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Abstract

Structural integrity and safety are critical for Bulk Carriers, which are designed to transport
large quantities of unpacked bulk cargo such as grain, coal, ore, steel coils and cement. These
vessels benefit from their large cargo holds and specialized handling equipment, which lower
per-unit transportation costs and increases efficiency. However, they also face significant
challenges. The bulk cargo is prone to damage and leakage, potentially leading to

environmental pollution and cargo loss.

To address these challenges, the Common Structural Rules (CSR), developed by the
International Association of Classification Societies (IACS), focus on the dimensioning and
assessment of a ship’s strength under various conditions. These guidelines emphasize the
importance of structural integrity by providing a framework for evaluating Bulk Carriers’ and

Double Hull Oil Tankers’ performance in different loading and environmental scenarios.

This study utilizes Finite Element Method (FEM) to evaluate the structural integrity of the
midhold section of a Bulk Carrier with a deadweight of 83,730 tons and length overall of 229
meters. The research involves developing a program in Python to calculate the loads according
to CSR, as well as creating a detailed FEM model that incorporates all the main longitudinal
and transverse structural elements of the model and the relevant material and modelling
properties. The model is subjected to a linear static structural assessment for a dynamic load
case, as prescribed in the rules, with linear isotropic material. The analysis results provide
insight into the yield criterion, identifying critical areas within the midhold where structural
integrity may be compromised. At the end, a complementary analysis is conducted to compare
the differences between the as-built thicknesses and those prescribed by regulations for the

model.



Iepidnyn

H Sopuxn) axepaudtnta ko 1 aopdAeia eivau (WTIKHG ONUAOIaG yia T QopTHY& TAOIX UETAPOPES XOSHV
QopTiwY, Ta 0TI0lX EYOVV OXESIAOTEL YL TH UETAPOPK UEYGAWY TTOOOTHTWY U CUOKEVAOUEVOV YOOV
popTiov, 6mws o1TNP&, &vOpaka, peTdArevua, YaAvPa kL Towpévto. AvTd Ta TAOIX ETWPELOVVTAL XTI TCX
peydra aumdapia optiov kau Tov ekeidikevuévo eEomhioud yeipiopot Tovg, 0 omoiog peldver T0 KGGTOG
UETAPOPAS avd povada kar avédver thy amodotikdTnTa. Q0TO00, AVTIHETWTI{OVY ETTIONG THUAVTIKES
npoxAnoei. To x0dnv goptio eivau emppenés oe (quiés kar Siappoés, mov Svvytikd odnyody oe

TepIfaAdovTiky) pUmavon ko amwlelx gopTiov.

N ™y avripetmon avtov Twv mpokAfoewy, oi Eviaior Kataokevaotikoi Kavives (EKK), mov
avarntoyOnkav and t Aiedvyy Evwon Nnoyvwudvwy (AEN), emxevipwvovtar o1y SiaoTtaoiodoynon ke
v akloddynon s avroxns evog mhoiov vd Sidpopes avvlikes. Ot ev Abyw katevBuVTHpLES Ypappés
vmoypauuiCovv 4 onuacia THs Soutkns akepatdTHTAS TApéxovrag éva mAaioto yia v aloAdynon Twv
TV TAOIWY UETAPOPAS YOSV QopTiov kau Twv TETPEAXIOPOPpWY SIMAWY TOLYWUATWY O SIAQOPETIKK

oevapLa POpTwons Kot mepBEALovTog.

H napovoa uerétn ypnowomnoiei 1 péfodo memepaouévwy ororyeiwv (MIIX) yia v akiodéynon tng
SOUIKNG AKEPAIOTHTAG TOV TUHUATOG TOV HEOAIOV TIAOIOV EVOG QOPTHYOD UETAPOPES XVONV QopTiov pe
vekpo goptio 83.730 Tovwy kau ohikd prkog 229 uétpwv. H épevva mepidaufaver thy avamtvén evog
npoypaupatos oe Python yia tov vmodoyioud twv optiwv ooupwva pe tovs EKK, kabws kar 14
Onuiovpyia evog Aemtopepovs povrélov MIIE mov evowpatwver oAa Ta KUpia Siapnky KoL eyKapoLa
Oopikd oToLYEIX TOU UOVTEAOV Ko TIG OXeTIKEG 1810THTEG VMKOU kau Tov povtédov. To povtédo
vmofarretar oe ypaupikn oratiky Sopiko édeyxo yix pix mEPImTWon SUVAUIKAG QOPTIONS, OTWS
TIPOPAETETAL ATIO TOVG KAVOVEG, UE YpaupKo 100Tporo vAikd. Ta amoTeléopata TG avaAvaong mapéyovy
TIANpOQOpiES Yio TO KpiTHpLo Siapporis, evTomioVTaG KpiOoIUES TIEPIOYEG EVTOG TOV HETXIOV Qopéa OTTOV 1]
Sopuxn) axepauotnTa pumopei va: tebei oe kivdvvo. Eto tédog, dieldyetau ovpumAnpwpaticy avilvon ya
oUyKpion Twv SiaQopwv peTad TWV TAYWY OTWE KATAOKEVAOTHKAY KAL EKEIVWY TTOV TIPOPAETOVTAL ATTO

TOUG KAVOVIOUOUG YL TO HOVTEAO.



Acknowledgments

I would like to express my heartfelt gratitude to my supervisor, Professor Efstathios
Theotokoglou, for his invaluable support, guidance and encouragement throughout the course
of my MSc studies and the preparation of this thesis. His expertise and mentorship were

essential in shaping this work.

I am also deeply grateful to the members of my examination committee, Associate Professor
A. Sideridis and Assistant Professor D. Eftaxiopoulos, for their time, insightful feedback and
valuable contributions to this thesis. Their expertise and constructive criticism have helped

enhance the quality of this research.

I am deeply thankful to my parents, my brother and my sister for their unwavering love,
support and belief in me. Their constant encouragement has been a source of strength

throughout this journey.

Finally, I wish to extend my sincere appreciation to my partner for her understanding, patience
and emotional support, which have been invaluable during this challenging yet rewarding

process.



