied with factor fr = 0.5(1/ho)
 
fr = 0.5(1/1.03)
 

fr  = 0.51

Therefore, the moments at 10-4 probability level of exceedance are


Mwo,s  =  -1.98 x 106 kNm


Mwo,h  =   1.58 x 106 kNm


MH  = 0.833 x 106 kNm

Stresses for Global Loads:

The vertical and horizontal bending moments results in the following stress ranges, according to section 5.2.1 and 5.2.3 of Classification Notes 30.7, at the 10-4 level. 
The wave induced vertical hull girder stress is

σv =  0.5 Kg,axial (Mwo,h  - Mwo,s ) x 10-3 x (z – no)/IN kN/m2
σv =  1.7775 N/mm2
∆σv =  2 x 1.7775 
∆σv =  3.55 N/mm2
The wave induced horizontal hull girder stress is

σhg =  Kg,axial  MH x 10-3 x ( y /IC )kN/m2
σhg =  0.01 N/mm2
∆σhg =  2 x 0.01 
∆σhg =  0.02 N/mm2
Therefore, the stress range due to global loads will be
∆σg =  √( σv2 + σhg2 + 2 pp σv σhg )  N/mm2 

∆σg =  3.55  N/mm2 

4.3.3.3 Combined Hot Spot Stress:


The combined local and global stress range ∆σ will be the maximum of the following:

∆σ =  fe x (∆σg + b.∆σl )       and

∆σ =  fe x (a.∆σg + ∆σl )

where,
a, b = Load combination factors, accounting for the correlation between the wave induced local and global stress range equal 0.6
fe = 1.0



∆σ =  52.93 N/mm2
Mean Stress Correction:

To calculate the mean stress correction factor the static stress at the hot spot has to be established. The static stress can be calculated in the same manner as the dynamic stress, but based on static loads and full correlation between the different stress components.
The static external pressure is



pstatic,external = 1.025 x 9.81 x (Tact − z) 



      =  324.6 kN/m2
And the internal pressure is 



pstatic,internal = 1.025 x 9.81 x (Ht − z) 



      =  26.14 kN/m2
Therefore, the static stress due to local bending of stiffener will be



σstatic,local = -0.4659 x 324.6 + 0.4659 x 26.14




   = -139.05 N/mm2
The stress due to still water bending can be calculated as below:

σv,static  =  0.5 Kg,axial  x Ms x 10-3 x (z – no)/IN  N/mm2



= 0.5 x 1.27 x 22940000 x 10-3 x (28.1 – 2.635)/32384.3




= 2.29 N/mm2
Therefore, the total static stress at hot spot is



σstatic   = -139.05 + 2.29



          =  - 136.76 N/mm2
Now, to calculate the mean stress correction factor, the compression and tension stress have to be obtained.

The tension stress will be



σt = σstatic, + ∆σ / 2 



    =  -110.29 N/mm2
The compression stress will be



σc = σstatic, - ∆σ / 2 



    =  -163.225 N/mm2
Then, the mean stress correction factor ‘fm’ can be calculated as below,



fm = ( σt + 0.7σc ) / ( σt + σc )



fm = 0.76129
The stress range to be used in fatigue calculations is then:

Δσo = fm · Δσ

Δσo = 0.76129 x 52.93

        = 40.29 N/mm2
4.3.3.4 Fatigue Damage:

When the long-term stress range distribution is defined by applying Weibull distributions for the different load conditions and a one-slope S-N curve is used, the fatigue damage is given by:
D = (vo.Td / ā) pn.qm.Г(1+m/h )

where,


Td = Design life of 25 years


vo = 1 / ( 4 x log L ) = 0.115


   pn = fraction of design life in load condition. Since its sum should not be less  than 1, here it is assumed to be 0.5 


h  = Weibull stress range shape distribution parameter for load condition 

    = ho – 0.005 Tact   for bottom longitudinals


    = 0.8437


   Г(1+m/h ), the gamma function corresponding to the above ‘h’ value obtained from Table-G 1 of Classification Notes is equal to 12.58

q = Weibull stress range scale distribution parameter for load condition 

   =  Δσo / ( ln no)1/h
   = 2.8996

   m and ā are S-N fatigue parameters obtained from page 14, Table – 2.2 S-N curves in seawater with cathodic protection.

   m = 3.0

   log ā = 11.455

Therefore,



Dnc = 0.09755

However, the above calculated fatigue damage is for non-corrosive environment. For corrosive environment, the value has to be multiplied by 2.



