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RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

prepared and issued by Polish Register of Shipping, hereinafter referred to as PRS, consist of the following parts:

Part 1 - Classification Regulations

Partll  -Hull

PartIll - Hull Equipment

PartIV - Stability and Subdivision

PartV - Fire Protection

PartVI - Ship and Machinery Piping Systems

PartVII - Main and auxiliary machinery and equipment

Part VIII - Electrical Installations and Control Systems

PartIX - Materials and Welding

Part Il - Hull - July 2024, was approved by the PRS Board on 20 June 2024 and enters into force on 1 July 2024.

From the entry into force, the requirements of Part II - Hull apply, in full, to new ships.

With respect to existing ships, the requirements of Part II - Hull are applicable within the scope specified in

Part I - Classification Regulations.

The requirements of Part Il - Hull are extended by the following Publications:

Publication 9/P - Requirements for Computer Based Systems,

Publication 11/P - Environmental Tests on Marine Equipment,

Publication 14/P - Principles of Approval of Computer Programs,

Publication 16 /P - Loading Guidance Information,

Publication 17/P - Zone Strength Analysis of Hull Structure of Roll on/ Roll off Ship,

Publication 18/P - Zone Strength Analysis of Bulk Carrier Hull Structure,

Publication 19/P - Zone Strength Analysis of Hull Structure in Tankers,

Publication 20/P - Ship Side Strengthening of Fishing Vessels Mooring at Sea Alongside Other Vessels,

Publication 21/P - Testing of Hull Structures,

Publication 24 /P - Strength Analysis of Container Ship Hull Structure,

Publication 32/P - The Requirements for Stowage and Securing of Cargo on Sea-Going Ship,

Publication 39/P - Hull Survey of Bulk Carriers,

Publication 40/P - Non-Metallic Materials,

Publication 45/P - Fatigue Strength Analysis of Ship Steel Hull Structure,

Publication 48/P - Requirements Concerning Gas Tankers

Publication 50/P - Technical Requirements Concerning Sea Environment Protection for Sea-Going Ships.

Publication 55/P - Survey of Corrosion Protection and Anti-fouling Systems,

Publication 63/P - Replacement Criteria for Side Shell Frames and Brackets in Single Side Skin Bulk
Carriers and Oil-Bulk-Ore Carriers,

Publication 76 /P - Stability, Subdivision and Freeboard of Passenger Ships Engaged on Domestic Voyages,

Publication 100/P- Safety requirements for sea-going passenger ships and high-speed passenger craft
engaged in domestic voyages,

Publication 103 /P- Guidelines for energy efficiency of ships,

Publication 106/P- Eco Class Rules,

Publication 114 /P- Longitudinal Strength Standard for Container Ships,

Publication 118/P- Requirements for passenger ships constructed of polymer composites, engaged on

domestic voyages,
Publication 122 /P- Requirements for Ice Baltic Class and Polar Class for Ships under PRS Supervision
Publication 2/ - Prevention of Vibration in Ships,

Publication 16/1 - Shipbuilding and Repair Quality Standards,

Publication 31/1 - Regulations for Safe and Environmentally Sound Recycling of Ships,

Publication 35/1 - Wave loads on Ships,

Publication 36/ - Recommendation for assessing alternative methods used in the hull structural design
of ships subject to the Common Structural Rules for Bulk Carriers and Oil Tankers.

© Copyright by Polish Register of Shipping®, 2024

*

Polish Register of Shipping means Polski Rejestr Statkéw S.A., seated in Gdarnisk, al. gen. Jozefa Hallera 126, 80-416 Gdarisk, Poland,
registered in the Register of Entrepreneurs of the National Court Register, under entry number 0000019880. Polish Register of
Shipping, its affiliates and subsidiaries, their respective officers, employees or agents are, individually and collectively, referred to
as Polish Register of Shipping or as PRS for short.

PRS/RP, 05,2024



CONTENTS

GMETAL........oiiiiiiiiieieee e ettt et e et e et e e bt e e ba e e bee e bae e bee e taeenbee e baeenbeeenbaeenbeeenraeenbeenns 7
O BN o) ] 725 o) 4 USSR 7
1.2 Definitions and EXPlanations ..........c..ccceecieruieriieiiieiesiesiesie ettt see st eeeeteeaessaesseeseensesneesseesseenseenns 7
1.3 Survey and ClasSifiCatiON........ceeruieruiriieiiesiesiteste et ete et et ee et eetesaeseeessee st esseenseessessaesseeseensesnsesnnes 12
1.4 Technical DOCUMENTALION ......ccuvetieiiiieiieeiesiteste et eteete st te e e e ebessaesstesseeseesseanseensesssesseeseensennsennnes 13
1.5 Ergonomic CONSIAETAtIONS ......ccccuieiiieeeiiieeitieeiteesiteeeteesteeeteesseessseesseessseessseessseessseessseesssesssseesssesnsses 16
Materials and Protection Against COrrosion ...............ccocooviiiiiiiiiiiiiiieeeeee e 17
B B € 1< 1 1<) 1 E USSP SRURR 17
2.2 HUll SErUCTUTAL SEEEIS ..eouvieiieieieeeieeiieie ettt ettt sttt et et e et eeeaeesaesse e seenseensesnnesseesneenseenns 17
2.3 Other Structural MaterialS...........cccverieriieiieieeieeeerie ettt ettt ae s e e sseeseesseenaesnaesseesseenseenns 23
B 15 (o 3 o) 1 g (0 17 1 (0 1 SR 23
2.5 COTrOSION AQQItIONS......vieitieeiieeitieiteeectteetteeiee et eeteesbeeebeesbeeesbeessbeeasseesssaessseessseessseessseensseesssesnssens 25
2.6 ANE-TOULNEZ SYSEEIMS ..c..vieiitietietiete ettt ettt ettt et ettt e s b et e e bt e st e eaeeeb e nbeenbeentesmnesaees 26
SEructure PArtiCULATS............ccoiiiiiiiii et e et e e saae et e e steetaeessbeensaeessseenseeas 28
T B € 171 1<) ) TSP 28
3.2 Modelling of Structural MEMDEIS..........cceriirieriieiieie ettt sttt te et eseeseaesseesseesesnsesnnes 28
3.3 Details Of Welded StrUCLUIES .....ocuieivieriieieiieeieie ettt ettt et e eseessaesseesseenseensennnes 33
3.4 SHrUCUIE CONTINMUILY ..covrieitieeitieeiieetteeiteeetteettesteeeteesbeeebeessseeesseessseeasseessseessseessseessseessseensseesssesnsses 34
3.5 Openings in Structural MEMDETS ........ccooiiiiiiiiieiieieeeete ettt ettt ettt 34
3.6 Construction of T-Section Primary Supporting MembETS...........ccoceriiiiinienieniieieeieeieseesieeee e 35
3.7 Construction of water ballast tanks .............cevierieriieciieieeiesieeee et sseeseeae s 37
Joints of Structural EICMents .............ccc.ooiiiiiiiiiiiiiii et 38
B € 31 1<) 1 RS 38
4.2 Types and SiZe OF WELdS......ccccviiiiieiiieiiecie ettt ettt e e stae et eesaee e baeessaeensaeensneenees 38
4.3 End Connections of Structural MEMDETS .........c.ccecviiiiieriieiiierieesieeseeesteeseveeseeeeseeeesireeseeeesaeensneennns 43
4.4 Connection of Different Material StIrUCTUIES.......cccueviiierieeiiieeieerie et eree e sre e seee e enene e 45
Principles of Hull Structural Requirements...................cooouiiriiiiiiiiniiiiiiieieeieeeeeeee e 46
S B € 1< 1T 1 PSSR 46
5.2 Basis for REQUITCIMENLS ......c.coiuiiiieiieiieiieeteseete ettt ettt et e st e be e seessesssesseesseesseenseensennnenseens 47
BOtEOM SEIUCLUIES .......ooviiiiiieiiiecie ettt ettt ettt e st e et eestte e taeessbeesseessseessseeseeessseesseensseensseensseenssesnses 50
(O B € 157 1 1< 1 D USSP SRR 50
6.2 DOUDIE BOtTOM SIITUCLUIE .....c.vvieiieiiieeiiecieeeite et e et et eecteesteeebeesebeeeabeessbeessseesnseessseessseensseessseenssens 52
6.3 Scantlings of the DoubIe BOttOM ........c.eeciiiiiiieiieiieie ettt seenae s 56
6.4 Single Bottom Structural ArTangemeEnt.............ccveruieriieierieriereeseeeeseesee st esseeeeeeessaesseesseessessesnnes 59
6.5 Scantlings of Single BOttOM .........cccuiiiiiiiiiieiet ettt 60
6.6 Common Requirements for Ships with Single and Double Bottom............ccceecvveviiienciienciieniieeieenen. 62
6.7 Bottom Strengthening in the FOrebOdY ........ccccuiiiiiiiiiiiiiieeiie ettt 62
SHAE SEIUCTUIES.......cceviiiiiieiie et ertee et et e ettt e tee e teeessaeetbeessseessseessseesseensseesseensseensseessseenssean 66
7 T € 13 1< Y PR 66
7.2 Structural ATTANGEMENL . ......c.eeieriieiteeiteeteeeesteerteeteeteeeaesseesteeseesesnsesssesseesseenseenseassesssesseesseensesnsesnns 67
7.3 Scantlings of Structural MEMDETS...........ceiiirieriieiieie ettt ae et e e e sseesesnsesnees 68
7.4 Strengthening of the FOrebody.......cooiiiiiiiiiiii e 71
DIECKS ...ttt ettt ettt et e e ta e et b e e tbe et te ettt e aae et bt ente e tbeataeetbeeteeentaeeseeentaeeneeenres 74
LT B € 1< 1T Y USSR SRURRP 74
8.2 Structural ATTANZEIMENL.........ccuieitieiieieeeieeeee et teete st et et et e eeteesaesseeseesseessesnsesseesseanseenseessennsenseens 74

8.3 Scantlings of Structural MEMDETS...........c.cciieriieiiieieiie e sterie et eteeee st e e se e seesseesseesseesseensesssenseens 75



9

10

11

12

13

14

8.4  Additional REQUITEIMENES ......eeeiuiieriiieiiiesiie ettt erite ettt esteesteesaeestaeessaeesaeessseessseessseensseessseensseessseensses 77

8.5 OPeNINgS 1N DECKS ...cueiiiiiiiiiiete ettt ettt et et st sbe et ettt et sbeen 78
80 COAIMUNES ..ottt ettt ettt b e bt et et e sa e e s bt e sb e et e emt e ea et ebe e bt e bt emteem et satesbeenbe e bt enteenteeneenbeen 79
LI 11 SRS 81
8.8 Helicopter Decks
............................................................................................................................................................ Blad
! Nie zdefiniowano zakladki.