Table of Contents

1o TRETOAUCHION ¢ttt e ettt et e e e e 17
1.1. Background Information ............coooiiiiiiiiiiiiii 17
1.1.1.  Overview of Bulk Carriers.........iv e 17
1.1.2.  Structural Integrity and Safety of Bulk Carriers...........cceeevieiiiiiiiniiiiiiiiiiinnn.. 18
1.2. Classification SOCIETIES ...ivuuuni e 18
1.2.1. International Association of Classification Societies (IACS).......cccccoviiiiiinn 19
1.3. Common Structural Rules...........oiiiiii e 20
1.4. Objectives of this Sty ...coiiiii i e 21
1.5. Literature REVIEW ... oottt et e 22
1.6. Structure of the Thesis ..o e 24
2. Structural Components of Bulk Carriers ...ttt e e 26
2.1. Bulk Carriers ReqUirements . .......coiiiiiiiiiii e 26
2.2. Main Structural COomPONENTS ......coiiiiiiiiii et e e e 27
2.2.1. 0UtEE Shellicueni e 27
2.2.2. Top Side and Hopper Tanks ..........ooeeiiiiiiiiiii e 28
2.2.3. WeDb Frames.....oooouiiiii e 29
2.2.4. Hatch Coaming ......cooouiiiiiiiiiiiiiii et 30
2.2.5.  Longitudinal Members ..........cooiiiiiiiiiiiiiiiiiiiiiiiiis et 30
2.2.0. FLOOTS .t e 30
2.2.7.  Corrugated Bulkheads..........coooiiiiiiiiiii 30
2.3. Structural CharacteriSties ..iiii i e e 31
2.4. Principal DImensions ........oii ittt et 31
2.4.1. Rule Length (L) oottt e 31
2.4.2.  Scantling Dratght (TSe) oueeeeeeimiiieeiiiie e e 31
2.4.3.  Loading Draught (TLe) «eeeeeeeeoiiiiiieiiie it 32
2.4.4. Breadth Moulded (B).....ccoiiiiiiiiiiiiiiiiiiiiiiic e 32
2.4.5. Depth Moulded (D) ..occooiiiiiiiiiiiiiiiiiiiii i 32
2.4.6. Moulded Displacement (A) .......coooiiiiiiiiiiiiiiiiiii i 32
2.4.7. Block Coeflicient (CB) ...oovuiiiiiiiiiiiiiiiiiiiiiiii i 32
2.5. Steel Material Grades and Mechanical Properties ..........coocveveiiiiiiniiiiiiineeiiiieeeee, 32



2.6. Global Coordinates System and Sign Conventions..........ccccevveeiiiiiiiiiiiieeeeeeennnnnnnn. 34

2.6.1.  Global Coordinate SYStem.........cuuuuuiiiiiiiiiiiiiir e e 34
2.6.2.  Sign Conventions of Ship MoOtiONS. .......coiiiiiiiiiiii e 34
2.6.3.  Hull Girder Loads Sign Convention ............cciiiiiiiiiiiiiiiiiiiiann et eeeees 35

3. Finite Element Analysis on Ships according to CSR ......cccoooiiiiiiiiiiiiiiie 36
3.1. Overview of FEA in Ship Structural ASSessment ............cceeeivieriiiiiiiiiiieeeeeeeeeiienn. 36
3.2. Cargo Hold ANALYSIS ...uuiiiiiiiiiiiiiiiii e 36
3.2.1. Cargo Hold FE Model......ccoiiiiiiiiiiii s 37
3.2.2.  Finite Element TYPesS......coiiiiiiiiiiiiiiieie et 37
3.2.3.  Modelling MemDeTS . ......uuuiiieiiiiiiiiiis e 38

3.3. Structural MOeIlIng ... .cooiei i e e 38
4. Boundary COonditions ... et eeeen s 40
D LOAAS -t et ettt et et et eet e e et e eaes 42
5.1. Principal Design Load SCenarios ...........ciiiiiiiiiiiiia e 42
5.2.  Equivalent Design Wave (EDW) ..ot 43
5.3. Hull Girder LOads . ... ettt e e e e e 44
5.3.1. Target Hull Girder Vertical Bending Moment.............ccouuiiiiiiiiiiiiiiiiiiinnneecceeen. 44
5.3.2.  Target Hull Girder Shear FOrce .......ccooiiiiiiiiiiiiiiiiii i 44
5.3.3.  Hull Girder Shear Forces and Bending Moments Adjustments.............cccccceee.. 45

5.4. Strength Analysis CTieria ..........uuueiiiiiiiiiiiiiiiiiiiiiiiiieeeeee 46
B L. PlatES e e 46
D2 BBAIIIS c ettt et 47
5.4.3. Permissible Yield Utilisation Factors ........cccoooiiiiiii e 47
5.4.4. Compliance Criteria for Structural Elements ..........cccccooiiiiiiiiiiiiiiiii 47

6. Load Caleulation ... ...couuiii e e e e 48
6.1. DeVEIOPINIEIIE ...t e 48
6.2. W OTKIOW < e e e e e 48
6.3. Program SEIUCHULE ... oo e et e e e 49
7. Modelling and Analysis Procedure. . ......cooiiiiiiiiiiiiii e 51
7.1. Ship Selection and General CharacteriStics .......uueeeiiiiireiiiiiire it 51
7.2. LoAding Case «oeevviiiiiiis e et 54
7.2.1.  Calculating Loads «.c.oouuieiiiiiiii e 54



7.3. Geometric Modelling in Rhinoceros 3D ........iiiiiiiiiiiiiiiiiee e 57

7.4. Transition t0 ANSY S . e 59
7.5. Meshing of FE Model.......cooiiiiiiiiiiii e e 61
T7.5. 1. Modal ANALYSIS .oiiiiiiiiiiiii ettt 63

7.6. LLOBAS et 64
7.7. Boundary Conditions ..........oeuuiiiirreeiiiiiiiis e 65
7.8. Shear Force and Bending Moment Adjustments ..............oeeeeviiiiiiiiiiiiiiiiiiiiiiiiiiine, 67
7.8.1.  Shear Force Adjustments .............uuuuuuuiiiiiiiiiiiiiiiiiiiiiii s 70
7.8.2.  Vertical Bending Moment Adjustment...............ccccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiie 72

7.9. ANalysis PToCedure ...........uuiiiiiiiiiiiii 72
710, CONVELZENCE STUAY «eruuiiiiitiii ittt e e e ettt e e e e e e eeeeenna e e eeeeeeenennnnanns 81
7.11.  FEA with As-Built Thicknesses .......ccccceiiiiiiiiiii, 83
8. CONCIUSIONS - 86
9.  Suggestions for Future Research . ... 87
1O, RELErEnCes «oooooiiiiiiiiiii 88
A DDENAIR A i e et e ettt e e e et e aeean e e e e e 91
APDENdix B e 97
APDENAIX C ettt 99
APDPENAIX Dt 99
APPENdix B e 105
APDENdix B oo s 108
APPENAIX Gttt nns 109



