NATIONAL TECHNICAL UNIVERSITY OF ATHENS

School of Naval Architecture & Marine Engineering

Division of Ship Design and Maritime Transport

Code Development for Capturing

Ship Inspections Capabilities

Diploma Thesis

loannis C. Bampaniotis

Thesis Committee:

Supervisor:
Nikolaos P. Ventikos, Assistant Professor NTUA

Members:

Manolis S. Samuelides, Professor NTUA
Alexandros Gkinis, Assistant Professor NTUA

ATHENS 2016



Acknowledgements

First of all, 1 would like express my very great gratitude to my supervisor Prof.

Nikolaos P. Ventikos for his trust in delegating the present thesis to me.

Secondly, | would like to express special thanks to PhD Candidate Panagiotis
Sotiralis for our exceptional cooperation and of course for his significant guidance
from the beginning of this study. Without his encouragement and inspiration, the

present work would not be feasible at any rate.

Afterwards, | would like to thank the community of the department of Naval
Architecture and Marine Engineering of Athens which provided me with the essential

knowledge during my five years studies to accomplish the current work.

I would like to thank my colleagues who assisted me in achieving the current

study through long discussion.

Finally, 1 would like to express my sincere gratitude to my family for supporting

me at any cost and inspiring me throughout my whole life.



Table of contents

IS 00 10 U SRR 3
LISt OF TADIES ... et sre e 7
F N o] o] £ T AT PSR SR 11
TLEPTATIWI ettt 13
N o1 = Tod USSR 15
1 LITERATURE REVIEW ... 17
2 VESSELS INSPECTION ...ttt 21
2.1 INTFOAUCTION ...ttt sreenneas 21
2.2 ClasSIifICAtioN SOCIELIES .......ccouvieeiieiiiiesiee e eeesee e ie et sre e e enee e 22
2.3 HArmonized SYSTEIM .....cuoiiiiiiiiiiiiieieieie et 23
2.4 Mandatory INSPECLIONS ........eciuiiieieeieeie sttt sre e re e sreas 24
2.4.1  PeriodiCal SUIVEYS ......c.ccveiiiie ettt 24
2.4.2  Non Periodical SUINVEYS.........cocoiuieiiiieieee et 26
2.4.3  Port State CONLIOl.........ccooiiiiiiiiiee e 27
2.4.4  Flag State CONLrol.........ccooeiiiieiiece e 32
2.4.5  Port State Control vs. Flag State Control............ccccocevveveiieviciccee, 33

3 RISK-BASED INSPECTION ...ccocitiiiieiiitisieise e 35
3.1 DEFINITIONS ..ottt 35
Ll RISK ot 35
312 LIKEHNOOA ... ..iiieiieiie e s 35
3.1.3  CONSEOUEINCES.....eeutieutiiieestiete st ettt ettt ab e nne s 35
BN T V2 | (o OSSPSR 37
315 RISK ESHMALION......eiiiiiiiieicee e 37

3.2 Formal Safety ASSESSIMENT .......ccoiiiiiieieie ettt 38
321 INrOTUCTION.....ieiecieee et nne s 38
3.2.2  Step 1 —Hazard 1dentifiCation ..........ccccooeriiiriniiieee e 39
3.2.3  Step 2 — RiSK ASSESSMENT .....ccvviiieiiiiiienie sttt 41
3.24  Step 3—Risk Control OPtioNS ........cccoveiirinirinieieee e 48
3.25  Step 4 — Cost Benefit ANAlYSIS .......cccoieiiiiiiiiiieee e 49
3.26  Step 5—DeCiSION MaKiNg.......cccoueiriiiriniiiniiniieeeee e 49

3.3 RBIMEthOdoIOgY ......ccooveiiiiiiiiieiiicieee e 50




4 SIMULATIONS ..o 53

4.1 COorroSioN MOUEI .....c.ooiiieieiiecie e 53
I R ©70] ¢ (01 (o] S PURRTPR PSP 53
4.1.2  TYPES OF COMTOSION ...covviiiiiiiictieiieiee et 55
4.1.3  SAFELY MEASUIES .....cviiieiiiiitieie ettt 57
414 MO ... 59

4.2 LSAMOUEL ..o 67
A.2.1  LSA ettt 67
4.2.2  TYPES OF LSA ... oot 68
4.2.3  REQUIALIONS ....ocveiiiieie et 70
A4.24  MOUEL ....coiiiieieiceceet s 71

5 CORROSION MODEL RESULTS......coiiiiiiiiiieiei e 79

5.1 INEOTUCTION w.ovviiiiiiciieiee ettt 79

5.2 BUIK CAITIEr .uviiiiiiiieiee ettt 80
5,21 Cargo HOIAS .......ooiveeie et 81
5.2.2  GENEIAl ATBAS.....eiuiiiiieiieiie ittt bbb 90
5.2.3  Ballast TanKS.......ccoiiiiiiieiisie e e 97
524  Comparison between different structural areas...........ccccccevvvevervenrnne. 101

5.3  Relative ships carrying different cargo type .......ccccocevereiienenininieicienns 102
531 Cargo NoldS ..o 103
5.3.2  Comparison between different Ship types.......cccccevviininiiinnicienn, 108

5.4  Comparing ships of different type and age ........ccccceverereneninininicieenn 109
541  Cargo NoldS .....coooviiiiie s 111
5.4.2  Comparison between ships of different age and type...........ccccevvennene. 118

6 LSA MODEL RESULTS ...ttt 121

G T0t A | 01 oo L1 T 4[] o S SSS 121
6.1.1  Modifying parameters of davit launched lifeboat...........c..ccocverrennnnne. 121
6.1.2  Examining LSA types on bulk Carrier ..........cccccevvveveiicieece e 132

7 CONCLUSIONS ..ottt ettt 137
8  REFERENCES .......ci ottt 139
ANNEX A.  Corrosion Influencing Factors..........cccoovvevieiiiesiie e 143




List of figures

FIGURE 1: DEVELOPMENTS IN INTERNATIONAL SEABORNE TRADE, SELECTED YEARS

(MILLIONS OF TONS LOADED) (UNCTAD, 2012) .....ccurititriereeninieenesree e 21
FIGURE 2: PORT STATE CONTROL SAFETY AND ENVIRONMENTAL PROTECTION
COMPLIANCE TARGETING MATRIX (UNITED STATES COAST GUARD, 2015)........... 31
FIGURE 3: RISK MATRIX (AP 581, 2008)......cueuitirieiaiinieieiisieieiesieeeie et 38
FIGURE 4: FSA METHODOLOGY (IMO, 2013) ...ttt s 39
FIGURE 5: ESCALATION OF RISK ASSESSMENT METHODS. .........ccoiiiiiiiinecc e 42
FIGURE 6: RISK ASSESSMENT AS A FUNCTION OF RISK LEVEL AND COMPLEXITY ........ 43
FIGURE 7:EVENT TREE ANALYSIS ...t 47
FIGURE 8: FAULT TREE ANALYSIS ..o 47
FIGURE 9: EXAMPLE OF CASUAL CHAIN (U.S. COAST GUARD) .....cceovviiiirireineeeneeennenne 48
FIGURE 10: OUTBOARD SPLASH ZONE (DNV, 2012)......cccctiiiiiriniiiniereineee s 54
FIGURE 11: MODEL STRUCTURE .......ccoiiiiii s 59
FIGURE 12: IMO NUMBER IS REQUIRED AS AN INPUT (MATLAB) .....cooviiiinineneeesenens 61
FIGURE 13: CREATION OF EXCEL FILE WITH THE APPROPRIATE INPUT DATA AND
RESULTS .ttt b et h et e nn bbbt e e n e n s 66
FIGURE 14: FAULT TREE DIAGRAM ..ottt 72
FIGURE 15: DEVELOPED MODEL FOR THE ESTIMATION OF PROBABILITY OF FAILURE
DAVIT LAUNCHED LIFEBOATS. ...ttt 73
FIGURE 16: DEVELOPED MODEL FOR THE ESTIMATION OF PROBABILITY OF FAILURE
DAVIT LAUNCHED LIFERAFTS ..o 74
FIGURE 17: DEVELOPED MODEL FOR THE ESTIMATION OF PROBABILITY OF FAILURE
OF MAIN MECHANISM OF FREE FALL LIFEBOATS ......ccoiiiiiiii s 75
FIGURE 18: QUANTIFICATION OF DATA . ..o s 76
FIGURE 19: CONTROL OF CONDITIONS (MATLAB) ..ottt 77
FIGURE 20: IDENTIFIED STRUCTURAL ELEMENTS AT MIDSHIP SECTION .......cccccoeninninne. 79
FIGURE 21: DEPTH OF CORROSION (IN MM) ON INTERIOR DECK OF CARGO HOLD BY
IMATLAB . ...t bt e bt b e Rt bt h e n b r bbbt nens 81
FIGURE 22: DEPTH OF CORROSION (IN MM) ON INTERIOR DECK OF CARGO HOLD BY
OCTAVE .. e 82
FIGURE 23: DEPTH OF CORROSION (IN MM) ON SIDE SHELL OF CARGO HOLD BY
MATLAB . ... o e s 83
FIGURE 24: DEPTH OF CORROSION (IN MM) ON SIDE SHELL OF CARGO HOLD BY
OCTAVE .. e 84
FIGURE 25: DEPTH OF CORROSION (IN MM) ON BULKHEAD OF CARGO HOLD BY
IMATLAB . ...t bbbt e b bRttt h e n b nr bbbt e ns 85
FIGURE 26: DEPTH OF CORROSION (IN MM) ON BULKHEAD OF CARGO HOLD BY
OCTAVE .. b e E e b b bbbt bt e n bt r bbbt neane s 85
FIGURE 27: DEPTH OF CORROSION (IN MM) ON INNER BOTTOM OF CARGO HOLD BY
MATLAB . ... o e s 87
FIGURE 28: DEPTH OF CORROSION (IN MM) ON INNER BOTTOM OF CARGO HOLD BY
OCTAVE .. e e bbbt 87

FIGURE 29: DEPTH OF CORROSION (IN MM) ON FLOOR OF CARGO HOLD BY MATLAB..88
FIGURE 30: DEPTH OF CORROSION (IN MM) ON FLOOR OF CARGO HOLD BY OCTAVE ..89
FIGURE 31: DEPTH OF CORROSION (IN MM) ON LIVING SPACE OF GENERAL AREAS BY

VAT LAB . et r e ettt n e 90
FIGURE 32: DEPTH OF CORROSION (IN MM) ON FLOOR OF GENERAL AREAS BY OCTAVE
...................................................................................................................................................... 91




FIGURE 33: DEPTH OF CORROSION (IN MM) ON EXTERIOR DECK OF GENERAL AREAS

BY IMATLAB ... eeeeeeeeeeeeeeeooeseeeee e eeeeesseseeeee e eesesseeeese e eeeeseseeeeee 92
FIGURE 34: DEPTH OF CORROSION (IN MM) ON EXTERIOR DECK OF GENERAL AREAS
230108 -\ =3O 93
FIGURE 35: DEPTH OF CORROSION (IN MM) ON INTERIOR DECK OF GENERAL AREAS BY
IMATLAB .......oooeeeeeoeeee e eeeseeeeesee e sssssseeseee e e e esesesssese oo eeeessseeee 94
FIGURE 36: DEPTH OF CORROSION (IN MM) ON INTERIOR DECK OF GENERAL AREAS BY
0108 7\ =SSO 94
FIGURE 37: DEPTH OF CORROSION (IN MM) ON BOTTOM OF GENERAL AREAS BY
IMATLAB ... eeeeseeeeeseee e e esesseesese s e e esesseeee e s eeeeseeeeeeee 96
FIGURE 38: DEPTH OF CORROSION (IN MM) ON BOTTOM OF GENERAL AREAS BY
0108 7\ =SSOSO 96
FIGURE 39: DEPTH OF CORROSION (IN MM) ON INNER BOTTOM OF BALLAST TANKS BY
IMATLAB .......oeoeeoeeoe e eeesseseesee e sssssseeseee e e esssesseeee e eeeesseeeee 97
FIGURE 40: DEPTH OF CORROSION (IN MM) ON INNER BOTTOM OF BALLAST TANKS BY
0108 -\ =SSO 98
FIGURE 41: DEPTH OF CORROSION (IN MM) ON BULKHEAD OF BALLAST TANKS BY
Y TN 1 = TS0 99
FIGURE 42: DEPTH OF CORROSION (IN MM) ON BULKHEAD OF BALLAST TANKS BY
(0103 7\ =S 100
FIGURE 43: DEPTH OF WASTAGE (IN MM) ON INTERIOR DECK FOR TWO DIFFERENT
SHIP TYPES ... eeeeeeeeeeeeeeseseeese s eesesseeese e e essssseeeese s eeeese e esseseseee s 104
FIGURE 44 DEPTH OF WASTAGE (IN MM) ON SIDE SHELL FOR TWO DIFFERENT SHIP
TYPES ..o eeeeeeeeeeeeeeee et eeee s es s es e 105
FIGURE 45: DEPTH OF WASTAGE (IN MM) ON BULKHEAD FOR TWO DIFFERENT SHIP
TYPES ..o eeeeeeeeeeee et eees et ee e es e 106
FIGURE 46: DEPTH OF WASTAGE (IN MM) ON INNER BOTTOM FOR TWO DIFFERENT SHIP
TYPES ..o eeeeeeeeeeee et eees et ee e es e 107
FIGURE 47: DEPTH OF WASTAGE (IN MM) ON FLOOR FOR TWO DIFFERENT SHIP TYPES
.................................................................................................................................................... 108
FIGURE 48: DEPTH OF WASTAGE (IN MM) ON INTERIOR DECK FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ...coooooeoeeeeeeeeeeeeeeeeeeeseeesssesssseseseeeesssssseeeseesesessesssesseeseseseeneee 112
FIGURE 49: DEPTH OF WASTAGE (IN MM) ON SIDE SHELL FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ...coooooooioeeeeeeeeeeeeeeeeeeessesessseeseeeeeesssssseeeseeessssesesseeeeeeeesesesneee 113
FIGURE 50: DEPTH OF WASTAGE (IN MM) ON BULKHEAD FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ...coooeioeooeeeeeeeeeeeeeeeeseesesessseeseeeeeesssssseeeeesssseessssseeeeeeesesesneee 114
FIGURE 51: DEPTH OF WASTAGE (IN MM) ON BULKHEAD FOR TWO SHIPS OF
DIFFERENT AGE (2 YEARS) AND TYPE.....oooovvvvooeeeeeieeessseeseeeeeeeeeeeeeeeoeesesssessssseseeeseeeseeeeee 115
FIGURE 52: DEPTH OF WASTAGE (IN MM) ON INNER BOTTOM FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ...cooooreoeeieeeeeeeeeeeeeeeeeeeesssesesseseseeeesssesseeesesessesssssessseseseseeneee 116
FIGURE 53 DEPTH OF WASTAGE (IN MM) ON FLOOR FOR TWO SHIPS OF DIFFERENT AGE
AND TYPE oo eseseeeeeee e eseeeeeee e esse s 117
FIGURE 54: QUANTIFICATION OF BULK CARRIER'S DATA ......cccooeeierememmsesseeesssesseeeeeesessis 122
FIGURE 55: DEPICTION OF DAVIT LAUNCHED SYSTEM......oovvvoeooeiieiesesesesseeeseeesseeeeeesessis 123
FIGURE 56: QUANTIFICATION OF BULK CARRIER'S DATA (MODIFYING INITIAL AGE).124
FIGURE 57: DEPICTION OF DAVIT LAUNCHED SYSTEM (MODIFYING INITIAL AGE)......125
FIGURE 58: QUANTIFICATION OF BULK CARRIER'S DATA (MODIFYING INITIAL AGE &
1N oo 126
FIGURE 59: DEPICTION OF DAVIT LAUNCHED SYSTEM (MODIFYING INITIAL AGE &
o101 Yoo 127
FIGURE 60: QUANTIFICATION OF BULK CARRIER'S DATA (MODIFYING INITIAL AGE,
ISR = 1N c) DO 128




FIGURE 61: DEPICTION OF DAVIT LAUNCHED SYSTEM (MODIFYING INITIAL AGE,

CLASS & FLAG) ..ttt bbbt b bbbt 129
FIGURE 62: QUANTIFICATION OF BULK CARRIER'S DATA (MODIFYING FLAG).............. 130
FIGURE 63: DEPICTION OF DAVIT LAUNCHED SYSTEM (MODIFYING FLAG)........ccccovue.. 131
FIGURE 64: QUANTIFICATION OF DAVIT LAUNCHED LIFERAFT ..o 133
FIGURE 65: QUANTIFICATION OF FREE FALL LIFEBOAT ..o 133
FIGURE 66: DEPICTION OF DAVIT LAUNCHED LIFERAFT SYSTEM ..o 134
FIGURE 67: DEPICTION OF FREE FALL LIFEBOAT SYSTEM .....ccccviiiiiiiiiiiiicis 135







List of Tables

TABLE 1: NON IACS CLASSIFICATION SOCIETIES ......coooiiiiiii 23
TABLE 2: SUMMARY OF HARMONIZED SYSTEM OF SURVEY AND CERTIFICATION
(KNAPP AND FRANSES, 2006)......c.0ceerirreenmareenisreesrsreesessee s sessesesessesesessesesennas 25
TABLE 3: CATEGORIES OF DEFICIENCIES (RANDIC ET AL., 2015).....ccccsviirnreerneenneienennns 28
TABLE 4: PROBABILITY OF FAILURE DESCRIPTION (DNV, 2009) ......cccosvirnreereneenneenennns 36
TABLE 5: CONSEQUENCE OF FAILURE DESCRIPTION (DNV, 2009) ........ccccoviiriiiiniricnns 36
TABLE 6: FMEA EVALUATION EXAMPLE (ABS, 2000) .......ccoiiiieieiienieenieneee e 44
TABLE 7: PREDEFINED VALUES MATRIX (SEGUDOVIC, 2006) ........cccoeirenieinienieenienieenieeene 45
TABLE 8: STRUCTURE ELEMENTS DIVIDED OF OVER THE DIFFERENT MAIN TOPSIDE
AREAS e 55
TABLE 9: PARAMETERS OF COATING LIFETIME ... 60
TABLE 10: PARAMETERS INFLUENCING FACTOR A....oooiiiiiiiiiii s 61
TABLE 11: FACTORS FOR OWNER CHANGES ... 62
TABLE 12: FACTORS FOR CLASS ... .o 62
TABLE 13: MEAN VALUE AND STANDARD DEVIATIONS.........cccoooiiiiiiiii 65
TABLE 14: CORROSION MODEL PARAMETER A FOR DIFFERENT LOCATIONS IN SHIP
AND SHIP TYPES ...ttt 65
TABLE 15: PARAMETERS OF MAINTENANCE.........ccctiii it 73
TABLE 16: SHIP PARAMETERS ..ottt 76
TABLE 17: PARAMETERS AND FACTORS OF BULK CARRIER (CASE 1) ...cccooveviiiiiiciee, 80
TABLE 18: MEAN VALUES OF CORROSION WASTAGE ON INTERIOR DECK BY MATLAB
AND OCTAVE ... e s 82
TABLE 19: PARAMETERS OF BEST FITTED DISTRIBUTION FOR INTERIOR DECK ............. 82
TABLE 20: PARAMETERS OF BEST FITTED DISTRIBUTION FOR SIDE SHELL...................... 83
TABLE 21: MEAN VALUES OF CORROSION WASTAGE ON SIDE SHELL BY MATLAB AND
OCTAVE .. b et e bt bbbt h e e s b et bbbt nenre s 84
TABLE 22: MEAN VALUES OF CORROSION WASTAGE ON BULKHEAD BY MATLAB AND
OCTAVE .. b et e bt bbbt h e e s b et bbbt nenre s 86
TABLE 23: PARAMETERS OF BEST FITTED DISTRIBUTION FOR BULKHEAD...............c...... 86
TABLE 24: MEAN VALUES OF CORROSION WASTAGE ON INNER BOTTOM BY MATLAB
AND OCTAVE ... s s 86
TABLE 25: PARAMETERS OF BEST FITTED DISTRIBUTION FOR INNER BOTTOM............... 86
TABLE 26: PARAMETERS OF BEST FITTED DISTRIBUTION FOR FLOOR..........cccoveiiiiiiinn 88
TABLE 27: MEAN VALUES OF CORROSION WASTAGE ON FLOOR BY MATLAB AND
OCTAVE .. e 89
TABLE 28: MEAN VALUES OF CORROSION WASTAGE ON LIVING SPACE BY MATLAB
AND OCTAVE ... ottt b e sh bttt nenrenns 91
TABLE 29: PARAMETERS OF BEST FITTED DISTRIBUTION FOR LIVING SPACE................. 91
TABLE 30: PARAMETERS OF BEST FITTED DISTRIBUTION FOR EXTERIOR DECK OF
GENERAL AREAS ... oottt bbb bbbt e e nnennenne s 92
TABLE 31: MEAN VALUES OF CORROSION WASTAGE ON EXTERIOR DECK BY MATLAB
AND OCTAVE ... oo e e 93
TABLE 32: MEAN VALUES OF CORROSION WASTAGE ON INTERIOR DECK OF GENERAL
AREAS BY MATLAB AND OCTAVE ..ottt s 95
TABLE 33: PARAMETERS OF BEST FITTED DISTRIBUTION FOR INTERIOR DECK OF
GENERAL AREAS ... oottt bbbt bbbt e e e nnennenne 95




TABLE 34: MEAN VALUES OF CORROSION WASTAGE ON BOTTOM BY MATLAB AND

OCTAVE .ttt b e r bbbt are 95
TABLE 35: PARAMETERS OF BEST FITTED DISTRIBUTION FOR BOTTOM OF GENERAL
AREAS L. 95
TABLE 36: MEAN VALUES OF CORROSION WASTAGE ON INNER BOTTOM OF BALLAST
TANKS BY MATLAB AND OCTAVE ... 98
TABLE 37: PARAMETERS OF BEST FITTED DISTRIBUTION FOR INNER BOTTOM OF
BALLAST TANKS ..o s 98
TABLE 38: PARAMETERS OF BEST FITTED DISTRIBUTION FOR BULKHEAD OF BALLAST
TANKS e 99
TABLE 39: MEAN VALUES OF CORROSION WASTAGE ON BULKHEAD OF BALLAST
TANKS BY MATLAB AND OCTAVE ..ot 100
TABLE 40: ESTIMATED CORROSION WASTAGE AND THEORETICAL COATING LIFE.....101
TABLE 41: PARAMETERS AND FACTORS OF BULK CARRIER (CASE 2) .....cccovvviirniiinas 102
TABLE 42: PARAMETERS AND FACTORS OF TANKER (CASE 2) .....covoiiinieenneenneenenas 103
TABLE 43: MEAN VALUES OF CORROSION WASTAGE ON INTERIOR DECK FOR TWO
DIFFERENT SHIP TYPES ...t 104
TABLE 44: MEAN VALUES OF CORROSION WASTAGE ON SIDE SHELL FOR TWO
DIFFERENT SHIP TYPES ...ttt 105
TABLE 45: MEAN VALUES OF CORROSION WASTAGE ON BULKHEAD FOR TWO
DIFFERENT SHIP TYPES ...ttt s 106
TABLE 46: MEAN VALUES OF CORROSION WASTAGE ON INNER BOTTOM FOR TWO
DIFFERENT SHIP TYPES ...t 107
TABLE 47: MEAN VALUES OF CORROSION WASTAGE ON FLOOR FOR TWO DIFFERENT
SHIP TYPES ..o e 108
TABLE 48: ESTIMATED CORROSION WASTAGE AND THEORETICAL COATING LIFE IN
TWO DIFFERENT SHIP TYPES ...t 109
TABLE 49: PARAMETERS AND FACTORS OF BULK CARRIER (CASE 3) ....cccoovviviiieiiieee 110
TABLE 50: PARAMETERS AND FACTORS OF TANKER (CASE 3) ..c.oeoviiiiiienieseneec e 111
TABLE 51: MEAN VALUES OF CORROSION WASTAGE ON INTERIOR DECK FOR TWO
SHIPS OF DIFFERENT AGE AND TYPE .....ooiiiiiiiiice e 112
TABLE 52: MEAN VALUES OF CORROSION WASTAGE ON SIDE SELL FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ..ottt s 113
TABLE 53: MEAN VALUES OF CORROSION WASTAGE ON BULKHEAD FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ...t s 114
TABLE 54: MEAN VALUES OF CORROSION WASTAGE ON BULKHEAD FOR TWO SHIPS OF
DIFFERENT AGE (2 YEARS) AND TYPE ..ottt 115
TABLE 55: MEAN VALUES OF CORROSION WASTAGE ON INNER BOTTOM FOR TWO
SHIPS OF DIFFERENT AGE AND TYPE ......ooiiiiiiiiieeee et 116
TABLE 56: MEAN VALUES OF CORROSION WASTAGE ON FLOOR FOR TWO SHIPS OF
DIFFERENT AGE AND TYPE ..ottt 117
TABLE 57: ESTIMATED DEPTH OF CORROSION (IN MM) ..ot 118
TABLE 58: PERCENTAGE ADJUSTMENT OF CORROSION WASTAGE BETWEEN TANKERS
.................................................................................................................................................... 119
TABLE 59: IDENTIFICATION OF BULK CARRIER'S SHIP PARAMETERS ..o, 121
TABLE 60: PROBABILITY OF EACH COMPONENT ....coooiiiiiiii e 123
TABLE 61: SHIP PARAMETERS (MODIFYING INITIAL AGE) ....ocoviiiiiiiieeeeee e 124
TABLE 62: PROBABILITY OF EACH COMPONENT (MODIFYING INITIAL AGE) ................. 125
TABLE 63: SHIP PARAMETERS (MODIFYING INITIAL AGE & CLASS)....cccccviniiieeenieee 126
TABLE 64: PROBABILITY OF EACH COMPONENT (MODIFYING INITIAL AGE & CLASS) 127
TABLE 65: SHIP PARAMETERS (MODIFYING INITIAL AGE, CLASS & FLAG) ....cccooevrinnen 128