BUIKREAAS .......oeviiiiieiieiiece ettt ettt et e et e st e et e e tbeetbeesaeessbeessaeensaeenseeensaeensneensaeeseennses 85
L2 B € 15 1 1< 1 DS U STRPSR 85
0.2 SUDMIVISION ..etintieniieniieiie et eite et te it e e e b e tesete st e st esteesaeessessae s eenseensesnsessaesseenseenseenseenseassenseenseensennsesnnas 85
9.3 Structural AITANGEMENL . .........eeiertierieeiteeieeiesteerteeteeteesteseeesteeseesesssessaesseesseenseenseessesssesseessessesnsesnes 89
9.4 Scantlings of Structural MEMDETS...........ceiiirieriieiieie ettt sttt essaesreesseesesnsesnnes 90
9.5 Additional REQUITEIMENTS ........eeeiiiiiiieeiiieiiieeiteeieeeieeeieeesteesteeeteesbeessbeesseessseessseessseessseensseessseenssens 91
SUPEESEIUCLUIES .......oooiiiiiiieiieeetie et eete ettt estteestteestteestteessaeestseessseesseessseesseessseesseensseensseensseensseessseensses 92
TO.T GONCTAL.....vieeiiieeieeeiie ettt ettt e et e et e et e e s beesab e e ssbeessbeessbeeassaessseeasseesssaeasseessseensseenssaensseennsaenssens 92
10.2 Structural ATTANGEMIENL . .........ecuietierteeieeiestesttesteeteeteeeesseesseeseesesssesseesseeseesseanseessesssesseenseensessesnnes 92
10.3 Scantlings of Structural MEMDETS...........cueiieriieriieiieie ettt et estaesseesseenseensesnnes 93
10.4 Design Loads 0n WallS .......ccoeoiiiiiiiiiiecie ettt sttt esbesnaesseesseenseensesnnes 95
TO.5 BUIWATKS ...eeitieiiieciie ettt sttt e e st e et e e sabe e et e e ssbeessbaessseeasseesssaeassaesssaenssaesssaensseesnsaenssens 95
Stem and SEIrMEIIAMIE ............ccoooiiiiiieie e sre et st e et e e s tbe e sbeessbeessseessbeensseesnsaensseas 98
| B € 153 1 ) 1 DS TSUPS 98
T2 SHOIML ¢ttt bbbt a et b e bbbt h et b e bbbt bttt et et be e 98
L1.3 SEEIMTTAMIC ... ceotiiiieiieiece ettt et et e et e st e b e e e esbesssesneessee st enseanseenseessesseenseensennsennnes 99
11.4 Clearances between Propeller and HUll ............ccoooiiriiiiiiiieicees e 107
T1.5 FIXE@A NOZZIES. ... .eeeviiiiieeiie ettt ettt e et e ste e st esbeeesbeessteeesbeesnbeeenseesssaessseesssaeasseesssaensseesnsaennsens 108
11.6 RUAAET TIUNK ... .viiiiieiiieeiieeiieeiee ettt et ete e st e e st esbeeeebeessbeeesbaessbeessseesnsaeessaesssaensseessseensseesnsannssens 111
S@ALIIES ...ttt ettt h e bt e s bt et e a et e a e eh e bt e b e et e bt eat e sheenbe et enteeateeneenbeen 113
|00 B € 131 1< Y USRS 113
12.2 Structure and Scantlings of Structural MemMDETS...........ccerieriiriieiiiie e 113
Local Strength and Buckling Control of the Structure.................ccoooiiiiiiiiiiniee 115
|G € 153 1 <) 1 DRSPS 115
13.2 Minimum TRICKNESS .....eeccuiiiiieeiieiiieeiie sttt ettt et et e steeeabeesbeeseaeessseessseesssaensseesssaensseesssaensseas 116
13.3 Buckling Control of Structural EISMENTS ........c..cccvveriieiiiieiieiiieeiiecieesie ettt sveesaaeesve e s 118
13,4 HUIL PLALINE ....eetieiieeieeeieeeeet ettt sttt ettt et e e st et e st e esseessessaesseenseenseenseansesssaseenseensennsennsesnnes 122
L T3 (<31 1<) 4 TP 128
13.6 Simple Primary Supporting MEMDEIS. ..........cccoieiiirriiiieeie ittt sene e s eneeae e 134
13.7 Pillars and Supporting MeEMDETS ........cccueeiuieriiierieenieesieerteesteeseteeseeestaeessaeesseeessseenseeesssesnseeesssessseees 136
13,8 BIACKELS ..uveeiiiieiiieciieeieectte ettt e et e et e et e et eesbeesabeeenbeessbeeesseesnseeanseesssaeanseeassaeansaeansaeenseesnseesnseennses 137
Zone, General and Local Strength, the Principles of Finite Elements Method Calculations ...... 142
| € 171 1<) Y ST 142
14.2 Design Load CONAItIONS.........ccieriieiieiieeiesiesit et eteeteeteestteteeteesaessaesseesseeseesseanseessesseenseensesnsesnsesnnes 142

14.3 Hull Primary Supporting Members System Strength Assessment on the Basis of Beam FE Models. 142
14.4 Hull Primary Supporting Member System Strength Assessment on the Basis

of FE Models Using Membrane, Shell and Beam Finite Elements...........cccccccvevviieecieiiieenieeiiieeies 146
14.5 Assessment of Stress Level in Primary Supporting Members .........c.coccvvevieeriienieenieenieeneeesveeenenn 151
14.6 Assessment of the Hull General Strength with the Use of FE Method..........cccoveviviiiiiienieee, 153

14.7 Assessment of Stress Level in Stress Concentration Areas and in the Plating Stiffeners
LTt 1 8 33 DY) (o (<] ) PR UUS 157