List of Figures

Figure 1.1: Number of bulk carriers in the global fleet (2011-2024) ......ccoeeeiviiiiiiiniiiiieannnn. 17
Figure 2.1: Typical design arrangement of bulk carriers [6] ..........ccccovviiiiiiniiiiiiniiiinnnn. 26
Figure 2.2: Shell expansion drawings of a ship [3]........cccccoiiiiiiiii 27
Figure 2.3: Outer Shell components of & Ship ......oooeuiiiiiiiiii e, 28
Figure 2.4: Typical single-skin Bulk Carrier cross section [8]........cccccoviiiiiiiiiiiiiiiniiiiiennnnn. 29
Figure 2.5: Principal dimensions of a typical ship layout [6]........ccccccomniiiiiniiiiininn. 31
Figure 2.6: Illustration of the global coordinate system defined for the ship, with the origin at
the intersection of the baseline, centreline and aft end (AE) [6] coveevoviiioiiiiiiiiniiiniinnn. 34
Figure 2.7: Sign convention of positive ship motions [6] ........cccoovviiiiiiiiiiiiiiiiiiiieceee 35
Figure 2.8: Sign conventions of moments and shear forces [6].......cooooveevviiiniiiniiiiniiinnnens 35
Figure 3.1: Definition of cargo hold regions for FE structural assessment [6]...........cccceevunne. 37
Figure 3.2: Longitudinal extent of possible three cargo hold model [6] ........ccccccoevviiiiiannnne. 37
Figure 3.3: Aspect ratios of 1 and 20 respectively for quadrilateral elements [11]................. 39
Figure 3.4: Typical mesh on web frame [6]..........cccooiiiiiiiiiiii 39
Figure 4.1: Boundary Conditions applied at the model and sections [6]...........ccccccoeoiiniiis 40
Figure 4.2: End constraint beams for a bulk carrier [6] ...........ccccoiiiiiiiiiiiii 41

Figure 6.1: Workflow diagram showing the integration of ship geometry, pressure calculations
and FEA SImMUIAtION ....oooi i e et e e e e e e e e e 49
Figure 6.2: UML class diagram illustrating the structure and relationships of the program's
COTE CLASSES 1ttt ettt et et e ettt e e et et e et ett e et eeta e e eenta e eeeetaa e eeeaenaeeeans 50
Figure 7.1: Profile view of the selected vessel from General Arrangement ...........ccccoeeeeeeeenn. 51

Figure 7.2: Profile from the General Arrangement of the ship, highlighting Cargo Holds No. 3,

4 and 5 in EHE Greem .oooouui i et et e e e 52
Figure 7.3: Basic dimensions (mm) of the three-cargo hold model............ccccceeiniiiiiinninn. 53
Figure 7.4: Alternate full load condition of the vessel.............ccccccciiiiiiiiii 54

Figure 7.5: External pressure on the outer hull for dynamic load case HSM-2 and alternate
homogeneous loading, showing hydrostatic and hydrodynamic components ......................... 56

Figure 7.6: Internal pressure in cargo hold 3 (left) and hold 5 (right), showing static and

dynamic components for dynamic load case HSM-2 ... 56
Figure 7.7: Rendered perspective view of the three-cargo hold model ... 57
Figure 7.8: Rendered perspective view of the floors and web frames...........co.ooooiiiiiinnnn. 58

Figure 7.9: Rendered perspective view of the end section beams and bulkhead dummy rods in
the Ship MOl oo et e 58

Figure 7.10: Rendered perspective view of the three-cargo hold model with a cross-section at

the x-z plane along the ship’s centerline..........o.coiiiiiiiiii e, 59
Figure 7.11: Three-cargo hold model relative to the global coordinate system.......ccccc.......... 59
Figure 7.12: Double bottom stiffeners at the fore end of the model ................iiii 60
Figure 7.13: Normal vectors of the model Surfaces...........ccoouuiiiiiiiiiiiiiiiiiin i 61
Figure 7.14: Side view (top) and front view (bottom) of the ship model’s FE mesh ............. 62



Figure 7.15:Perspective view of the ship model’s FE mesh ........cccoooiin. 62
Figure 7.16: External loads for dynamic load case HSM-2 and the alternate homogeneous
10AAINEG CONMAITION ¢ eettuittiiiii e ettt e e ettt e et et e et eata e eenaa e e eenaes 64

Figure 7.17: Internal loads for dynamic load case HSM-2 and the alternate homogeneous

10AdING COMAITION . ..uueiieeeiiiiiiii ettt 64
Figure 7.18: Independent points and boundary conditions for fore and aft sections.............. 65
Figure 7.19: Rigid links of independent points connecting the end beam cross sections........ 66
Figure 7.20: Vertical wave shear forces as a function of non-dimensional x-coordinate......... 68

Figure 7.21: Vertical still water bending moment as a function of non-dimensional x-coordinate

Figure 7.22: Vertical wave bending moment as a function of non-dimensional x-coordinate .69
Figure 7.23: Shear force diagram of the model relative to the non-dimensional x-coordinate 69
Figure 7.24: Bending moment diagram of the model relative to the non-dimensional x-
COOTAITIATE ettt ettt e e e et ettt et et e et et e et ee e e et eenta e eeaeeaa e eeeannaeeeans 70
Figure 7.25: Shear force diagram of the model relative to the non-dimensional x-coordinate
after the adjustment of shear forces...........oooooiiii 71
Figure 7.26: Bending moment diagram of the model relative to the non-dimensional x-
coordinate after the adjustment of shear forces ..., 71
Figure 7.27: Bending moment diagram of the model relative to the non-dimensional x-
coordinate after the adjustment of bending moments...........cocceeeiiiiiiiiiiiiiin 72
Figure 7.28: Von Mises equivalent stress distribution (Pa) for the entire model, with
deformation shown at a 25X SCALE ... ..ot 73
Figure 7.29: Von Mises equivalent stress distribution (Pa) for the midhold model, in
UNAETOTINEA SEATE. ... ittt e e e ettt e e e e e e e e eeeat e e e e e e eeannn e 74
Figure 7.30: Von Mises equivalent stress distribution (Pa) for the inner bottom plating, in
UNAETOTINEA SEATE. ... ittt e e e ettt e e e e e e e e eeeat e e e e e e eeannn e 74
Figure 7.31: Von Mises equivalent stress distribution (Pa) for the bottom plating, in
UNAETOTTNEA SEATE....eiee e 75
Figure 7.32: Von Mises equivalent stress distribution (Pa) for the side shell plating, in
UNAETOTTNEA SEATE....eiee e 75
Figure 7.33: Von Mises equivalent stress distribution (Pa) for the lower stool plating, in
UNAETOTTNEA SEATE....eiee e 76
Figure 7.34: Von Mises equivalent stress distribution (Pa) for the hopper tank plating, in
UNAEFOTINEA STABTE. ...ttt ettt e e e e ettt e e e e e e eeannn e e 76
Figure 7.35: Von Mises equivalent stress distributions (Pa) for the aft (left) and fore (right)
bulkheads of the midhold, in undeformed SEATE ........cooiiiiiiiriiiiiiiii e 77

Figure 7.36: Von Mises equivalent stress distribution (Pa) for the web frames, in undeformed

Figure 7.37: Von Mises equivalent stress distribution (Pa) for the upper deck plating, in