TABLE 66: PROBABILITY OF EACH COMPONENT (MODIFYING INITIAL AGE, CLASS &

FLAG) .ttt b bbb R b E bR Rt bt bt b h et b e r e b ar e 129
TABLE 67: SHIP PARAMETERS (MODIFYING FLAG) ..c.ooiiiiiiiiiieeee et 130
TABLE 68: PROBABILITY OF EACH COMPONENT (MODIFYING FLAG).......ccconiinnreenennas 131
TABLE 69: SUMMARY TABLE OF VARIOUS COMBINATIONS OF PARAMETERS FOR

DAVIT LAUNCHED ....ccoiiiiii s 132
TABLE 70: SHIP PARAMETERS FOR DAVIT LAUNCHED LIFERAFT .....cooiiiiiiiiinice, 132
TABLE 71: PROBABILITY OF EACH COMPONENT FOR DAVIT LAUNCHED LIFERAFT....134
TABLE 72: PROBABILITY OF EACH COMPONENT FOR FREE FALL LIFEBOAT...........c.c.... 135
TABLE 73: SUMMARY TABLE OF PROBABILITIES OF LSATYPES.......cciiiiiieieee, 136
TABLE A-1: FACTORS FOR OWNER CHANGES........cccoiiii s 143
TABLE A-2: FACTORS FOR CLASS ..ot 144
TABLE A-3: FACTORS FOR BUILDING CLASS. ..ot s 144
TABLE A-4: FACTORS FOR COUNTRY OF YARD.....ccciiiiiiitieeeeee s 144
TABLE A-5: COLOR OF FLAGS ACCORDING TO DEFICIENCIES. ...........cccooiiiiiiiiie 145
TABLE A-6: FACTORS FOR FLAG .....ciiiiiiieii s 146
TABLE A-7: FACTORS FOR TIME AT SEA......o o s 146
TABLE A-8: FACTORS FOR TIME IN PORT ....ociiiiiiiiiiii s 146
TABLE A-9: FACTORS FOR DETENTIONS.......ccocoiiiiiiie s 147
TABLE A- 10: FACTORS FOR DEFICIENCIES.........cccooiiiiiii i 147
TABLE A- 11: FACTORS FOR CORROSIVITY ..ottt 147
TABLE A- 12: FACTORS FOR ABRASIVITY .ottt 148
TABLE A- 13: FACTORS FOR TEMPERATURE ......ccooiiiiiie s s 148
TABLE A- 14: FACTORS FOR OPERATIONAL AREA........ooiireeeeee e 148
TABLE A- 15: FACTORS FOR ABRASIVE CARGO HANDLING........cccccoiininininecieeee e 149
TABLE A- 16: FACTORS FOR THE FREQUENCY OF CARGO........ccccvvviviiiiiiinicie e, 149
TABLE A- 17: FACTORS FOR NEXT DRY DOCKING SURVEY .......ccociiiiiiiiiiiiciin, 150







Abbreviations

ABS American Bureau of Shipping

ALARP As Low As Reasonably Practicable

AMSB Australian Maritime Service Board

API American Petroleum Institute

ASME American Society of Mechanical Engineers

BN Bayesian Network

BRS Bulgarian Register of Shipping

BV Bureau Veritas

CCsS China Classification Society

CLC Civil Liability for Oil Pollution Damage

CRS Croatian Register of Shipping

DNV Det Norske Veritas

DNV/GL Det Norske Veritas/ Germanischer Lloyd

ETA Event Tree Analysis

FMEA Failure Modes and Effects Analysis

FMECA Failure modes, effects and criticality analysis

FSA Formal Safety Assessment

FSC Flag State Control

FTA Fault Tree Analysis

GCAF Gross Cost of Averting a Fatality

HAZID Hazard Identification

HAZOP Hazard Operability

HRS Hellenic Register of Shipping

HRS High Risk Ships

HSC Health and Safety Commission

IACS International Association of Classification Societies

IBC Code International Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk

ICC Impressed Current Cathodic Protection

ICS International Chamber of Shipping

IGC Code Code for Cons Construction and Equipment of Ships Carrying Liquefied
Gases in Bulk

IMO International Maritime Organization

IMR Inspection, Maintenance, and Repair

IRS Indian Register of Shipping

11




ISM International Safety Management

KR Korean Register of Shipping

LL Load Lines

LR Lloyd’s Register

LRS Low Risk Ships

LSA Life Saving Appliances

MAIB Marine Accident Investigation Branch
MSC Maritime Safety Committee

NCAF Net Cost of Averting a Fatality

NIR New Inspection Regime

NK Nippon Kaiji Kyokai

NPD Norwegian Petroleum Directorate
NPV Non-Priority Vessel

OCIMF Oil Companies International Marine Forum
OMCS Overseas Marine Cerification Services
Pl Priority | Vessel

PIl Priority 1l Vessel

PoU Paris Memorandum of Understanding
PRS Polish Register of Shipping

PSC Port State Control

PSCC Port State Control Committee

PSCO Port State Control Officer

Q Qualitative

QRA Quantitative

RBI Risk Based Inspection

RCM Reliability Centered Maintenance
RINA Registro Italiano Navale

RINAVE Registro Internacional Naval

RS Russian Maritime Register of Shipping
SIGTTO Society of International Gas Tanker and Terminal Operators
SOLAS International Convention for the Safety of the Life at Sea
SQ Semi-Quantitative

SRS Standard Risk Ships

SWIFT Structured what-if checklist

UNCTAD United Nations Conference on Trade
USCG Port State Control in The United States

12




Iepiinyn

2KOTO1 TNG TOPOVCOS SIMAMUATIKNG EPYACING ival 0 LVTOAOYICUOG TOV BdBovg
dlappwong oe 014Popa KOTAGKEVACTIKO oTolyeion Tov TAolov, Kabmg emiong katl o
VTOAOYIGUOG TG TOOVOTNTAG OGTOYING TPUOV OPOPETIKOV COOTIKOV HECHOV, LE
Bacikd yvopova tig embewpnoclc Tov mhoiov pe faon 1o pioko. Ot vToAoyiouol Kot
TV 300 TPOOVOPEPHEVTOV HOVTEAWDY TPOYUATOTOWONKAY HE TNV AVATTUEN KOdIKA
oe mepifarrov Matlab kot Octave.

Apyikd, mn mopovoo epyocios HEAETd  eKTEVOS TS Sodkaoieg TV
TOPAOOCIOKMOV EMOEMPNCEMY TAOI®VY, avaADOVTOG To €101 TOLG GAAL KOl TO amd
TOLOLG TPUYUOTOTOOVVTOL TN GLVEXELD, apol opiloviar To Poacikd peyédn mov
araptilouv Tig embempnoelg Twv TAoiwv e faon 1o picko, TEPTYPAPETOL AVOAVTIKA
n dwdikaoio extéleong tov Formal Safety Assessment (FSA), péoo tov mévie
BnudTev Tov To amoTeEAOVV, TNV AVAyVAOPLoT TOV KvoHVov, TNV EKTIUNOT TOL pioKOv,
T0 LETPOL acPoAeiag Yo T pelmon tov pickov, TV AVAALOT TOV OEEAELDV HEGH TNG
EPAPULOYNG TOV WHETP®V Kot TNV ANYN omoedcewv. EmmAgov, yivetoar exteving
avaeopd otov poro TV embBewpnoewv pe fAcn T0 pioko GTNV VOLTIMO, GYETIKA LE
NV TPOcPOPE Kot To 0QEAT ToVG. 'Emetta, meptrypdpetat To pavopevo g dStappwong
KOl 1 KPIGIUOTNTO TOV GTOV YMOPO TNS VOUTIALING, LECH Omd TNV EKTEVN avVOQOpE GTol
€lon daPpmong Kot 6ToVG TPOTOVG ATOPLYNS TOL Eavopévov. Tnv meptypaen Tov
Qowvopévov g Odfpwong axolovBel n avaAvon TOv HOVIEAOL OV £QPAPUOCTNKE
npoKeEVOL va, voloylotel 10 Pdbog SaPpwong ota d1dPopa KATOGKEVAGTIKA
ototyela Tov mhoiov. AkohovBwg, yiveTal avagopd otnv ovaykn VIopéng COCTIKMOV
pécwv ota mAoio, oTN CNUAGIO TNG COGTNAG CLVINPNONG TOVG, GTO €101 TOVS OV
epeavifovrar ota mAoia, KaOdg kol 6tov €EOMTAICUO TV TAOI®V pe avTég pe Pdaon
TOVG KOVOVIGHOUG. XTN CLVEXEW Yivetal Oempntiki] avOAvon Tov HOVTEAOL TOL
EQUPUOCTNKE GTOV LTOAOYICUO TOOVIG AoTOYI0G TV COOTIK®V pécwv. 'Enetta, yua
Kk6Oe povtélo yivetal 1 TOPOLGIOCT] KAl O GYOALCUOG TOV OTOTEAEGUATOV YOl TIG
owpopes  epapuoyés  mov  mpaypotomowOnkav.  Télog, mapabétovion  ta
CLUTEPAGLATA Y10 TO GUVOAO TOV OTOTEAECUATOV.

210 1° kepdhoio, péow PPAOYPAPIKNG EMGKOTNONG, SIVETOL O OPIGHOG TOV
embewpnoewv pe Pdorn to pioko, koBmg emiong kot ta 0QEAN MOV TPOGHIdEL M
epappoyn tovg. EmmAiéov, yivovtor ava@opés GyeTikd e TNV €QOPUOYN OVTOL TOL
TOMOV EMOEMPNGEDV GTNV VOLTIALD, GTIG TAATPOPLES eE0Y®YNG TTETPELAioOn KAl GTNV
OLEPOVOLTTNYIKT).

Y10 2° keQOAIO, YIVETAL TEPLYPOPT] TOV POLOL TV VNOYVOUOVOV OV ivat
vevBovol yuo v emifreyn g enyeipnong tov mroiwv. Eniong, avagépovrol kot
AvaADOVTOL T S1APOPa €101 TOV VTOYPEMTIKAOV KAACIK®V eMBEPNCE®V e 110iTEPN
éupaon oto Port State Control (PSC).
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Y10 3° ke@dlaro, apyikd opilovtor o peyédn mov apopodv Tic embewpoelg
TV TAolov pe Bdon 1o picko. Ev cuveyeia, yivetor meprypoapr tov FSA, aAld kot
avéivon Tov mEvie PNUATOV amd To omoio amoTeEAEITAL XTO TEAOC TOVL KEPAAOIOL
kaBopiletar 1 dwdkacio tov Pnpdtev tov embeopnocov pe Pdon picko, mov
amotelel pépog Tov FSA.

Y10 4° kepdAawo, mapotibetar o OewpnTikd VIOPadPO TOL PaVOUEVOL THG
JPpwong, HEco TG ONUAGIOG TNG OTN VOLTIALL, TOV WOV TNG Kol ToV TPOTOV
AVTILETOMIONG. AvTtioTolya, cLUPOIVEL KOl Y10 TO GOOTIKA UEGO WE TNV TEPLYPOON
TOV €OV TOLG KOl TOV €EAPTNUATOV OAAL KOl TOV OVOTNPAOV KOVOVICU®V
avaPOPIKA pe ToV eE0MAMGIO TV TAoimV pe avtd. Tédog, Teptypdpoviot T LoVTEAQ
ue Baon ta omoio avamntuyOnkay o1 kddikee o Matlab kot Octave.

Y10 5° ko1 610 6° KEPAAOIO, TOPOVOLALOVTOL TO ATOTEAECUOTO OTME QLT
npoékvoyay omd v Matlab kou tqv Octave. Ta poviéha epapudotnkay ce mhoio
SPOPETIKOD TOHTOV KOl VIOYVAOLOVA, ALY KOl SpOPETIKNG NAKiNG. KOTOS VTG
™™g oOyKkpong Nrav n agloddynon g Popdmrag Tov d10edp®V TAPUUETPOV TOL
empedlovv 10 PaBog OGPpwONS TOV KATACKELAGTIKM®V OTOlKElV Kol TNV
mOAvVOTNTO OGTOYING TV COCTIKMOV LEGMV TOV TAOTIOV

Y10 7° ke@alato, mapotifevial To GLUTEPAGHATA THE TUPOVCUS SITAMUATIKAG
gpyaciag, kobmg emiong Kot TPOTAGELS Y10 LEAAOVTIKN £pEuVa.

AgEerg Khewona: <<embempmon pe Pdon to picko, povréro dfpmong, LovIELO
COOTIKOV HEGMV, EMBempnon TAoiwv>>
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Abstract

The aims of the present thesis is the evaluation of the depth of corrosion on
several structural elements of a ship, as well as the calculation of the probability of
failure of three different Life Saving Appliances (LSA), both based on Risk Based
Inspection (RBI). The estimation of both above-mentioned models has been
accomplished by developing codes in Matlab and Octave programs.

Initially, the present study investigates the procedures of traditional
inspections of a ship, elaborating their types and defining the organizations which
operate them. After the determination of the basic parameters that constitute the RBI,
the procedures of Formal Safety Assessment (FSA) are described, by the gradual
application of five steps; hazard identification, risk analysis (assessment), risk control
options, cost benefits analysis, and decision making. Additionally, according to the
FSA, the steps which are needed to be followed are described for the implementation
of an RBI procedure. Then, the phenomenon of corrosion is approached, with detailed
information associated with corrosion types and preventing measures, as well as
corrosion’s significance in maritime. Following the theoretical framework of
corrosion, the applied model of the depth of corrosion is described. Afterwards, the
thesis mentions the necessity of existence of LSA on vessels, the significance of
appropriate maintenance, the several types of LSA on ships, as well as the equipment
of ships with LSA according to the regulations. Subsequently, the applied theoretical
model for the evaluation of the probability of failure is described, for the several types
of LSA. Afterwards, the thesis presents and annotates the results of the various
applications, as they have eventuated for each model. Finally, conclusions and
proposals for further study are mentioned.

Chapter 1 includes the literature review, through which the definition of RBI
is given, as well as the significance and the benefits of implementing RBI methods.
Additionally, applications in maritime, offshore, and aerospace industries are referred.

Chapter 2 describes the role of Classification Societies which are responsible
for the supervision of ship’s operations. Moreover, the several types of mandatory
surveys are analyzed, emphasizing to the procedures of Port State Control (PSC).

Chapter 3 defines the parameters which constitute the RBI methods.
Afterwards, FSA procedure is described by the analysis of its five steps approach. At
the end of this chapter, the steps of implementing RBI are defined, as the latter
composes a part of FSA.

Chapter 4 includes the theoretical framework of the phenomenon of corrosion,
as well as its significance in maritime, its types, and methods to prevent it.
Accordingly, the theoretical framework of LSA is stated, describing their types and
their components, as well as the strict regulations which are associated with the
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equipage of ships with them. Finally, the implementing models are described in detail,
through which the codes of Matlab and Octave have been developed.

Chapter 5 and 6 present the results of Matlab and Octave, as they have
eventuated for each model. The models are applied on ships of different age, type, and
classification society. The purpose of this comparison was the evaluation of the
importance of each of the several parameters, which influence the depth of corrosion
on structural elements and the probability of failure of LSA on ships.

Chapter 7 contains the conclusions of the present thesis, as well as proposals
for further studies.

Keywords: <<risk based inspection, corrosion model, life saving appliances model,
ship inspection>>
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1 LITERATURE REVIEW

Risk based inspection planning (RBI) for constructions is an implementation of
the Bayesian decision analysis, intending to devise the optimal inspection strategy for
degrading constructions (Straub and Faber, 2005). RBI methodology had been
developed by the American Society of Mechanical Engineers (ASME) since 1941 but
it became common during the 90’s (Tan et al., 2011). The earliest application of risk
based inspection appeared in the nuclear industry in the 1970’s and by the years it
have been implemented into other industries, such as the downstream petrochemical
industry in the 1980’s and 1990’s, and subsequently it extended to rails, aircraft and
shipping industries (Serratella et al., 2007). RBI planning aims to the optimization of
inspection frequency in order to avoid possible unacceptable risks from under
inspections of structural components or from over inspections to functional items;
basically, the main object of RBI methodology is to identify items which have the
highest potential of failure and to organize a plan from which, the risk levels will be
controlled at reasonable cost (Chang et al., 2005). However, there are savings which
are not easy to quantify, as it happens with risk and cost; examples of such savings
may be the avoidance of failure of equipment of high safety consequence (human
loss, environmental, etc.), avoidance of losing production, punctually warning of
planning repairs, timely identification of procedure upsets (accelerated corrosion,
unusual temperatures, etc.) and the optimal investment to material, design, and
structures by taking into consideration the risk and the inspection data (Patel, 2005).
By considering risk based approach, inspections become more substantive and the
operational constraints better managed; because risk based inspection’s aim, is to
assure that all resources will be distributed in the most profitable way, in terms of risk
and cost (Conachey et al., 2008). A risk based inspection analysis can be carried out at
several levels (i.e. qualitatively, semi-quantitatively, and quantitatively) and the
selection of the approach is based on various variables, such as the target of the study,
the available resources and time, the complexity of facilities, the complexity of
process, as well as the nature and validity of the available data (Vianello et al., 2016).
Regardless of the chosen approach (qualitative, semi-quantitative, and qualitative),
risk is estimated by combining the likelihood of failure and the consequence of failure
as a function of time (API 581, 2008). It is worth mentioning that for the same
likelihood (probability) of a specific type of degradation occurring, the value of risk
may vary according to the range of consequence of failure (Perumal, 2014). To sum
up, RBI is a practical framework to the assess failure probabilities and consequences
for systems, to organize a targeted inspection program, to estimate the condition of
structural components, realization of defects and to evolve design, structure,
operation, as well as maintenance processes (Tammer and Kaminski, 2013).

Inspection procedures of marine vessels containing of structural systems, which
are composed of subsystems and components, can be enhanced by implementing risk
based approaches. In a highly complex environment as being the sea, the integrity of
the above-mentioned systems constitutes a significant role, in both their design and
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operation. Consequences of a possible failure of a ship may contain human injuries, as
well as losses, economic damages, and environmental pollution (Ayyub et al., 2002).
International Maritime Organization (IMO) has produced International Safety
Management Code (ISM Code) (2014) as a tool of identification and assessment of
risk to ship, seafarers and environment. According to ISM, shipping companies
should recognize emergency situations due to the failure of a technical system into the
vessel and prepare the necessary procedures to cope with this undesirable event.
Hence, ISM Code composes a risk based approach but without defining the type of
the assessment that it should be considered in order to confront unpredictable events.
Additionally, the Maritime Safety Committee (MSC) had approved guidelines for
Formal Safety Assessment (FSA) for utilize in the IMO rule-making process in 2002.
FSA constitutes a rational procedure for estimating the risk associated with the
maritime safety and the protection of environment, as well as the evaluation of costs
and benefits by decreasing these risks. According to MSC, the FSA methodology
should be composed of the following steps: identification of hazards, risk analysis,
risk control options, cost benefit assessment, and recommendations for decision-
making. Furthermore, on 1 January 2011, the Port State Control Committee (PSCC)
of Paris Memorandum (Paris MoU) adopted the New Inspection Regime (NIR). The
major target of the NIR was to insert the risk based approach to selecting vessels for
inspection. In other words, NIR reward the well maintained ships by reducing aimless
inspections, while ships of high risk profile are inspected more frequent and detailed.
Moreover, the statistical analysis of Knapp and van de Velden (2011) on the
investigation of ship risk profiles, as well as the susceptible areas to general safety,
conclude that older general cargo ships are highly prone to risk and two regions, the
Caribbean and the Gulf of Mexico, verify the need of port state control inspection
because their international legislations does not include smaller ships. Heij and Knapp
(2012), provide suggestions for estimating risk at an individual ship by rating various
risk factors, such as the type of ship, the nature of companies and managers, historical
information on previous accidents, inspections, detentions, etc..With regards to the
seawater ballast tank structures for ships, Paik et al. (2004) attempted to estimate the
depth of corrosion as a function of time by using a mathematician model which
provided the appropriate statistical characteristics. Their study focused on the
prediction of corrosion wastage on low alloy carbon steel plates into seawater ballast
tank structures of vessels. A study for the calculation of corrosion wastage in ballast
tanks of a ship was also considered by Gudze and Melchers (2008). Their model had
taken into consideration the operational profile of the examining vessel, as well as the
several temperatures of the geographical areas where the ship used to operate. Soares
et al. (2009), examined further the influence of temperature and marine environment
to the corrosion rate on vessels. They demonstrated that corrosion is mainly
influenced by moisture in marine environments, and subsequently by the period of
exposure to wetness.

In offshore industry several studies have been applied associated with risk based
approaches. Offshore platforms are steel structures responsible for drilling well in
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order to extract oil and natural gas. Due to the hazardous nature of the extracting
products, offshore platforms are considered of high risk procedures. The attention of
risk management is relied on the safety of the crew, the integrity of structure, the
prevention of environmental pollution and the regularity of production (Brandseter,
2002). It is indispensable to secure that regardless of the harsh environment, the
platform will maintain its integrity by means of Inspection, Maintenance and Repair
(IMR) plans. The optimization of these plans is to inspect by using the right tool, at
the right place, at the right time, and at the lowest cost (Rouhan and Schoefs, 2003).
In 1976, the Norwegian Petroleum Directorate (NPD) published the “Regulations
Concerning Safety Related to Production and Installation”. The Regulations
demanded the conduction of risk assessment in case that the living quarters were
place on the offshore platform; basically, these estimations were qualitative. The first
official conducted regulations for offshore quantitative risk assessment were
published from NPD in 1981 and entitled as “Guidelines for Safety Evaluation of
Platform Conceptual Design”. In 1996, the U.K. Offshore Operators Association
(UKOOA) produced the risk based decision making framework providing guidance to
decision making. The framework supports the determination of risks As Low As
Reasonably Practicable (ALARP). In the 21% century, the risk based approaches in
offshore industry are more targeted to components which may cause disastrous
consequences. Specifically, Goyet et al. (2002) applied a risk based inspection plan
for a welded joint in the hull structure of a Floating Production, Storage and
Offloading facilities. Furthermore, Straub et al. (2006) focused on the economical
benefits of adapting risk based inspection planning to offshore platforms. Their study
compared the costs of risk based inspection strategy with the traditional fixed
inspection intervals for all possible critical elements. In 2010, DNV distributed a
detailed description of risk based inspection on offshore platforms. The recommended
practice of DNV refers to topside mechanical equipment including similar
characteristics to formal safety assessment. The study of Kawsar et al. (2015) was
based on the subsea pipeline systems of offshore platforms. The proposed
probabilistic model was applied to several accidental scenarios to confirm the safety
of subsea pipelines under different environmental conditions.

In aerospace industries, airlines are focused on prolonging the service life of
aircrafts with reasonable costs. For identifying the optimal inspection intervals for
aircrafts risk based approaches have been applied which are known in aerospace as
Reliability Centered Maintenance (RCM). RCM approach was adapted for the first
time by the United Airlines for military aircrafts in 1978. However, recent years, more
innovative approaches are presented by academics. Gobbato et al. (2012), produced a
reliability-based methodology for evaluating the remaining service life of aircraft
structure by emphasizing on wings structures. Additionally, Regattieri et al. (2015)
developed an innovative mathematical model in an airline carrier in order to
determine an optimal maintenance policy relied on preventive and corrective
approaches.
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2 VESSELS INSPECTION

2.1 Introduction

The growth of the world economy is closely related with the shipping industry
(Bijwaard and Knapp, 2009). According to the United Nations Conference on Trade
and Development (UNCTAD) total world seaborne trade reached 8.75 billion ton of
goods in 2011, which is an increase of 235% compared with 1970 when the world
seaborne trade was counted 2.61 billion ton, as it is presented on Figure 1.

Year 0il and gas Main bulks’® Other dry cargo {aﬂc]:rf::es}
1970 1440 448 N 2605
1980 1871 608 1225 3704
1990 1755 988 1265 4008
2000 2163 1295 2 526 5 984
2005 2422 1709 2978 7109
2006 2698 1814 3188 7700
2007 2747 1953 3334 8 034
2008 2742 2 065 3422 8 229
2009 2642 2085 3131 7 858
2010 2772 2335 3 302 8 409
2m 2796 2477 3475 8748

Figure 1: Developments in international seaborne trade, selected years (Millions of tons
loaded) (UNCTAD, 2012)

One of the major concerns of ship managers and ship owners is the safety of
vessels. There are vast penalties for insufficiency of safety for every shipping
company, in terms of personnel losses, environmental pollution and structural
damages. Apparently, all maritime companies try hard to obey the rules in order to
avoid these penalties.

Moreover, excluding the issue of penalties, shipping companies make efforts to
protect their reputation for social reasons. Societies are very sensitive about accidents,
which include lives lost and massive pollution, leading to the application of more
strict laws. A characteristic example is the Liberian tanker Torrey Canyon which
crashed into rocks near the coast of Cornwall, England, in 1967 and spilled 100,000
tons of oil (Rothblum, 2000). As a result, the implement of the International
Convention Relating to Intervention on the High Seas in Cases of Oil Pollution
Casualties (INTERVENTION), the International Convention on Civil Liability for Oil
Pollution Damage (CLC) and the International Convention on the Establishment of an
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International Fund for Compensation for Oil Pollution Damage (FUND) have adopted
(Rogowska and Namies$nik, 2010). Another example is the accident of the Maltese
tanker Erika south of the coast of Brittany. The tanker broke in two and polluted 400
km of coastline with 5,000 to 7,000 tons of oil (Hingson et al., 2008). Therefore, the
composition of the three Erika packages had been occurred; the target of which
contained the enhancement of safety at sea by setting up a system of identifying and
monitoring ships (Directive 2002/59/EC), monitoring the activity of classification
societies (Directive 2001/105/EC), survey of foreign ships entering European Union
ports (known as Port State Control), the removal of single-hull tankers (Regulation
(EC) 417/2002) and the establishment of a European Maritime Safety Agency
(Rogowska and Namiesnik, 2010).