Dc = 0.1951

Now, the fatigue damage for full load condition can be calculated  by


DBL = pfl [ Dnc .Tc / Td  + Dc . (Td – Tc) / Td ]


DBL = 0.5 [ 0.09755 x 15 / 25 + 0.1951 x 10 / 25 ]


DBL = 0.0682

4.3.4 Total fatigue damage:

The total fatigue damage in full load and ballast condition is:

Dtotal = DFL  + DBL
Dtotal = 0.086 + 0.0682 = 0.1542

Dtotal = 0.1542

The total fatigue damage is less than 1.0 and the detail has an acceptable fatigue life for 25 years operation in North Atlantic wave environment.

CHAPTER – 5
DISCUSSION ON RESULT

5.1 RESULTS:



The fatigue damage calculated for the selected common critical location for conventional and hemispherical hull structure is tabulated below:
Table – 5.1: Results obtained from Fatigue Damage Calculations
	
	Full Load Damage
	Ballast load Damage
	Total Damage

	Conventional Hull Structure
	0.137
	0.125
	0.262

	Hemispherical Hull Structure
	0.086
	0.0682
	0.1542


5.2 RESULT DISCUSSION:
From the fatigue damage calculations, it can be observed that the critical location selected in the hemispherical hull structure have lesser fatigue damage in comparison to that of the conventional hull structure. Therefore, the fatigue strength of the hemispherical hull has to be higher in comparison to that of the conventional hull structure. 
Also, it has to be noted that the weight of the steel used for hemispherical hull is lesser than that of conventional hull. Therefore, the idea of hemispherical hull for FPSOs is, in fact an extraordinary development of the principle of shortening the hull for the purpose of obtaining handiness and reduction of weight, and broadening it to increase the displacement with lesser surface area. So the hemispherical hulls are not only advantageous in terms of fatigue life, but also in terms of cost effectiveness by decreasing the quantity of steel for construction.

From the chart below, which is showing the fatigue damage comparison between the conventional and hemispherical hull structure in both full load and ballast load condition, it can be obsereved that the fatigue damage for hemispherical hull structures are comparatively less in both full load and ballast load condition. So, from this observation, it can be concluded that the fatigue damage for hemispherical hull will be lesser than conventional hull in all the load conditions. 
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Fig 5.1 Chart comparing fatigue damage between both hull structures
In this case, the Simplified Fatigue assessment Procedure adopted to the assess the fatigue damage is advantageous as it is easy and speedy to obtain result. But for accurate results it has to be performed with spectral approach by applying wave induced loads calculated in the hydrodynamic  analysis to the finite element model of the hull structure.
CHAPTER – 6
SCOPE FOR FUTURE WORK
6.1 SCOPE FOR FUTURE WORK:


In the present work, since it is just a comparative study on fatigue capacity of two different hull structures, the method adopted for fatigue damage assessment is simplified fatigue assessment method. However, if the hemispherical hull structure is to be used in real life situation, further research and development work should be carried out to have appropriate design procedure and fatigue capacity assessment method specific to hemispherical hull structures.  