UNAETOTITIEA STATC . ettt e e, 78

10



Figure 7.38: Von Mises equivalent stress distribution (Pa) for girders and floors, in undeformed

SE BB s 78
Figure 7.39: Von Mises equivalent stress distribution (Pa) for the floors, in undeformed state
............................................................................................................................................ 79
Figure 7.40: Axial stress distribution (Pa) for the stiffeners, in undeformed state ................ 79

Figure 7.41: Equivalent total strain distribution (%) for the midhold model, with displacement
magnitudes for each node and element shown at a 25x scale..........ccoooiiiiiiiiiiini . 80

Figure 7.42: Convergence plot of maximum von Mises equivalent stress with mesh refinement

Figure 7.43: Relative error of maximum von Mises stress with mesh refinement .................. 82
Figure 7.44: Von Mises equivalent stress distribution (Pa) for the side shell (top-left), the inner
bottom (top-right), the aft bulkhead (bottom-left) and the fore bulkhead (bottom right), with
thickness as built, in undeformed STate........vviii it er e e e var e e err e eeaaenns 83
Figure 7.45: Von Mises equivalent stress distribution (Pa) for the floors and girders (top-left),
the hopper tanks (top-right), the upper deck (bottom-left) and the lower stool plating (bottom
right), with thickness as built in undeformed state............ccccooiiiiiiii 84

Figure 7.46: Von Mises equivalent stress distribution (Pa) for the midhold model, with

thickness as built, in undeformed state...........ooiiiiiii i 84
Figure 10.1: Midship section scantlings and thicknesses (1/2) ......ccccccooviiiiiiiiiiiiiin. 101
Figure 10.2: Midship section scantlings and thicknesses (2/2) .......cccccooviiiiiiiiniiin. 102
Figure 10.3: Shell expansion draWing........cooeeeeiiiiiiiiiiinee e 103
Figure 10.4: Transverse bulkhead drawing ...t 103
Figure 10.5: Loading condition of the selected vessel.........oooiiiiiiiiiiiiiiii e, 104
Figure 10.6: 3D shell element nodes and coordinate system...........cccoooeiiiiiiiiinniinnnnn. 105
Figure 10.7: 3D beam element nodes and coordinate system .........ccoooieiiiiiiiiiinniiiiinnnenn. 107

11



List of Tables

Table 1.1: Categories of vessel sizes according to INTERCARGO.......cccooooiiiiiiiiiiiiin, 18
Table 1.2: Members of IACS (from February 2024)..........ccccccoiiiiiiiiiiiiiiiiiii 20
Table 2.1: Mechanical properties of hull steels [6].........cccccooiiiiiiiiiiiiii 33
Table 3.1: General types of FE used for linear structural assessment [6] ..............cccceeiiis 38
Table 4.1: Boundary constraints at model ends [6]..........cccooiiiiiiiiiiii 40
Table 7.1: Principal dimensions and key characteristics of the selected vessel ...................... 51
Table 7.2: Starting and ending frame data for the analysed ship section..........ccccccoooeiiniiiio. 52
Table 7.3: Length of each cargo hold and total length.........cccoooooiiiiiii 52
Table 7.4: Description of the examined loading case of the model...........ccccoooninn. 54
Table 7.5: Cargo mass values and densities used in for internal loads ......c..cccoooiiiiiiinn... 55
Table 7.6: Center of gravity coordinates for each cargo hold............ccccoiiiiiiiiiin . 55

Table 7.7: Assigned properties for the end beam cross sections at the fore and aft ends of the

Table 7.8: Mechanical properties of the materials selected for the model, including density,

yield strength, ultimate strength, elastic modulus, shear modulus and Poisson’s ratio [6].....61
Table 7.9: Modal analysis results for the model..............ooiiii 63
Table 7.10: Boundary conditions for the fore and aft sections, specifying degrees of freedom
............................................................................................................................................ 66
Table 7.11: FE model parameters, including nodes, elements and degrees of freedom ......... 72
Table 7.12: System specifications and processing time for the analysis..........c..ccceeiniinnnn. 73
Table 7.13: Comparison of structural volume for different thickness scenarios ........ccccccc...... 83

Table 7.14: Comparison of maximum von Mises equivalent stress for major structural

COITIPOIIEIIES . eeu ittt ettt ettt ettt et e e e e e e et e e e e e anennennennennennenneenneenneennes 85
Table 10.1: LCF of dynamic load cases HSM, HSA and FSM ..., 92
Table 10.2: LCF of dynamic load case BSR ... 92
Table 10.3: LCF of dynamic load case BSP ...t 93
Table 10.4: LCF of dynamic load case OST .....coooiiiiiiiiiiiiiiiiiiiiiis e 93
Table 10.5: LCF of dynamic load case OSA ... 94
Table 10.6: Hydrostatic PIeSSUTE .........uuuiieieiiiiiiiiiiis et 94
Table 10.7: Hydrodynamic pressure for HSM-2 load case ..........eiiiiiiiiiiiiiiiiiiieeeeiiiiiiinnen 94
Table 10.8: Phase coeflicient VAIUES ... ....u ittt 95
Table 10.9: Cargo hold capacities and loading characteristics........oovivieiiiiiiiinniiiiiiiiieeeeee 99
Table 10.10: Frame spacing in different sections of the vessel ..........ccciiiiiiiiiiiiiinn. 100
Table 10.11: Propulsion and machinery specifications ...........cooveieerieiiiiiiiiiiiian e 100
Table 10.12: Permissible yield utilization factors for structural components....................... 108
Table 10.13: Structural thickness specifications for major components (1/2).........ccccccce. 109
Table 10.14: Structural thickness specifications for major components (2/2).........ccccccce. 110

12



Nomenclature

Acronyms and Abbreviations

Acronym Description

AE After End

BC Bulk Carrier

CAD Computer Aided Design
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EDW Equivalent Desing Wave
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Symbols

Symbol Description Units
Ay 50 Shear area in local beam y-direction m?
A, 50 Shear area in local beam z-direction m?