For all these reasons, shipping companies try hard to ensure the strength structure
and the equipment systems remain operational in a satisfactory condition. Inspections,
as a process, help these companies to reach this goal by recognizing degrading
systems or equipments and improving them. However, surveys do not secure the
safety of passengers and the integrity of the structure. Thus, the possibility of
undesirable events is not be minimized by the frequency of inspections but by their
quality (Boon et al., 2009). Although inspections are useful to expand the lifetime of a
vessel, it should be noted that that they are also essential for every ship in order to
navigate. The authorization of navigation for ships is formalized by classification
societies.

2.2 Classification Societies

A classification society is a nongovernmental organization which defines the
technical standards of a ship building or an offshore structure and supervises their
operation. The society is responsible for setting the technical rules, for the above-
mentioned constructions, monitoring the process in order to confirm that the design
meets these rules, subsequently rendering the essential certificates and documents to
the ship in order to formalize its operation. In addition, the organization should survey
these constructions to ensure that they proceed in meeting the rules. On account of
this, societies organize inspections to make sure that these structures can still operate
efficiently.

In 1760, the first classification society was formed in Lloyd’s Coffee House,
which was a coffee shop in London. This classification took its name by this shop and
it is known as Lloyd’s Register. In 1834, the society published the first rules related to
surveys and classification of vessels. In 1968, the International Association of
Classification Societies (IACS) was founded and, today, it consists of 12
classification societies:
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American Bureau of Shipping (ABS)
Bureau Veritas (BV)

China Classification Society (CCS)
Croatian Register of Shipping (CRS)

Det Norske Veritas/ Germanischer Lloyd (DNV/GL)
Indian Register of Shipping (IRS)

Korean Register of Shipping (KR)

Lloyd’s Register (LR)

Nippon Kaiji Kyokai (NK)

Polish Register of Shipping (PRS)

Registro Italiano Navale (RINA)

Russian Maritime Register of Shipping (RS)

YVVVVVYVYVYVYYVYYVYVYY

However, except from the 12 IACS’s members classification societies, more than
50 societies exist which are not member of the party. In Table 1 there are presented
some of the most popular non IACS classification societies around the world.

Table 1: Non IACS classification societies

Name Founded | Head Office

Shipping Register of Ukraine 1998 | Kyiv, Ukraine

Registro Internacional Naval (RINAVE) 1973 | Lisbon, Portugal
International Register of Shipping (IRS) 1993 | Miami, U.S.

Overseas Marine Cerification Services (OMCS 2004 Panama City, Republic of
CLASS) Panama

Hellenic Register of Shipping (HRS) 1919 | Piraeus, Greece
Bulgarian Register of Shipping (BRS) 1950 | Varna, Bulgaria

2.3 Harmonized System

In 2000, the IMO adopted a harmonized system of survey and certification which
includes international shipping regulation. In fact, many societies had already
operated a form of harmonized survey and certification. The system is based on the
International Convention for the Safety of the Life at Sea (SOLAS) 1974, the
International Convention for Load Lines (LL) 1966, the International Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk (IBC
Code) and Code for Cons Construction and Equipment of Ships Carrying Liquefied
Gases in Bulk (IGC Code).

23




Shipping companies should prove the functionality of their ships and meet the
quality requirements, of the above-mentioned Conventions, through specific surveys.
However, ship’s operation can be inactivated by these obligatory surveys for a long
period. The harmonized system helps to reduce these inactivated days. First of all,
surveys should provide an interval of a year between them. These surveys can be
initial, intermediate, periodical or renewal. In addition, the renewal survey can be
completed within three months before the termination of the existing certificate.
Moreover, for every cargo ship, the maximum period of validity is five years, while
for the passenger ships the equivalent interval is 12 months. Last but not least, a
period of extension is given for ships which have not completed their voyages and
their existing certification has expired. This extension is three months for ships which
are engaged on long voyages and one month on short ones. Finally, when an
extension has been agreed, the new certificate starts before the termination day of the
existing certification.

2.4 Mandatory Inspections

Mandatory inspections vary, in terms of the ship type. These surveys are carried
out by Classification societies according to the statutory requirements. The various
types of surveys have been categorized by the IMO and they are separated in two
subcategories: the periodical and the non-periodical inspections (DNV, 2008, IACS,
2011).

2.4.1 Periodical Surveys

The periodical surveys should be executed at specific interval and may be divided
into segregated parts within given time windows but it is obligatory to be completed
before the expiration of these spaces. The periodical surveys are detailed below.

A — Annual

The annual survey, as its name reveals, is executed annually in the anniversary
date of the class certification. The time window of this survey should be 3 months and
it must be carried out within 6 months. It includes a general examination of the hull,
equipment, machinery and systems in order to verify that the ship complies with the
regulations. It must be mentioned that for chemical and liquefied tankers this type of
survey is preferably to take place during a loading or a discharging operation.

| — Intermediate

In general, the intermediate inspection shall be carried out between the second or
the third year of the annual survey. This type of inspection has a time window of 9
months. This survey contains a more detailed visual examination of the hull,
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equipment, machinery and systems than the annual survey, for the purpose of
confirming that the ships can operate under the required regulations.

C — Complete

The intervals of the complete survey are 2.5 years, 5 years and 15 years. It must
be carried out within 9 months before and 6 months after the due date. It must be
noted that complete survey should be executed either at the same time with the
renewal survey or before of its termination.

R — Renewal

The renewal survey concurs to the expiry date of the classification certificate and
it should be carried out at 5 years. Therefore, it must start between the fourth and the
fifth annual surveys without exceeding the last annual survey. There is a time window
of three months before the due date when the survey should have been completed.
This survey is considered as the most significant because it includes the most detailed
examination, measurements and testing of the whole ship components in order to
verify that the vessel maintains in a satisfactory condition and can operate efficiently.
Any indicated repairs must be completed before the termination of renewal survey.

Table 2: Summary of Harmonized System of Survey and Certification (Knapp and
Franses, 2006)

Years 1 2 3 4

Months 9|12 |15|21|24|27|33|36|39|45|48 |51 |57 |60
Certificates/Inspection areas

Passenger Ship Safety Cert. R R R R R
CS Safety Equipment Cert. A Aorl lor A A R
SC Safety Construction Cert. A Aorl lor A A R
CF GAS (IGC/GC) A Aorl lor A A R
CF Chemical (IBC/BCH) A Aorl lor A A R
Load Line Certificate A A A A R
IOPP (MARPOL Annex 1) A Aorl lor A A R
IPP (MARPOL Annex I1) A Aorl lor A A R

In Table 2 is presented the correlation between the several surveys and the time

intervals. Specifically, it can be seen that the time interval of annual and periodical
inspection is one year, while intermediate inspections take place between the second
and the third year of the certification for cargo ships. It is noticeable that every 5 years
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a renewal inspection is indispensable for these ship types. In contrast, it should be
noted that the harmonized approach is intensively stricter for passenger ships. Due to
the sensitivity of their operation, as they account a vast number of passengers
throughout a year, they should carry out a renewal survey every 12 months.

Bottom

Bottom shall be inspected twice throughout the five-year classification certificate.
However, this interval should not exceed a 36 months period. Each of these two
surveys should take place before the due date and no time window have been allowed.

Propeller shaft

This survey is set every 5 years in accordance with the complete survey. In
general, the condition of propeller shaft should be examined concurrently with the
bottom survey in dry dock.

Propeller Connection

The propeller connection survey is scheduled every 5 or 15 years at the same
time with the complete survey. On the 5" year, the survey aims to the keyless
propeller connections, whereas flanged propeller connections are added on these
while at 15 years.

Boiler

The schedule of boiler surveys includes two surveys in the five year period of the
classification certificate, while the interval between these two inspections should not
exceed 36 months. It must be noted that one boiler survey should take place
concurrently with the renewal survey.

2.4.2 Non Periodical Surveys

The non periodical surveys refer to unscheduled and unpredictable inspections.
Such surveys may be (IACS, 2011):

e The upgrade of classification documents. For example, the change of ship
owner, ship name or flag.

e The handling of any failure or suspected failure either in any component or a
system of the ship.

e The repair of any damage which has been indicated on the ship.

e The modification or postponement of survey.

e Any unexpected inspection during the Port State Control.
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In every unpredictable event which can compromise either the personnel or the
environmental safety due to structural damage, a non periodical survey must take
place. The ship owner is responsible for informing the classification society promptly,
without any delay, especially if the damage can endanger the class of the ship. . Then,
a survey is scheduled by a surveyor of the society who, subsequently, composes the
survey report and indicates the essential assignments that must take place. When the
shipping company finishes the outstanding work, the surveyor re-surveys the ship in
order to identify if it meet the regulations.

2.4.3 Port State Control

Port state control (PSC) is the power of any port or coastal state to perform safety
surveys and to obligate ships, which visit these ports, to implement the international
shipping requirements (Heij et al., 2011). Any ship that does not accomplish to
qualify the requirements of the coastal control is immobilized, until extra measures
have been taken into consideration. Then, the port re-examines the ship in order to
confirm that the vessel meet the rules and release it. Rarely, a ship, which has been
detained several times, can be banned from re-entering to ports. Ship owners strive to
respect the rules in order to avoid any detention which would cause the economic
harms. These harms are the delays on voyages and the further inspections which are
obligatory. The major deficiencies which may cause a detention are in Table 3:

In 1982, the Paris Memorandum of Understanding (PoU) was signed by 14 West
European Nations. The details of PSC inspections are captured in the computer centre
which is located in Saint-Malo, France (Alderton and Saieva, 2013).

Several countries have signed and confirmed similar MoUs to Paris MoU all over
the world. At this moment, nine parties of MoU exist and they will be described
below (ClassNK, 2015).

Paris MoU

Paris MoU was established in 1982 and it consists of 27 maritime
Administrations. Specifically, Belgium, Bulgaria, Canada, Croatia, Cyprus, Denmark,
Estonia, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Latvia, Lithuania,
Malta, Netherlands, Norway, Poland, Portugal, Romania, Russian Federation,
Slovenia, Spain, Sweden and United Kingdom are the members of the party. Paris
MoU includes the European coastal States and the North Atlantic basin from Europe
to North America.
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Table 3: Categories of deficiencies (Randi¢ et al., 2015)

Number of Category of deficiencies
Category
01 Certificates & Documentation
02 Structural condition of the hull
03 Water / Weather condition
04 Emergency systems
05 Radio communication appliances
06 Cargo operations including equipment
07 Fire safety
08 Different alarms
09 Working and living conditions
10 Safety of navigation appliances
11 Life saving appliances
12 Dangerous goods appliances
13 Propulsion and auxiliary machinery
14 Sea pollution prevention appliances
15 ISM Code - International Safety Management Code for the safe
management and operation of ships and for pollution prevention
16 ISPS Code — The International Ship and Port Facility Security Code
17 Other
18 MLC Code — Regulations and Code of the Maritime Labour Convention

Paris MoU categorizes the ships to Low Risk Ships (LRS), Standard Risk Ships
(SRS) and High Risk Ships (HRS). The maximum interval after the last inspection is
set in accordance with the ship risk profile; this interval is, for HRS 5 to 6 months, for
SRS 10-12 months and for LRS 24-36 months after the last inspection. The criteria of
the first and the second ban are categorized depending on ship’s flag. A black flag
ship shall be banned after more than 3 detentions in a period of 36 months. A grey
flag ship shall be banned after more than 3 detentions in a period of 24 months. Any
detention after the second ban leads to a new ban. In addition, ships with a HRS
profile, as well as, chemical tankers, oil tankers, gas carriers, bulk carries and
passenger ships aged 12 years or older shall apply the ETA72 (a 72 hour pre-arrival)
notification requirement.

Asia-Pacific region (Tokyo MoU)

Tokyo MoU was established in 1993 and 18 maritime Administrations participate
on it. Australia, Canada, Chile, China, Fiji, Hong Kong, Indonesia, Japan, Republic of
Korea, Malaysia, New Zealand, Papua New Guinea, Philippines, Russian Federation,
Singapore, Thailand, Vanuatu and Vietnam. The time windows after the last
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inspection are set according to the Ships Risk Profile. This interval is set for LRS
between 9 and 18 months, for SRS between 5 and 8 months and for HRS from 2 to 4
months.

Latin America region (Vina del Mar)

Vina del Mar was established in 1996. The participan members are Argentina,
Bolivia, Brazil, Chile, Colombia, Cuba, Dominica, Ecuador, Guatemala, Honduras,
Mexico, Panama, Peru, Uruguay and Venezuela.

Carribean region (Carribean MoU)

In 1997, Carribean MoU was established and its members are Antigua and
Barbuda, Aruba, Bahamas, Barbados, Belize, Cayman Islands, Cuba, Curacao,
Grenada, Guyana, Jamaica, Netherlands Antilles, St. Kitts and Nevis, Suriname and
Trinidad & Tobago.

Mediterranean region (Mediterranean MoU)

This party was established in 1996. The members of Mediterranean MoU are
Algeria, Cyprus, Egypt, lIsrael, Jordan, Lebanon, Malta, Morocco, Tunisia and
Turkey.

Indian Ocean region (Indian Ocean MoU)

Indian Ocean region was established in 1998. It includes Australia, Bangladesh,
Djibouti, Eritrea, France (La Reunion Island), India, Iran, Kenya, Maldives,
Mauritius, Mozambique, Seychelles, South Africa, Sri Lanka, Sudan, Sultanate of
Oman, Tanzania, Union of Comoros and Yemen. It should be noted that a total of
6,059 inspections were exercised and 379 vessels were detained in 2014 by the Indian
Ocean MoU.

Black Sea region (Black Sea MoU)

This region was established in 2000 and includes Georgia, Romania, Russian
Federation, Turkey and Ukraine. A total of 5,080 ships were inspected and 151
vessels were detained in 2014.

West and Central Africa region (Abuja MoU)

It was established in 1999 including Angola, Benin, Cote d’Ivoire, Gabon,
Ghana, Nigeria, Republic of Congo, Republic of Guinea, Sao Tome & Principe,
Senegal, Sierra Leone, South Africa, The Gambia and Tongo.
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Arab States of the Gulf (Riyadh MoU)

Riyadh MoU is the newest MoU party which was established in 2004. Members
of Arab States of the Gulf are The Kingdom of Bahrain, Kuwait, Qatar, The Kingdom
of Saudi Arabia, The Sultanate of Oman and United Arab Emirates.

Port State Control in The United States (USCG)

Even though the United States Coast Guard (USCG) is not participating in any
MoU, it functions as an supervisor at a number of MoUs and exercises effective PSC
in cooperation with other MoUs. In 1994, USCG performed innovative risk
management programs in PSC for the purpose of identifying ships, ship owners,
classification societies and flag Administrations which possibly violated the law. In
2001, USCG applied a new program, known as Qualship 21 which focused on
recognizing high quality ships. This program is used until today and is considered as a
very useful tool in the identification of well operated and maintained vessels.

Port State Control and Environmental Protection Compliance Targeting Matrix is
a system introduced by USCG. According to the USCG Port State Control website
states that the “The Safety Targeting Matrix enables the Coast Guard to rationally and
systematically determine the probable risk posed by non-U.S. ships calling at U.S.
ports. The Matrix is used to decide which ships Port State Control Officers should
board on any given day, in any given port.” This system of evaluating ships has
increased the number of inspections exercised by USCG because the Coastal Guard is
allowed to inspect any vessel at any time without prior notice (Compliance Systems
Inc., 2007). The process of assessment is shown in Figure 2.

e Priority | Vessel (PI) refers to ships scored 17 or more points on the Matrix.
Basically, port entry is denied until the accomplishment of a Port State Control
safety control exercised at anchor outside the port limits. Any vessel involved
in a marine casualty influencing its seaworthiness shall also be classified as Pl,
as well as ships whose classification society has a detention ratio equal to or
greater than 2%.

e Priority 11 Vessel (PIl) includes ships which reach the total of 7 and 16 points
on the Matrix. Additionally, it contains any ship that enters for first time to
U.S. or has not been controlled by PSC within the last 12 months. Any cargo
operation is denied for the ship until the Sector Officer states that the ship does
not constitute a safety or environmental hazard to the port.

e Non-Priority Vessel (NPV) contains ships which scores 6 or fewer points on
the Matrix. These vessels are considered sufficiently safe for humans and
environment. However, CS may choose and exercise a random inspection by
using PSC at any time.
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Figure 2: Port State Control Safety and Environmental Protection Compliance targeting

Matrix (United States Coast Guard, 2015)

Inspection of all foreign ships by a port state is reasonably unreachable for
matters of time and because not all ships have deficiencies. Therefore, port states have
set a general approach in order to prioritize the selection of ships. Central databases,
such as SIRENAC and APCIS, collect the essential data including port arrivals,
shipping schedules and ship position reports; by that way, port states are capable to
identify which ships need to be examined. Basically, ships to take in consideration for
priority inspections are (Rosso, 2010):

Ships which have been reported by any port authority of having deficiencies.
Any ship transferring hazardous or polluting cargo and having failed to report
the necessary information to port states.

Ships which have been reported by another Authority.

Ships which have been reported by any worker of the ship, due to safety
matters, shipboard living and working conditions or the environmental issues.
Any ship which has been suspended by their Classification society in an
interval of six months.

Any ship that has been maneuvered in an unsafe way.

Ships which are reported a collision on their way to the coastal state.
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The procedures of PSC are specific and shall be executed strictly (IMO, 2011).
Generally, according to the regulations of implemented conventions, parties may
organize inspection of foreign ships in their ports and these surveys can be based on
three different reasons. The first reason constitutes initiative of the party. Secondly, an
inspection may be requested by another party based on information related to ship’s
integrity. The third reason is based on possible complaints by a crew member, an
association, an international body or any other individual. The port state can contract
the survey out to recognized organizations or to inspectors nominated for this
purpose. Normally, port states shall inspect very carefully the vessels in order to avoid
overly detentions or delays because in these occasions they should compensate ship
owners for any loss. The first step of the survey is known as initial inspection. The
Port State Control Officer (PSCO) may observe the condition of the vessel, in general,
before boarding. Afterwards, we should examine all the essential certificates and
documents, as well as their validity and completeness. These certificates include the
general condition of the vessel, containing its equipment, navigational bridge, decks,
cargo areas, engine room and pilot transfer arrangements. If PSCO has any clear
objection that the vessel does not meet the rules, he should proceed to the second step
of inspection which is a more detailed inspection. PSCO should examine further any
equipment which does not demonstrate valid certificates or does not persuade the
PSCO for its operability and safety. If the detailed inspections lead to the
identification of significant hazards and deficiencies related to safety and environment
matters, PSCO is obliged to detain the ship in the port. Port state should ensure that
every identified hazard is eliminated to before allowing the ship to travel. Therefore,
actions should be taken for the eradication of hazards either in the port or in the
nearest recognized repair yard.

2.4.4 Flag State Control

At sea, the use of flag from every ship which ventured out of home waters was
essential. Flag, as a symbol, presents the origins of the ship and demonstrates its
political allegiance. Normally, ships without flag are recognized as pirate by the
international law. However, the necessity of registering ships under international law
was first codified by Health and Safety Commission (HSC) through the article 5
(Mansell, 2009):

“Each State shall fix the conditions for the grant of its nationality to ships, for the
registration of ships in its territory, and for the right to fly its flag. Ships have the
nationality of the state whose flag they are entitled to fly. There must exist, a genuine
link between the State and the ship; in particular, the State must effectively exercise
its jurisdiction and control in administrative, technical and social matters over ships
flying its flag.”
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Flag State must exercise jurisdictions and controls to ships flying under its flag
related to the enforcement of regulations considering inspections, certifications, safety
matters and pollution preventions. Each government is responsible for having skillful
maritime experts to apply the laws; however, it has the ability to assign a recognized
organization to execute the surveys. In addition, Flag State has the authority to
organize surveys in order to confirm that the ships meet the rules and respect the
regulations of the State. The nature of these surveys is similar to this of PSC.
Inspections of flags state aim to the insurance that the vessels, which fly under its
flag, possess all the essential certificates and document related to the personnel safety
and the prevention of pollution.

2.4.5 Port State Control vs. Flag State Control

Ship-owners have the legal right to register their ship in the State of their
desire and they may change the Flag registration in case of transfer of ownership or
any other reason. In the 1990s, concerns increased because many ship-owners
transferred easily their flags in order to avoid detentions and bans (Mansell, 2009).
Therefore, the Port State Control is considered as the second line of defense of
identifying substandard ships. States have the right to exercise surveys to foreign
ships and immobilize them if they do not respect the legislations. The formation of
PSC is a result of the existence of flag of conveniences. By the term “flag of
conveniences” is described any State which has flexible legislation and as a result
attracts foreign ship-owners. Ships are registered under these States to minimize the
costs and avoid the regulations of the ship-owners country. In an ideal world, any Flag
State would be deeply sensitive trying to identify the deficiencies of the ships which
are under its flag for the purpose of protecting ship’s personnel and environmental
pollution. However, the existence of PSC is vital due to the malpractices of Flag
States.
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3 RISK-BASED INSPECTION

3.1 Definitions

3.1.1 Risk

Risk, as an object of concern, is used in different occasions on a daily basis. In
fact, many times during the day, people make their decisions based on risk
unconsciously. These decisions diverge, depending on their significance. There is a
simple group of decisions, such as choosing to watch a movie at home or going to the
cinema and another group which is characterized by complexity: for instance, the
decision of investing money in a new car or in a new house. These examples prove
that almost every decision contains risk on a daily basis.

Risk is a combination of two parameters, the likelihood and the consequences of
an event. An event could be a car accident or the failure of a pipeline due to corrosion.
At mathematical terms, risk is defined as:

Risk = Likelihood X Consequences

3.1.2 Likelihood

Likelihood is the probability of an event to happen. In maritime, the term of
likelihood is expressed by the possibility of degradation. For example, the likelihood
of a piping system to fail or a hull structure to deteriorate. The estimation of
likelihood is separated into two different categories; qualitative and quantitative.
Table 4 presents the ranking scale for both types, as it is proposed by (DNV, 2009).

3.1.3 Consequences

Consequence has been defined as the outcome of an event. This result could have
either a positive or a negative effect. However, in matters of safety, consequences
have always a negative meaning. Usually, in maritime, consequences refer to three
different categories: personnel safety, environmental or economic consequences.

e Personnel safety is described by the potential loss of a human life.

e Environmental consequences refer to the pollution of the environment by an
oil spill or to the financial cost of cleaning it up.

e Economic consequences are expressed by the units of money which are
needed because of failure.
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Generally, consequences should be estimated and presented separately depending
on their type. The evaluation of consequences could be quantitative or qualitative and
they can be represented as in Table 5.

Table 4: Probability of failure description (DNV, 2009)

Cat.

Annual failure probability

Quantitative

Qualitative

Description

5 >1072

Failure
expected

In a small population*, one or more failures can

be expected annually.

Failure has occurred several times a year in

location.

4 10° to 107

High

In a large population**, one or more failures can

be expected annually.

Failure has occurred several times a year in

operating company.

3 10*to 10°

Medium

Several failures may occur during the life of the
installation for a system comprising a small

number of components.

Failure has occurred in operating company.

2 10° to 10

Low

Several failures may occur during the life of the
installation for a system comprising a large

number of components.

Failure has occurred in industry.

1 <10°®

Negligible

Failure is not expected.

Failure has not occurred in industry.

Notes:

*Small population= 20 to 50 components

**|_arge population= More than 50 components

Table 5: Consequence of failure description (DNV, 2009)

Minor Injury Maior Ini
ajor Injur i
<. | No Injury | Absence ) Jary Single Fatality Mult|_p_le
2 Absence > 2 days Fatalities
S < 2 days
n
= Minor local Significant local P_oIIl_th_lon ha?f Pollution th_an can
g | No effect. effect. Will take significant effect cause massive
g ollution more than 1 man upon the and irreparable
s (P Can be cleaned work o remove surrounding damage to
= up easily ' ecosystem. ecosystem.
L
No <€10.000 <€1.000.000 <€10.000.000
¢ | downtime | damage or <€(leO'OO.O dainzge damage or damage or
o | 2 | orasset downtime 0;. ﬁowntlme downtime downtime one
<5} = sni
S 2 damage < 1 shift < 1 month year
Ranking | A B C D E
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3.1.4 Hazard

Hazard is a situation or a phenomenon which can potentially cause an undesirable
event. Such an event can lead to physical injury, damage property or environmental
disaster. It must be noted that the term “hazard” is not relative to the possibility of the
event occurrence but only to the potential of injury.

3.1.5 Risk Estimation

In maritime, risk estimation refers to a negative incident. As above-mentioned,
risk equals to the product of the likelihood and the consequences of a failure. The risk
can be computed by a qualitative or a quantitative method or a combination of both,
as it exactly happens with the probability and the consequences.