Also, in this thesis, the fatigue damage is calculated for only one common critical location in both conventional and hemispherical hull structure. But for better understanding and future scope, the entire hull structure has to be analyzed for fatigue by using finite element methods and computer programs for spectral fatigue approach.
CHAPTER – 7

CONCLUSION
7.1 CONCLUSION:


The result of the fatigue damage calculation for a common critical location in the conventional and the hemispherical hull structure shows that the hemispherical hull structure can have better fatigue capacity than conventional hulls for FPSOs. As per the previous studies and result of this work, the higher fatigue capacity of hemispherical hull structure could be due to its characteristics of having improved equilibrium with balanced distribution of forces through the whole structure and smooth geometrical transitions at cut-outs and plate joints. However, further research work is significant to prove this point.


Therefore, it can be conclude that

1. The fatigue capacity of the hemispherical hull is higher than that of conventional hulls for FPSOs.
2. The quantity of steel to be used in construction of hemispherical hull would be lesser than conventional hull.

3. Even though, the cost of fabrication would be higher for hemispherical hull structures due to different sizes of section through out, it can be compensated by quantity of steel used. 

From this work, it can be taken, that the hemispherical hull structure is a better choice for FPSOs which operate in harsh environments like in the Gulf of Mexico, the Arabian Sea, the North Sea ,etc.,. However, in-depth Research and Development work is a prerequisite for the full-fledged application of hemispherical hull structure for FPSOs.
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APPENDIX - A

FIXING  OF DIMENSIONS
A-1 PARENT HULL:



The parent hull chosen for this project is of FPSO_Indonesia. The principle dimensions and characteristics of this rectangular hull is obtained from the website www.isodc.com/3rd_isoda06_tamu_Team1_FPSO_Indonesia.pdf .


The hull dimensions are tabulated below:

Table A1: Hull Dimensions for Rectangular hull

	Hull Characteristics
	Dimensions

	Length overall, m
	308

	Length between perpendiculars, m
	301

	Mould beam, m
	58

	Centerline depth, m 
	30.4

	Bilge radius, m
	2.3




The Storage capacity of the rectangular hull with the number of tanks specified for use and the subsequent volume of the tanks are tabulated below:

Table A2: Details of tank types and values of tank specifics for Rectangular hull
	Hull Storage Capabilities
	Volume in cu.m 
	Density in t/cu.m

	Stabilized Product Total for 16 tanks
	263720
	0.94

	Off-Spec Product Total for 2 tanks
	32160
	0.94

	Slops Total for 2 tanks
	9330
	0.94

	Produced Water Total for 2 tanks
	8640
	1.032

	Diesel Fuel (2 tanks@2100 + 2 tanks@450)
	5100
	0.9

	Crude Fuel Oil Total for 2 tanks
	5180
	0.9

	Process Fresh Water Total for 2 tanks
	2650
	1.0

	Potable Water Total for 2 tanks
	250
	1.0

	Bulk Lube Oil Total for 2 tanks
	40
	0.9

	Bulk Hydraulic Oil Total for 2 tanks
	20
	0.9

	Ballast Tank Total for 12L shaped tanks
	123530
	1.025

	Totals
	450620
	


A-2 Hemispherical Hull:


The equivalent hemispherical hull has to be of same volume as that the above chosen rectangular hull. The typical shape of the hemispherical hull structure would be as below:
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                                               Fig A1: Shape of typical hemispherical hull structure
 From Rectangular Hull,




LxBxD = 539452 m3
Therefore, the equivalent hemispherical hull could be of dimension as below:



Topside deck diameter = 149.1m



Mould depth                 = 53m
A-3 WEIGHT OF STEEL HULLS:

The lightship weight of the FPSO hull for conventional is 84947metric-ton, which includes the hull steel weight of 40708metric-ton.


The weight of the hemispherical steel hull is obtained by multiplying the surface area of the hemispherical hull with the average weight of steel per unit area used in the chosen parent hull.
Now,


The weight of steel per unit area = 40708 / 57102.2





                             = 0.7129
Therefore,


The weight of hemispherical hull = 0.7129 x 43744.8






      = 31185.55metric-ton

Then, the lightship weight of  hemispherical hull will be 75424.55metric-ton.
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