B Breadth moulded m
Cp Block coefficient -

CaM-LC Percentage of permissible still water bending moment =

Csr1c Percentage of permissible still water shear force -
D Depth moulded m
DWT Deadweight t
fr Draught ratio =
Tl girder yy-n50 Net vertical moment of inertia of hull girder m?
Liv-ns0 Moment of inertia about local beam x axial. m?
Ly 450 Moment of inertia about local beam y axial. m?
L, 150 Moment of inertia about local beam z axial. m*
L Rule length m
L Freeboard length m
Lpp Length between perpendiculars m
Loa Length overall m
Lyt Extreme length on the waterline at the scantling draught m
M Bulk cargo mass t
Cargo mass for homogeneous loading at maximum draught with
My t
50% consumables
Maximum cargo mass allowed in a hold with specified holds
Mpyp empty, at maximum draught, 50% consumables, and empty t
ballast tanks in the cargo hold region
M., Vertical Still Water Bending Moment kNm
Additional vertical bending moment to be applied to both ends of
M, ena kNm
the FE model
Maximum or minimum bending moment within the length of the
M, peak mid-hold, resulting from local loads and adjustments due to shear kNm
force
M, targ Target hull girder vertical bending moment kNm
M, Horizontal wave bending moment kNm
M, Torsional wave moment kNm
M,,, Vertical Wave Bending Moment kNm
My o Vertical bending moment to be applied at the aft end kNm
My fore Vertical bending moment to be applied at the fore end kNm
Py Dry bulk cargo dynamic pressure kN/m?
Py, Dry bulk cargo static pressure kN/m?
Py Exposed deck loads kN/m?
P, External loads kN/m?
p;, Internal loads kN/m?
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Py
Py,

Qup

wad
Q

st-neg
st-pos

Qturg—aft

Qtarg—fwd

QWV

Qwv—neg
Qwv—pos

0., 0

Hydrostatic pressure

Hydrodynamic pressure

Vertical shear force due to the local loads at the aft bulkhead
position of the mid-hold

Vertical shear force due to the local loads at the forward
bulkhead position of the mid-hold

Vertical Still Water Shear Force

Negative permissible still water shear force

Positive permissible still water shear force

Target hull girder vertical shear force at the aft transverse
bulkhead of the mid-hold

Target hull girder vertical shear force at the forward transverse
bulkhead of the mid-hold

Vertical Wave Shear Force

Negative vertical wave shear force

Positive vertical wave shear force

Specified minimum yield stress

Specified tensile strength

Material yield strength

As-built thickness

Corrosion addition

Net thickness with half corrosion reduction

Net required thickness

Loading draught

Scantling draught

Spatial coordinates

x-coordinate of the aft end support of the FE model
x-coordinate of the forward end support of the FE model
Spatial coordinates for center of gravity

Moulded displacement

Shear force correction for the considered FE loading pattern at
the aft bulkhead

Shear force correction for the considered FE loading pattern at
the forward bulkhead

Displacements along the spatial coordinates

Von Mises equivalent strain

Normal strain along x-axis

Normal strain along y-axis

Normal strain along z-axis

Shear strain acting on the xy plane

Shear strain acting on the yz plane

Shear strain acting on the zx plane

Rotations about the spatial coordinate axes

Yield utilisation factor
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Permissible yield utilisation factors
Sea water density

Cargo density

Effective cargo density

Poisson’s ratio

Axial stress

Von Mises equivalent stress
Normal stress along x-axis

Normal stress along y-axis

Normal stress along z-axis

Shear stress acting on the xy plane
Shear stress acting on the yz plane
Shear stress acting on the zx plane

t/m?
t/m>
t/m’

MPa
MPa
MPa
MPa
MPa
MPa
MPa
MPa

16



1. Introduction

1.1. Background Information

1.1.1.Overview of Bulk Carriers

Bulk carriers are integral to the global maritime industry due to their role in transporting
large volumes of bulk cargoes. These vessels are designed to handle various types of bulk
materials, including agricultural products, mineral ores and industrial goods. Their design
maximizes cargo capacity, customized to the needs of international trade, contributing

significantly to the global supply chain.

The operational efficiency of bulk carriers is largely attributed to their structural design and
cargo handling systems. These ships feature large hatches with steel covers to facilitate rapid
loading and unloading of the cargo. The design includes also specialized equipment such as

cranes, grabs and conveyor systems, which streamline the loading and unloading processes.

In terms of fleet composition, there are 13,578 bulk carriers currently operating worldwide as
of 2024, according to data from the United Nations Conference on Trade and Development
(UNCTAD), as showed in Figure 1.1 [1]. In number of vessels, it represents 12.48% of the
global merchant fleet, which the global fleet consists of 108,787 vessels (above 100 GT). When
considering deadweight tonnage (DWT), bulk carriers account for 42.66% of the total fleet

capacity, highlighting the importance they play in maritime industry.
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Figure 1.1: Number of bulk carriers in the global fleet (2011-2024)
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1.1.1.1. Categories of Bulk Carriers
Currently, there is no official global standard for categorizing bulk carriers based on size.
According to International Association of Dry Cargo Shipowners (INTERCARGO) [2], bulk

carriers are commonly categorized, based on their size, as showed in Table 1.1.

Category Deadweight Tonage (DWT)
Handysize 10,000 — 39,999
Handymax 40,000 — 49,999
Supramax 50,000 — 59,999
Ultramax 60,000 — 64,999
Panamax 65,000 — 79,999
Kamsarmax 80,000 — 83,999
Post-Panamax 84,000 — 99,999
Baby Cape 100,000 — 129,999
Cape 130,000 — 187,999
Newcastlemax 188,000 — 214,999
Very Large Ore Carrier (VLOC) >220,000

Table 1.1: Categories of vessel sizes according to INTERCARGO

1.1.2. Structural Integrity and Safety of Bulk Carriers
Bulk carrier losses in the late 20" century, attributed to local structural failures leading to
flooding and eventual hull collapse, prompted significant safety improvements by the IMO and

classification societies, focusing on hull structure, loading practices and maintenance standards
[3].

Over the past few decades, numerous bulk carriers have suffered catastrophic failures, often
leading to rapid sinking and significant loss of life. Between 1980 and 2010, bulk carriers were
frequently linked to accidents caused by structural weaknesses, including hull fractures, hatch
cover failures and the inability to withstand severe weather conditions. These structural
failures often resulted in sudden and complete loss of the vessel, leaving little or no time for

the crew to escape, contributing to a high fatality rate among bulk carrier crews [4].

According to INTERCARGO [5], 39 bulk carriers (of over 10,000 DWT) have been identified
as total losses for the years 2010 to 2019. Regarding the above, despite the fact that bulk
carriers highest loss of life was caused by cargo liquification, casualties caused by grounding,
flooding and collision are still a major cause of life and ship losses. As per Common Structural
Rules (CSR) [6], ships with a freeboard length (L;;) of 150 m or more must be designed with
enough reserve strength to handle damage from collisions, groundings or flooding. Taking into
consideration these ongoing challenges, employing a structural analysis using FEM has become

crucial for modern ship design.

1.2. Classification Societies

A ship classification society is an organization that develop and conduct technical standards

for the design, construction and survey of ships and which carry out surveys and inspections
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on board ships. Flag states have the authority to authorize classification societies to handle

statutory survey and certification work on their behalf.

Fach classification society publishes rules and regulations that primarily address the ship’s
strength and structural integrity, the provision of adequate equipment and the reliability of
the machineries. Classification rules have been developed over many years by each society

through extensive research and development and service experience.
Tasks of classification societies, often referred to as “classes”, are:

1 Develop notational system and standards for grading vessels and constructions,
including detailed guidelines on the chemical composition and properties of materials.