Usually, risk is presented by a matrix, known as a “risk matrix” which enables to
contribute the two parameters, likelihood and consequences. As it is proposed by
DNV at 2002, for achieving sufficiently a result, a 5x5 matrix is recommended. An
adequate example of a qualitative matrix is presented on Figure 3. The likelihood of
failure is expressed on the vertical axis of the matrix and the consequences of failure
on the horizontal one. The ranking scale of each factor can be presented by using
numbers from 1 to 5. Every number corresponds to a linking word which
demonstrates either the probability of an event or the severity of the consequence. The
level of risk can be recognized by the three colors; green, yellow (orange) and red.

e Green color refers to a region where the risk is characterized as acceptable and
it is “low”. All extra measures which are needed to be taken are for keeping
the risk levels in this zone.

e Yellow (Orange) color presents an area of an acceptable risk but it is known as
“medium (medium-high) risk”. There is a need of taking extra safety measures
for keeping the risk levels in this region and ensuring that they will not rise
above this zone.

e Red color describes a high risk level area where the risk is unacceptable and it
is indispensable of taking extra measures to reduce either the likelihood or the
consequences of the event, or both, thus the risk level decreases in the
acceptable region.
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Figure 3: Risk Matrix (AP1 581, 2008)

3.2 Formal Safety Assessment

3.2.1 Introduction

“Formal Safety Assessment (FSA) is a rational and systematic process for
assessing the risks relating to maritime safety and protection of the marine
environment and for evaluating the costs and benefits of IMO’s options for reducing
these risks” (IMO, 2002). In fact, FSA is a significantly helpful tool in the assessment
of innovative regulations for maritime safety and prevention of environmental
pollution, as well as the comparison between the current and the potential new
regulations. FSA scopes to the efficient correlation between any operational matter
and technical issues, which may be either a component or human element, and
between the maritime safety or environmental protection and costs. The FSA
methodology can be implemented by a Member Government or a consultative
organization in order to propose modifications which can improve the maritime safety
and environmental protection. The application of FSA contains 5 different steps
which are presented in a diagram in Figure 4:

Step 1 — Hazard Identification (HAZID)
Step 2 — Risk Assessment

Step 3 — Risk Control Options

Step 4 — Cost Benefit Analysis

Step 5 — Decision Making
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FSA Methodology

Hazard —> Risk —» Decision-Making
Identification Assessment Recommendations
7y 7 S
Step 3

Risk Control Options

I

Step 4

Cost-Benefit Assessment

Figure 4: FSA methodology (IMO, 2013)

3.2.2 Step 1 - Hazard Identification

The first step of FSA methodology contains the Hazard Identification (HAZID)
and it is probably the most crucial part of this process. This point of view relies on the
fact that every hazard which will be identified, will not be assessed, and subsequently
will not be moderated. Therefore, the main object is to identify and rank all potential
threats which can lead to undesirable results, e.g. personnel, environmental and
property safety.

Most of times, HAZID composes a qualitative approach based on the judgment
of experts. Many methods have been developed in HAZID and a number of them
have been standardized for specific applications. However, experience has proved that
it is not required to use an exact technique in particular cases. In fact, after breaking
the interested system down, so that it is easier to recognize the several hazards, a
group of experts chooses the suitable HAZID technique or its modification or a
combination of different techniques to evaluate the danger.

Although there are no boundaries in choosing the optimal HAZID technique,
there are some essential conditions on which will be implemented (HSE, 2001). The
HAZID needs to be creative, in order to contribute to the identification of hazards that
have not been considered previously. Furthermore, it is significant having a distinct
structure, for the purpose of obtaining comprehensive of relevant dangers without

39




overlooking less obvious problem areas. Last but not least, the exploitation of
previous accidents by experienced work force should be taken into account, securing
that past mistakes will not be repeated. Finally, the HAZID’s scope should be clearly
defined by clarifying which hazards have been included and which not. There are five
different techniques which can be implemented for the identification of a hazard:

e Hazard Review

e Hazard Checklists

e Hazard Operability (HAZOP)

e Failure modes, effects and criticality analysis (FMECA)
e Structured what-if checklist (SWIFT)

Hazard Review

In general, the hazard review can be easily understood and characterized as a
qualitative approach. It is based on previous assessments, accidents, experience and
on a number of guidelines. It must be noted that this technique can be implemented by
one person and it is not necessary more experts to be included. Although it cannot be
used to quantitative approaches, it does not require a large amount of information and
it is performed at low cost.

Hazard Checklists

Hazard checklists are composed by a list of questions and they cover a range of
safety issues. The aim of these questionnaires is to receive the substantial information
and helping the risk assessment. However, these checklists include a list of specific
hazards for the several industries. Even though it is not support the brainstorming
because the questionnaire is a very strict and a narrow process, it can help to prevent
previous accidents due to the fact that it is well developed in specific categories of
hazards.

HAZOP

This technique aims to identify the possible hazards that might compromise
safety and operability and relies on the use of guidelines. It is executed by a number
of experts under the supervision of a leader and they attempt to notice every possible
deviation of each subsystem from its initial design. Subsequently, they try to predict
every potential consequence considering if extra safety measures are required.
Unfortunately, it is based on standard hazards and it is deeply depends on the abilities
of the leader. However, the fact that the final decisions are considered by a group of
experts, as a result of a thorough discussion, it makes it a significant HAZID
technique.
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FMECA

FMECA is a technique which identifies the failure modes. Generally, a couple of
analysts evaluate the consequences and the criticality of a failure. The format of this
technique can be characterized as a straight forward process which aims to rank the
critical components. In fact, it does not include the parameter of human error which is
vital in industries. Although it is performed at low cost, it is widespread and well-
understood.

SWIFT

This technique is a hazard identification method relied on the brainstorming. A
group of experts under the supervision of a specialist, as well as in HAZOP, discusses
about the system on which they are interested in. The beginning of the conversation
include some basic questions such as “What-if” or “How could?” helping the
brainstorming evolve. As it happens in HAZOP, it is powerfully depended on leader’s
abilities and many hazards may be excluded unconsciously. However, the discussion
about the operative process can be really useful an adjusted on the circumstances.

3.2.3 Step 2 - Risk Assessment

Risk assessment constitutes the second step of the FSA. Practically, at this point,
the detailed analysis of the hazards, which have been identified in step 1, is occurred.
These hazards help to define the risk, which is the combination of the frequency of an
event and the probable consequences. Specifically, risk is the product of the frequency
of an incident and the associated consequences (IMO, 2008).

The Qualitative (Q), the Semi-Quantitative (SQ) and the Quantitative (QRA),
consist the three different approach types of this step, in order to calculate the value of
risk. Although these three methods follow the same procedure, they diverge in their
need of inputs and outputs. As above-mentioned, risk is the combination of the
likelihood and the consequences, hence RBI, as a risk approach, is also depended on
these two parameters. Therefore, the nature of these two parameters determines the
type of the RBI assessment method. The correlation of these methods with the risk
assessment process is presented in (HSE, 2006).

The selection of the most suitable type for a case study is influenced by the risk
levels and the complexity of the problem. Usually, for a low risk and simple problem
a Qualitative approach is recommended, whereas a Quantitative approach is needed
for more risky and difficult ones ( Figure 6) (HSE, 2006).
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Figure 6: Risk assessment as a function of risk level and complexity

Qualitative method

An approximate estimation of the failure likelihood is needed for this type of
assessment. The estimation can be calculated in a numeric or a non-numeric form and
it can be expressed as the lifetime failure likelihood, the annual failure likelihood or
the failure rate (Ayyub et al., 2000). An example of a numeric estimation can be “10
years” which defines the mean time of lifetime, while a non-numeric form for the
annual failure likelihood can be “medium”.

Moreover, the types of consequences which should be taken into consideration in
a case study need to be determined. Human loss, environmental damage, and
materialistic damage, consist the types of consequences. The estimation of
consequences is approximate and separated in numeric and non-numeric, as well as
for the probability. For instance, a numeric form for fatalities can be “100 human
losses”, whereas a non-numeric form can be “very large”.

The selection of form for both parameters, the likelihood and the consequences,
should be rely on the available information and database, the skill of the experienced
work force to provide the essential information in the form which is needed, and the
significance of collecting numeric versus non-numeric information (Ayyub et al.,
2002). Consequently, the result of risk qualitative method can be expressed
figuratively or numerically and this value is not absolute but relative. Qualitative risk
assessment methods are various (Segudovic, 2006).

e Risk Matrix. As have been mentioned in section 3.1.5, risk matrix is one of the
major calculative tools in qualitative approach. It is based on the combination
of two parameters, likelihood of an event and its consequences. Both
parameters may be assessed either by a number relatively or by color. The
numerical approach is considered from 1 (low value) to 5 (high value), while
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the color approach uses green, yellow, orange and red, from low to high values
respectively.

e Failure Modes and Effects Analysis (FMEA). This method is suitable for well-
defined electrical and mechanical systems. It is common knowledge that every
ship is full of such equipments and this technique may be extremely helpful.
The basic steps of FMEA are to identify the probable failure of a component
and, then, to recognize the effects of this failure on the system. In Table 6 an
example of a section of FMEA technique is formed on a compressed air
system onboard a vessel (ABS, 2000).

Table 6: FMEA evaluation example (ABS, 2000)

Effects
Failure i Causes Indications | Safeguards Recommendations/
Mode | Local | HIGher End 9 Remarks
Level
No start | Open | Low Interruption | Sensor Low Rapid Consider a
signal control | pressure | of the failure or pressure detection redundant
when circuit | andair | systems miscalibrated | indicated because of | compressor with
the flow in | supported on air quick separate controls
system the by Controller receiver interruption
pressure system | compressed | failure or set | pressure of the Calibrate sensors
is low air incorrectly gauge supported | periodically in
systems accordance with
Wiring fault | Compressor written procedure
not
Control operating
circuit relay | (but has
failure power and
no other
Loss of obvious
power for the | failure)
control
circuit

e Predefined value matrix. This approach includes three different parameters,
resource value (AV), vulnerability (V) and threats (T). All the parameters are
estimated relatively to the probable threats, whereas the threats are considered
relatively to vulnerabilities. Each value, is quantified randomly.

Specifically, an example of this method is presented in Table 7 In this example,
the resource value is assessed randomly the range of values is from 0 (low value) to 3
(high value), while the vulnerability and threats numerical range is from 0 (low level)
to 2 (high level). The value of risk eventuates from the sum of these 3 parameters.
Therefore, the low risk is equal to 0 (AVmin +Vmin+ Tmin=0+ 0+ 0 = 0),
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whereas the high risk is 8 (AVmax + Vmax + Tmax = 4 + 2 + 2 = 8). As a result,
the range of risk is considered to be between 0 and 8 (Segudovic, 2006).

Table 7: Predefined values matrix (Segudovic, 2006)

Threat 0 1 2

Vulnerability 0 1 2 0 1 2 0 1 2

0 0 1 2 1 2 3 2 3 4

1 1 2 3 2 3 4 3 4 5

Resource

Value 2 2 3 4 3 4 5 4 5 6
3 3 4 5 4 5 6 5 6 7

4 4 5 6 5 6 7 6 7 8

Quantitative method

The main object of this method is to estimate in a quantitative form the
probability of failure for different components or areas with high risk profile and
needs to be grounded on the identified failure modes. The final form of the failure
likelihood should be in a lifetime or an annual failure probability.

As regard the failure consequences, it is essential that their estimation should be
based on all consequence types and be determined in detail. The impact of any failure
should be analyzed specifically by giving a numerical result.

As it has been mentioned the likelihood and the consequences of failure should
be detailed. As regards the likelihood, it can be determine by several approaches
(HSE, 2001):

Historical accident frequency data. This method exploits the experience of past
accidents. It is about a very simple and easily to understand method but it can only be
adjusted in existing technology for specific and recorded incidents.

Fault Tree Analysis (FTA). This method contains the disintegration of the
incident into separate causes, including human error. All this process aims to the
complete understanding of the accident and comes from human experience as well as
from historical data. An example of this technique is presented on Figure 8.

Simulation. The likelihood of many accidents can be projected by using
simulation models.

Event Tree Analysis (ETA). An initiating event is developed as a tree where the
branches of this tree involve the possible outcomes of this event as it shown in Figure
7.
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Human reliability analysis. This is a way of modeling the influence of human
error to accidents which can be used to create inputs either fault tree analysis or event
tree analysis.

Judgmental evaluation. This method is based on the judgment of experienced
work force. This process might contain simple assessments either for usual events or
for events where no better approach is available.

Bayesian Network (BN). A BN methodology is implemented by a graphical
technique in order to present the correlation between variables. This method is used to
predict the probability of an unknown variable, as well as to update the probability
value of a known variable. The risk is calculated through the Bayes’ theorem
(Khakzad et al., 2011).

P(B|A)P(A)
P(A|B) = TB)
-A and B are the possible events.
-P(A) and P(B) are the probabilities of A and B without related to each other.
-P(A|B) is the conditional probability of A given the fact that B is true.
-P(B|A) is the conditional probability of B given the fact that A is true.

Generally, the best way of deploying these methods is to combine them so that
the quantitative approach becomes more effective.

An assessment of the consequences is essential to estimate the total risk of a
failure. It is significant to comprehend the value of any loss and evaluate it
accordingly. This estimation can be done by judgments of experienced work force,
fault tree analysis, event tree analysis or simulation.

Taking into consideration past accidents or failures can compose a very helpful
tool so that the failure likelihood and consequences can be determined explicitly. The
concept of this method is to use the above-mentioned source list for matching a case
study with an event which had been occurred. The experience of past accidents can
help to improve the treatment of hazardous situations as well as the personnel and the
environmental safety. Moreover, the correlation of case studies with past incidents
can be really effective for a proactive attitude which is the main concept of FSA.
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Initiating Event Event1

Event 2 Event 3

Event 4 Outcome

Success (1s)

Success (3s)

Success (2s)

Initiating event (IE)

Failure (1f)

Failure (3f)

Failure (2f)

Success (4s)
Success Qutcome A
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Failure Outcome B
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Failure (4f)

Success (4s)
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Failure (4f)

Failure OQutcome D
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Figure 7:Event Tree Analysis
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event O happens only
when hoth event E and
event F happen

Figure 8: Fault Tree Analysis
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3.2.4 Step 3 - Risk Control Options

On this step the main target is to receive extra safety measures to limit the
estimated risk in step 2. Normally, the procedures are focused on the areas of high
risk profile (Lois et al., 2004). One method of avoiding or reducing the effect of
probable hazards is the countermeasures which can increase the safety levels of an
operation. For any possible hazard, there is a need of taking into consideration
countermeasures relied on people, procedure, or equipment solution. An optimal way
to follow this process is by breaking the subjected hazard into pieces, which is known
as the casual chain of events. This chain includes everything that might lead to an
accident. As a result, the main idea of this procedure is to implement countermeasures
in order to break that casual chain and prevent its completion. After taking
countermeasures, a re-evaluation of risk shall be considered by repeating the step 2
for the purpose of checking if the risk has been reduced. An example of a casual chain
is presented in Figure 9 (U.S. Coast Guard).

A Cause [— ¥ Incident ji[ Accident ——3# Consequence

Inadequate . Reporrable
o 9 Human Error; P_ o Harm to People,
Skills; L . Marine Casualty
L Equipment Failure; : Property,
Training; . o n ,
. - or Procedural Gap Environment, or
Knowledge; .
Equipment
Procedures;
Maintenance;
or Equipment
Intervene before the INCIDENT. Intervene before the CONSEQUENCE.
Examples include: enhanced surveys, check- Reduce the harm cavsed by the accident,
off lists for routine evolutions, Bridge Examples include: response plans, emergency
Resource Management Training, drills, traditional lifesaving equipment, egress
comimunications equipment, alarms, remote design, markings, emergency instructions, and
sensors and rest hours, crew training.
Intervene to remowve the
CAUSE. Prevent conditions

that can lead to lapses.
Examples include: proper
equipment, training, detailed
procedures, pre-hiting
employee screening, and

preventative maintenance,

Figure 9: Example of casual chain (U.S. Coast Guard)

Intervene before the ACCIDENT. Prevent or
avoid high-risk situations where a small lapse can
lead to an accident. Examples include: drills to
respond to common incidents, special procedures
tor higher-risk evelutions (infrequent procedures or
high-risk due to weather, vessel trattic, etc.).
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3.2.5 Step 4 - Cost Benefit Analysis

This step includes the detection of costs and benefits related to the risk control
options of step 3, and subsequently compare them. The term “costs” refers to the total
potential life cycle costs containing initial, operating, inspection, certification etc,
while “benefits” might include the limitation of human losses, injuries, and prevention
of environmental pollution and the increase of the total life of ships (IMO, 2013). This
step contains several different indices of estimating the cost-effectiveness on safety:

Gross Cost of Averting a Fatality (GCAF). This index is a cost-effectiveness
ratio of the supplementary cost of the risk control option to the restriction of
risk to personnel fatalities averted.

Net Cost of Averting a Fatality (NCAF). It is a ratio of the difference between
the additional cost and the economic benefits, to the restriction of risk to
personnel fatalities averted.

Usually, the GCAF index is used because it does not consider the economic
benefits. By using NCAF index, it is possible to overestimate certain risk control
options due to the enlarged economic benefits. However, as above-mentioned, the
main idea of this step is to conclude to the optimal correlation between the costs and
benefits.

3.2.6 Step 5 - Decision Making

When the likelihood and the consequences have been evaluated, the final risk can
be finally estimated (if a Qualitative approach has been chosen) or calculated (if a
Quantitative approach has been chosen). Subsequently, it is essential that some
decisions should be taken.

First of all, it is needed to examine whether the risk levels fulfill the terms. If the
value of risk exceeds the risk criteria then extra measures should be considered.
Therefore, the choice of the suitable extra safety measures should take into account
the best combination between the type of measures and the money which are needed
to be invest.

It must be noted that the decision making of a company, specifically in a shipping
company, is not only based on safety manners but also on operational, social,
economic, environmental and political reasons too (HSE, 2001). Hence, it is
important to produce a risk assessment with respect to these issues.

As above-mentioned, the risk should be compared with some criteria. These
criteria can be either qualitative or quantitative. However, the whole criteria may be
separated according to what they refer to. For example, one group of criteria may be
addressed to the individual risk. Specifically, it describes the acceptable annually time
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when a worker can be exposed to huge risks. Another one criteria may be the group
risk which refers to the total acceptable risk of serious accidents including a large
number of deaths. Moreover, there is the impairment criterion which describes the
acceptable risk of personnel deterioration and it does not involve fatalities. Another
notable criterion is the cost. The importance of this criterion is the comparison
between the costs and the advantages of a case study. To be more specific, using the
cost criteria helps to evaluate whether a project is worthy.

In conclusion, the decision making process can be useful because it follows, and
finally considers the risk evaluation, aiming to the most suitable and efficient solution
to reduce the total risk of a hazardous component/event.

3.3 RBI Methodology

There are two extreme types of inspections which can be both considered as
objectionable. The first one is to inspect components only few times and replace them
only when they fail; this method of inspection is unacceptable because it is “reactive”
and the replacement of equipment occurs after the failure. On the other hand, the
second type is a short interval method and as result the huge number of inspections is
regarded as uneconomic for a shipping company.

A number of organizations, such as American Petroleum Institute (API), have
recommended several ways of maximizing the inspection intervals. These methods
could be more economic and substantial for any shipping company.

Risk base inspection (RBI) calculates the risk as a base for prioritizing and
formatting the inspection program. RBI is focused on the improvement of the
inspection intervals on the high-risk equipment but without overlooking on the lower
risk components. In maritime, the hazardous components, which should be prioritized,
can be the main hull, the fuel and ballast tanks, the superstructures, and the engine
room. RBI, as a risk approach, contributes to the improvement of both the inspecting
method and its frequency. Risk Based Inspection is an inspection optimization
technique (Patel, 2005).

In maritime, RBI is a risk assessment method, containing the fully understanding
of the possible deterioration mechanisms and consequence of failures in the ship’s
structure (Conachey et al., 2008). In fact, RBI is a specialized application of FSA,
including step 2 (risk assessment), step 3 (risk control options), step 4 (cost benefit
analysis) and step 5 (decision making). When a classical survey fails to deal with the
regulations, it is required to identify and apply risk control options in order to limit the
risk and this is the role of RBI. RBI is considered as a risk control options because
intervenes to the inefficient classical surveys. A risk model of inspection is developed
accounting all the possible variables and parameters, and subsequently it is performed
in order to recalculate the risk. If the re-assessment of risk remains unacceptable then
it is required to redefine the applicable model. When the value of risk falls to the
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acceptable zone, the methodology proceeds to the step 4. At this stage of the
assessment, costs and benefits are considered after the implement of the RBI model.
As a result of the risk reduction, costs have been limited. Costs refer to inspections,
repairs, operating, cleaning-up environmental damages and. Furthermore, RBI intends
to maximize the inspection interval in an optimal way, therefore the inspections are
reduced as well as the repairs and the unpredictable damages. However, in step 2
where the risk has been limited due to the implement of RBI model, costs have been
reduced because they correspond to consequences which are a parameter of risk. As
the survey intervals have been maximized, the operating costs are reduced and
shipping companies present economic benefits. The final step of decision making
includes the comparison of the proposed methods, the classical survey and the
application of an RBI model. Taking into consideration all the involved aspect, risk
value, cost, benefits, feasibility, a shipping company shall select the optimal
inspection program.

It must be noted that mandatory classical surveys cannot be neglected; either they
are exercised by Classification societies or PSC and FSC. However, shipping
companies can apply the preferable and optimal inspection program between these
obligatory inspections in order to maintain ship’s operability and safety in high levels.
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4 SIMULATIONS

4.1 Corrosion Model

4.1.1 Corrosion

“Corrosion is the gradual deterioration of a material or its properties through a
chemical reaction with its environment.” (Tezdogan and Demirel, 2014). In maritime,
corrosion may influence negatively and extremely the operability of ships because of
the aquatic environment, affecting the functioning equipment, as well as the ship’s
structural integrity. Therefore, corrosion consists one of the most important
parameters which may limit the service life of a ship by reducing its strength ability
and long-term structural integrity (Saad-Eldeen et al., 2011). That chemical
phenomenon may lead to thickness penetration, fatigue cracks and unpredictable
failures and as result to disastrous consequences, including human losses,
environmental pollution as well as huge costs for a shipping company.

Throughout the design stage, the selection of constructive materials is
characterized as a significant and detailed process in order to keep the corrosion
resistance in the highest levels. Subsequently, ship design shall take into consideration
the mechanical and physical aspects of the component, costs, availability, economics
etc (Perumal, 2014). Usually, additional corrosion measures are taken into
consideration to increase the net thickness of hull and expand the life cycle of the
ship. Afterwards, when the surveys take place, surveyors examine the structural
components of the ship to identify the material losses due to corrosion, in order to
replace them according to the safety requirements. It is not unusual ship-owners
demand ships on which the wall thickness is larger; hence, the survey intervals
become longer and the costs of shipping company are reduced (Soares et al., 2009).

Considering the possible disastrous consequences, the sensitivity of shipping
industry on this chemical phenomenon is huge. Thus far, a numerous of studies have
been performed relevant to corrosion evaluation in offshore structures (Guedes Soares
et al., 2008). Basically, the development of a corrosion wastage model is not a
straightforward process entirely based on theory because corrosion is naturally a very
complex electrochemical reaction which is influenced by several independent
variables, such as types of corrosion protection system, cargo types, temperature (Paik
et al., 2004). Consequently, the corrosion may differ in accordance with the type of
vessel or the interested structural locations. According to the (DNV, 2012), the
hazardous structural location are the following.
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Splash Zone

Splash zone is located 5 meters above and 4 meters below the draft. This zone is
considered one of the most riotous marine environments because of “exposure to fully
aerated seawater, UV radiation, repeated wetting and drying and possibly salt built
up” where corrosion rate may be extremely high with disastrous consequences, such
as intensive corrosion and wall loss. Therefore, the exercised inspection shall be over
careful and detailed. An example of an extensive corrosion located in splash zone is
shown on Figure 10.

Figure 10: Outboard Splash Zone (DNV, 2012)

Topside

Top side corrosion can be identified everywhere above the splash zone. Because
of the intricacy of the topside, the above part of the structure can be separated to four
categories including primary structures, secondary structures, process equipment and
piping, safety and emergency equipment. A more detailed description of these parts is
presented in Table 8.

Tanks and Internals Structures

Cargo oil tanks, ballast tanks, pump rooms, chain lockers and void tanks are in
danger of excessive corrosion. Due to the difficult accessibility and the corrosive
environment which involve into these areas, the phenomenon of corrosion constitutes
a great threat for the internal surfaces. Ballast tanks record the highest rates of
corrosion because of the high humidity and the difficult access into them in order to
survey, and subsequently maintain this location (Gudze and Melchers, 2008). Cargo
oil tanks are also offended by corrosion because of the existence of the element S, as
well as the use of seawater in the cleaning process of the tanks (Sakashita et al.,
2007).
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Table 8: Structure elements divided of over the different main topside areas

Primary structures

Secondary structures

Process equipment and
piping

Safety and emergency
equipment

- Top side section of the
columns and braces;
ship hull

- Structural topside
braces

- Main deck and
helicopter deck

- Control room and

- Control room and
accommodations

- Walkways and stairs

- Communication systems

- Pressure vessels and
piping

- Storage tanks and
vessels

- -Sump systems

- Firefighting systems
including waterlines and
pumps

- Escape systems (life
boats/ escape modules
as well as the launch
system)

- Gas monitoring systems

control room structures

- Drill rig
- Cranes

- Alarm systems

4.1.2 Types of corrosion

Normally, corrosion is recognized according to its type relied on the nature of
corroded material, the environmental circumstances or the morphology of the
corrosion. In accordance with the morphology of damage on the corroded metal,
corrosion can be fragmented in 14 categories (Ricker et al.) (ITavtelng, 2012):

General Corrosion / Uniform Corrosion. In general corrosion, the whole
exposed surface is attacked uniformly from electrochemical or chemical
reactions. As a result, due to corrosion the metal becomes thinner and its shape
of surface alters. Usually, locations with low temperature and low humidity
suffer from general corrosion, such as ballast tanks.

Galvanic Corrosion / Bimetallic Corrosion / Contact Corrosion. It is an
electrochemical reaction between two different metals which come into
electrical contact in presence of an electrolyte. The corrosion rate increases to
the more active metal, whereas it decreases to the nobler one. The nature, the
humidity and the conductivity of the environment are significant parameters
for galvanic corrosion. In addition, the correlation between the surfaces of the
active and noble metal determines the corrosion rate. Also, the presence of
electrolyte is crucial because in a dry environment, galvanic corrosion cannot
occur.

Pitting Corrosion. Pitting corrosion is a high rate localized corrosion which
causes small holes in the surface of the metal. The reduction of pH, the
presence of Cu** and Fe®*" ions, high temperatures and the increase of the CI’
concentration are parameters which lead to pitting corrosion. Moreover, a
metal with sleek surface may be attacked from few and big pits, while a metal
with a more abrasive surface may present numerous and small pits. Usually,
pitting corrosion is identified in tankers and specifically in the internal of main
deck.
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Crevice Corrosion. Crevice corrosion is recognized in metals with gaps, on
their surfaces, where the entrance of the liquid of the environment is restricted.
These gaps are called crevices. Crevice corrosion is identified in passive or
easily passivised metals and alloys which are exposed to aqueous environment
with high levels of chloride. If two metals coexist in the same environment,
then galvanic corrosion occurs, also. The factors influencing the crevice
corrosive are the nature of the metal, the environment, the geometry of metal’s
surface and the initial gap of the crevice. Usually, this phenomenon is
presented in bolts, flanges, nails and joints of pipes.