15

16

17

18

19

20

Longitudinal Strem@th... ... ..ot 161
I5.1 GOIETAL.....ciiiniiiiie ettt ettt b bbbt bttt ettt b e bt bt ettt na b 161
15.2 Hull Section MOUIUS .......cocviiiiiiiiiiiiiieet ettt ettt ettt et 163
15.3 Moment of Inertia of HUll Cross-SECtION .........eevuieiiriiiieniieiieieee et 164
15.4 Still Water Bending MOMENT ........coouiiiiiiiiieiieie ettt ettt et sae ettt siaesaees 164
15.5 Wave Bending MOMENL .........cccveruieiieiieieeiiesiietteieete e ste st e st eseeesseesaessaesseesseessesnsesssesssesseesseensennes 168
15.6 Extent of High Strength Steel APPliCation.........cceevuireiirieiiierieit et 169
15.7 Geometrical Data on Hull Cross-section as Built ...........cccoeriiiiiiiiiiiini e, 170
15.8 SHEar STrENZLH .. .co.uiiiiiiiii ettt bttt et ettt b et e bt et e e eaeesaeas 172
15.9 Still Water Shear FOTCES .......ceuiiiiiriiriiiiiteiteteteste sttt ettt ettt sttt ene e 173
15.10° WaVE SHEar FOTCES....cuiiuiiiiiiieiiiiitieteste sttt ettt ettt sttt et ete e 173
15.11 Requirements for Structures Subjected to Shear FOrces .........coooeiiiniiniiniiiiiineeceeeeeen 175
15.12 Shear FOTCe COTTEOIIONS ... .eeuuieuiiitieitiertiete ettt ettt ettt sttesb et e bt et st e saeesbeeteenteenteeseesbeenaean 176
15.13 Ship Loading CONtIrOL........ceevieiiiiiieieeieeeie et ete ettt e e see e eseenseesseesaessaesseesseenseensesnsenens 178
15.14 Buckling strength of hull structure subject to hull girder StreSSes.........cocveviecvirviiriienieneeneereneeen 186
Local Loads of SEFUCHUIE ........c.oooiiiiiiiei ittt ettt b e bt ettt s saeesbe e e 184
LO0.1 GNEIAL. ...ttt ettt h e h ettt et s et bt e s bt et et ea et eh e b e b e e bt ettt saees 184
16.2 S8 PIESSUTES......eeuiiiuiiiiiiieiieteete ettt et ettt et et et st sb bt ettt sasesae e bt ebeenneeanesanes 185
16.3 Pressure of Liquids in TanKS.........ccciioieiieiieiiet ettt ettt seenseenaeseees 187
16,4 Carg0 LOAdS ...coueemiiiieeieet ettt b et ettt e h bbb et saeas 188
SHIP IMIOLIONS ......ooeviiiiiieiie ettt e stte ettt e et e et e etbe e sbeetbeessseesseensaeessseenssaesseenssaensseenssesnsseen 192
I7.1 GOIETAL.....ciiiiteie ettt bt a et b e s bbbt bt ettt st h e bt e b et et st be e 192
17.2 DEEINILIONS ..uventinieitieteeieeit ettt ettt ettt ee et e b e bt b e eb e bt et e st et e st e e bt sbeebeebeestententebenee 192
17.3 AMPlitudes Of SHIP MOTIONS ...eccviiiiieeiieiiieeiie sttt ettt sreeeaeesbeeeeaeesaaeessseessbeensseessseensseesssaenssens 193
17.4 Resultant Acceleration AMPLTUAES.......c.eeicvieeiieiiiiiiiiecie ettt ettt sre e eesveeseeeessaeesaeeseseenseees 194
ContAINET CATTICTS .....cc.oiiiiiiiiiiiiiiiieiiet ettt ettt et sa ettt et e b sanesaeesaeenaeenneene 195
I8.1 GOIETAL.....ciiiiiiiterteet ettt bbbt e et et b e bbbt bt ettt st b e bbbt et et na b e 195
18.2 Materials and WELding .......cc.ooiiiiiiiiiiie ettt ettt ettt et 195
I8.3 SEIUCHUIC ...ttt ettt ettt e a e bt e h et e et e s e s bt e sbeenb e e bt em bt eaeeebe et e et e enbeenseemaesaees 196
18.4 Hull Strength ANALYSIS......c.cccierieriieiieieeieetestet et etesee st et ettt e eseeesaesseeseesseessesnsesseesseesseenseensennns 197
18.5 Design Loads, Loading CONAIitiONS..........c.cevertierieerieritesiesieseesteeeeeseseesseesseeseesesssessnesseesseessesnsennns 197
18.6 Brittle Crack ATTeSt DESIZN....c..eeutiiiiiiieitieiiete ettt ettt et sbe et et et eeeesaaesaees 200
Passenger Ships, Ferries and Ro-1ro Ships .............coocooiiiiiiiieee e 204
1.1 GOIETAL.....ciinieiiie ettt bttt b e s bbbt bt ettt et b e bbb et ne b e 204
19.2 Materials and WELAINg ........coecieriiiiieiie ettt sttt teesteeneeesaesseesseenseensesnsesnnes 206
19.3 Z0MN€ SENGN.....iiiiiiiie ettt et b et ettt e a e bbb eaees 206
19.4 Permanent Decks for Wheel Loading ..........cooeeriiiiiiiiieneicieee et 206
1.5 Cal DECKS ...ttt ettt ettt b e bbbt ettt e b sa e bbbt et ebe e 211
LR B Ty e 1 B 510 T T LSS 213
BUIK CAFTIEES ..ottt ettt ettt h ettt et e e bt e e bt e b e et e e mbesseeseeenaeeneeenee 219
20.1 GENCIAL ...ttt ettt a e bbbt ettt s h e bt e bttt e a et a e bt et e bt et enaesaees 219
B OB e Yo | N (<) 1Yo 1 SRS 223
B O I /e) 1T IN ¢<) 1 1 o OSSR 223
20.4 Longitudinal Strength and Fatigue Strength ..........ccooooiiiiiiiiiiii e 224
20.5 Side Structures in Single Side SHIPS .....c.ceoiiiriiiiii e 225
20.6 Longitudinal Strength of Hull in Flooded Condition ............cccceeveriieriieiieienieieeieeie e 228
20.7 Evaluation of Scantlings of Corrugated Transverse Watertight Bulkheads
in Bulk Carriers Considering Hold FIOOINg ........cc.coouiiiiiiiiiiiiiieieiereeee e 230
20.8 Evaluation of Allowable Hold Loading for Bulk Carriers Considering Hold Flooding ..................... 243
20.9 Design Loading Conditions and Corresponding Descriptive Information.............cccccevevevcvervenvennnne, 248
20.10 Requirements fOr FOTECASIC. ... ...ueruiiiiiiiieiieiieiieieeie ettt ettt seaesreesseenseenes 252
20.11 Requirements for Ships with Double-side Skin Construction...........ccceeveveeeeieercieenciiescieenieesveenenenn 253

20.12 Requirements for Cargo Area Structure of Hull..........ccoooooiiiiiiiiiiiieeeceeee e, 254



P B K21 110 OO 257

211 GOINETAL ..ttt ettt ettt bbbt ettt b e bbbt b et et ae st 257
21.2 General ATTANGEIMENL . ........c.cccveruieriieriietteteetieettesteeteeteeaestesseesseesseenseasseessesseenseenseensesnsesseesseesseensennes 258
21.3 Materials and the Scantlings of Structural MemDETS .........cccccvveeiiiiiiieeiiiecieecieece et 265
22 FISHINEG VESSEIS ..ottt sttt ettt e a e b et e bt ettt saeesbee e enee 271
22,1 GOINETAL ...ttt ettt bbbt ettt bt s a e bbb et et ae st 271
22.2 Structural Design and Scantlings of Structural Members ...........ccecveiieiiieieeienieeeie e 271
22.3 StEIN TTAWIETS ..ottt ettt h e e e et e s et s et e s b e e bt e et e st e st e eb e e beenbeentesnaesaeas 272
22,4 SIAC TIAWLLTS .uteeniieii ettt ettt a e b e b e b et et esaee s bt e s bt e bt emteeateeaeeeb e e beenbeeneesnaesaeas 276
23 Tugs and SUPPLY VESSEIS ......ccooiiiiiiiiiie ettt sttt et e st e st e e bt e e saneenanees 277
23,1 GOINETAL ...ttt ettt b e b bbbttt be bbbt b et et nae st 277
23.2 TUES teeoueeetieeeie ettt e ee et e et e et eetee st eeeaaeesabeeasseesssaeasbeesabeeasbeeasbaeasseeenbaeesbeeenbaeasaeeesbeeasteeenbeensaeeenseennaean 277
23.3 SUPPLY VSIS ...uiieiiiiiieeiie ettt st ete e st e ettt e st e et e e sbeeesbeessbeeesseessbeessseesssaensseessseensseesnsaenssean 278
24 Dredgers, Hopper Barges and Floating Crames.............cc.cccoeciiiiiiiiiiiiiiiniieiieeniee e 282
24,1 GOINETAL. ...ttt ettt ea ettt h e bbbt sttt bbbt bt bt e et e ae e 282
24.2 Structural Design and Scantlings of Structural Members of Dredgers and Hopper Barges................ 282
24.3 Structural Design and Scantlings of Structural Members of Floating Cranes...........cccccceveeveerennennen. 282
25 CAAMATAIS ....o..iiiiiiiiiiiieieet ettt ettt ettt et e est e eat e ea s e s be e bt eabe et e sasesaeesaee bt emneenneeanesteenbeens 283
25,1 GOINETAL ...ttt bbbttt b e bbbt ettt b e sh e bbbt et et ae st 283
25.2 Materials and WeELdINg .......cc.ooiieiiiiiii ettt ettt 284
25.3 SUDIVISION 1.ttt ettt ettt ettt ettt ettt sttt e e st e st et e s e besb e et e eaeeseeneen s e beeseebeeseeneeneeneenseneensees 284
25.4 CONSITUCTION ...ttt ettt ettt ettt et ettt b e sb e eb e ebeea e eab et e b st ebeebtebteat et e besbeebeebeebtene et ennenaens 285
25.5 Hull Structure Stren@th .......ccoeouiiiiieie ettt ettt et et ete s saesreesseeneenneenee 288
25.6 DESIZN LOAAS ..cntieiiiiiieeiieeie ettt et ettt a ettt ettt e et e bt nb e bt et eneeeeee 292
26 Ice and Special StrengtheniNGS ...t 299
26.1 GOINETAL ...ttt ea ettt b e bbbt et ettt b e bbbt ettt a et 299
26.2 Strengthenings in Ships Unloaded With Grabs..........ccccveeiiiiiirierieieiiceeeeeee e 299
26.3 Strengthenings in Ships Lying Aground during Loading Operations............ccccceeueevenieneeneenennennnn. 299
27 Additional Requirements for Ships which Occasionally Carry Dry Cargoes in Bulk
and Are Not Classified as Bulk Carriers ..............c..cocooiiiiiiiiiiiiiieccceceee e 300
B N ] o) 147 o ) s OSSR 300
27.2 Ship of Double-side SKin CONStIUCHION. .......cccuiiiiieeiieiitieetiesteeeieesteeeteesteesaeessreessseessseensseessseensseas 300
27.3 Ship of Single-side SKin CONSIITCHION ......c..eiiuiiriieiieiieiieet ettt 300
28 Additional Requirements for Energy Efficient Ships.............cccoooiiiiiiiiiniieen 301
BT N ] o) a7 o ) s OSSR 301
28.2 Required DOCUMENTATION ...eeeuvieeiieiiieeiiecieeeieesieeeieesteeeteesteessbeessbeeesseessseessseessseensseessseensseessseensses 301
28.3 Additional Mark in the Symbol 0f CIass........ccccicuiieiuieiiiieeiiieiieeeiee et sreeseaeeseae e s 301
29 OIL RECOVEIY VESSEIS .......ooiiiiiiiiiiiiiiiiietetee ettt ettt ettt et st st saeeae et e eanesaneninens 302
29,1 GOINETAL ...ttt ettt b e bbbttt b e sh e bbbt e et ae st 302
29.2 DETINIEIONS ..uteentieniieniieiie ettt ettt sttt ettt at e eb e eb e b e e bt e mbesaeesbeesbee bt emteesteeaeeebeenbeenbeenteenaesaeas 302
29.3 SPACE DIVISION ...vvieiiiiiiiieeiieeieeeieeeteeetee st e et e sbeesbeesbeeesbeesssaessseessseeasseessseesssesssseensseessseensseesssesnssen 303
29,4 TANK STIUCLUTE. ....cutitiiietiiteeitet ettt ettt ettt st eb ettt s b b e sb e e bt ebeeb e et e e e b e sbe b e e bt ebteae et ennenaens 303
30 Ballast Water EXChange At Sea............coooiiiiiiiiiiiii ettt sttt ettt et 304
30,1 GENCIAL ...ttt ettt a e bbbt ettt h e bt b et e a e e et eh e e bt e be et e et eaees 304
30.2 Ballast Water ManageImENt ........cc.eerueruiiieiiieniientt ettt ettestte et etesetesieeseeenaee et esteeaeesbeesbeebeensesnsesaees 304
SUPPLEMENT - Retroactive ReqUIrEMENTS ..........ccooiiiiiiiiiiiii ettt 305
AINNEX T ettt ettt et a e s et et e te e et e bt e a e ea e em e e s e b e eaeebeeeees e eaeensenseeseebeeheeheeneene et eteateeaea 324
ANNEX 2.ttt h ettt b e bbbt ea et b e et b e bt bt e a e a et b e sb e bt et ebt et et e te e 327









RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 1 - General July 2024

1 GENERAL
1.1 Application

1.1.1 Part il - Hull applies to steel, welded hulls of sea-going ships specified in paragraph 1.1.1,
Part I - Classification Regulations, except bulk carriers and oil tankers, referred to below.