1 Approve plans, examine structural elements and test materials, focusing on the
longitudinal strength, allowable bending moments, shear forces and plate thickness for
critical components like decks, hatches and cargo holds.

1 Evaluate the arrangement and dimensions of the main structural elements, ensuring
they meet the required specifications for strength and durability.

T Inspect construction details at welding points between secondary supports and the
main structure, ensuring satisfactory fatigue behaviour and overall integrity.

1 Issue certificates of class after successful surveys and trials and maintain records of the
ship’s particulars.

1 Conduct specialized surveys, such as loading port surveys for refrigerating machinery
and underwater inspections, as required, integrating these with periodic classification
and regulatory surveys.

9 Establish and audit quality management systems according to international codes, if
requested, and collaborate with relevant industry bodies like the International
Association of Classification Societies (IACS).

1.2.1. International Association of Classification Societies (IACS)

TACS is a global membership association made up of independent, apolitical, non-profit
classification societies. The classification, design, construction, and through-life compliance
regulations and standards established by the member societies of TACS encompass more than
90% of the world’s cargo carrying tonnage, while in order to be part of the association,

classification societies must adhere to the requirements of TACS.

In addition, IACS collaborates with the IMO to develop unified interpretations of international
statutory regulations developed by IMO member states, as well as to provide technical support
and guidance for the IMO. Following adoption, these interpretations are used by every IACS
member to verify, on behalf of approving flag states, that the statutory regulations are being

followed.

TACS has consultative status with the IMO and remains the only non-governmental
organization with observer status which also develops and applies technical rules that are

reflective of the aims embodied within IMO conventions.
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Although there are more than 50 classification societies worldwide, the EU only recognizes 12,
which belong to IACS are displayed in Table 1.2:

Name Abbreviation Formed Head office
American Bureau of Shipping ABS 1862 Houston
Bureau Veritas BV 1828 Paris
Croatian Register of Shipping CRS 1949 Split
China Classification Society CCS 1956 Beijing
DNV DNV 1864 Oslo
Indian Register of Shipping IRClass 1975 Mumbai
Lloyd's Register LR 1760 London
Korean Register of Shipping KR 1960 Busan
Nippon Kaiji Kyokai ClassNK 1899 Tokyo
Polish Register of Shipping PRS 1936 Gdansk
Registro Italiano Navale RINA 1861 Genoa
Tiirk Loydu TL 1962 Istanbul

Table 1.2: Members of IACS (from February 2024)

All the above members are subjected to the Unified Requirements (UR), which are agreed-
upon standards related to the rules and practices of classification societies. Once approved by
the TACS General Policy Group, these requirements must be added to the rules of each
Member Society within a year, unless a society decides not to cover the specific type of ship
or structure. UR set minimum standards, but each member society can choose to implement

stricter rules if desired.

1.3. Common Structural Rules

Moreover, IACS’s members have been working to provide uniform structural rules for ships in
recent years. On April 1%, 2006 [3], the first two of these CSR, for Bulk Carriers of 90 meters
or longer and for oil tankers measuring 150 meters or longer, went into effect. Two independent
sets of rules were created, the Common Structural Rules for Double Hull Oil Tankers (CSR-
OT) and the Common Structural Rules for Bulk Carriers (CSR-BC). These two sets of Rules

were developed independently and in order to remove variations and achieve consistency.

However, TACS decided to harmonize these rules and now there is a single set of rules
“Common Structural Rules for Bulk Carriers and Oil Tankers” (CSR BC & OT) comprising

of two parts:

1 Part One: Gives requirements common to both bulk carriers and double hull oil
tankers.
1 Part Two: Provides additional specialized requirements specific to either bulk carriers

or double hull oil tankers.
These Rules apply to the following ships [6]:

a) Bulk carriers and double hull oil tankers.
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b) Being self-propelled ships with unrestricted navigation.

c) Contracted for construction on or after 1% July 2015.

1.4. Objectives of this Study

This study aims to assess the structural integrity of an existing single-skin bulk carrier with a
deadweight of 83,730 tons, an overall length of 229 meters and a scantling draught of 14.555
meters under full load conditions, as per the CSR. The analysis focuses on the midship region,
encompassing the three cargo holds (No. 3 to 5), with particular emphasis on cargo hold No.
4.

This study utilizes FEM to model and analyse the structural behaviour of the bulk carrier’s
midhold section. This research specifically evaluates the stresses that develop within the
existing structural layout. The core of the analysis is a detailed FEM model, derived from
CAD drawings, which accurately represent the midhold section, incorporating all relevant

structural components and material properties as specified by the CSR.

In addition to developing the FEM model, this study simulates and applies the required loads
and boundary conditions using the FEA program ANSYS, adhering strictly to CSR. guidelines.
A custom Python program is utilized to calculate dynamic design loads, hydrostatic pressure
on the outer hull shell and loads due to bulk cargo, following CSR-prescribed formulas. The
study evaluates specific full loading condition to analyse the internal loading of the cargo holds.
The subsequent analysis focuses on cargo hold No. 3, assessing whether the resulting stress

distribution complies with the yield stress criterion under the specified loading conditions.

Overall, the study emphasizes the integration of Python programming language into FEA
programs like ANSYS, focusing on automating the procedure by calculating loads in a
format compatible with this FEA program and other similar ones. This approach streamlines
the workflow and improves efficiency in structural analysis while ensuring compliance with
the updated CSR.
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1.5. Literature Review

The structural integrity and performance of ship components under various loading conditions
are critical aspects of ship design and operation. Several studies have employed FEM and other
analytical techniques to investigate strength analysis, buckling and ultimate strength

assessment in bulk carriers, container ships and other vessels.

Servis et al. [7] conducted a comprehensive analysis of bulk carrier hold structures under
various loading conditions, highlighting the critical role of structural integrity and safety in
their design and performance. Similarly, Rorup et al. [8] performed a FEA of the midship
section design in open-deck ships to evaluate the structural behaviour of cargo and ballast
tanks. Their study highlighted the unique challenges associated with large deck openings,
particularly in container ships and bulk carriers, which are highly susceptible to torsional

deformations.

Faqih et al. [9] delved into the time-dependent ultimate strength of bulk carrier hull girders,
taking into account the effects of corrosion and inclination conditions. Their study employed
incremental-iterative methods based on TACS-CSR to quantify structural degradation
resulting from thickness reductions in stiffened panel members. The research also examined
the influence of non-uniform uniaxial thrust on the yield strength of structural components,
providing valuable insights into long-term structural behaviour. In a similar context, Salazar-
Dominguez et al. [10] focused on the structural performance of barge midship sections under
still water and wave loads, addressing operational risks caused by significant corrosion-induced
thickness reductions. Using FEM models, they demonstrated the necessity of considering
combined load effects for ensuring the safety and environmental sustainability of barge

operations.