Intergranular Corrosion. Intergranular corrosion attacks to the boundaries of
crystals. That localized corrosion leads to the separation of crystals and as
result, of the metal. It bronze, the existence of diluted Zn at high levels on the
boundaries of crystals, as well as the low concentration of Cr on the
boundaries of crystals in stainless steel can lead to intergranular corrosion.
Selective Attack — Leaching / Dealloying. Dealloying is identified to alloys of
two or more metals in a solid form. The less noble metal is selectively
removed from the surface. Although the remaining part of the alloy maintains
its solid form, its mechanical strength is reduced.

Cavitation Corrosion. Cavitation corrosion is caused by the creation and the
collapse of water bubbles which are, usually, produced by a high speed
impeller. Cavitation is identified with the form of big pits which cause an
abrasive surface and it occurs in agueous environment with great levels of
salinity. This type of corrosion is presented in propellers of ships and
hydraulic turbines.

Erosion corrosion. Erosion corrosion is the accelerated loss of metallic
component due to the flow of a liquid on the surface of this component.
Dilutes of high velocity remove the protective film of the metal and
subsequently the phenomenon of erosion corrosion occurs. Solid particles in
the liquid may cause damage on the surface, as well as two-phase flows.
Erosion can be detected in pump impellers, propellers, turbines and pipes with
changes in the directions of the flow.

Fretting Corrosion. The oscillatory tangential movement of two metals which
are in contact and highly loaded may induce fretting corrosion. The parameters
influencing the significance of this phenomenon are the load (as friction and
load increase relatively), greater frequencies produce greater fretting corrosion
and the temperature which influences metals according to their oxidation
characteristics. If the nature of the metal encourages the creation of a
protective film from oxides which prevents the contact of the metals, then the
rate of vibration is reduced. Fretting corrosion can be identified to bearings,
threads and parts of car engines.

Corrosion Fatigue. The combination of a cycling stress and a corrosive
environment cause the corrosion fatigue. If a metal is exposed in a highly
corrosive environment under cyclic loading, the service life of this metal
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becomes shorter due to the harmful circumstances. As stress increases, the
demanded number of cycles to induce failure is decreased. Corrosion fatigue is
directly influenced by loading, environmental and metallurgical parameters.
Stress Corrosion Cracking. The combination of tensile stress and the existence
of corrosive environment lead to stress corrosion cracking. Tensile stress may
be caused from external loads, temperature variations or residual stresses. The
most influential factors are mechanical (applied stresses), environmental
(temperature and chemical composition of dilute), and metallurgical
(composition of metal).

4.1.3 Safety measures

Marine corrosion damage may lead to disastrous consequences for personnel and
environment. Therefore, ships shall take prevention measures in order to control this
unpredictable phenomenon. The control measures of corrosion can be segregated to
five categories (Chandler, 2014) (ITavteAng, 2012).

The selection of materials which can resist at the operational environment.
This method is the most usual, as a preventing measure of corrosion, and aims
to the selection of an alloy which presents the optimal combination of aqueous
environment — alloy. The resistance of metals from corrosion can be increased
by inclusions or heat treatments which improve the mechanical behavior of the
alloy.

Design. The factor of design may be characterized as significant as the
selection of materials is. At the initial stage of construction, designers make
efforts to create an operative, aesthetic and stable structure. However, it is also
important to take into account the impact of the corrosive environment which
influences ship’s performance. Therefore, the design of a ship or equipment
shall avoid the creation of areas where water might be trapped, crevices, and
residual stresses, as well as the necessary depth of the shears and the easy
access for maintenance.

Coatings. One of the most common methods of preventing corrosion is
coatings. This method is based on the application of layers on the metallic
surface in order to isolate that surface from the corrosive environment.
Coatings can be grouped in three categories: metallic, inorganic and organic.
Metallic layers can be identified as the “more noble” and the “less noble”.
More noble layers isolate the metal and function as sacrificial coatings while
less noble protect the metal via galvanic reaction. Inorganic layers may be
created from chemical action. Heat treatments change the surface of metal into
a film of metallic oxide or compound (chromate, phosphate, nitride, passive
films) which provide better corrosive resistance. Organic layers function as
obstructions between metallic surface and corrosive environment. They
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consist of three levels: primers, it is considered as the most significant part of
the coating, undercoats, they are added only when a minimum depth of coating
is required, and top coats, which compose the external surface of the layer and
the first defensive level against corrosion. If the organic coating fails, the
protection of the metallic surface ends.

Cathodic Protection. Probably, cathodic protection is the most effective and
significant method for preventing corrosion in ships. When two dissimilar
metals or alloys come into contact in the same aqueous environment, one of
them corrodes (anodes) at a higher rate whereas the other (cathodes) is
protected. The corrosion rate of steel may be reduced or zeroed if blocks of
aluminum, magnesium, and zinc are attached on steel. There are two different
applicable methods of cathodic protection. The first one is known as
Impressed Current Cathodic Protection (ICCP) and it is based on the
connection between the metal and an external DC electrical power source. The
external source functions as a sacrificial anode and provides current in a
higher rate than the metal loses respectively. The second method is relied on
the galvanic protection and it requires the direct contact of an anode above the
surface of protected metal. This method is known as Sacrificial Anode
method.

Inhibitors. Inhibitors are substances which are used for the deceleration or the
postponement of corrosion. They can be deployed only to enclosed
atmospheric spaces. This method of protection includes the addition of
inhibitors at low concentrations in a corrosive environment. The inhibitors of
sorption constitute the most common category of inhibitors. They are organic
substances which are absorbed from the active areas of metal surface, and
subsequently postponed the failure of metal. Other categories of inhibitors are
scavengers, oxidizers, vapor phase. The application of inhibitors shall take
into consideration the nature of metal, the temperature, the environment and
the concentration.
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4.1.4 Model

Due to the problem of corrosion and its significant consequences in maritime, a
computational code has been developed; which calculates the probable depth of
corrosion on several locations of a ship. The code has been scripted in Matlab and
Octave. However, there are a few differences between the structure and the function
of Matlab and Octave scripts which will be analyzed further down. This specific code
is based on readily available information related to ship’s characteristics and
operations. A general idea of the structure of the developed model can be shown in
Figure 11 as it is proposed by DNV/GL. The input factors, which will be described in
detail below, influence the corrosion rate and coating life time. The output of this
model is the depth of corrosion in mm. The used technique of sampling was Monte
Carlo simulation.
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Figure 11: Model structure
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The model aims to the prediction of the depth of corrosion based on time
dependent parameters. For evaluating time dependent corrosion, one of the many
models which had been developed is the two parameter power approximation
(YYamamoto, 1997).

z(t)=a - 1P
z: the loss of plate thickness in mm.
a: constant which determines the corrosion growth.
b: constant characterizing the slope of function z.
7: age of the vessel minus the coating life.
The calculation of corrosion wastage (z) requires the estimation of the variable t:
T = Ship Age — Coating Lifetime

As the age of a ship is defined from databases, the evaluation of coating lifetime
shall be determined according to the influential factors. Coating lifetime is governed
from several parameters which can be grouped in 6 categories and had been
quantified by Classification Societies and experts. The parameters are presented in
Table 9. The mean and the standard deviation of theoretical coating lifetime diverge
depending on ship structural area and they are expressed in terms of years.

Table 9: Parameters of coating lifetime

Category Parameters

Quality of initial coating - Country of yard
- Building class

- No of owner changes

_ - Flag

Maintenance - Class

- Timeatsea

- Laydays in port

Operational Profile - Operation in tropics/subtropics

- Cargo frequency

Cargo type and handling - Abrasivity of cargo

- Cargo handling

- No of deficiencies

Survey - No of detentions

- Time to next docking survey

Theoretical coating life - Meanvalue
- Standard deviation

Corrosion model parameter a refers to the corrosion rate depending on several
variables which are presented in Table 10, analytically. The possible values of aco
were evaluated by taking into consideration information provided by (Harada et al.,
2001) and (Sone et al., 2003).
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Table 10: Parameters influencing factor a

Category Parameters

Operational Profile - Operation in tropics/subtropics
- Ballast ratio

Cargo type and handling - Cargo temperature

- Corrosivity of cargo

Theoretical value of a (acor) - Ship type
- Structural area

Concerning the constraint b, as it is proposed by Guo et.al. (2008), it is quantified to
2/3 for mean corrosion rate.

The developed code requires from the user to give as an input the IMO number of
a ship (Figure 12), on which he is interested in calculating the depth of corrosion.
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Figure 12: IMO number is required as an input (Matlab)

As regards the Matlab script, after the given input of the user, an excel file is loaded
and the including data are placed on a matrix. The excel file contains necessary
information, related to ship’s variables which are provided by databases (IHS fairplay,
AIS data and Paris MoU) and quantified by experiences surveyors and researchers.
Then, the Matlab code searches the created matrix in order to match the IMO number,
which has been given as an input, with the existed IMO number of the loaded excel
file. Subsequently, a new matrix is created with the essential variables of the ship.
These variables are named below:

R/

+« Ship type. Depending on the cargo a vessel carries several ship types can be

identified. According to the cargo of a ship the corrosion can differ in cargo holds.
%+ Ship age. Coating condition can be determined by the age of the ship. On a young
ship the coating may be in better condition than on an old one.
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%+ Owner changes. Generally, ships that do not change owners for a long time are in
better technical condition than those which are often sold. The quantification of
this variable is presented in Table 11.

Table 11: Factors for owner changes

No of owner changes Factor for coating lifetime | Factor for corrosion rate
0 1.2 1.0
1-2 1.0 1.0
>2 0.9 1.0
unknown 0.9 1.0

®,

% Class. The classification society of a ship can define its technical condition. Ships

have been separated to those which have been classed by an IACS class and those

which have not. The members of IACS are:

= American Bureau of Shipping (ABS),
Bureau Veritas (BV),

DNV GL (DNV, GL and DNV GL)
Lloyd’s Register (LR),

Nippon Kaiji Kyokai (NK),

China Classification Society (CCS),
Croatian register of shipping (CRS)
Indian Register of Shipping (IRS)
Korean Register (KR)

Polish Register of shipping (PRS)
Registro Italiano Navale (RINA)
Russian Maritime Register of Shipping (RS)

The quantification of this parameter is presented in Table 12.

Table 12: Factors for class

Class Factor for coating lifetime | Factor for corrosion rate
IACS 1.1 1.0
Non IACS 0.9 1.0
unknown 0.9 1.0
The quantification of each variable can be seen in ANNEX A. Corrosion

Influencing Factors
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Building class. Every ship is design and built in accordance with the rules of a
classification society. The rules of societies diverge, thus the building quality
depends on the class which surveyed the building process.

Country of yard. This variable refers to the country where the ship was build. The
quality of workmanship and materials, as well as the climatic conditions of the
country may determine the coating life.

Flag. According to Paris MoU and PSC findings, corrosion is related to the flag of
the ship, as the flag can indicate the technical condition of the vessel. In this
model, flags of 72 countries have been considered.

Time at sea (in days). Ships that sail long distances between ports are in better
technical condition because crew has more time to maintain the ship effectively
than those that travels short time.

Time at port (in hours). On ships staying long time to ports the crew has more
time to for maintenance work.

Detentions. An indicator of the technical condition of a ship may be its detentions.
Numerous detentions for a ship, indicates that it is not well maintained and safe.
Deficiencies. An indicator of the technical condition of a ship may be its
deficiencies. Numerous deficiencies for a ship, indicates that it is not well
maintained and safe.

Cargo corrosivity. Cargoes that contain sulphur may have increasing corrosion
rates. Principally, sulphur in bulk, copper concentrate, coal, petroleum coke and
iron ore are parameters which increase the corrosion rate.

Cargo abrasivity. Ships that load abrasive bulk cargo or its shift during the voyage
may damage the cargo hold coating.

Cargo temperature. High cargo temperature leads to an increase in corrosion, thus
the temperature in the cargo hold shall be considered.

Operating in tropics/subtropics

Cargo handling. Coating in cargo holds may be damaged by mechanical cargo
methods.

Cargo frequency. Changes in cargo frequency can be estimated from the draught
of the ship and influence the coating life.

Time with ballast (Ballast ratio). Corrosion in ballast tanks depends on the time a
ship is in ballast condition. Although in ballast condition the ballast tank surfaces
are exposed seawater, the corrosion degrades the tanks when they are deballasted
because of the high levels of humidity in the enclosed area (Gardiner and
Melchers, 2003).

Time to next docking (in years). Docking surveys are exercised every 5 years.
During the survey the condition of coating is examines. Therefore, a ship that has
been surveyed a short time ago it can be considered that its coating is at an
acceptable level.
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The above-mentioned characteristics may be string or numeric. The value of each
variable, regardless of its type, is matched to a numeric value and all these values are
used for the computation of the corrosion depth. The correlation between the variables
of the ship and the matched variables of the Matlab code is presented below:

Ship age — Ship_Age

Owner changes — Factor_OwnerChanges

Class — Factor_Class

Building class — Factor_Building_Class

Country of yard — Factor_Yard

Flag — Factor_Flag

Time at sea (in days) — Factor_Haul

Time at port (in hours) — Factor_Days_In_Port
Detentions — Factor_Detentions

Deficiencies — Factor_Deficiencies

Cargo corrosivity — Factor_Corrosive_Cargo

Cargo abrasivity — Factor_Abrasive

Cargo temperature — Factor_Cargo_Temperature
Operating in tropics/subtropics — Factor_Tropics_Subtropics (for coating
life)

Operating in tropics/subtropics — F_Rate_Tropics_Subtropics (for
corrosion rate)

Abrasive cargo handling — Factor_Handling

Cargo frequency — Factor_Frequency

Time with ballast (Ballast ratio) — Factor_Ballast_Ratio
Time to next docking (in years) — Factor_Next_Survey

Firstly, the code calculated the coating life. The above-named factors are grouped
in 5 categories according to their contribution to ship’s functions. They can be
identified on those which influence the corrosion levels via cargo, building quality,
operational area, maintenance, and surveys. The multiplication of factors leads to the
evaluation of these 4 parameters which are called nodes. Nodes are presented below,
as they have been named in the code and considering the factors which influence

them:

Factor_Abrasive, Factor_Handling, Factor_Frequency — Node_Cargo
Factor_Yard, Factor_Building_Class — Node_Building_Quality
Factor_Tropics_Subtropics — Node_Operational_Area
Factor_OwnerChanges, Factor_Class, Factor_Flag, Factor_Haul,
Factor_Days_In_Port — Node_Maintenance

Factor_Next_Survey, Factor_Detentions, Factor_Deficiencies —
Node_Survey

Afterwards, the theoretical coating life has to be defined in order to estimate the
coating life. The mean value and the standard deviation depend on the ship type and
the interesting structural area. Table 13 presents the possible values, as they had been
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determined by experienced researchers. Subsequently, the parameter t is calculated,

as the ship age is known and the coating life has been assessed.

Then, the parameter a is calculated and results from the product of
Factor_Corrosive_Cargo,
F_Rate_Tropics_Subtropics, and ac,,,. The value of theoretical correction of a
depends on the structural area that is examined and the ship type as it is shown

Factor_Ballast_Ratio,

Factor_Cargo_Temperature,

in Table 14.
Table 13: Mean value and Standard deviations
Tanker Bulker General Cargo
Locations Mean Stdv. Mean Stdv. Mean Stdv.
Living Space 10 2 10 2 10 2
Interior deck 10 2 9 1.8 9 1.8
Exterior deck 9 1.8 10 10 2
Bottom 10 3 10 10
Cargo Space
- Interior deck 2.7 10 3.9 10 3.9
- Bulkhead 9 2.7 7 2.8 7 2.8
- Sideshell 10 4 10 4 10 4
- Inner bottom 7 2.1 3 0.9 3 0.9
- Floor 8 2.4 10 3 10 3
Water ballast tanks
- Bulkhead 8 3.2 8 3.2 8 3.2
- Inner bottom 11 3.3 11 3.3 11 3.3

Table 14: Corrosion model parameter a for different locations in ship and ship types

Locations Tanker Bulker Gg;fgrgl
Living Space 0.61 0.61 0.61
Interior deck 0.21 0.61 0.61
Exterior deck 0.61 0.21 0.21

Bottom 0.20 0.20 0.20
Cargo Space
- Interior deck 0.30 0.21 0.21
- Bulkhead 0.40 0.28 0.58
- Sideshell 0.28 0.28 0.28

65




- Inner bottom 0.30 0.57 0.57

- Floor 0.31 0.31 0.31
Water ballast tanks

- Bulkhead 0.52 0.52 0.52

- Inner bottom 0.38 0.38 0.38

As the parameters of the model have been defined, the depth of corrosion
can be estimated according to the mathematic formula below:

depth = a x 1°

As regards the code which has been developed in Octave, although the
computational procedure is the same to this of Matlab, the most significant
difference is the procedure of loading the ship’s database from the excel file. The
most noticeable difficulty in developing the Octave code was the use of command
which loads an excel file which includes both stings and numbers. For that
reason, two different procedures were followed. The first is that the essential
characteristics of the ships are typed by the user as inputs in Octave
environment. However, this procedure is certainly time consuming and of course
not optimal. Therefore, the second approach is that the correspondence of ship’s
characteristics and the relative variables results in the excel file and not in
Octave, as it happens in Matlab code. As a result, Octave file loads only numerical
values, and subsequently the procedure of calculation eventuates in Octave.

At both environments, Matlab and Octave, three matrices are created after
the completion of essential calculations which lead to the depth of corrosion,.
The first matrix contains the characteristics of ship which was studied
analytically. The second matrix includes the final values of mean, standard
deviation and constraint g, for each location of the ship. Finally, the third matrix
presents the value of every factor or node which participates in the
computational procedure. All three matrices, are exported to an excel file, using
the appropriate command of Matlab (Figure 13).

2382

2383 - xlswrite('Corrosion Model - Data for Bulk Carrier - Ballast Tanks.xlsx',input_data,1)
2384 - ¥lswrite('Corrosion Model - Data for Bulk Carrier - Ballast Tanks xlsx’,Nodes 3)

2385 — xlswrite('Corrosion Model - Data for Bulk Carrier - Ballast Tanks.xlsx',Mean_5td_a,2)
2386 — end

2387 - end|

4 I

Figure 13: Creation of excel file with the appropriate input data and results
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4.2 LSA model

4.2.1 LSA

Human fatalities and severe injuries continue to appear due to the ineffective
function of life saving appliances even though huge efforts have been made in order
to solve that problem by the maritime industry. Usually, the exercising drills for the
purpose of training the crew of the vessel lead to contrary results instead of preparing
efficiently its members to deal with unpredictable situations.

In 1994, the numerous accidents involving different types of saving appliances
prompted Oil Companies International Marine Forum (OCIMF) to research
additionally the causes. A questionnaire have been formed and handed out to the
International Chamber of Shipping (ICS), ship operators, Flag State administrators
and national authorities. Their publication included reports of 92 accidents which had
been analyzed, as well as detailed information about the type of activity taking place
when the accident occurred (drill, survey, maintenance etc.), the source of accident
(human fault, equipment failure, poor designing etc.), key component failure and the
range of consequences. Expanding the investigation of 1994, OCIMF published a new
research associated with the extensive control of LSA. The latter research was based
in a questionnaire handed out to members of OCIMF, INTERTANKO, and Society of
International Gas Tanker and Terminal Operators (SIGTTQO). Davit launched lifeboats
was contained in the majority of the 89 reports because of the complexity of their
design. The principal cause of accidents was equipment failure in spite of the reported
LSA type, followed by insufficient maintenance, and design errors. A short number of
human errors during the operation were recorded, as well as inadequate training and
wrong communication.

In 1999, the Australian Maritime Service Board (AMSB) distributed a summary
of LSA incidents containing a period of seven years to the IMO. The research
considered 9 accidents associated with lifeboats and concluded that the major causes
of incidents were inadequacies in design, equipment and training.

In 2001, Marine Accident Investigation Branch (MAIB) published a research on
accidents associated with lifeboats in the UK in a period of 10 years, from 1989 to
1999. The investigation was based on design, maintenance, and training of crew
members correlated with key components of lifeboat launch system, such as winches,
falls, davits, hooks etc., which were involved in the incidents. The MAIB pointed out
that it was necessary to take suitable measures for mitigating the occurrence of
accidents because of the remarkable number of human losses and consequences.

Ross (2006), conducted a study with regards to life saving appliances accidents in
2006. Insufficient design and maintenance of equipment, as well as lack of training
and errors during the operation, were associated with lifeboat launching mechanisms
issues according to Ross. The research was focused on the not completed
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comprehension of crewmembers equivalent to the operational procedures and
requirements of the davit launches subsystems. In addition, Ross recognized that a
significant extension of incidents resulted by equipment deficiencies.

4.2.2 Types of LSA

The obligatory existence of life saving appliances aims to the decrease of
possible injuries and fatalities of seafarers or passengers, which might be caused by
any unpredictable incident. The social sensitivity on human losses has lead to the
improvement of lifeboats design, as a result of severe maritime accidents which had
caused numerous fatalities (e.g. Titanic in 1912, S.S. Eastland in 1915 etc.). This
thesis focuses on and elaborates the function of three different types of life saving
appliances.

- Davit launched lifeboats.
- Davit launched liferafts.
- Free-fall lifeboats.

Each LSA type is divided into main components. The deficiency of each main
component results the total failure of the LSA. The analysis of each LSA and its main
components will be described below.

Davit launched lifeboats & life rafts

Davit launched lifeboats and davit launched life rafts are composed by seven
main components and the majority of them consists of subcomponents.

e Davits. The responsibility of davits is to bring either the lifeboat or the life raft
from a stowed position to the embarkation and to the launching position. The
subcomponents of davits are a limit switch, davit arms, the fall wires and the
winch. The majority of lifeboats include two davit arms on their installation,
whereas life rafts contain one. The existence of limit switch ensures the quick
restoration of the fall wire.

e Release mechanism. Release mechanism is responsible for releasing the
embarked LSA. A remarkable number of accidents derive from the failure of
release mechanism. The hooks, the operating cables, and the control lever
compose the subcomponents of release mechanism. Davit launched lifeboats
have two hooks, while the life rafts have one hook. Most of accidents are
observed in lifeboats installations. The principal cause is the unintentional
release of hooks which may be degraded by corrosion.

e Winch. Winches consist of winch brakes, motors, and their back-up
mechanisms, as well as winch clutches. Winches can be attacked by corrosion
or insufficient maintenance. A possible failure of winch brakes or clutch may
cause restrictions in controlling the LSA safely either during the procedure of
embarkation or the launch’s.
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Falls, sheaves & blocks. In every davit installation, components such as falls,
sheaves and block can be identified. They compose the smallest parts of the
installation and their deficiency might cause the general failure of davit.
Tricing & bowsing. Usually, while the davit launched lifeboat is in stowed
position, seafarers or passengers are not capable to board and the lifeboat
should be lowered to an embarkation platform. Tricing pennants are
responsible for pulling the lifeboat to the preferable position in order to
contribute to a safety boarding. When the lifeboat reaches the required
position, the bowsing tackles help the blocks to be constrained, and
subsequently the tricing pennants are released. Tricing pennants and bowising
tackles are correlated directly. A possible malfunction of tricing pennants
forbid the procedure of boarding, while in case of lack of bowsing tackles,
load is transferred partially to tricing pennants which are not constructed for
this goal.

Lifeboat. In some cases the LSA has not been maintained in good condition
and as a result it is not capable to operate safely. The appropriate maintenance
is indispensable in order to secure the integrity of LSA.

Fall wires. Fall wires have to cope with the most harsh loads and
environmental conditions. Their function includes the transfer of the LSA load
to the davit. LSA loads may be reinforced due to bad weather conditions, and
simultaneously fall wires are offended by the highly corrosive environment.

Free-fall lifeboats

Free-fall lifeboats consist of several main components which functionality
secures the safe operation of LSA. The main components are analyzed below.

Davits. The most noticeable contrast between davit launched lifeboats and
those of free fall, is that the latter’s function is based on the sliding of lifeboat,
since the hooks are released, on two rails which constitute part of the davit.
Davit arms provide the safe retrieve of the lifeboat from the sea and they
might be used as a davit launched backup system.

Release mechanism. Release mechanisms on free-fall installation are almost
the same to those of davit launched and both installations are composed by the
same subcomponents. Accidents in free-fall lifeboats are not as usual as in
davit launched installations due to release mechanism failure; because of the
existence of davit’s rails the lifeboat can be hold on the correct direction even
if an unintentional release occurs.

Winch. Winches are useful for recovering the lifeboat from water in cases
when the davits are not able to operate, and a davit launched backup system is
placed on the free-fall installation.

Main components, such as falls, sheaves & blocks, lifeboat, and fall wires illustrated
similar characteristics to those of davit launched installations.
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4.2.3 Regulations

The principal requirements related to saving appliances on a ship are defined
briefly in SOLAS regulations in Chapter I11. Concerning the number and the capacity
of a vessel in combination with its type, there are specific requirements which should
be followed.

Cargo ships

Generally, cargo ships must carry at least one enclosed lifeboat conforming to the
requirements of such aggregate capacity on each side of the ship in order to provide
space for the total number of seafarers on board. Additionally, all cargo ships must
carry at least one inflatable or rigid life rafts, conforming to the requirements of a
mass of less than 185 kg and stowed in a position which provides an easy side to side
transfer at a single open deck level, as well as of such aggregate capacity on each side
of the ship in order to provide space for the total number of seafarers on board. If the
liferafts do not meet the requirements of a mass of 185 kg and are not stowed in a
position which provides an easy side to side transfer at a single open deck level, the
total capacity on each side must be sufficient in order to accommodate the number of
people on board, in total.