For bulk carriers of Lo > 90 m the requirements specified in Common Structural Rules (CSR) shall
be applied.

The requirements of Chapter 20 apply to bulk carriers as defined in SOLAS (i.e. also covering ore
carriers and combination carriers). Some paragraphs of that Chapter also apply to ships who are
subject to the requirements specified in Common Structural Rules (CSR).

For double hull oil tankers of 150 m in length and above, the requirements specified in CSR shall
apply.

1.1.2 Allowable ranges of the ship main dimensions and their ratios are specified, where
necessary, in chapters regarding particular types of ships. Ships and structures of unconventional
design or those not complying with the limitations imposed on the main parameters, specified in
the present Part of the Rules for the Classification and Construction of Sea-going Ships (hereinafter
referred to as the Rules), are subject to PRS consideration in each particular case.

1.1.3 The present Part of the Rules may be also applied to structures made of aluminium alloys.

1.1.4 The present Part of the Rules includes both basic and additional requirements. Compliance
with the basic requirements (Chapters 1+17), where applicable, is necessary for assignment of
the main symbol of class.

Additional marks in the symbol of class determining the designation of a ship, application of ice
strengthening and adaptation of the hull structure to special operating conditions will be affixed,
provided the additional requirements are complied with, where applicable.

1.1.5 Hullis subject to the guidelines for safe and environmentally sound recycling in the scope
specified in Publication 31/1 - Regulations for Safe and Environmentally Sound Recycling of Ships.

1.2 Definitions and Explanations

1.2.1 General

Definitions concerning general terminology used in the Rules are given in Part I - Classification
Regulations. In the present Part of the Rules, additional definitions relating to the ship’s hull have
been adopted.

1.2.2 Definitions

A.P. - after perpendicular - the perpendicular at the centre plane, at distance Lo from F.P,, in aft
direction.

B - moulded breadth of the ship, [m] - the greatest breadth measured between the outer edges
of frames.

Bs - moulded breadth of the ship at scantling draught, [m] - the greatest moulded breadth
measured amidships at the scantling draught Ts.

B.P. - base plane - horizontal plane which crosses amidships the top of a flat keel or the
intersection of the inner surface of the plating with the bar keel.
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CcpP

F.P. -

%)
I

ship centre plane.

moulded displacement, [t] - mass of water, in tonnes, of the volume equal to the volume of the
submerged part of the ship’s hull at draught T. Unless otherwise stated, the sea water density
equal to 1.025 t/m3 shall be taken.

elasticity (Young) modulus, [MPa] - for steel, E = 2.06 - 105 [MPa] shall be taken.

forward perpendicular - the perpendicular at the intersection of the waterline at scantling
draught with the fore side of the stem. For ships with unconventional stem curvature, the
position of the forward perpendicular is subject to PRS acceptance in each particular case.

standard acceleration of gravity, [m/s?] - may be taken as equal to 9.807 m/s2.
shear (Kirchhoff) modulus, [MPa] - for steel, G = 7.9 - 104 MPa shall be taken.

moulded depth, [m] - the vertical distance measured amidships from the base plane to the top
of the uppermost continuous deck beam at side. In ships having a rounded gunwale, the
moulded depth shall be measured to the point of intersection of the moulded lines of the deck
and side.

If the uppermost continuous deck is stepped and the raised part of the deck extends over
the point at which the moulded depth is determined, the moulded depth shall be measured
to a line of reference extending from the lower part of the deck along a line parallel with
the raised part.

material factor - a factor depending on the yield point of the material - see 2.2.1.

length of the ship, [m] - 96% of the total length of hull measured on the waterline at 85%
of the least moulded depth measured from the top of the keel, or the length from the fore
side of the stem to the axis of the rudder stock on that waterline, whichever is greater.
Where the stem line in the ship’s centre plane is concave above that waterline, both the
stem outer point of the total length of hull and the fore side of the stem shall be taken at
the point determined by vertical projection - on such a waterline plane - of the aftermost
point on the stem line above that waterline (see Fig. 1.2.2). In ships designed with a rake
of keel, the waterline on which this length is measured shall be parallel to the design

waterline.
—
Freeboard deck 7

-

0,85

Fig. 1.2.2. Definition of length of ship L for ships with unconventional stem curvature

length between perpendiculars, [m] - the distance between the fore and aft perpendicular.

length of summer load waterline, [m] - the distance measured at this waterline from the
fore side of the stem to the point of intersection of the waterline with after side of the stern
(transom).
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Lo - design length of the ship(the Rule length), [m] - the distance measured on the waterline at
the scantling draught, from the fore side of the stem to the after side of the rudder post, or
the centre of the rudder stock if there is no rudder post. Lo is not to be less than 96%, and
need not be greater than 97% of the extreme length on the waterline at the scantling
draught.

In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the Rule length L,
is to be taken equal to 97% of the extreme length on the waterline at the scantling draught
Ts.

In ships with unusua000l stern and bow arrangement, length Lo is subject to PRS
acceptance in each particular case.

R. - material yield point, [MPa] - see explanations in Part IX - Materials and Welding.

T - moulded draught, [m] - the vertical distance measured amidships from the base plane to
the summer load waterline.

Ts - scantling draught, [m] - the draught at which the strength requirements for the scantlings
of the ship are met and represents the full load condition. The scantling draught is to be
not less than the moulded draught T and the draught corresponding to the assigned
freeboard.

V- volume of the moulded displacement, [m3] - the volume of a body defined by the external
edges of frames at draught T.

Vs - volume of the moulded displacement at scantling draught, [m3] - the volume of a body

defined by the external edges of frames at draught Ts.

x,y,Z — co-ordinates of a point in the ship, [m] - see 1.2.3.

0 - block coefficient - the moulded block coefficient corresponding to the load waterline at the
scantling draught Ts, determined in accordance with the formula:
V.
§=——
Lo Bs Ts
v - ship speed, [knots] - the maximum service speed at draught T.

1.2.3 Co-Ordinate System

1.2.3.1 In the present Part of the Rules, the co-ordinate system, shown in Fig. 1.2.3.1, has been
assumed for ships. The following reference planes have been assumed for the system: base plane,
centre plane and midship section.
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Fig. 1.2.3.1. Ship co-ordinate system

The intersection of the centre plane and the base plane forms x axis of the positive sense forward.

The intersection of the base plane and midship section forms y axis of the positive sense towards
port side.

The intersection of the centre plane and midship section forms z axis of the positive sense
upwards.

1.2.3.2 Other ship co-ordinate systems, specified separately, are also applicable to the present
Part of the Rules.

1.2.4 General Definitions

Bulkhead deck - the uppermost deck to which the main watertight bulkheads, dividing the ship
into compartments, are carried (see requirements of resolution MSC.421(98), paragraph 7 and
resolution MSC.429(98)Rev.2, - Revised Explanatory Notes to the SOLAS Chapter II-1, Subdivision
and Damage Stability Regulation”).

Deck erection - a superstructure or deckhouse.

Deckhouse - a decked structure on the freeboard deck or on the superstructure deck with the sides
being inboard of one or both ship sides more than 0.04B.

Deepest subdivision draught - the summer load line draught of the ship.

Freeboard deck - the deck to which the freeboard is measured and calculated in accordance with
the International Convention on Load Lines, 1966.

Lower deck, tween deck — the deck situated below the upper deck. Where there are several lower
decks, they are named: the second deck, the third deck, etc., counting from the upper deck.

Machinery spaces - see definition in Part V of the Rules.

Midship portion - the ship portion of length equal to 0.4L (within —0.2Lo < x < 0.2L, ) symmetrical
in relation to the midship section. Where the extent of the portion in question is different, its co-
ordinates are specified in each particular case.
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Midship section - a curve being the result of hull surface cross-section with the vertical plane
normal to the centre plane, situated in the middle of length L.

Moulded deck line - intersection line of surfaces defined by the external edges of deck beams and
side frames. In the case of rounded deck corner, this is an intersection of extensions of these
surfaces.

Platform deck - structure extending over a part of the ship’s length or breadth similar to the lower
deck; need not be watertight.

Ship’s end - a portion of the ship within x < —0.4Lo or x > 0.4Lo. Where the extent of a portion in
question is different, its co-ordinates are specified in each particular case.

Strength deck - the upper deck. Where it is covered by a midship superstructure which has the
length not less than 3(0.5B + h), the midship superstructure deck is considered as the strength deck
within this portion (h [m] - the vertical distance between the upper deck and midship
superstructure deck in question). Any other deck may be defined as the strength deck within the
given length of the ship subject to PRS acceptance of continuity of the ship’s sides with respect to
shear strength in each particular case.

Summer load waterline - the waterline corresponding to the Summer Load Line defined in
accordance with the Regulations of the International Convention on Load Lines, 1966.

Superstructure - a decked structure on the freeboard deck, extending from side to side of the ship
or with one side or both sides being inboard of the ship sides not more than 0.04B.