In two companion papers, Tatsumi examined the ultimate strength and collapse behaviour of
container ships subjected to combined hogging moments and bottom local loads. In the first
one, they utilized nonlinear FEA to investigate the buckling collapse of bottom stiffened panels
during progressive hull girder failure [11]. In part two, they extended Smith’s method to
develop a simplified approach for progressive collapse analysis, incorporating pseudo strain

hardening/softening behaviours, and validated it against nonlinear FEA results [12].

In the context of hull girder deflection, Abedin et al. [13] investigated the behaviour of
multipurpose cargo ships in head-sea and beam-sea conditions. Their study utilized a
commercial FEA software together with analytical methods, including Euler-Bernoulli beam
theory, to examine the effects of wave-induced bending moments and still water forces on hull
deflection. The findings highlighted the challenges posed to shaft alignment, hatch sealing and

overall structural stability under dynamic sea conditions.

Additional studies by other theses addressed buckling and yield strength assessments of bulk
carriers based on CSR guidelines. Studies [14], [15] focusing on buckling assessments

investigated the buckling capacity of structural components under dynamic loads, utilizing
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FEA in a three-model cargo hold to evaluate stress distributions and compliance with
regulatory guidelines. Meanwhile, other studies [16], [17] focused on direct strength analysis
aligned with CSR regulations, employing FEM to validate structural responses in cargo holds.
These investigations provided a comprehensive assessment of bulk carrier strength,
emphasizing the dual focus of CSR on prescriptive requirements and design verification. The
findings further highlighted the role of FEM in structural performance evaluations and

regulatory compliance.

Collectively, these studies demonstrate the pivotal role of FEM in the structural analysis of
ships. Building upon these studies, this research aims to conduct finite element analysis (FEA)
while automating the procedure through Python. The analysis focuses on the HSM-2 dynamic
load case, which maximizes the hogging bending moment amidships, for a case study of a bulk
carrier. By integrating Python-based automation, the study seeks to enhance efficiency in
preprocessing, solving and post-processing stages of FEA, reducing human intervention while
ensuring accuracy in structural assessment. This approach not only streamlines the workflow
but also facilitates parametric studies, allowing for broader investigations into design
optimizations and regulatory compliance. Furthermore, an additional FEA was conducted
using as-built thicknesses alongside the initial analysis with a 50% reduction of the corrosion
addition, allowing for a direct comparison of the structural response under identical loading

conditions to assess the impact on stress distribution and overall integrity.
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1.6. Structure of the Thesis

In Chapter 1, bulk carriers are introduced as vital to transporting dry bulk commodities such
as coal, iron ore and grain. The CSR, established by classification societies, provide a unified
framework for the design and assessment of ship structures. This thesis explores the application
of FEA in the structural evaluation of bulk carriers, focusing on compliance with CSR and the

methodologies involved.

Next, in Chapter 2, the structural layout, key components and materials are presented,
focusing on the principal characteristics and functionality of bulk carriers. The chapter also
establishes the coordinate system and conventions used throughout the analysis to ensure

consistency.

In Chapter 3, the FEA framework is described in detail, adhering to CSR. guidelines.
Geometric modelling is conducted using CAD program, while the structural analysis is
performed in an FEA program. The chapter encompasses type of elements, geometry

preparation and requirements for the meshing.

The boundary conditions applied to the model are explained in Chapter 4. Constraints are
introduced at critical points, including the forward and aft ends of the ship and the
intersection of the centerline and inner bottom. These boundary conditions are designed to

simulate realistic operational scenarios and align with CSR requirements.

In Chapter 5, the loads acting on the structure and the analysis criteria are discussed. These
include static, dynamic and wave-induced pressures. The concept of the equivalent design
wave is introduced to represent realistic sea states, while hull girder loads are evaluated to
ensure strength. The criteria for analysis, including stress limits and deformation tolerances,

are prescribed to assess the ship’s structural performance under varying conditions.

A Python program developed for calculating loads is presented within the Chapter 6. The
program automates the process by incorporating formulas and guidelines from CSR. Input
parameters such as ship dimensions are processed to generate accurate load distributions.
The implementation of the program is described, highlighting its contribution to

streamlining the load calculation process.

The Chapter 7 is mainly consisted of the FEA of a cargo hold model. The geometry of the
model is prescribed, based on an existing bulk carrier with detailed representation of
structural elements. Meshing is performed, followed by a modal analysis to ensure mesh
quality. Loads and boundary conditions are applied, while shear forces and bending moments
are adjusted to match specified values and a convergence study is conducted to validate the
analysis. The resulting stress distributions are examined to identify critical areas in the
structure. Additionally, a comparative study is conducted between the as-built thickness
condition and the case where 50% of the corrosion addition is reduced, assessing the impact

of material loss on structural integrity.
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In Chapter 8, the structural response of a bulk carrier midship section under a critical
dynamic load case is assessed, highlighting stress concentrations. The comparison between
as-built thickness and corrosion-reduced thickness showed that critical areas remain stressed,
reinforcing the necessity to simulate with reduced thickness as per CSR regulations to ensure

structural integrity.

Finally, Chapter 9 suggests future work should include multiple load cases and refine models
to incorporate secondary geometry members and nonlinear effects. Using advanced corrosion
models and validating with classification society software or experiments would improve
provide validation. Additionally, optimizing automation for complex FEA problems can

enhance computational efficiency and result precision.
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2. Structural Components of Bulk Carriers

Bulk carriers are designed with several critical structural components that ensure the vessel’s

strength, stability and safety. The CSR provide extensive guidelines for the design and

assessment of these components. The following sections outline some acceptable design

requirements by CSR and some of the most important structural elements of bulk carriers.

2.1. Bulk Carriers Requirements

The CSR for bulk carriers establish the following structural requirements:

1 Applicable to welded steel ships with:

T

0 stiffened plate panels,

0 longitudinal or transverse framing,

0 full transverse bulkheads,

0 intermediate web frames.
Typically include a double bottom and an aft-located engine room.
Address hull structure, material properties, load distribution and fatigue strength to
improve safety and reliability.
Apply to bulk carriers with a freeboard length (L) of 90 meters or more.
Designed with a single deck and double bottom, featuring hopper side and topside
tanks.

The cargo hold region may be single-side or double-side skin for dry bulk cargo.

Figure 2.1 shows typical vessel designs to help ensure that ships meet the required structural

standards are given [6].
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Figure 2.1: Typical design arrangement of bulk carriers [6]
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2.2. Main Structural Components

The main structural components that will be analysed in the following sections are:

1. Outer Shell:

a. Keel Plate.

b. Bottom Plates.

c. Bilge Plate.

d. Side Shell.

e. Sheer Strake.
Topside and Hopper Tanks.
Web Frames.

Hatch Coaming.