Additional lifeboats installations are on the discretion of shipping management.
Cargo ships may carry on or more free fall lifeboats which shall be capable of being
free fall launched over the stern of the ship; providing space for the total number of
seafarers on board. Moreover, one or more inflatable or rigid life rafts which are
placed on each side of the ship, of such aggregate capacity providing space for the
total number of seafarers on board.

Concerning cargo ships of less than 85m length excluding oil tanker, chemical
tankers, and gas carriers, may conform to the below regulations. They must carry at
least one or more inflatable or rigid life rafts of such aggregate capacity providing
space for the total number of seafarers on board. If the life rafts do not meet the
requirements of a mass of 185 kg and are not stowed in a position which provides an
easy side to side transfer at a single open deck level, the total capacity on each side
must be 150% of the total number of people on board. If the lifeboat is totally
enclosed, it may be included in the aggregate capacity, on condition that the total
capacity on either side of the ship is at least 150% of the total number of people on
board. In any case that a lifeboat have been lost or rendered unserviceable, there must
be sufficient survival craft available for use on each side, containing any that are of a
mass of less than 185 kg and stowed in position which provides easy transfer from
side to side at a single open deck level, to accommodate the number of people on
board, in total.
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Passenger ships

Passengers ships engaged on long international voyages must carry partially or
totally enclosed lifeboats on each side of such an aggregate capacity providing more
than 50% of the total number of people on board. The Administration may allow the
replacement of lifeboats by life rafts of relative total capacity on condition that there
shall be never less than sufficient lifeboats on each side of the passenger ship to
provide space for 37.5% of the total number of people on board. The inflatable or
rigid life rafts shall be served by launching appliances divided equally on each side of
the ship. Additionally, the above mentioned passenger ships shall carry inflatable or
rigid life rafts of such aggregate capacity providing accommodation for more than
25% of the total number of people on board. These life rafts must be served by at least
one launching appliance on each side or relative confirmed appliances capable of
being used on both sides.

With regards to passengers ships engaged on short voyages, they must carry
partially or totally enclosed lifeboats on each side of such an aggregate capacity
providing more than 30% of the total number of people on board. The lifeboats shall
be divided equally on each side of the ship, as far as possible. Additionally, inflatable
or rigid life rafts shall be carried of such an aggregate capacity that together with the
lifeboat capacity, the survival craft will be capable to provide space for the number of
people on board, in total. The inflatable or rigid life rafts shall be served by launching
appliances divided equally on each side of the ship. Moreover, passenger ships of that
type shall carry inflatable or rigid life rafts of such aggregate capacity providing
accommodation for more than 25% of the total number of people on board. These life
rafts must be served by at least one launching appliance on each side or relative
confirmed appliances capable of being used on both sides.

4.2.4 Model

This thesis calculates the probability of failure of different LSA types. The study
focuses on the possible deficiency of davit launched lifeboats, davit launched life
rafts, and free fall lifeboats which are installed into general cargo ships and passenger
ships. The approach of this model is relied on Fault Trees (Figure 14), considering the
malfunction of a subcomponent which leads to the general failure of the installation.
A fault tree presents all the parameters (subcomponents and main components) which
influence the function of the equipment, which is the LSA installation on the study.
Practically, the parameters compose the causes, and as a result the different scenarios
of a possible general failure. The collection of approximately 25,000 reports from
Paris MoU and Norsafe Water craft Hellas A.E, has lead to the definition of the
probability of failure of each subcomponent. The above-mentioned reports included
information about detentions regarding LSA, with further details about the flag, the
class and the age of the detained vessels. In addition, they provide information about
the nature of defects on the several components. The deficiency of the equipment may
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be resulted by different combinations of main and sub components failure. These
combinations are define by the gates “AND” and “OR”. Gate “AND’ requires the
occurrence of all causes in order to lead to the event, whereas the gate “OR” demands
the happening of only one cause.

There are several factors which influence the safe operation of life saving
appliances, such as the functional design, human errors, and appropriate maintenance.
However, the literature review defines the latter parameter as the most significant.
The organizing and appropriate maintenance of the subparts of any LSA type can
reduce the involuntary accidents substantially. Concerning the maintenance of davit
launched lifeboats, davit launched life rafts, and free-fall lifeboats, it is directly
connected to the flag and the class of the ship, as well as to its age. A ship can fly
under a white, black or grey flag and be classified by an IACS or a non IACS
classification. With regards to the parameter of age, ships are divided to those which
are less than 5 years old and those which are older. The parameters are presented in
detail in Table 15.

TOP EVENT

"FAILURE OF INSTALLATION"

OR

Main component Main component

Subcomponent

(ano) on

Subcomponent | | Subcomponent Subcomponent Subcomponent

Figure 14: Fault tree diagram
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Table 15: Parameters of maintenance

Parameters of Maintenance Quialitative Values
IACS
CLASS
Non IACS
<=5
SHIP AGE
>5
White
FLAG Grey
Black

DAVIT LAUNCHED LIFEBOATS

Figure 15 presents the developed model which calculates the probability of
failure of davit launched lifeboats.

FAILURE OF DAVIT
LAUNCHED LIFEBOATS

FALL, SHEAVES & ON-LOAD TRICING &
L250 e nallda) LIRS BLOCKS MECHANISM BOWSING

CONTROL
WINCH

LEVER
WINCH MAIN WINCH BACK UP GENERAL
MECHANISM MECHANISM

'WINCH GEAR WINCH BACK UP
SYSTEM BREAK

OPERATING
CABLES

HOOKS |

DAVIT
STRUCTURE

LIMIT SWITCH

WINCH BACK
UP GEAR
SYSTEM

'WINCH BREAK

Figure 15: Developed model for the estimation of probability of failure davit launched
lifeboats

The value of the probability of the malfunction of davit launched liferafts is a result of
the following calculations:

o PFAILURE OF DAVIT LAUNCHED LIFEBOATS =

PoaviT FAILURE T PraLL wires FaILURE + Pwinch FaIlLURE T+
PrALL, SHEAVES & BLOCKS FAILURE T PON—LOAD RELEASE MECHANISM FAILURE T
PLireBOAT FAILURE t PTRICING & BOWSING FAILURE
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® Ppavir raicure = Poavit + PuiMit switch
*  Pyinch FaiLure = Pwinch BREAK FAILURE T PWINCH GENERAL FAILURE

¢ PON—LOAD RELEASE MECHANISM FAILURE =
PHOOKS FAILURE T PCONTROL LEVER FAILURE T l)OPERATING CABLES FAILURE

DAVIT LAUNCHED LIFERAFTS

Figure 16 presents the developed model which calculates the probability of
failure of davit launched liferafts.

FAILURE OF DAVIT
LAUNCHED LIFERAFTS

DAVIT FALL WIRES WINCH

FALL, SHEAVES & ON-LOAD
BLOCKS MECHANISM

n n ﬁ

CONTROL
LEVER

OPERATING
CABLES

l DAVIT | HOOKS |

STRUCTURE

LIMIT SWITCH |

WINCH
GENERAL

WINCH MAIN WINCH BACK UP
MECHANISM MECHANISM
'WINCH BACK
WINCH BREAK WINCH GEAR 'WINCH BACK UP UP GEAR

SYSTEM BREAK SYSTEM

Figure 16: Developed model for the estimation of probability of failure davit launched
liferafts

The value of the probability of the malfunction of davit launched liferafts is a result of
the following calculations:

®  PrAILURE OF DAVIT LAUNCHED LIFERAFTS =
PoaviT FAILURE T PraLL wires FaILURE + Pwinch FaIlLURE T+
PrALL, SHEAVES & BLOCKS FAILURE T PON—LOAD RELEASE MECHANISM FAILURE

* PDAVIT FAILURE = PDAVIT + PLIMIT SWITCH
* PWINCH FAILURE = PWINCH BREAK FAILURE + PWINCH GENERAL FAILURE
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* PON—LOAD RELEASE MECHANISM FAILURE =
PHOOKS FAILURE T PCONTROL LEVER FAILURE T l)OPERATING CABLES FAILURE

FREE FALL LIFEBOATS

Figure 17 presents the developed model which calculates the probability of
failure of free fall lifeboats. The failure of this LSA is divided to the failure of the
main mechanism and the failure of the backup mechanism.

FAILURE OF FREE FALL
LIFEBOATS

ON-LOAD /BACKUPL

DAVIT RELEASE LIFEBOAT
MECHANISM n

FALLWIRES

FALL, SHEAVES &
BLOCKS

DAVIT
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LIMIT SWITCH | n

CONTROL
LEVER

OPERATING

| 3 CABLES

WINCH
WINCH
GENERAL

‘WINCHMAIN 'WINCH BACK UP
MECHANISM MECHANISM

'WINCH BREAK

UP GEAR
SYSTEM

Figure 17: Developed model for the estimation of probability of failure of main
mechanism of free fall lifeboats

®  PraiLure oF FREE FALL LIFEBOATS = PpaviT FAILURE T PrALL WIRES FAILURE T
Pwinch FaILURE + PrALL, SHEAVES & BLOCKS FAILURE T
PoN-LOAD RELEASE MECHANISM FAILURE T PLIFEBOAT FAILURE

®  Ppavir rarcure = Poavit + Pumit switcn

¢ PWINCH FAILURE = l:’WINCH BRAKE FAILURE T l:)WINCH GENERAL FAILURE

® PoN-1L0AD RELEASE MECHANISM FAILURE =
Pooks FAILURE T PcoNTROL LEVER FAILURE + PoPERATING CABLES FAILURE
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The developed code loads an excel file including data which are useful for
calculating the probability of failure of life saving appliances at several ships.
Afterwards, it requires from the user to give as an input the IMO number of a ship in
order to search and match in with the relative of the loaded file. That matrix contains
all the essential information which will lead to the estimation of the required
probability. Such information are the number and exact type of life saving appliances
for every ship which are identified by Matlab script, and as a result the appropriate
calculations are based on the recognized LSA type. Moreover, the country flag, the
class, and the ship age, which influence the maintenance of LSA, are included in the
excel file and define According to the values of those three parameters different
scenarios of deficiencies are conducted and the initial probabilities of failure of
subcomponents are defined. The function and the procedure of code’s calculations can
be totally accessible by the following example.

Step 1: Recognize the appropriate data

Table 16: Ship parameters

TYPE OF LSA Free-fall lifeboat

COYNTRY GREECE
CLASS RINA
AGE 6

Step 2: Correlation between data and their qualitative value

Greece > White flag
Rina > IACS
6 years old > >5
Step 3: Quantification of data
FREE FALL LIFEBOATS
Probability of
failure :; NOIACS
b BLACK GREY BLACK GREY WHITE
subcomponent 5t 5 5+ 5 5 5+ 5 5+ 5 5+ 5
Wires 0.0413  0.4463  0.0223  0.1517 03794 04347 0.2049 02347 0.0582 0.0798 01017  0.0549

Davit 0.0827 0.1157 0.0116 0.0393 0.0984 0.1127 0.0138 0.0158 0.0002 0.0054 0.0264 0.0037

Figure 18: Quantification of data
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Table 16 constitutes an example of data which may characterize a vessel. Step 1
includes the loading of those parameters by the Matlab code. In step 2, the script of
Matlab and Octave relates the data to qualitative values. In step 3, codes in
accordance with the qualitative values, quantifies the data and defines the
probabilities of subcomponents (Figure 18). In Matlab and Octave, the control of
conditions is occurred by the command “if” .Finally, the calculation of the appropriate
model may begin in order to estimate the probability of failure of the LSA.

g SN

460 — if Type_1==FFALL' %FREE FALL LIFEBOAT
461 — If Node Class == IACS' %IACS
462 — if Node_Flag=="BL" %BLACK
463 — If Ship_Age==5 Y%==5
4164 — Subcomponent Wires FFALL=ex{52 2}
465 — Subcomponent_Davit_ FFALL=ex{53,2};

Figure 19: Control of conditions (Matlab)
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5 CORROSION MODEL RESULTS

5.1 Introduction

After the completion of coding, three different case studies were selected to be
taken into account in order to test the effectiveness of the algorithm, as well as to
check the results of these studies. The first case study includes the probable corrosion
wastage of a bulk carrier on different structural areas which are the cargo holds,
ballast tanks and some general areas in the ship. The second case contains an
examination of two different ship types, the examined bulk carrier of the first case’s
and a tanker which is characterized from the same parameters, as the bulker’s,
excluding the cargo that it carries. The third study calculates and compares the
corrosion wastage of two different ship types and ages. The quantification of the
parameters has been defined from information taken by AIS, FHS and PSC data
bases.

The structural areas which have been chosen to taken into account are divided to
three categories; the cargo holds, ballast tanks and some general areas. The three
different categories of areas consist of various structural elements. Interior deck, side
shell, bulkhead, inner bottom, and floor can be identified on cargo holds. The general
areas include living space, external deck, interior deck, and bottom, while the
bulkhead and the inner bottom are contained in ballast tanks.

Exterior deck plating

Interior deck plating

Side shell

Inner bottom plating
Floos
Bottom shell

Figure 20: Identified structural elements at midship section
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The presentation of results in first study case contains the figures of both Matlab
and Octave programs, as they have resulted for each structural area. With regards to
the second study case, the results of model include, for each area, one figure, which
presents the distribution of corrosion wastage of the two studied ships in order to
identify the different consequences of the cargo to the structural elements. The figures
of the second study case are produce from Matlab. The presentation of results of the
third study is similar to the second’s.

5.2 Bulk Carrier

In the first case, the type of ship which has been taken into consideration is a bulk
carrier. The examination has included all the structural areas that have been
mentioned above. Table 17 presents the parameters of the vessel, as well as the
relative empirical factor of each parameter.

Table 17: Parameters and factors of bulk carrier (case 1)

Parameters Factolzfz;ir rr(igating Factor fg;tceorrosion
Ship type Bulk Carrier
Year built 2011
s 1
Country of yard China 0.67 1
Class IACS 1.1 1
No of owner changes None 1.2 1
Time at sea (in days) 9.36 (long) 1.2 1
Time at port (in days) 3.03 (long) 11 1
Corrosivity of cargo Regularly 1 1.5
Abrasivity of cargo Regularly 0.9 1
Temperature of cargo Low 1 1
gggiréist/l:ﬁblt?opics Mostly 0.9 111
Time with ballast (Ballast High 1 11
ratio)
Building class Non IACS 0.9 1
Abrasive cargo handling Regularly 0.9 1
Frequency of cargo Often 0.9 1
Detentions None 1 1
Deficiencies None 1 1
;:rr?,ee;o next docking Overdue 0.9 1
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5.2.1 Cargo Holds

The grouped areas of cargo holds are the interior deck, the side shell, the
bulkhead, the inner bottom, and the floor. The distribution and the mean values of
corrosion wastage on these areas will be presented below, as they have been
calculated in Matlab and Octave.

5.2.1.1 Interior deck

The figure of distribution of depth of corrosion concerning the interior deck of
cargo spaces contains 100% of the cases for both Matlab and Octave figures. It can be
seen in Figure 21 and Figure 22 that they are quite similar. The point of convergence
of mean value of each code can be shown in Table 18. A Weibull distribution fits best
and its parameters are described in Table 19. Approximately, 20% of cases approach
the mean value.
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Figure 21: Depth of corrosion (in mm) on interior deck of cargo hold by Matlab
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Figure 22: Depth of corrosion (in mm) on interior deck of cargo hold by Octave

Table 18: Mean values of corrosion wastage on interior deck by Matlab and Octave

Mean Value (in mm)

Matlab 0.480

Octave 0.480

Table 19: Parameters of best fitted distribution for interior deck

Weibull
a 0.5378
b 1.7357
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5.2.1.2 Side shell

With regards to the structural element of side shell in cargo spaces, in Figure 23
and Figure 24 it can be seen that the estimation of both, Matlab and Octave, is almost
the same. The mean values of each code are presented in Table 21. A Weibull
distribution fits best and it is parameters are described in Table 20. Approximately,
19% of cases approach the mean value.
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Figure 23: Depth of corrosion (in mm) on side shell of cargo hold by Matlab

Table 20: Parameters of best fitted distribution for side shell

Weibull
a 0.7382
b 1.7517
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Figure 24: Depth of corrosion (in mm) on side shell of cargo hold by Octave

Table 21: Mean values of corrosion wastage on side shell by Matlab and Octave

Mean Value (in mm)

Matlab 0.659

Octave 0.654

5.2.1.3 Bulkhead

Concerning the bulkhead of cargo areas, it can be noted that both codes produce
almost similar distributions as it can be seen in Figure 25 and Figure 26. Table 22
presents the mean values of the developed codes. A Weibull distribution fits best and
it is parameters are described in Table 23. Approximately, 19% of cases approach the
mean value.
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Figure 25: Depth of corrosion (in mm) on bulkhead of cargo hold by Matlab
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Figure 26: Depth of corrosion (in mm) on bulkhead of cargo hold by Octave
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Table 22: Mean values of corrosion wastage on bulkhead by Matlab and Octave

Mean Value (in mm)

Matlab 1.365

Octave 1.361

Table 23: Parameters of best fitted distribution for bulkhead

Weibull
a 1.5338
b 1.9349

5.2.1.4 Inner bottom

As regards the inner bottom, the depth of corrosion is presented in Figure 27 and
Figure 28. Table 24 shows the mean values as they resulted from Matlab and Octave.
Both figures perform the similar distribution. A Normal distribution fits best and its
parameters are described in Table 24 and Table 25. Approximately, 31% of cases
approach the mean value.

Table 24: Mean values of corrosion wastage on inner bottom by Matlab and Octave

Mean Value (in mm)

Table 25: Parameters of best fitted distribution for inner bottom

Matlab

2.137

Octave

2.139

Normal
mu 2.1371
sigma 0.3020
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Figure 27: Depth of corrosion (in mm) on inner bottom of cargo hold by Matlab
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Figure 28: Depth of corrosion (in mm) on inner bottom of cargo hold by Octave
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5.2.1.5 Floor

Regarding the corrosion wastage on floor of cargo areas, Matlab and Octave
produced Figure 29 and Figure 30, respectively. The mean values are presented in
Table 27. A Weibull distribution fits best and it is parameters are described in Table
26. Approximately, 20% of cases approach the mean value.
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Figure 29: Depth of corrosion (in mm) on floor of cargo hold by Matlab

Table 26: Parameters of best fitted distribution for floor

Weibull
a 0.6314
b 1.7057

88



6000 ‘ T ‘ T

5000

4000

3000

Frequency

2000

1000

0 0.5 1 1.5 2 2.5
Depth of Corrosion on Floor (in mm)

Figure 30: Depth of corrosion (in mm) on floor of cargo hold by Octave

Table 27: Mean values of corrosion wastage on floor by Matlab and Octave

Mean Value (in mm)

Matlab 0.564

Octave 0.564
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5.2.2 General Areas

The general areas include spaces outside the cargo hold, such as the living space,
exterior deck, interior deck, and bottom shell.

5.2.2.1 Living space

The living space refers to the structural elements of superstructures. The depth of
corrosion is presented in Figure 31 for Matlab and Figure 32 for Octave, while the
mean values are shown in Table 28. A Weibull distribution fits best and it is
parameters are described in Table 29. Approximately, 20% of cases approach the

mean value.
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Figure 31: Depth of corrosion (in mm) on living space of general areas by Matlab
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Figure 32: Depth of corrosion (in mm) on floor of general areas by Octave

Table 28: Mean values of corrosion wastage on living space by Matlab and Octave

Mean Value (in mm)

Matlab

0.757

Octave

0.753

Table 29: Parameters of best fitted distribution for living space

Weibull
a 0.8451
b 1.6680
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5.2.2.2 Exterior deck

The depth of corrosion on exterior deck refers to the external decks of the vessel.
The corrosion wastage is shown in Figure 33 and Figure 34 as it has been calculated
in Matlab and Octave. The mean values of depth are presented in Table 31. A Weibull
distribution fits best and its parameters are described in Table 30. Approximately,
20% of cases approach the mean value.
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Figure 33: Depth of corrosion (in mm) on exterior deck of general areas by Matlab

Table 30: Parameters of best fitted distribution for exterior deck of general areas

Weibull
a 0.8735
b 1.7025
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Figure 34: Depth of corrosion (in mm) on exterior deck of general areas by Octave

Table 31: Mean values of corrosion wastage on exterior deck by Matlab and Octave

Mean Value (in mm)

Matlab 0.781

Octave 0.778

5.2.2.3 Interior Deck

The interior deck of general areas refers to the internal decks of the ship
excluding those on cargo spaces. The distribution of the corrosion wastage is
presented in Figure 35 and Figure 36, while the mean values in Table 32. A Weibull
distribution fits best and its parameters are shown in Table 33. Approximately, 20%

of cases approach the mean value.
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Figure 35: Depth of corrosion (in mm) on interior deck of general areas by Matlab
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Figure 36: Depth of corrosion (in mm) on interior deck of general areas by Octave
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Table 32: Mean values of corrosion wastage on interior deck of general areas by Matlab
and Octave

Mean Value (in mm)

Matlab 0.260

Octave 0.261

Table 33: Parameters of best fitted distribution for interior deck of general areas

Weibull
a 0.2904
b 1.6562

5.2.2.4 Bottom

Corrosion wastage of bottom shell area is shown in Figure 37 and Figure 38, and
the mean values can be seen in Table 34, as they have been calculated in Matlab and
Octave. A Weibull distribution fits best and its parameters are described in Table 35.
Approximately, 38% of cases approach the mean value.

Table 34: Mean values of corrosion wastage on bottom by Matlab and Octave

Mean Value (in mm)

Matlab 0.363

Octave 0.365

Table 35: Parameters of best fitted distribution for bottom of general areas

Weibull
a 0.4065
b 1.7043
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Figure 37: Depth of corrosion (in mm) on bottom of general areas by Matlab
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Figure 38: Depth of corrosion (in mm) on bottom of general areas by Octave
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5.2.3 Ballast Tanks

The structural areas of inner bottom and bulkhead of ballast tanks have been
taken into consideration for the calculation of corrosion wastage.

5.2.3.1 Inner bottom

The estimated distribution of depth of corrosion on the inner bottom of ballast
tanks is presented in Figure 39 and Figure 40. The calculated mean values are shown
in Table 36, as they have been calculated in Matlab and Octave. A Weibull
distribution fits best and its parameters are described in Table 37. Approximately,
20% of cases approach the mean value.
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Figure 39: Depth of corrosion (in mm) on inner bottom of ballast tanks by Matlab
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Figure 40: Depth of corrosion (in mm) on inner bottom of ballast tanks by Octave

Table 36: Mean values of corrosion wastage on inner bottom of ballast tanks by Matlab
and Octave

Mean Value (in mm)

Matlab 0.699

Octave 0.694

Table 37: Parameters of best fitted distribution for inner bottom of ballast tanks

Weibull
a 0.7808
b 1.6875
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5.2.3.2 Bulkhead

The corrosion wastage on bulkhead in ballast tank can be seen in Figure 41 and
Figure 42 which have been produced from Matlab and Octave, respectively. The
relative mean values of depth of corrosion are presented in Table 39. A Weibull
distribution fits best and its parameters are described in Table 38. Approximately,

19% of cases approach the mean value.
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Figure 41: Depth of corrosion (in mm) on bulkhead of ballast tanks by Matlab

Table 38: Parameters of best fitted distribution for bulkhead of ballast tanks

Weibull
a 1.3501
b 1.8351
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Figure 42: Depth of corrosion (in mm) on bulkhead of ballast tanks by Octave

Table 39: Mean values of corrosion wastage on bulkhead of ballast tanks by Matlab and
Octave

Mean Value (in mm)

Matlab 1.203

Octave 1.205

100



5.2.4 Comparison between different structural areas

With regards to cargo hold’s areas, it can be noted that when the mean theoretical
coating life is reduced, then the depth of corrosion increases. On the inner bottom
where the coating life is supposed to be only 3 years, the estimated wastage is 2.137
mm which is the largest depth of corrosion between the elements of cargo space. This
result can be considered logical because the goods, and the materials, which are
carried and which can be corrosive, corrode the whole area of inner bottom. The next
larger depth of corrosion is observed in bulkheads which are also in directly contact
with the transferred cargo. Concerning the codes of Matlab and Octave, their results
are significantly similar. However, it shall be noted that the run time of Matlab is
almost 3 to 4 times shorter than the equivalent of Octave.

Table 40: Estimated corrosion wastage and theoretical coating life

Mean of estimated

Mean of theoretical

corrosion coating life (years)
wastage(mm) g y
Interior deck 0.482 10
i) Side shell 0.657 10
o
I
% Bulkhead 1.363 7
©
O Inner bottom 2.137 3
Floor 0.565 10
Living space 0.756 10
[72]
S
<’E Exterior deck 0.780 9
©
|-
% Interior deck 0.262 10
O
Bottom shell 0.366 10
- Inner bottom 0.699 11
@ 2
S =
< ©
m - Bulkhead 1.200 8
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5.3 Relative ships carrying different cargo type

This case study is based on the comparison of two ships characterized by almost
same parameters excluding the cargo type. Therefore, the bulker of the first case study
has been compared to a tanker of equal parameters. Table 41 and

Table 42 presents in detail the parameters of the two examined vessels, as well as the
relative factors of coating lifetime and corrosion rate. The major diversities are
observed in the abrasivity, the temperature, and the handling of cargo which resulted
due to the different cargo types.