The following definitions are applied to the erections with regard to their location on board the
ship:

Forecastle - an erection extending aft of the bow.
Poop - an erection extending forward of the stern.

Midship superstructure — an erection located partly or totally within the midship portion of the
ship; it may be an extension of the forecastle or the poop.

Superstructure (deckhouse) deck - the deck forming the top of a superstructure (deckhouse). Where
the superstructure (deckhouse) is divided into several tiers, the superstructure (deckhouse) decks
are named: first tier superstructure (deckhouse) deck, second tier superstructure (deckhouse) deck,
etc., counting from the upper deck.

Upper deck - the uppermost continuous deck extending over the full length of the ship.
Weather deck - each deck or part thereof, which may be exposed to the effects of sea and weather.
1.2.5 Definitions of Structural Members

Bulkhead structure - transverse or longitudinal bulkhead plating, including stiffeners and primary
supporting members.

Deck structure - deck plating, including stiffeners and primary supporting members.

Double bottom structure - shell plating and inner bottom plating including stiffeners, primary
supporting members and other elements below the top of the inner bottom.

Primary supporting members - a general name for structural members supporting the stiffener
systems or other primary supporting members.

Main frames - side frames located outside the peak area connected to the floors or the double
bottom and carried to the lowest deck or side stringer if it is regarded as the frame support.
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Side structure - shell plating, including stiffeners and primary supporting members, between the
uppermost deck reaching the side and upper turn of bilge in the case of single bottom or inner
bottom plating in the case of double bottom.

Simple primary supporting member - a primary supporting member, the conditions of ends
fixation of which are known with sufficient accuracy and therefore it may be regarded as a
member separated from the adjacent structure.

Single bottom structure - shell plating with stiffeners and primary supporting members below the
upper turn of the bilge.

Stiffener — a general name for structural members supporting directly the plating.

Structural members - a general term used for such ship structures as the plating, the plating
stiffeners and primary supporting members.

Superstructure (deckhouse) structure - wall and deck plating, including the stiffeners and primary
supporting members.

Tween deck frames - frames located between the supporting side stringers, between the
supporting side stringer and the nearest deck or between the two decks, including superstructure
decks.

Wash bulkhead - a perforated or partial bulkhead in a tank.

Watertight - capable of preventing the passage of water in any direction under the head of water
likely to occur in intact and damage conditions.

Watertight bulkhead - a transverse bulkhead dividing the hull into watertight compartments.

Weathertight - the term pertaining to closing appliances of openings in the above water part of
ship, which means that in any sea condition water will not penetrate through these openings.

Further on in the present Part of the Rules, the general names for structural members as defined
above (primary supporting members, stiffener) are used interchangeably with traditional terms
associated with the location and function of a given member (e.g. frame, longitudinal, beam,
stringer, floor).

1.2.6 Other Definitions

The definitions specific for particular chapters or sub-chapters of the present Part of the Rules are
given in these chapters and sub-chapters.

1.3 Survey and Classification

1.3.1 Survey and classification are performed in accordance with the regulations specified in
Part I - Classification Regulations.

1.3.2 Survey under construction covers the hull structure as a whole, together with the below
specified parts:

— superstructures and deckhouses,

— trunks and propeller shaft tunnels,

— seatings for main engines and bearers for boilers,

— seatings for auxiliary engines and associated machinery components subject to PRS’ survey,

— shaft brackets, fixed propeller nozzles,

— coamings, companionways and other boundaries of openings in hull,

— movable ramps and platforms.
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1.3.3 During construction, the structures, listed in paragraph 1.3.2, are subject to survey with

regard to:

— compliance with the approved technical documentation,

— compliance with the requirements of the present Part of the Rules within the scope not
indicated in the technical documentation,

— compliance with the requirements specified in Part IX - Materials and Welding.

1.3.4 Hulls of all ships under construction shall be subjected to the tightness and strength tests
within the scope and using the methods specified in Publication 21/P - Testing of Hull Structures.

1.3.5 PRS’ survey may also include problems related to prevention of the ship’s hull vibration
as specified in Publication 2/1 - Prevention of Vibration in Ships.

1.3.6 For ships assigned additional mark PAC in the symbol of class in accordance with 2.4.4,
complete documentation of the corrosion protection system shall be submitted for approval. The
scantlings of structural members with and without the corrosion allowances shall be indicated in
the design drawings.

1.4 Technical Documentation

1.4.1 Classification Documentation of Ship under Construction

Prior to beginning the construction of the ship’s hull, the documentation specified in 1.4.2 shall be
submitted to the PRS Head Office for consideration and approval within the applicable scope,
taking into account the ship type, its equipment and outfitting. PRS may extend the scope of
classification documentation, specified below if it is considered necessary upon examination of
the ship technical specification and general arrangement plan.

1.4.2 Hull Documentation

.1 Data on the longitudinal, zone and local strength:

— Dbasic theoretical data: body lines, hydrostatic curves,

— mass of light ship and its longitudinal distribution,

— intended load conditions and mass distribution of cargo and provisions,

— calculation of maximum still water bending moments and shear forces,

— minimum and maximum draught of ship in service and corresponding trim,

— load on deck, hatch covers and inner bottom if different from those given in the Rules,

— type, density and angle of repose of dry bulk cargo,

— maximum density of liquid cargo intended to be carried in tanks,

— heights of air pipes, measured from the tank tops or from the decks above which these
pipes are carried,

— mass of heavy machinery components,

— other local loads or forces which will affect the hull structure,

— description of the assumed changes of the ship ballasting on a voyage and the description
of consequential limitations due to weather conditions.

.2 Midship section with characteristic cross-sections, including main dimensions of ship, full
requested symbol of class, equipment number and other data such as speed, number of crew
and passengers.

.3 Longitudinal section with specified frame spacings, location of watertight bulkheads,
pillars, superstructures and deckhouses.

.4 Shell expansion, including arrangement of primary supporting members, stiffeners,
bulkheads, decks and platforms, as well as the arrangement and scantlings of shell
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N -

9

10
A1

A2
A3

14

openings; the extent of bottom flat portion of ship fore part shall be indicated in the

drawing.

Drawings of decks and platforms, including the arrangement and dimensions of the openings.

Drawing of the double bottom.

Drawings of longitudinal and transverse bulkheads, as well as the tank bulkheads,

including the height of tank overflow and air pipes.

Drawings of machinery spaces, including foundations of main engines and boilers, as well

as the bottom structure under the foundations, tanks, pillars, strengthenings, e.g. for upper

fastening of the engine; type and rating of the engine shall be given, and the guidelines of

the engine manufacturer concerning the foundation shall be taken into account; the height

of tank overflow pipes and air pipes shall be specified.

Drawings of aft portion and stern indicating the distance from the propeller to stern and

rudder.

Drawings of forward portion and stem.

Drawings of supports and exits of propeller shafts, suspension of rudder and fixed

propeller nozzles.

Drawings of superstructures and deckhouses.

Technological documentation:

— table of hull welding unless all data and dimensions concerning the welding are specified
in the design drawings.

Ballast tanks’ painting plan.

In addition, the following technical documentation shall be submitted:

15

16

17

.18

19

For ro-ro ships:

— plan of the arrangement and securing of the carried vehicles, including the maximum
axle load and forces in sockets and lashing eyes of the vehicle securing equipment,

— type and data on vehicles used for ro-ro handling, including the axle loads, detailed data
on wheels and their print.

For container ships:

— arrangement plan of containers, including the data on their maximum mass and
strength standard,

— securing plan of containers, including sockets, stays and supports,

— drawings of supporting structures, including cell guide structures and adjacent structures
of hull, as well as container sockets and other support with necessary reinforcements of
hull structure,

— calculations of maximum forces and stresses in container supports, in adjoining hull
structures, cell guides, lashing, etc.

For dredgers:

— arrangement plan of dredging equipment and systems,

— drawing of supporting structures and hull strengthenings.

For floating cranes:

— plan showing location of the lifting appliance during operation and in parked position,
including specification of forces transmitted to the hull structure,

— plan of crane device fastening to the hull in the stowed condition,

— drawings of supporting structures and hull strengthenings in way of supports,

— assembly plan showing principal dimensions of the crane and terminal positions of its
movable parts,

— calculations for determining hull girder scantlings, including information on loads
which may affect the material fatigue strength.

For ships mooring to other ships at sea:

— data on means attenuating hull impacts.

14
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.20 For energy efficient ships, the scope of documentation and its approval procedure are

described in 28.1.2.

.21 For ships (also pontoons, barges) carrying onboard non-typical cargo posing potential
problems (requirements of CSS Code):

- loading condition and definition of the unit stability;

- plan of the arrangement, seating and securing of cargo, specifying cargo dimensions,
windage area, gravity centre mass and position, situation of the cargo itself and of fixing
arrangements onboard the pontoon, calculations of accelerations acc. to chapter 17 and
of forces and moments acting on cargo;

- cargo securing plan specifying the method and selection of securing fittings, information
on minimum breaking load, MSL (Maximum Securing Load) and maximum reactions
acting on the securing fittings and in the securing arrangements;

- design drawings of structure strengthenings in way of cargo seating and securing,
together with strength calculations.

1.4.3 Classification Documentation of Ship under Alteration

Prior to beginning the ship alteration, the documentation of ship parts to be altered shall be
submitted to the PRS Head Office for consideration and approval.

1.4.4 Workshop Documentation of Ship

Upon approval of classification documentation by the PRS Head Office, the following workshop

documentation shall be submitted to the relevant PRS Branch Office or Survey Station for

consideration and agreement:

— diagram of hull subdivision into sections and blocks, as well as the plan of assembling sequence,

— plan of non-destructive tests of welded joints,

— plan of hull tightness tests,

— drawings showing passage of pipelines, ventilation ducts and cables through the hull plating,
bottom, decks, bulkheads, primary supporting members, etc.,

— drawings of local strengthenings under gear and machinery not shown in classification
documentation,

— specification, drawings and test programme for innovatory engineering processes, solutions of
structural nodes and applied materials,

— programme of mooring and sea trials.