Gl B

Longitudinal Members:
a. Stiffeners.
b. Girders.

6. Floors.

7. Corrugated Bulkheads.

2.2.1.Outer Shell
This is the main hull’s exterior structure, made up of welded plates that vary in size and
thickness, while different grades of steel are used for the outer shell plating on most bulk

carriers. The outer shell is illustrated in shell expansion drawings of the ship, as shown in

Figure 2.2.
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Figure 2.2: Shell expansion drawings of a ship [3

This component can further be analysed into the keel plate, bottom plates, bilge plate, side

shell and sheer strake.

2.2.1.1. Keel Plate

The keel plate is a major component of every ship, usually referred to as the “backbone” of
the structure. It runs along the bottom centre of the ship and provides the main support for
the hull and at the same time all other structural elements are connected to the keel. It is

thicker than the Bottom Plate and it extended from stem to stern of the ship.
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2.2.1.2. Bottom Plates

The bottom plates extend from the keel to the bilge. These plates form the lower part of the
ship’s hull and provide essential structural support, distributing the load and reinforcing the
ship’s strength along the bottom. Usually, their thickness is less than the thickness of keel

plate.

2.2.1.3. Bilge Plate
This component is the longitudinal plating that connects the side shell plating to the bottom

plating. Around the midship area, this curved plate is typically shaped as, or close to, a circular

arc. This curvature ensures a smooth transition between the bottom and side shells.

J
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Side Shell ——
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Bilge Plate

Bottom Plates /

Keel Plate

Figure 2.3: Outer Shell components of a ship

2.2.1.4. Side Shell

These plates form the watertight skin of the hull’s sides and contributes to the vessel’s
longitudinal strength, while also resisting vertical shear forces. It consists of flat and curved
steel plates welded together, with stiffening members, both longitudinal and transverse, welded

to the plating for additional reinforcement.

2.2.1.5. Sheer Strake

A strake is defined as a continuous line of plates from the stem to the stern of a ship. The
sheer strake is the uppermost strake of plating adjacent to the main deck. Due to its distance
from the cross section’s neutral axis, it experiences higher stresses and is typically constructed

with greater thickness and higher grades of steel than other strakes of side shell plating.

2.2.2.Top Side and Hopper Tanks

Top side tanks are triangular tanks located in the upper wings of the cargo holds, designed to

carry ballast water and stabilize the ship, particularly when not fully loaded [18].
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Hopper tanks, typically triangular in shape when viewed in the midship section, are located at
the lower corners of the hold, positioned between the side shell and double bottom at the bilge.
Due to their lower position, hopper tanks are exposed to higher external sea pressure compared
to top side tanks. Both hopper and top side tanks are also subject to internal pressure when
filled with ballast water.

2.2.3.Web Frames

Web frames are specialized frames that are heavier in scantlings, with greater widths and
thicknesses compared to conventional frames. They consist of a plate web and face flat, with
the web being much deeper. Web frames are typically spaced every 4 to 5 normal frames,
though their density may be increased in high-strength regions such as machinery spaces or

the forward and aft sections to enhance structural rigidity.

Frames are arranged regularly along the vessel’s length, with the spacing between two
successive frames known as frame spacing. This spacing, which is at least 600 mm or more for
most sea-going cargo ships, is carefully considered by designers to meet structural requirements

and ensure stability.

side transverse

transvarse ring in topside tank deck longitudinal
deck transverse hatchside coaming side longitudinal
(topside) bottom transverse | hatchend coaming (topside)
\ hatchend beam  cross dack beam bottom |ﬂl"lgl‘[leIHB||I
|

topside tank bottom

LA
old fl'ﬂﬂ'lf\ lower stool bilge hopper
bilge hopper longitudinal

i batto i girder

I l"é‘-&m Dlrgnuhln bottom) F SFH girder _
| i 1) A

| \ 9] %

|

. — - 1
| JI _ bottom transverse solid floor P bottom longitudinal ."I side Iongiludin.laJ
[ y bilge hopper transverse S tanktop (inner bottom) longitudinal

side transverse transverse ring in bilge hopper

Figure 2.4: Typical single-skin Bulk Carrier cross section [8]
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2.2.4.Hatch Coaming

Hatch coaming refers to the vertical plating that surrounds a hatch to stiffen its edges and
prevent water from entering the space below. It also provides a frame for fitting the hatch

cover.

In large ships, coaming can also refer to the protective metal sheeting or plating used to guard
against water entry into ventilation shafts. In this context, coaming serves the same purpose

of deflecting water of the cargo hold space.

2.2.5. Longitudinal Members

Longitudinal members primarily include stiffeners and girders. These components run along

the length of the ship to provide structural support and distribute loads.

2.2.5.1. Stiffeners

Stiffeners are secondary supporting structural members with different cross-sections such as
angle type, t-bar, bulb flat, etc, which they help to stiffen bulkheads, decks, and other surfaces.
These stiffeners, supported at their ends by other components, handle loads and resist different

deformations like buckling [19].

2.2.5.2. Girders

A girder is a structural member running longitudinally along the length of a ship, providing
essential longitudinal strength. Girders are composed of the center girder and the side girders.
The center girder runs along the ship’s centre line in the double bottom. The side girders are
vertical flat plates that extend along the length of the ship from the after-collision bulkhead
to the forward-collision bulkhead [20].

2.2.6.Floors

Floors are vertical transverse members located in the double bottom of a ship. There are three

types of floors [20]:

1. Plate floor.
2. Watertight floor.
3. Bracket floor.

The first two extend from the centerline of the ship to the bilge and from the bottom shell to
the inner bottom plating. The main difference is that the watertight floors are designed to be
watertight and preventing fluid flow while the plate floors contain lightening holes, thus letting
fluids passage between the floors. Bracket floors on the other hand have less covered surface

and consists of two brackets, one at the bilge end and one at the centre girder.

2.2.7.Corrugated Bulkheads
Corrugated bulkheads achieve stiffness through the addition of corrugations to the bulkhead

transverse plate, whilst the required section modulus determines the geometry of these

corrugations [20].
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Furthermore, they have wide use in the cargo hold compartments of certain vessel types due
to its advantages over flat stiffened bulkheads. They facilitate easier maintenance, simplify
loading and unloading and offer greater flexibility in accommodating thermal expansion and

contraction.

2.3. Structural Characteristics

To thoroughly understand the design of bulk carriers, it is essential to examine structural

characteristics, some of them as prescribed in the CSR. The principal dimensions include [6]:

Rule Length (L).

Breadth Moulded (B).
Depth Moulded (D).
Scantling Draught (Tsc).
Moulded Displacement (A).
Block Coefficient (Cp).

=A =4 =4 4 -4 -4

Moulded dimensions are often referred to the ones taken to the inside of plating on a metal

ship.

2.4. Principal Dimensions

Figure 2.

(Tsc)
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