Table 41: Parameters and factors of bulk carrier (case 2)

Parameters FactO( fo_r coating Fact_or for
lifetime corrosion rate

Ship type Bulk Carrier
Year built 2011
f 1
Country of yard China 0.67 1
Class IACS 1.1 1
No of owner changes None 1.2 1
Time at sea (in days) 9.36 (long) 1.2 1
Time at port (in days) 3.03 (long) 11 1
Corrosivity of cargo Regularly 1 1.5
Abrasivity of cargo Regularly 0.9 1
Temperature of cargo Low 1 1
tcl)’cr:gir(?st/l;?blt?opics Mostly 0.9 111
Time with ballast (Ballast High 1 11
ratio)
Building class Non IACS 0.9 1
Abrasive cargo handling Regularly 0.9 1
Frequency of cargo Often 0.9 1
Detentions None 1 1
Deficiencies None 1 1
STL::'\‘,ee;O next docking Overdue 0.9 1
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Table 42:

Parameters and factors of tanker (case 2)

Parameters Factolr_ fo_r coating Factpr for
ifetime corrosion rate

Ship type Tanker
Year built 2011
Flag '\f'j;h das” 1.1 1
Country of yard China 0.67 1
Class IACS 11 1
No of owner changes 0 1.2 1
Time at sea (in days) Long (>=3) 1.2 1
Time at port (in days) Long (>=1) 1.1 1
Corrosivity of cargo Regularly 1 15
Abrasivity of cargo Never 1 1
Temperature of cargo High 1 15
gggz’?st/l:l?blt?opics Mostly 0.9 111
Time with ballast (Ballast High 1 11
ratio)
Building class Non IACS 0.9 1
Abrasive cargo handling Never 1 1
Frequency of cargo Often 0.9 1
Detentions None 1 1
Deficiencies None 1 1
;I'uirrr\llee)t/o next docking Overdue 0.9 1

5.3.1 Cargo holds

5.3.1.1 Interior deck

The distribution of corrosion wastage of the bulk carrier and the tanker is
presented in Figure 43. The mean values of depth of corrosion of these ships are
shown in Table 43. The theoretical coating life on this area for a tanker is 9, whereas
for a bulker is 10. Therefore, the corrosion wastage of the tanker is larger than the
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bulker’s. Approximately, with regards to bulk carrier, 20% of cases approach the
mean value, while the equivalent proportion of tanker’s is 19%.
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Figure 43: Depth of wastage (in mm) on interior deck for two different ship types

Table 43: Mean values of corrosion wastage on interior deck for two different ship types

Mean Value (in mm)

Bulk carrier 0.480

Tanker 0.825

5.3.1.2 Side shell

The distribution of depth of corrosion for a bulk carrier and a tanker is different,
as it can be seen in Figure 44. The theoretical coating life of the two ship types is 10
years but the estimated mean values diverge as the Table 44 shows. Probably, the
higher cargo temperature of tanker which increases the corrosion rate causes larger
corrosion wastage than the estimated depth of corrosion of bulker. Approximately,
with regards to bulk carrier, the 19% of cases approaches the mean value, while the
equivalent proportion of tanker’s is 20%.
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Figure 44 Depth of wastage (in mm) on side shell for two different ship types

Table 44: Mean values of corrosion wastage on side shell for two different ship types

Mean Value (in mm)

Bulk carrier

0.659

Tanker

1.031

5.3.1.3 Bulkhead

The estimated distribution of depth of corrosion can be seen in Figure 45. As
Table 45 shows, the mean value of corrosion wastage in bulker is larger than the
tanker’s. This result can be characterized as logical because the theoretical coating life
of tanker is 9 years, while the relative number of bulk carrier is 7. Approximately,
with regards to bulk carrier, 20% of cases approach the mean value, while the
equivalent proportion of tanker’s is 18%.

105



Frequency

4500

4000 e N

: : I Corrosion wastage on Bulk :
I N B — Weibull distribution | L 4
3500 : , ;
: Il Corrosion wastage on Tanker |

—We_ibull distribution

3000 ............... ...............

o500k S — T T — — .

2000

15003
1000 BT T R RS | { ke

500 B T — o .

0 05 1 1.5 2 25 3 35 4 45 5
Depth of Corrosion on Bulkhead

Figure 45: Depth of wastage (in mm) on bulkhead for two different ship types

Table 45: Mean values of corrosion wastage on bulkhead for two different ship types

Mean Value (in mm)

Bulk carrier 1.365

Tanker 1.099

5.3.1.4 Inner bottom

Concerning the inner bottom of cargo space, Figure 46 show that the estimate
corrosion wastage differs according to the ship type. The mean values in Table 46 are
justified by the difference between the theoretical values of the coating life. The
assessed coating life for a bulk carrier is 3 years, whereas for a tanker is 7. The
explanation might be that the cargo of a tanker most of times is extremely hazardous;
therefore the coating on inner bottom in tankers should be more durable than the
coating of a bulk carrier. Approximately, with regards to bulk carrier, 38% of cases
approach the mean value, while the equivalent proportion of tanker’s is 21%.
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Figure 46: Depth of wastage (in mm) on inner bottom for two different ship types

Table 46: Mean values of corrosion wastage on inner bottom for two different ship types

Mean Value (in mm)

Bulk carrier

2.137

Tanker

0.827

5.3.1.5 Floor

The estimated distribution of depth of corrosion on floor for two different ship

types can be shown in Figure 47.

Table 47 demonstrates that the calculated mean

values of the two different ship types correspond to the theoretical coating life.
Approximately, with regards to bulk carrier, 19% of cases approach the mean value,

while the equivalent proportion of tanker’s 1s 22%.
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Figure 47: Depth of wastage (in mm) on floor for two different ship types

Table 47: Mean values of corrosion wastage on floor for two different ship types

Mean Value (in mm)

Bulk carrier

0.564

Tanker

0.848

5.3.2 Comparison between different ship types

The estimated mean values of depth of corrosion between two different ship
types differ on each structural area of the cargo hold, as Table 48 shows. These results
are influenced by the type of cargo and its parameters. The cargo temperature may
lead to dissimilar distribution forms of corrosion wastage. It can be seen that the
corrosion wastages are directly connected to the theoretical coating lifetime. When the

coating life of a structural area is short,

the protected metal surface corrodes sooner

than an element whose coating life is larger. As a result, in bulkers, inner bottom and
bulkhead, whose coatings have the shortest life, presents a larger depth of corrosion in

contrast with the relative structural areas

of tanker.
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Table 48: Estimated corrosion wastage and theoretical coating life in two different ship

types
Mean of es‘_umated Mean of theoretical
corrosion coating life (years)
wastage(mm) y
BUI.k Tanker BUI.k Tanker
Carrier Carrier
Interior
deck 0.482 0.823 10 9
% Side shell 0.657 1.037 10 10
I
S Bulkhead | 1.363 1.097 7 9
©
O
Inner
bottom 2.137 0.829 3 7
Floor 0.565 0.844 10 8

5.4 Comparing ships of different type and age

This case study has been developed in accord with the study of paragraph above.
However, this study is characterized by the change of tanker’s age which is 10 years
instead of five. The aim of this study is to observe the evolvement of corrosion
wastage in the tanker during a period of five years and make a comparison between
that ship and a younger bulk carrier. The examination of depth of corrosion has been
focused on the cargo areas in order to observe when the depth of corrosion on inner
bottom and bulkhead into the cargo holds will be equal between the tanker and the
bulk carrier; because these structural areas are the most significant into a cargo hold,
considering the fact that they are in contact directly with the cargoes. The parameters
and the factors of the two vessels are presented in Table 49 and Table 50.
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Table 49: Parameters and factors of bulk carrier (case 3)

Parameters Factor_ fo_r coating Factpr for
lifetime corrosion rate

Ship type Bulk Carrier
Year built 2011
f :
Country of yard China 0.67 1
Class IACS 11 1
No of owner changes None 1.2 1
Time at sea (in days) 9.36 (long) 1.2 1
Time at port (in days) 3.03 (long) 11 1
Corrosivity of cargo Regularly 1 15
Abrasivity of cargo Regularly 0.9 1
Temperature of cargo Low 1 1
'fl)rggir?:/lsol?blt?opics Mostly 0.9 111
Time with ballast (Ballast High 1 11
ratio)
Building class Non IACS 0.9 1
Abrasive cargo handling Regularly 0.9 1
Frequency of cargo Often 0.9 1
Detentions None 1 1
Deficiencies None 1 1
IJ:I;]/(Z;O next docking Overdue 0.9 1
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Table 50: Parameters and factors of tanker (case 3)
Parameters Factor_ fo_r coating Factpr for
lifetime corrosion rate
Ship type Tanker
Year built 2006
Flag '\I/'Sal‘;h das" 1.1 1
Country of yard China 0.67 1
Class IACS 11 1
No of owner changes 0 1.2 1
Time at sea (in days) Long (>=3) 1.2 1
Time at port (in days) Long (>=1) 1.1 1
Corrosivity of cargo Regularly 1 1.5
Abrasivity of cargo Never 1 1
Temperature of cargo High 1 1.5
torggir::ist/l:l?blt?opics Mostly 0.9 L1
Tin_1e with ballast (Ballast High 1 11
ratio)
Building class Non IACS 0.9 1
Abrasive cargo handling Never 1 1
Frequency of cargo Often 0.9 1
Detentions None 1 1
Deficiencies None 1 1
;I'L::‘r\l/ee;o next docking Overdue 0.9 1

5.4.1 Cargo holds

5.4.1.1 Interior deck

With regards to corrosion wastage of interior deck, it can be seen that it has been
increased in a period of five years. The life of coating on interior deck for tankers is 9
years, consequently, probably the coating has been destroyed and the corrosion
degrades the metal surface directly. The correlation of corrosion wastage is shown of
Figure 48. Table 51 presents the mean values of corrosion depth of each ship.
Approximately, with regards to bulk carrier, 20% of cases approach the mean value,
while the equivalent proportion of tanker’s 1s 19%.
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Figure 48: Depth of wastage (in mm) on interior deck for two ships of different age and
type

Table 51: Mean values of corrosion wastage on interior deck for two ships of different
age and type

Mean Value (in mm)

Bulk carrier 0.480

Tanker 1.645

5.4.1.2 Side shell

The correlation of depths of corrosion between the defined bulk carrier and the 5
years older tanker is presented in Figure 49. Table 52 shows the mean values of the
calculated distributions. It should be noted that although the theoretical coating life of
both ships is 10 years, the corrosion wastage on the tanker’s side shell is estimated to
be threefold than the relative of the bulker’s.
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Figure 49: Depth of wastage (in mm) on side shell for two ships of different age and type

Table 52: Mean values of corrosion wastage on side sell for two ships of different age
and type

Mean Value (in mm)

Bulk carrier 0.659

Tanker 1.622

5.4.1.3 Bulkhead

Concerning the structural area of the bulkhead, the comparing Figure 50 shows
the correlation of the depth of corrosion between the two ships. The theoretical
coating lifetime for the bulk carrier is 7 years, while for the tanker is 9 years; which
means that the metallic surface of the bulkhead in tanker is unprotected during the
10" year. Table 53 shows that the corrosion wastage of the tanker is larger; which is
an expected result. Approximately, with regards to bulk carrier, 22% of cases
approach the mean value, while the equivalent proportion of tanker’s is 21%.
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Figure 50: Depth of wastage (in mm) on bulkhead for two ships of different age and type

Table 53: Mean values of corrosion wastage on bulkhead for two ships of different age
and type

Mean Value (in mm)

Bulk carrier 1.365

Tanker 2.190

At this point, it is worth to mention that the depth of corrosion on the structural
element of bulkhead in cargo hold, for the bulk carrier and the tanker, will be
approximately equal if the tanker was 7 years old as Figure 51 and Table 54
demonstrate. The coating life of bulk carrier’s bulkhead is estimated to 7 years,
whereas for the tanker to 9 years. In view of the fact that the bulk carrier is 5 years old
and the tanker 7, it might be considered that both bulkheads have similar behavior
against corrosion. Approximately, with regards to bulk carrier, 18% of cases approach
the mean value, while the equivalent proportion of tanker’s is 19%.
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Figure 51: Depth of wastage (in mm) on bulkhead for two ships of different age (2 years)

Table 54: Mean values of corrosio

and type

n wastage on bulkhead for two ships of different age
(2 years) and type

Mean Value (in mm)

Bulk carrier

1.363

Tanker

1.408

5.4.1.4 Inner bottom

Inner bottom composes the

most interesting structural area of the cargo hold.

Figure 52 and Table 55: Mean values of corrosion wastage on inner bottom for two
ships of different age and type present the estimated distribution of corrosion wastage
on the inner bottom of the 5 years old bulk carrier and the 10 years old tanker. It is

shown that the calculated mean

values are equal, approximately. The theoretical

coating life of bulk carrier is 3 years which means that for 2 years the metallic surface
is unprotected, while the inner bottom of the tanker is not protected during a period of
3 years because the coating life is assessed to 7 years. However, the estimated mean
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value of depth of corrosion is almost equal; despite the fact that the cargo of tanker is
considered more corrosive and hazardous than this of bulker’s. A reasonable
explanation might be that the coating on tanker is more durable, due to the stricter
legislations for that ship types. As a result, as long as the coating protects the surface
of inner bottom, the latter is not attacked as much the equivalent of bulker’s.
Approximately, with regards to bulk carrier, 33% of cases approach the mean value,
while the equivalent proportion of tanker’s is 23%.

Table 55: Mean values of corrosion wastage on inner bottom for two ships of different
age and type

Mean Value (in mm)

Bulk carrier 2.137

Tanker 2.083

10
4"
3.5F I Corrosion wastage on Bulk -
— Normal distribution
3b. Il Corrosion wastage on Tanker ]
— Normal distribution

Frequency
N

0 05 1 1.5 2 25 3 35 4 45
Depth of Corrosion on Inner Bottom

Figure 52: Depth of wastage (in mm) on inner bottom for two ships of different age and
type
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Frequency

5.4.1.5 Floor

The estimated mean values and distribution are presented in Table 56 and in
Figure 53. The theoretical coating life of floor for the tanker is assessed at 8 years,
and as a result the metallic surface is unprotected for 2 years. Approximately, with
regards to bulk carrier, 19% of cases approach the mean value, while the equivalent

proportion of tanker’s is 18%.

Table 56: Mean values of corrosion wastage on floor for two ships of different age and

type

Mean Value (in mm)

Bulk carrier

0.564

Tanker

1.895
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Figure 53 Depth of wastage (in mm) on floor for two ships of different age and type
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5.4.2 Comparison between ships of different age and type

Usually, the protecting system of coating functions as a shield for the metallic
surface by reducing the corrosion rate. However, it is extremely difficult to prevent
completely the degradation of the metal, even if it has not been destroyed.

Table 57 presents the total results of the estimated corrosion wastage on cargo
holds, as they have been mentioned above. Concerning the structural elements of
cargo hold which are not in contact directly with the carrying cargo (interior deck,
side shell, floor), it seems that they are degraded faster in a tanker than in a bulk
carrier. Specifically, for two different ship types of approximately same age, the depth
of corrosion on the interior deck is estimated twofold than the equivalent of bulk
carrier; on the side shell it is calculated 1.037 mm in a tanker, while in a bulk carrier
is about 0.657 mm; and on floor is assessed 0.844 m and 0.565 mm, in a tanker and in
a bulk carrier, respectively. With regards to the locations which are in contact directly
with the carrying cargo (bulkhead and inner bottom), the estimated corrosion wastage
is shorter in bulk carrier than the corresponding of tanker. As regards the bulkhead,
the results which refer to the ships of the same age establish the assessment of expert
about the theoretical coating life. They considered that the theoretical coating life is
approximately 7 years for a bulk carrier and 9 for a tanker. Therefore, the degradation
of bulkhead in tanker is shorter because the coating is on the half of its life,
comparing with the relative in bulk carrier which has 2 more years of living. As
regard the inner bottom, it is estimated that a 10 years old tanker with same
characteristics as those of the 5 years old bulk carrier, records comparable depth of
corrosion; which can be considered logical because the coating life of tanker is larger
than the relative of bulk carriers’.

Table 57: Estimated depth of corrosion (in mm)

Locations Bulk Carrier Tanker Tanker
(5 years old) (5 years old) (10 years old)
Interior deck 0.482 0.823 1.643
Side shell 0.657 1.037 1.617
Bulkhead 1.363 1.097 2.186
Inner bottom 2.137 0.829 2.081
Floor 0.565 0.844 1.893
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Table 58: Percentage adjustment of corrosion wastage between tankers

. Percentage
Locations adjustment (%o)
Interior
deck 99.6
Side shell 55.9
Bulkhead 99.3
Inner
bottom 151.0
Floor 124.3
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6 LSA MODEL RESULTS

6.1 Introduction

After the completion of the code in Matlab and Octave, the probability of failure
of davit launched lifeboat due to corrosion was calculated. In order to examine deeply
the importance of variables, all possible combinations of parameters was taken into
account. At this moment, it is important to mention the two different types of failure,
the critical failure and the non-critical failure. As critical failure is defined the damage
of a component which can extremely harsh the total system by making it non-
functional. On the other hand, a failure of a component that degrades performance or
operational capability of a system but which can be tolerated for a brief period before
correction, is called non-critical (Zheng et al., 2012). This study investigates non-
critical possible failure.

6.1.1 Modifying parameters of davit launched lifeboat

6.1.1.1 Case 1l

The first case examines a davit launched lifeboat by which the bulk carrier of
corrosion model in chapter 5 is equipped. The procedure of the evaluation of the
probability will be described extensively. Firstly, the program code identifies the
appropriate data which influence the maintenance of the davit launched lifeboat on the
vessel (Table 59).

Step 1: Recognize the appropriate data

Table 59: Identification of bulk carrier's ship parameters

IMO 9437098
TYPE OF Davit Launched
LSA Lifeboat
COYNTRY Marshall Islands
CLASS BV

AGE 5
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Following the procedure of identifying the appropriate data, the program code
relates the data to the qualitative values of the model.

Step 2: Correlation between data and their qualitative value

Marshall Islands > White flag
BV > IACS
5 years old > <=5

Considering the qualitative values, the program code matches them with the
equivalent quantified value of each subcomponent (Figure 54).

Step 3: Quantification of data

DAVIT LAUNCHED LIFEBOATS

Non-critical NO IACS
probability of failure BLACK GREY BLACK GREY WHITE
5+ 5- 5+ 5- 5+ S+ 5- 5+ 5- 5+ 5-

Davit structure 0.00036 0.00003 0.00032 0.00003 0.00029 [0.00003] 0.00033 0.00003 0.00036 0.00003 0.00032 0.00003
Limit switch 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch Brake 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch General 0.00052 0.00004 0.00430 0.00004 0.00043 | 0.00004| 0.00058 0.00005 0.00053 0.00005 0.00047 0.00004
Hooks 0.00298 0.00026 0.00271 0.00023 0.00244 | 0.00021| 0.00330 0.00028 0.00300 0.00026 0.00270 0.00023
Control Lever 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Operating cables 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Fall wires 0.00080 0.00007 0.00073 0.00006 0.00065 | 0.00006| 0.00088 0.00008 0.00080 0.00007 0.00072 0.00006
Falls, Sheaves,Blocks 0.00055 0.00005 0.00050 0.00004 0.00045 | 0.00004] 0.00061 0.00005 0.00055 0.00005 0.00050 0.00004
Lifeboat 0.00025 0.00002 0.00023 0.00002 0.00020 | 0.00002| 0.00027 0.00002 0.00025 0.00002 0.00022 0.00002
Tricing & bowising 0.00006 0.00001 0.00006 0.00000 0.00005 | 0.00000] 0.00007 0.00001 0.00006 0.00001 0.00006 0.00000

Figure 54: Quantification of bulk carrier’s data

After the quantification of the basic subcomponents, the program code calculated
gradually the probability of failure of davit launched lifeboat due to corrosion, using
the equations of sector 4.2.4. Table 60 presents the results in detail for each main
component or subcomponent, as well as the probability of failure of the davit
launched lifeboat. Figure 55 presents the exact location of main components on the
davit launched lifeboat, as well as their probabilities of failure and the equivalent of
the total system.
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Table 60: Probability of each component

Subcomponent Probability
Davit structure 0.00003
Limit switch 0
Winch brake 0
Winch general 0.00004
Hooks 0.00021
Control lever 0
Operating cable 0

Main Component
Davit 0.00003
Fall wires 0.00006
Winch 0.00004
Lifeboat 0.00002
Falls, sheaves & blocks 0.00004
On-load release mechanism 0.00021
Tracing & bowsing 0

Failure of davit launched lifeboat 0.0004

Davit: Tricing & bowsing:
P=10.00003 P=0

Fall wire:
P=0.00006

Falls, sheaves &blocks:
P=0.00004

On-load release

mechanism:
P=0.00021
Winch:
P=0.00004 Lifeboat:
P=0.00002

Probability of failure of davit

launched system:
P=0.0004

Figure 55: Depiction of davit launched system
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6.1.1.2 Case 2

On this case the parameters of bulk carrier remain constant, except the ship age.
The alternation of the age by considering the ship older than 5 years old will influence
the possibility of failure of davit launched lifeboat. The possibility is calculating by
following the same procedure as case 1.

Step 1: Recognize the appropriate data

Table 61: Ship parameters (modifying initial age)

TYPE OF Davit Launched
LSA Lifeboat
COYNTRY Marshall Islands
CLASS BV

AGE 7

Step 2: Correlation between data and their qualitative value

Marshall Islands > White flag
BV > IACS
7 years old > >3
Step 3: Quantification of data
DAVIT LAUNCHED LIFEBOATS
Non-critical NO IACS
probability of failure BLACK GREY BLACK GREY
5+ 5 5+ 5 5 5+ 5 5+ 5

Davit structure 0.00036 0.00003 0.00032 0.00003 [0.00025| 0.00003 0.00033 0.00003 0.00036 0.00003
Limit switch 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000
Winch Brake 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000
Winch General 0.00052 0.00004 0.00480 0.00004 | 0.00043 | 0.00004 0.00058 0.00005 0.00053 0.00005
Hooks 0.00298 0.00026 0.00271 0.00023 | 0.00244| 0.00021 0.00330 0.00028 0.00300 0.00026
Control Lever 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000
Operating cables 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000
Fall wires 0.00080 0.00007 0.00073 0.00006 | 0.00065| 0.00006 0.00088 0.00008 0.00080 0.00007
Falls, Sheaves,Blocks 0.00055 0.00005 0.00050 0.00004 | 0.00045| 0.00004 0.00061 0.00005 0.00055 0.00005
Lifeboat 0.00025 0.00002 0.00023 0.00002 | 0.00020| 0.00002 0.00027 0.00002 0.00025 0.00002
Tricing & bowising 0.00006 0.00001 0.00006 0.00000 | 0.00005| 0.00000 0.00007 0.00001 0.00006 0.00001

Figure 56: Quantification of bulk carrier's data (modifying initial age)

WHITE

5+
0.00032
0.00000
0.00000
0.00047
0.00270
0.00000
0.00000
0.00072
0.00050
0.00022
0.00006

5
0.00003
0.00000
0.00000
0.00004
0.00023
0.00000
0.00000
0.00006
0.00004
0.00002
0.00000

Table 62 presents the results in detail for each main component or subcomponent,
as well as the probability of failure of the davit launched lifeboat after modifying the
ship age. Figure 57 presents the exact location of main components on the davit
launched lifeboat, as well as their probabilities of failure and the equivalent of the

total system.
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Table 62: Probability of each component (modifying initial age)

Subcomponent Probability
Davit structure 0.00029
Limit switch 0
Winch brake 0
Winch general 0.00043
Hooks 0.00244
Control lever 0
Operating cable 0

Main Component
Davit 0.00029
Fall wires 0.00065
Winch 0.00043
Lifeboat 0.00020
Falls, sheaves & blocks 0.00045
On-load release mechanism 0.00244
Tracing & bowsing 0.00005

Failure of davit launched lifeboat 0.00451

Tricing & bowsing:
P=0.00005

Davit:
P=10.00029

‘Winch:
P=0.00043

Fall wire:
P=0.00065

P=0.00045

Falls, sheaves &blocks: ]

On-load release

J

mechanism:
P=0.00244
Lifeboat:
P=0.00020
Probability of failure of davit
launched system:
P=0.00451

Figure 57: Depiction of davit launched system (modifying initial age)
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6.1.1.3 Case 3

On this case only the parameter of flag remains constant. For the purpose of the
study, the class is considered unknown (Non IACS). The alternation of both age and
class will influence the possibility of failure of davit launched lifeboat. The possibility
is calculating by following the same procedure as case 1.

Step 1: Recognize the appropriate data

Table 63: Ship parameters (modifying initial age & class)

TYPE OF Davit Launched
LSA Lifeboat
COYNTRY Marshall Islands
CLASS Unknown
AGE 7

Step 2: Correlation between data and their qualitative value

Marshall Islands > White flag
Unknown > Non IACS
7 years old > >3
Step 3: Quantification of data
DAVIT LAUNCHED LIFEBOATS
Mon-critical 1ACS
probability of failure BLACK GREY WHITE BLACK GREY
5+ 5- 5+ 5- 5+ 5- 5+ 5- 5+ 5-
Davit structure 0.00036  0.00003 0.00032 0.00003 0Q.00029 0.00003 0.00039 0.00003 0Q.00036 0.00003
Limit switch 0.00000  0.00000 0.00000 0.00000 0.00000 O0.00000 0.00000 ©.00000 O.00000 O.00000
Winch Brake 0.00000  0.00000 0.00000 0.00000 0Q.00000 0.00000 0.00000 O.00000 O.00000 O.00000
Winch General 0.00052 0.00004 0.00480 0.00004 0.00043 0.00004 0.00058 ©0.00005 0.00053 0.00005
Hooks 0.00298 0.00026 0.00271 0.00023 0.00244 0.00021 0.00330 0.00028 0.00300 0.00020
Control Lever 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Operating cables 0.00000  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 O.00000 O.00000
Fall wires 0.00080 0.00007 0.00073 0.00006  0.00065 0.00006 0.00088 0.00008 0.00080 0.00007
Falls, Sheaves,Blocks 0.00055 0.00005 0.00050 0.00004 0.00045 0.00004 0.00061 ©0.00005 0.00055 0.00005
Lifeboat 0.00025 0.00002 0.00023 0.00002 0.00020 0.00002 0.00027 0.00002 0.00025 0.00002
Tricing & bowsing 0.00006  0.00001 0.00006 0.00000 0.00005 0.00000 0.00007 0.00001 0.00006 O.00001

WHITE

0.00032
0.00000
0.00000
0.00047
0.00270
0.00000
0.00000
0.00072
0.00050
0.00022
0.00006

Figure 58: Quantification of bulk carrier's data (modifying initial age & class)

Table 64 presents the results in detail for each main component or subcomponent,

5
0.00003
0.00000
0.00000
0.00004
0.00023
0.00000
0.00000
0.00006
0.00004
0.00002
0.00000

as well as the probability of failure of the davit launched lifeboat after modifying the
ship age and the class. Figure 59 presents the exact location of main components on
the davit launched lifeboat, as well as their probabilities of failure and the equivalent

of the total system.
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Table 64: Probability of each component (modifying initial age & class)

Subcomponent Probability
Davit structure 0.00032
Limit switch 0
Winch brake 0
Winch general 0.00047
Hooks 0.00270
Control lever 0
Operating cable 0

Main Component
Davit 0.00032
Fall wires 0.00072
Winch 0.00047
Lifeboat 0.00022
Falls, sheaves & blocks 0.00050
On-load release mechanism 0.00270
Tracing & bowsing 0.00006

Failure of davit launched lifeboat 0.005

Tricing & bowsing:

Davit:
P=0.00032

‘Winch:
P=0.00047

Fall wire:
P=0.00072

Falls, sheaves &blocks:
P=0.00050

On-load release
mechanism:
P=0.00270

Lifeboat:
P=0.00022

launched system:

Probability of failure of davit
P=0.005

Figure 59: Depiction of davit launched system (modifying initial age & class)
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6.1.1.4 Case4

On this case none of the parameters remain constant. For the purpose of the
study, the class is considered unknown (Non IACS), as on case 2, and the country flag
from Iran (grey). The alternation of all parameters will influence the possibility of
failure of davit launched lifeboat. The possibility is calculating by following the same
procedure as case 1.