1.4.5 Documentation on Board

1.4.5.1 Complete set of as-built construction drawings and plans showing any subsequent
structural alterations shall be kept on board a ship for the lifetime of the ship.

An additional set of documentation shall be available also in the Owner’s offices (see also SOLAS II-
1, Regulation 3-7).

1.4.5.2 All oil tankers of 5,000 tons deadweight and above shall have ready access to shore-
based computer programs for calculation of stability and structure strength in damaged condition
(see MARPOL, Annex I, Regulation 37).

1.4.6 Ship Identification Number

Documents which a ship is necessary to be provided with in accordance with the requirements
contained in IMO Conventions shall be marked with an identification number which conforms to the
Identification Number Scheme adopted by IMO (see also SOLAS XI-1, Regulation 3).
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1.5 Ergonomic Considerations

1.5.1 Hull shape, the framing system of hull and superstructures, the scantlings of supporting
members and stiffeners, and applied damping coverings shall be selected in such a way that the
safety of personnel onboard and proper health-related conditions are ensured, as well as the
comfort and effectiveness of their work, taking into account possible exposure to vibration and
noise, possibility to enter/leave ship’s spaces and the operational conditions of equipment.

1.5.2 Detailed recommendations in this domain and applicable standards are given in IACS
Recommendation No. 132 Human Element Recommendations for structural design of lighting,
ventilation, vibration, noise, access & egress arrangements.
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2 MATERIALS AND PROTECTION AGAINST CORROSION

2.1 General

Materials intended for structures covered by the present Part of the Rules shall comply with the
requirements specified in Part IX - Materials and Welding. Additional requirements concerning
gas carriers are given in Publication 48/P - Requirements Concerning Gas Tankers.

2.2 Hull Structural Steels
2.2.1 Normal and Higher Strength Hull Structural Steel

2.2.1.1 Normal strength structural steel NS and higher strength structural steels HS 32, HS 36
and HS 40 shall be used in the construction of the ship’s hull.

2.2.1.2 Hull structural steel notations, division into grades (in accordance with Tables 3.6.2-1
and 3.6.2-2 of Part IX - Materials and Welding), as well as the minimum values of yield point R. and
the corresponding values of material factors k are specified in Table 2.2.1.2.

Table 2.2.1.2
Notation Steel grade Re [MPa] k
NS A B D E 235 1.00
HS32 AH32 - DH32 EH32 315 1.28
HS36 AH36 - DH36 EH36 355 1.39
HS40 AH40 - DH40 EH40 390 1.47 /
1,520

™ 1,52 for steel with Re = 390 N/mm2 provided that a fatigue assessment of the
structure is performed to verify compliance with the requirements of the Society

2.2.1.3 Materials in the strength members not subject to the effect of low temperatures (see
paragraph 2.2.1.4) shall not be of lower grade than those specified in Tables 2.2.1.3-1 to 2.2.1.3-6.

General requirements are given in Table 2.2.1.3-1. Additional minimum requirements for ships
with length exceeding 150 m or 250 m, bulk carriers which are subject to the requirements of
SOLAS - X11/6.4.3, as well as ice strengthened ships are specified in Tables 2.2.1.3-2 to 2.2.1.3-5.

The requirements concerning material grades for hull structural members depending on the hull
member class and thickness are specified in Table 2.2.1.3-6.

Table 2.2.1.3-1
Application of Material Classes and Grades

Structural member category Material class

SECONDARY:

Class I within 0.4L amidships

Al. Longitudinal bulkhead strakes, other than that belonging to the | - Grade A/AH outside 0.4L amidships
Primary category

A2. Deck plating exposed to weather, other than that belonging to the
Primary or Special category

A3. Side plating

PRIMARY: - Class Il within 0.4L amidships
B1. Bottom plating, including keel plate - Grade A/AH outside 0.4L amidships
B2. Strength deck plating, excluding that belonging to the Special

category
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Structural member category

Material class

B3.

Continuous longitudinal plating of strength members above strength

deck, excluding hatch coamings (for ships with length Lo >90 m)

B4. Uppermost strake in longitudinal bulkhead

B5. Vertical strake (hatch side girder) and uppermost sloped strake in
top wing tank
SPECIAL: Class III within 0.4L amidships

C1. Sheer strake at strength deck (" Class Il outside 0.4L amidships

C2. Stringer plate in strength deck (") Class I outside 0.6L amidships

C3. Deck strake at longitudinal bulkhead (excluding deck plating in
way of inner-skin bulkhead in double-hull ships) ()

C4. Strength deck plating at outboard corners of cargo hatch openings Class III throughout the cargo region;
in container carriers and other ships with similar hatch opening outside the cargo region, the required
configurations categories of structural members shall be

determined as in items C1 + C3

C5. Strength deck plating at corners of cargo hatch openings in bulk Class I1I within 0.6L amidships
carriers, ore carriers, combination carriers and other ships with Class Il within the rest of cargo region
similar hatch opening configurations

C6. Bilge strake in ships with double bottom over the full breadth and Class Il within 0.6L amidships
length less than 150 m (*) Class I outside 0.6L amidships

C7. Bilge strake in ships other than those specified in C6 () Class III within 0.4L amidships

Class Il outside 0.4L amidships
Class I outside 0.6L amidships

C8. Longitudinal hatch coamings of length greater than 0.15Lo, Class III within 0.4L amidships
including coaming top plate and flange Class II outside 0.4L amidships

C9. End brackets of cargo hatch coamings or deck house transition of

continuous longitudinal cargo hatch coamings

Class I outside 0.6L amidships
Not less than D/DH

™

Single strakes required to be of class III within 0.4L amidships shall have breadth not less than 800 + 5L¢, [mm]
(need not, however, be greater than 1800 mm) - unless limited by the geometry of the ship's design.

Table 2.2.1.3-2

Minimum grades of steel for ships with length exceeding 150 m
with one continuous strength deck

Structural member category

Steel grade

Longitudinal plating of strength deck where contributing to the

longitudinal strength

Continuous longitudinal members above strength deck

Grade B/AH within 0.4L amidships

Single side strakes for ships without inner continuous longitudinal

bulkhead(s) between the bottom and strength deck

Grade B/AH within the cargo region

Table 2.2.1.3-3

Minimum grades of steel for ships with length exceeding 250 m

Structural member category

Steel grade

Sheer strake at the strength deck (")

Grade E/EH within 0.4L amidships

Stringer plate in strength deck ()

Grade E/EH within 0.4L amidships

Bilge strake (%)

Grade D/DH within 0.4L amidships

() Single strakes required to be of grade D/DH or grade E/EH as shown in the above table and within 0.4L amidships
shall have breadth not less than 800 + 5L, [mm] (need not, however, be greater than 1800 mm) - unless limited by

the geometry of the ship's design.
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Table 2.2.1.3-4
Minimum grades of steel for single-side skin bulk carriers which are subject
to requirements of SOLAS-XII/6.4

Structural member category Steel grade

Lower brackets of ordinary side frames () (**) Grade D/DH

Side shell strakes included totally or partially between the two points located to 0.125 h Grade D/DH
above and below the intersection of side shell and bilge hopper sloping plate or inner
bottom plate ()

() The term "lower bracket" means webs of lower brackets and webs of the lower part of side frames up to the point
of 0.125h above the intersection of side shell and bilge hopper sloping plate or inner bottom plate.
(™) Side frame span h is defined as the distance between the structures supporting the frame (see h in Fig. 20.5.4-1).

Table 2.2.1.3-5
Minimum steel grades for ships with ice strengthening

Structural member category Steel grade

Shell strakes in way of ice strengthening area for plates Grade B/AH

For structural members not specified in Tables 2.2.1.3-1 to 2.2.1.3-5, steel grades A/AH may be
used generally. The steel grade shall correspond to the actual plate thickness (if it is greater than
that required in the present Part of the Rules) and material class.

Table 2.2.1.3-6

Material grade requirements for classes I, Il and III

Class I 11 111
Member thickness [mm] NS HS NS HS NS HS
t<15 A AH A AH A AH
15<t<20 A AH A AH B AH
20<t<25 A AH B AH D DH
25<t<30 A AH D DH D DH
30<t<35 B AH D DH E EH
35<t<40 B AH D DH E EH
40<t<50 D DH E EH E EH

Plating materials for sternframes, rudders, rudder horns and shaft brackets shall, in general, not
be of lower grades than corresponding to class II. For rudder and rudder body plates subjected to
stress concentrations (e.g. in way of lower support of semi-spade rudders or at upper part of spade
rudders), class III shall be applied.

2.2.1.4 For ships intended to operate in areas with low air temperatures (below - 10°C), e.g.
regular service during winter seasons in the Arctic or Antarctic waters, the materials in exposed
structures shall be selected based on the design temperature t,, to be taken as defined in 2.2.4.

Materials in various strength members above the lowest ballast water line (BWL) exposed to air
(including the structural members covered by the Note 5 of Table 2.2.1.4-1) and materials of cargo
tank boundary plating for which sub-chapter 2.2.5 is applicable shall not be of lower grades than
those corresponding to classes I, II and III, depending on the categories of structural members
(Secondary, Primary and Special) as given in Table 2.2.1.4-1.
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Table 2.2.1.4-1

Application of material classes and grades for structures exposed at low temperatures

Material class

Structural member category
Within 0.4L amidships Outside 0.4L amidships

SECONDARY:

Deck plating exposed to weather, in general
Side plating above BWL I I
Transverse bulkheads above BWLY

Cargo tank boundary plating exposed to cold cargo®

PRIMARY:

Strength deck plating?

Continuous longitudinal members above strength deck, excluding
longitudinal hatch coamings

Longitudinal bulkhead above BWL>

Top wing tank bulkhead above BWL>

I I

SPECIAL:

Shear strake at strength deck?
Stringer plate in strength deck? 1 I
Deck strake at longitudinal bulkhead®
Continuous longitudinal hatch coaming®

1) Plating at corners of large hatch openings to be specially considered. Class III or Grade E/EH to be applied in positions
where high local stresses may occur.

2) Steel grade not to be less than Grade E/EH within 0,4L amidships in ships with length L > 250 m.

3) In ships with breadth B > 70 m at least three deck strakes to be Class III.

4 Steel grade not to be less than Grade D/DH.

5) Applicable to plating attached to hull envelope plating exposed to low air temperature. At least one strake is to be
considered in the same way as exposed plating and the strake width is to be at least 600 mm.

6) For cargo tank boundary plating exposed to cold cargo for ships other than liquefied gas carriers, see sub-chapter
2.2.5.

For non-exposed structures (except as indicated in Note 5) of Table 2.2.1.4-1 and structures below

the lowest ballast water line, Tables 2.2.1.3-1 to 2.2.1.3-6 apply.

Material grade requirements for hull members of each class depending on thickness and design
temperature are specified in Table 2.2.1.4-2. For design temperatures t, < -55 °C, materials are
subject to PRS consideration in each particular case.

Single strakes required to be of class III or of grade E/EH or FH shall have breadths not less than
800 + 5L, mm, however, the breadths need not be greater than 1800 mm.

Plating materials for sternframes, rudder horns, rudders and shaft brackets shall not be of lower
grades than those specified in paragraph 2.2.1.3.

Table 2.2.1.4-2
Material grade requirements for classes |, Il and III at low temperatures

Class 1
Plate thickness -11/-15°C -16/-25°C -26/-35°C -36/-45°C -46/-55°C
[mm] NS HS NS HS NS HS NS HS NS HS
t<10 A AH A AH B AH D DH D DH
10<t<15 A AH B AH D DH D DH D DH
15<t<20 A AH B AH D DH D DH E EH
20<t<25 B AH D DH D DH D DH E EH
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Plate thickness -11/-15°C -16/-25°C -26/-35°C -36/-45°C -46/-55°C
[mm] NS HS NS HS NS HS NS HS NS HS
25<t<30 B AH D DH D DH E EH E EH
30<t<35 D DH D DH D DH E EH E EH
35<t<45 D DH D DH E EH E EH %) FH
45 <t<50 D DH E EH E EH %) FH %) FH

& = Not applicable

Class I1

Plate thickness, -11/-15°C -16/-25°C -26/-35°C -36/-45°C -46/-55°C
[mm] NS HS NS HS NS HS NS HS NS HS
t<10 A AH B AH D DH D DH E EH
10<t<20 B AH D DH D DH E EH E EH
20<t<30 D DH D DH E EH E EH %) FH
30<t<40 D DH E EH E EH %) FH %) FH
40 <t<45 E EH E EH %) FH %) FH %) %)
45 <t<50 E EH E EH %) FH %) FH %) %)

& = Not applicable

Class I1I

Plate thickness -11/-15°C -16/-25°C -26/-35°C -36/-45°C -46/-55°C
[mm] NS HS NS HS NS HS NS HS NS HS
t<10 B AH D DH D DH E EH E EH
10<t<20 D DH D DH E EH E EH %) FH
20<t<25 D DH E EH E EH E FH %) FH
25 <t<30 D DH E EH E EH %) FH %) FH
30<t<35 E EH E EH %) FH %) FH %) %)
35<t<40 E EH E EH %) FH %) FH %) %)
40 <t<50 E EH %) FH %) FH %) %) %) %)

& = Not applicable
2.2.2 Steel with Specified Through Thickness Properties

2.2.2.1 Where a plate type structural element of the thickness 15 mm and more is exposed to
considerable tensile stress perpendicular to its plane and no solution preventing delamination
has been provided, this element shall be made of steel “Z”.

2.2.2.2 Steel for plates of the thickness 15 mm and more, subjected to tensile load perpendicular
to their surface, shall comply with the requirements for steel “Z” specified in Chapter 5, Part IX -
Materials and Welding.

Unless otherwise agreed with PRS, these plates shall be made of E, EH or FH steel grades.
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2.2.3 Clad Steel

Where clad steel is used, its mechanical properties shall not be worse than those required for steel
grades specified in Tables 2.2.1.3-1 to 2.2.1.3-6. Hull structural steel shall be considered as the base
material.

2.2.4 Design Temperature of Structures

2.2.4.1 Asthedesigntemperature, t,, the lowest mean daily average air temperature in the area
of operation shall be taken.

Mean: Statistical mean over observation period (at least 20 years).

Average: Average during one day and night.

Lowest: Lowest during year.

For seasonally restricted service, the lowest value within the period of operation applies.

For the purpose of issuing a Polar Ship Certificate in accordance with the Polar Code, the design
temperature tp shall be no more than 13°C higher than the Polar Service Temperature (PST) of
the ship. In the Polar Regions, the statistical mean observation period is to be determined for a
period of least 10 years.

Fig. 2.2.4.1 illustrates the temperature definition.
Commonly used definitions of temperatures:

MDHT = Mean Daily High (or maximum) Temperature
MDAT = Mean Daily Average Temperature.

MDLT = Mean Daily Low (or minimum) Temperature.

R
!

q\n
SR

‘,'7/ L MpaT \\

Alr Temp

L]/ o g
gy N

T
LOWEST ; |
7 MEAN DAILY 3

TEMPERATURE

JAN|FEB MARIAPRIMAY}JUN JUL |AUGISEFIOCTINOVDEC c Month

Fig. 2.2.4.1

2.2.4.2 Forships with L1A or L1 ice strengthening mark in the symbol of class, the assumed value
of temperature t, shall not be greater than -20°C.

2.2.4.3 The design temperature of structures located inside refrigerated spaces shall be taken
equal to the lowest air temperature ¢, inside the spaces.

22 Polish Register of Shipping



RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 2 - Materials and Protection Against Corrosion July 2024

2.2.4.4 The design temperature of structures forming boundaries of refrigerated spaces shall

be equal to:

— the lowest temperature in the refrigerated space if the structure has not been covered with
insulation on the side of this space,

— thelowest temperature of the adjacent space if the structure has been covered with insulation in
the refrigerated space and has not been insulated on the other side,

— the mean lowest temperature of the adjacent spaces if the structure has been covered with
insulation on both sides.

2.2.4.5 Injustified cases, the values of design temperatures may be increased.
2.2.5 Cold cargo for ships other than liquefied gas carriers

2.2.5.1 Injustified cases, the values of design temperatures may be increased. For ships other
than liquefied gas carriers, intended to be loaded with liquid cargo having a temperature below -
10°C, e.g. loading from cold onshore storage tanks during winter conditions, the material grade of
cargo tank boundary plating is defined in Table 2.2.1.4-2 based on the following:

— tc design minimum cargo temperature in °C,

— steel grade corresponding to Class I as given in Table 2.2.1.4-1.

The design minimum cargo temperature, t. is to be specified in the loading manual.
2.3 Other Structural Materials
2.3.1 Aluminium Alloys

2.3.1.1 Aluminium alloys of grade specified in Chapter 18, Part IX - Materials and Welding may
be applied to construction of:

— hull structure of length Lo <40 m,

— superstructures and deckhouses.

2.3.1.2 Strength of aluminium structure shall not be worse than that required for steel
structures.

2.3.1.3 Material factor k for aluminium alloys shall be determined in accordance with the
formula:

R
=—= 2.3.1.3
235 ( )

where R. value, characteristic of soft (recrystalized or hot rolled) condition of the aluminium alloy,
shall not be taken greater than 0.7R, (R - tensile strength).

Where aluminium alloys delivered in semi-hard or quarter-hard condition shall be used for
welded structures, yield stress is subject to PRS acceptance in each particular case.

2.3.2 Alternative Materials

The application of alternative materials for ship structure is subject to PRS consideration in each
particular case.

2.4 Corrosion Protection

2.4.1 All dedicated seawater ballast tanks on all types of ships and double-side skin spaces
arranged in bulk carriers of 150 m in length and above shall be coated during construction with
protective coating complying with the SOLAS II-1, Regulation 3-2 (detailed requirements are
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contained in resolution MSC.215(82)) and the requirements of Publication 55/P - Survey of
Corrosion Protection and Anti-fouling Systems).

The above requirements apply to ships of not less than 500 gross tonnage.

The following tanks are not considered to be dedicated seawater ballast tanks and are therefore
exempt from the application of the above-mentioned requirements:

— ballast tanks identified as “Spaces included in Net Tonnage” in the 1969 ITC Certificate;

— seawater ballast tanks in passenger ships also designated for the carriage of grey water;

— seawater ballast tanks in livestock carriers also designated for the carriage of animals’ dung.

2.4.2 Oil tankers and bulk carriers not mentioned in 2.4.1 shall have all dedicated ballast tanks
coated with appropriate protective coating - hard or equivalent, laid in accordance with the
manufacturer’s instructions. It is recommended that the coating should be of light colour (see
SOLAS 1I-1, Regulation 3-2, in revision complying with resolution MSC.47(66)).

Where appropriate, sacrificial anodes shall also be used.

Double-side skin spaces arranged in bulk carriers of 150 m in length and above, not mentioned in
2.4.1, shall be coated during construction in accordance with the requirements specified in SOLAS
II-1, Regulation 3-2, in revision complying with resolution MSC.47(66).

2.4.3 In the case of newly-built bulk carriers, all internal and external surfaces of hatch
coamings and hatch covers and all internal surfaces of holds, excluding flat surfaces of internal
bottom plating and slope plating of bilge tanks up to the height of about 300 mm below side frames
and brackets, shall have appropriate protective coating - hard or equivalent, laid in accordance
with the manufacturer’s instructions.