Step 1: Recognize the appropriate data

Table 65:

TYPE OF Davit Launched
LSA Lifeboat
COYNTRY Iran
CLASS Unknown
AGE 7

Step 2: Correlation between data and their qualitative value

Ship parameters (modifying initial age, class & flag)

Iran > Grey flag
Unknown > Non IACS
7 years old > >3
Step 3: Quantification of data
DAVIT LAUNCHED LIFEBOATS
Non-critical IACS
probability of failure BLACK GREY WHITE BLACK
54 5- 5+ 5- 5+ 5- 5+ 5- 5

Davit structure 0.00036 0.00003 0.00032 0.00003 0.00029 0.00003 0.00039 0.00003 [0.00036] 0.00003
Limit switch 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| ©.00000
Winch Brake 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000
Winch General 0.00052 0.00004 0.00480 0.00004 0.00043 0.00004 0.00058 0.00005 | 0.00053| 0.00005
Hooks 0.00298 0.00026 0.00271 0.00023 0.00244 0.00021 0.00330 0.00028 | 0.00300| 0.00026
Control Lever 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000
Operating cables 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 | 0.00000| 0.00000
Fall wires 0.00080 0.00007 0.00073 0.00006 0.00065 0.00006 0.00088 0.00008 | 0.00080| 0.00007
Falls, sheaves,Blocks 0.00055 0.00005 0.00050 0.00004 0.00045 0.00004 0.00061 0.00005 | 0.00055| 0.00005
Lifeboat 0.00025 0.00002 0.00023 0.00002 0.00020 0.00002 0.00027 0.00002 | 0.00025| 0.00002
Tricing & bowsing 0.00006 0.00001 0.00006 0.00000 0.00005 0.00000 0.00007 0.00001 | 0.00006| 0.00001

WHITE

5+
0.00032
0.00000
0.00000
0.00047
0.00270
0.00000
0.00000
0.00072
0.00050
0.00022
0.00006

Figure 60: Quantification of bulk carrier's data (modifying initial age, class & flag)

Table 66 presents the results in detail for each main component or subcomponent,
as well as the probability of failure of the davit launched lifeboat after modifying the
ship age, the class and flag. Figure 61 presents the exact location of main components
on the davit launched lifeboat, as well as their probabilities of failure and the

equivalent of the total system.
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Table 66: Probability of each component (modifying initial age, class & flag)

Subcomponent Probability
Davit structure 0.00036
Limit switch 0
Winch brake 0
Winch general 0.00053
Hooks 0.00300
Control lever 0
Operating cable 0

Main Component
Davit 0.00036
Fall wires 0.00080
Winch 0.00053
Lifeboat 0.00025
Falls, sheaves & blocks 0.00055
On-load release mechanism 0.00300
Tracing & bowsing 0.00006

Failure of davit launched lifeboat 0.0056

Davit: Tricing & bowsing:
P=0.00036 P=0.00006

Fall wire:
P=0.00080

Falls, sheaves &blocks:
P=0.00055

On-load release
mechanism:

P=0.00300

Winch:
P=0.00053 Lifeboat:
P=0.00025
Probability of failure of davit
launched system:
P=0.0056

Figure 61: Depiction of davit launched system (modifying initial age, class & flag)
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6.1.1.5 Case 5

On this case the parameters remain constant, as those of case 3 except the
parameter of flag. The country flag is considered to be from Lebanon (black). The
alternation of the parameter of flag will influence the possibility of failure of davit
launched lifeboat. The possibility is calculating by following the same procedure as

case 1.

Step 1: Recognize the appropriate data

Step 2: Correlation between data and their qualitative value

Table 67: Ship parameters (modifying flag)

TYPE OF Davit Launched
LSA Lifeboat
COYNTRY Lebanon
CLASS Unknown
AGE 7

Lebanon
Unknown
7 years old

Step 3: Quantification of data

Non-critical
probability of failure BLACK
5+
Davit structure 0.00036
Limit switch 0.00000
Winch Brake 0.00000
Winch General 0.00052
Hooks 0.00298
Control Lever 0.00000
Operating cables 0.00000
Fall wires 0.00080
Falls, Sheaves,Blocks 0.00055
Lifeboat 0.00025
Tricing & bowsing 0.00006

IACS
GREY
5- 5+ 5-
0.00003 0.00032  0.00003
0.00000  0.00000  0.00000
0.00000  0.00000  0.00000
0.00004 0.00480 0.00004
0.00026 0.00271 0.00023
0.00000  0.00000  0.00000
0.00000  0.00000  0.00000
0.00007 0.00073  0.00006
0.00005 0.00050 0.00004
0.00002 0.00023 0.00002
0.00001 0.00006 0.00000

> Black flag
> Non IACS
> >5

DAVIT LAUNCHED LIFEBOATS

WHITE

5+
0.00029
0.00000
0.00000
0.00043
0.00244
0.00000
0.00000
0.00065
0.00045
0.00020
0.00005

INGIACSI

BLACK
5- 5-

0.00003 | 0.00033) 0.00003
0.00000 | 0.00000) 0.00000
0.00000 | 0.00000) 0.00000
0.00004 | 0.00058] 0.00005
0.00021 | 0.00330) 0.00028
0.00000 | 0.00000) 0.00000
0.00000 | 0.00000) 0.00000
0.00006 | 0.00082) 0.00008
0.00004 | 0.00061) 0.00005
0.00002 | 0.00027] 0.00002
0.00000 | 0.00007) 0.00001

GREY

5+
0.00036
0.00000
0.00000
0.00053
0.00300
0.00000
0.00000
0.00080
0.00055
0.00025
0.00006

[
0.00003
0.00000
0.00000
0.00005
0.00026
0.00000
0.00000
0.00007
0.00005
0.00002
0.00001

Figure 62: Quantification of bulk carrier's data (modifying flag)

WHITE

5+
0.00032
0.00000
0.00000
0.00047
0.00270
0.00000
0.00000
0.00072
0.00050
0.00022
0.00006

5
0.00003
0.00000
0.00000
0.00004
0.00023
0.00000
0.00000
0.00006
0.00004
0.00002
0.00000

Table 68 presents the results in detail for each main component or subcomponent,
as well as the probability of failure of the davit launched lifeboat after modifying the
ship age, the class and flag. Figure 63 presents the exact location of main components
on the davit launched lifeboat, as well as their probabilities of failure and the
equivalent of the total system.
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Table 68: Probability of each component (modifying flag)

Subcomponent Probability
Davit structure 0.00039
Limit switch 0
Winch brake 0
Winch general 0.00058
Hooks 0.00330
Control lever 0
Operating cable 0

Main Component
Davit 0.00039
Fall wires 0.00088
Winch 0.00058
Lifeboat 0.00027
Falls, sheaves & blocks 0.00061
On-load release mechanism 0.00330
Tracing & bowsing 0.00007

Failure of davit launched lifeboat 0.0061

Davit:
P=10.00039

Tricing & bowsing:
P=0.00007

J

Winch:
P=0.00058

Fall wire:
P=0.00088
Falls, sheaves &blocks:
P=0.00061

On-load release
mechanism:

P=0.00330

Probability of failure of davit
launched system:

P=0.0061

Lifeboat:
P=0.00027

]

Figure 63: Depiction of davit launched system (modifying flag)
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Table 69: Summary table of various combinations of parameters for davit launched

Case 1 2 4 5
Flag White White White Grey Black
Parameters IACS Yes Yes No No No
AGE 5 7 7 7
Probability of failure of
davit launched life boat 0.0004 0.0045 0.0050 0.0056 0.0061

6.1.2 Examining LSA types on bulk carrier

6.1.2.1 Case 6

On this case, the probabilities of failure of a davit launched lifeboat, a davit
launched liferaft, and a free-fall lifeboat, existing on the same vessel, are examined.
For the purpose of this case the ship which had been taken into account, is the bulk
carrier of case 1, where the probability of failure of davit launched due to corrosion
had been calculated. Therefore, the evaluation of failure of davit launched liferaft and
free-fall lifeboat comes next.

Step 1: Recognize the appropriate data

Table 70: Ship parameters for davit launched liferaft

Davit Launched
TYPE OF LSA Liferaft
COYNTRY Marshall Island
CLASS BV
AGE 5

Step 2: Correlation between data and their qualitative value

Marshall Islands

5 years old

BV

v

v

v

White flag

IACS
<=5
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Step 3: Quantification of data for davit launched liferaft and free fall

lifeboat
DAVIT LAUNCHED LIFERAFTS
Non-critical NO IACS
probability of failure BLACK GREY WHITE BLACK GREY WHITE
5+ 5- 5+ 5- 5+ [ 5- | 5+ 5- 5+ 5- 5+ 5-

Davit structure 0.00003 0.00000 0.00003 0.00000 0.00003 [0.00000| 0.00004 0.00000 0.00003 0.00000 0.00003 0.00000
Limit Switch 0.00000 0.00000 0.00000 0.00000 0.00000 [0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch brake 0.00000 0.00000 0.00000 0.00000 0.00000 [0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch General 0.00024 0.00002 0.00022 0.00002 0.00020 [0.00002| 0.00027 0.00002 0.00025 0.00002 0.00022 0.00002
Hooks 0.00000 0.00000 0.00000 0.00000 0.00000 [0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Control Lever 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Operating Cables 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Fall wires 0.00022 0.00002 0.00020 0.00002 0.00018 [0.00002| 0.00025 0.00002 0.00023 0.00002 0.00020 0.00002
Falls, Sheaves,Blocks  0.00000 0.00000 0.00000 0.00000 0.00000 [0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

Figure 64: Quantification of davit launched liferaft

FREE FALL LIFEBOATS

l IACSI NO IACS

BLACK GREY BLACK GREY WHITE

5+ 5- 5+ 5- 5+ 5+ 5- 5+ 5- 5+ 5-
Fall wires 0.00036 0.00003 0.00033 0.00003 0.00030 [0.00003| 0.00040 0.00003 0.00036 0.00003 0.00033 0.00003
Davit structure 0.00027 0.00002 0.00025 0.00002 0.00022 |0.00002| 0.00030 0.00003 0.00027 0.00000 0.00025 0.00002
Limit Switch 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch Brake 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Falls, Sheaves,Blocks 0.00042 0.00004 0.00038 0.00003 0.00034 |0.00003| 0.00046 0.00004 0.00042 0.00004 0.00038 0.00003
Hooks 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Control Lever 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Operating cables 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Lifeboat 0.00000 0.00000 0.00000 0.00000 0.00000 |0.00000| 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Winch General 0.00042 0.00004 0.00039 0.00003 0.00035 |0.00003| 0.00048 0.00004 0.00044 0.00004 0.00039 0.00003

Figure 65: Quantification of free fall lifeboat

Table 71 presents the results in detail for each main component or subcomponent
of davit launched liferaft, as well as the probability of failure of the total system.
Figure 66 presents the exact location of main components on the davit launched
lifeaft, as well as their probabilities of failure and the equivalent of the total system.

Table 72 presents the results in detail for each main component or subcomponent
of free fall lifeboat, as well as the probability of failure of the total system. Figure 67
presents the exact location of main components on the free fall lifeboat, as well as
their probabilities of failure and the equivalent of the total system.
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Table 71: Probability of each component for davit launched liferaft

Subcomponent Probability
Davit structure 0
Limit switch 0
Winch brake 0
Winch general 0.00058
Hooks 0
Control lever 0
Operating cable 0

Main Component
Davit 0
Fall wires 0.00002
Winch 0.00002
Falls, sheaves & blocks 0
On-load release mechanism 0

Failure of davit launched liferaft 0.00004

Fall wire:
Davit: P=0.00002
P=0

Falls, sheaves &blocks:
P=0

|

P=0

On-load release
mechanism:

Winch:
P =0.00002

Probability of failure of davit
launched liferaft system:
P=0.00004

ahabathbhl

Figure 66: Depiction of davit launched liferaft system
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Table 72: Probability of each component for free fall lifeboat

Subcomponent Probability
Davit structure 0.00002
Limit switch 0
Winch brake 0
Winch general 0.00003
Hooks 0
Control lever 0
Operating cable 0

Main Component
Davit 0.00002
Fall wires 0.00003
Winch 0.00003
Lifeboat 0
Falls, sheaves & blocks 0.00003
On-load release mechanism 0

Failure of davit launched lifeboat 0.00011

Fall wire:
P=0.00003

Davit:
P =0.00002

|

Winch:
P=0.00003

Lifeboat:
P=0

Falls, sheaves &blocks:
P=0.00003

1

On-load release
mechanism:

P=0

|

Probability of failure of free

fall lifeboat system:

P=0.00011

Figure 67: Depiction of free fall lifeboat system
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Table 73: Summary table of probabilities of LSA types

LSA type Probability of failure
Davit launched lifeboat 0.00040
Davit launched liferaft 0.00004
Free fall lifeboat 0.00010

Table 73 presents the final evaluating probabilities of failure of davit launched
lifeboat, davit launched liferaft, and free fall lifeboat, due to corrosion. It can be seen
that davit launched lifeboat is considered as the most hazardous type to fail between
the life saving appliances, as its estimated probability is the highest. Second in order
is the free fall lifeboat which probability calculated 0.00010. Finally, the less
dangerous of failing LSA type is the davit launched liferaft which is calculated
0.00004; that means 10 times lower than the equivalent of davit launched lifeboat.
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7 CONCLUSIONS

The purpose of this study is to investigate the implementation of Risk Based
Inspection in maritime. Specifically, two RBI models was applied in order to evaluate
the depth of corrosion in several structural areas of ship and to estimate the
probability of failure of different LSA types. The general capture of RBI is to indicate
the most hazardous areas on a vessel which shall be prioritized in a survey.

With regards to the implemented model of corrosion, it shall be noted that the
results of model, for each structural element, approach the mean values adequately. In
general, regardless of the examining structural area, the proportion of samples
approaching the mean value is not less than 15% and in some cases it reaches the
31%. The most noticeable contrast of two programs (Matlab and Octave) is the
required run time. The run time of Matlab can be estimated 3 to 4 times shorter than
the equivalent of Octave. In addition, Matlab can be considered more practicable and
easier to use because of the variety of its library, while the relative of Octave is more
limited. Concerning the nature of results, it shall be noted that they demonstrate the
danger of tanker’s cargoes. The structural elements of cargo hold, such as inner
bottom and bulkhead, where the cargo comes in contact directly, are affected more
than other areas and present higher durability in tankers than in bulk carriers. The
depth of corrosion on inner bottom is evaluated approximately equal for a 10 years
old tanker and a 5 years old bulk carrier, both of similar variables, and that fact proves
the durability of the selected coating in tankers, generally.

As regards the LSA model, the exercised cases included a comparison between
different combinations of parameters on davit launched lifeboat system, as well as the
probabilities of failure of three different types of LSA which exist on the same vessel.
The major factor influencing the probability of failure of LSA is the maintenance
whose parameters are the age, the class, and the flag of the ship. The various
combination of these parameters influence significantly the probability of failure on
davit launched lifeboat. In fact, LSA existing on an old ship which is classified by a
non IACS classification society with grey or black flag is considered to be most
hazardous than other combinations. The examination of different LSA types on a
specific vessel illustrates that the most dangerous type of LSA to fail is the davit
launched lifeboat, contrary to free fall lifeboat and davit launched liferaft.

Although the implemented models approach the two case studies sufficiently,
further optimization of models can lead to a general and more effective application in
maritime; in order to minimize failures, and as a result involuntary accidents. Further
studies for improving the implementation of RBI models can be:

o Further research of factors which might influence the robustness
operation of vessel.
o The extension of model to other dangerous location of the ship, such as

the engine room, the propeller, the fuel oil tanks.
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o The implementation of RBI model in passenger ships by defining the
appropriate influential factors.

o Optimization of existing factors of corrosion model and LSA model

o Utilize parallel computing model such as OpenMP to parallelize the
developed code.
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ANNEX A. Corrosion Influencing Factors

The quantification of the parameters are defined by experienced surveyors and
researchers who evaluated available data from IHS Fairplay and AlS.

1. Changes of owner.

Table A-1: Factors for owner changes

No of owner changes Factor for coating lifetime | Factor for corrosion rate
0 1.2 1.0
1-2 1.0 1.0
>2 0.9 1.0
unknown 0.9 1.0
2. Class.

The quantification of this parameter resulted from the assumption that ships
which are classified by an IACS class considered to be better maintained than other
ships. The members of IACS are:

American Bureau of Shipping (ABS)
Bureau Veritas (BV)

China Classification Society (CCS)
Croatian Register of Shipping (CRS)

Det Norske Veritas/ Germanischer Lloyd (DNV/GL)
Indian Register of Shipping (IRS)

Korean Register of Shipping (KR)

Lloyd’s Register (LR)

Nippon Kaiji Kyokai (NK)

Polish Register of Shipping (PRS)

Registro Italiano Navale (RINA)

Russian Maritime Register of Shipping (RS)

VVVVVYVYYVYVVYVY
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Table A-2: Factors for class

Class Factor for coating lifetime | Factor for corrosion rate
IACS 11 1.0
Non IACS 0.9 1.0
unknown 0.9 1.0

3. Building class

Table A-3: Factors for building class

Class Factor for coating lifetime | Factor for corrosion rate
IACS 1.0 1.0
Non IACS 0.9 1.0
unknown 0.9 1.0

4. Country of yard

Table A-4: Factors for country of yard

_ Factor for corrosion _
Country Wo_rkmanshlp lifetime Factor for corrosion
(points out of 5) rate
(Points/average points)

China 2.4 0.67 1.00
Europe 3.8 1.06 1.00
Japan 4.2 1.17 1.00
South Korea 4.0 1.11 1.00
Average 3.6 1.00 1.00
Other /unknown 0.67 1.00

144




5. Flag

This study had considered 72 different flags according to Paris MoU and PSC
findings. Depending on the total number of deficiencies for each flag, they
categorized to white, black, and grey flags. The color of the flag quantifies the factor

of flag.
Table A- 5: Color of flags according to deficiencies
Corrosion Corrosion
Flag deficiencies per Flag deficiencies
inspection per inspection
Cambodia 0,142 black Panama 0,020 white
Tanzania 0,147 black UK 0,005 white
Sierra Leone 0,136 black Antigua Barbuda 0,008 white
Comoros 0,152 black France 0,008 white
Dominica 0,098 black Hongkong 0,001 white
Togo 0,079 black Bahamas 0,007 white
Moldovia 0,096 black Sweden 0,000 white
Bulgaria 0,179 black Isle of Man 0,001 white
Algeria 0,097 black Denmark 0,001 white
Ukraine 0,138 black USA 0,014 white
Lebanon 0,119 black Italy 0,011 white
Albania 0,092 black Singapore 0,006 white
Tuvalu 0,069 black China 0,018 white
St Vincent /Grena 0,045 grey Greece 0,002 white
Belize 0,064 grey Finland 0,002 white
Cook Islands 0,051 grey Liberia 0,013 white
Thailand 0,053 grey Netherlands 0,001 white
Morocco 0,053 grey Bermuda 0,009 white
St Kitts/Nevis 0,041 grey Malta 0,012 white
Belgium 0,042 grey Cayman Islands 0,000 white
Iran 0,048 grey Gibraltar 0,005 white
Russian Fed 0,047 grey Croatia 0,008 white
Switzerland 0,034 grey Cyprus 0,009 white
Portugal 0,010 white Faroe Islands 0,000 white
Malaysia 0,000 white India 0,014 white
Spain 0,005 white Saudi Arabia 0,000 white
Lithuania 0,020 white Kazakhstan 0,000 white
Poland 0,000 white Barbados 0,023 white
Libya 0,000 white Turkey 0,029 white
Egypt 0,019 white Estonia 0,000 white
Tunisia 0,000 white Japan 0,000 white
Curacao 0,005 white Latvia 0,000 white
Vanuatu 0,028 white Ireland 0,000 white
Germany 0,007 white Philippines 0,014 white
Marshall Islands 0,011 white Luxembourg 0,000 white
Norway 0,005 white Korea, Rep of 0,031 white
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Table A- 6: Factors for flag

Flag Factor for coating lifetime Factor for corrosion rate
White 11 1.0
grey 1.0 1.0
Black 0.9 1.0
unknown 0.9 1.0

6. Time at sea

Table A- 7: Factors for time at sea

Time at sea Average sailing time | Factor for coating Factor for corrosion
between two ports lifetime rate
Long >= 3 days 1.2 1.0
Short < 3 days 1.0 1.0
unknown unknown 1.0 1.0

7. Time at port

Table A- 8: Factors for time in port

Time in Average time in Factor for coating .
e Factor for corrosion rate
port port lifetime
Long >= 1 day 1.1 1.0
Short < 24 day 1.0 1.0
unknown unknown 1.0 1.0
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8. Detentions

Table A- 9: Factors for detentions

No of detentions in last 36 Factor for coating Factor for corrosion
months by Paris MoU lifetime rate
Many >2 0.90 1.00
Some lor2 0.95 1.00
None 0 1.00 1.00
unknown unknown 0.90 1.00

9. Deficiencies

Table A- 10: Factors for deficiencies

No of deficiencies in last 36 | Factor for coating Factor for corrosion
months by Paris MoU lifetime rate
Many >5 0.90 1.00
Some =<5 0.95 1.00
None 0 1.00 1.00
unknown unknown 0.90 1.00

10. Corrosivity of cargo

Table A- 11: Factors for corrosivity

Factor for coating

Factor for corrosion

Transport of corrosive cargos

lifetime

rate

Never 1.00 1.00
Occasionally 1.00 1.20
Regularly 1.00 1.50
No information 1.00 1.50
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11. Abrasivity of cargo

Liquid cargoes are not considered as abrasive, hence all tankers are not affected vy

this factor.

Table A- 12: Factors for abrasivity

Transport of abrasive

Factor for coating

Factor for corrosion rate

cargo lifetime
Never 1.00 1.00
Occasionally 0.95 1.00
Regularly 0.90 1.00
No information 0.90 1.00

12. Temperature of cargo

It is considered that bulkers transport no heated cargoes.

Table A- 13: Factors for temperature

Temperature in | Factor for coating Factor for corrosion
Temperature Celsius lifetime rate
High >45°C 1.00 1.50
Medium 25...45°C 1.00 1.20
Low <25°C 1.00 1.00
unknown unknown 1.00 1.50

13. Operation in tropics and subtropics

Table A- 14: Factors for operational area

Opera“o” In . Factor for coating Factor for
tropics or % of time o .
X lifetime corrosion rate
subtropics
Mostly >=75 0.90 1/0.90=1.11
Occasionally 25<...<75 0.95 1/0.95=1.05
Seldom =<25 1.00 1.00
unknown unknown 0.90 1/0.90=1.11
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14. Abrasive cargo handling

It is considered that tankers and containerships are not affected by this factor.

Table A- 15: Factors for abrasive cargo handling

Abrasive cargo handling

Factor for coating

Factor for corrosion rate

lifetime
Never 1.00 1.00
Occasionally 0.95 1.00
Regularly 0.90 1.00
No information 0.90 1.00

15. Frequency of cargo

Table A- 16: Factors for the frequency of cargo

Cargo changes

Cargo changes per day

Factor for coating
lifetime

Factor for corrosion
rate

>0.143

Often (More than once
per week)

0.90

1.00

0.07...0.143

Medium (at least once per
14 days)

0.95

1.00

<0.07

Rarely (Less than once per
14 days)

1.00

1.00

unknown unknown

0.90

1.00
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16. Time with ballast (Ballast ratio)

The ballast ratio is calculated by the draught of the vessel, which is given by AIS data.
If the given draught by AIS is <80% of the given draught by IHS Fairplay, then the

ship is considered to be in ballast.

The ballast ratio is determined by the equation below:

Ballast ratio =

time in ballast

time period available in AIS

Factor for coating

Factor for corrosion

Ballast ratio lifetime rate
High > 50% 1.00 1.10
Medium 10...50% 1.00 1.05
low < 10% 1.00 1.00
unknown 1.00 1.10

17. Time to next dry dock survey

Table A- 17: Factors for next dry docking survey

Time to next survey

Factor for coating lifetime

Factor for corrosion rate

<1 year 0.90 1.00
1-3 years 0.95 1.00
>3 years 1.00 1.00
Unknown or overdue 0.90 1.00

150