When choosing the type of coating, foreseeable service conditions (such as kind of the carried
cargo) shall be taken into account.

2.4.4 Atthe Owner’s request, upon individual consideration by PRS, the corrosion additions, as
required in 2.5, may be reduced or completely neglected, provided an efficient hull structure
corrosion protection method is applied. In such case the ship may be assigned an additional mark
PAC in the symbol of class.

2.4.5 In tanks used for water ballast or liquid cargo (crude oil and its products) and in holds,
thicknesses of structural elements shall be increased by corrosion additions specified in 2.5
(see also 20.1.6).

2.4.6 The requirements for anti-corrosion protective coatings and cathodic protection are
specified in Publication 55/P - Survey of Corrosion Protection and Anti-fouling Systems.

2.4.7 All cargo oil tanks of new crude oil tankers? shall be:

.1 coated during the construction of the ship in accordance with the Performance Standard
for protective coatings for cargo oil tanks of crude oil tankers described in Resolution
MSC.288 (87), as amended, adopted by IMO. This standard shall be interpreted according
to IACS UI SC259; or

.2 protected by alternative means of corrosion protection or utilization of corrosion
resistance material to maintain required structural integrity for 25 years in accordance
with the Performance Standard for alternative means of corrosion protection for cargo oil

I Crude oil tanker as defined in regulation 1 of Annex I MARPOL 73/78, of deadweight of not less than 5000 tons. This
paragraph does not apply to combination carriers (including chemical carriers certified to carry oil).
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tanks of crude oil tankers described in Resolution MSC.289(87) published by IMO. This
standard shall be interpreted according to IACS Ul SC258.

2.4.8 The Administration may exempt a crude oil tanker from the requirements of paragraph
2.4.7 to allow the use of novel prototype alternatives to the coating system specified in 2.4.7.1, for
testing, provided they are subject to suitable controls, regular assessment and acknowledgement
of the need for immediate remedial action if the system fails or is shown to be failing. Such
exemption shall be recorded on the exemption certificate.

2.49 The Administration may exempt a crude oil tanker from the requirements of paragraph
2.4.7 if the ship is built to be engaged solely in the carriage of cargoes and cargo handling
operations not causing corrosion. Such exemption and conditions for which it is granted shall be
recorded on an exemption certificate.

2.4.10 Detailed requirements for Performance Standards are given in paragraphs 21.3.8 and
21.3.0.

2.5 Corrosion Additions

2.5.1 Paragraphs 2.5.2 to 2.5.5 apply to structural members of steel hulls. For structures made
of aluminium alloys, corrosion additions are not required.

2.5.2 The thickness of the plating of vertical and horizontal bulkheads forming boundaries of
the tanks, mentioned in 2.4.5, shall be increased by corrosion addition tk determined in
accordance with the formula:

t, =t,+t, [mm] (2.5.2)

tw - corrosion addition determined in accordance with 2.5.6 for the inner side of plating, according
to the type of liquid carried in the tank, [mm];

t; — corrosion addition determined in accordance with 2.5.6 for the outer side of the plating,
according to the designation of the adjacent space, [mm].

2.5.3 The thickness of face plates, webs and brackets of stiffeners and primary supporting
members, situated inside the tanks mentioned in 2.4.5, shall be increased by corrosion addition ¢«
determined in accordance with the formula:

t, =2t, [mm] (2.5.3-1)
Where stiffeners or primary supporting members of the tank bulkhead are at its outer side, the
corrosion addition ¢t shall be determined in accordance with the formula:

t, =2t, [mm] (2.5.3-2)
twand t, -asin 2.5.2.

2.5.4 For horizontal webs or face plates of stiffeners or primary supporting members, the
corrosion addition shall be additionally increased by 0.5 mm.

2.5.5 Corrosion additions t, and t, depend on area (A, B) of the tank or cargo hold in which the
considered structural element is installed, as well as on the type of the agent acting on the
considered side of the structural element in question.

Where the upper side of tank or cargo hold is closed by the weather deck, then A area of this tank
or cargo hold is the area extending vertically from the weather deck to the level 1.5 m below this
deck. All other areas of tanks and cargo holds are B areas.
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2.5.6 Depending on the type of agent acting on the considered side of the structural element,
corrosion additions t, or t, for A area are as follows:

1.5 mm - for water ballast,

1.0 mm - for oil,

0.5 mm - for dry cargo,

0.0 mm - for (external) outboard water or air.

Corrosion additions ¢ or t, for B area are equal to half of the values provided for A area.
2.6 Anti-fouling systems

2.6.1 An anti-fouling system can be a coating system applied to exposed surfaces, biofouling?!
resistant materials used for piping and other unpainted components, marine growth prevention
systems (MGPS) for sea-chests and internal seawater cooling systems or other innovative
measures to control biofouling?.

2.6.2 In the design and construction of a ship, or when a ship is being significantly altered, the
following shall be taken into consideration:

.1 exclusion - as far as practical - of small niches and sheltered areas from the ship. Where
not practical, these shall be designed so that they may be easily accessed for inspection,
cleaning and application of anti-fouling measures.

.2 rounding and/or beveling of corners, gratings and protrusions to promote more effective
coverage of anti-fouling coating systems, and hinging of gratings to enable diver access.

.3 providing the capacity to blank off the sea chest and other areas, such as moon pools,
floodable docks and other free flood spaces, for treatment and/or cleaning.

2.6.3 Internal seawater cooling systems shall be designed and made of appropriate material to
minimize biofouling and constructed with a minimum of bends, kinks and flanges in seawater

piping.

2.6.4 To avoid creation of avoidable niches3 while ensuring effective safety and operation of the
ship, where practical, particular attention shall be given to avoidance of unfilled gaps in all skin
fittings and the detailed design of the items as follows:

.1 sea chests - it is recommended to minimize size and number, and use smooth surfaces to
maximize flow efficiency, fit MGPS, and steam or hot water cleaning systems, grills and
their opening arrangements designed for in-water inspection and maintenance;

.2 retractable fittings and equipment - it is recommended to avoid external reinforcement
(such as stiffeners) where possible, design for in-water inspection and maintenance;

.3 tunnel thrusters - tunnels to be above lightship water line or accessible to divers, grills and
their opening arrangements designed for in-water inspection, maintenance and operation;

4 sponsons and hull blisters - it is advisable to use them fully enclosed in preference to free
flooding types, with access provisions made for in-water inspection, cleaning and
maintenance;

.5 stern tube seal assemblies and rope guards - it is recommended to design them for in-
water inspection, cleaning and maintenance.

Biofouling - accumulation of aquatic organisms on surfaces and structures immersed in or exposed to the aquatic
environment.

2 For details see Publication 55/P - Survey of Corrosion Protection and Anti-fouling Systems.

3 Areas on a ship that may be more susceptible to biofouling due to different hydro-dynamic forces, susceptibility to
coating system wear or damage, or being inadequately, or not painted.
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2.6.5 Consideration shall also be given to the need for tailored, differential installation of anti-
fouling coating systems for different areas of the ship to match the required performance and
longevity of the coating with the expected wear, abrasion and water flow rates in specific areas,
such as the bow, rudder, or internal seawater cooling systems and sea chest interiors.

2.6.6 For sea chests, the following shall be considered when installing their anti-fouling
systems:

.1 inlet grates and the internal surfaces of sea chests shall be protected by an anti-fouling
coating system that is suitable for the flow conditions of seawater over the grate and
through the sea chest;

.2 care shall be taken in surface preparation and application of any anti-fouling coating system to
ensure adequate adhesion and coating thickness. Particular attention shall be paid to the
corners and edges of sea chests, blowout pipes, holding brackets and the bars of grates.

.3 theinstallation of MGPSs is encouraged to assist in treating the sea chest and internal seawater
piping as part of the biofouling management plan. A careful evaluation of the consequential
effects of MGPSs shall be made before installation, including potential effects on the ship
and/or the environment and the existence of regulations affecting the use of MGPSs.

2.6.7 The following areas can also be particularly susceptible to biofouling growth:
— dry-docking support strips;

— edges and weld joints;

— rudder hinges and stabilizer fin apertures;

— propeller and shaft;

— cathodic protection anodes;

— Pitot tubes;

— seainlet pipes and overboard discharges.

Special measures, compliant with Publication 55/P - Survey of Corrosion Protection and Anti-
fouling Systems, shall be applied to protect these areas.
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3 STRUCTURE PARTICULARS

3.1 General

The methods of determining the geometrical and strength parameters of the hull structure
members, specified in the present Chapter, may be applied to the strength analysis of structural
members unless stated otherwise in other Chapters of the present Part of the Rules or in
Publications.

3.1.1 Rounding-off the Scantlings

3.1.1.1 The scantlings shall be rounded off to the nearest greater standard value. It is allowed
to round off the plate thickness required for structural members to the nearest lower standard
value within a margin of 0.25 mm.

3.1.1.2 When standard rolled sections are applied, it is allowed to round off the required values
of section modulus, moment of inertia and cross-sectional area to the nearest lower standard
value by not more, however, than 3% of the required value.

3.2 Modelling of Structural Members
3.2.1 Span of Primary Supporting Members and Stiffeners

3.2.1.1 Design span [ of primary supporting members and stiffeners shall be determined as
shown in Fig. 3.2.1.1.
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Fig. 3.2.1.1. Determining the span of structural members

It is assumed that brackets are effectively supported by the adjacent structure. In special cases,
design span | may be determined in a different way. Design span ! of curvilinear primary
supporting members and stiffeners is measured as the length of chord between the supporting
points.
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3.2.2 Effective Flange

3.2.2.1 Cross-sectional area of the effective plate flange for stiffener or simple primary
supporting member shall be determined in accordance with the following formula:

A, =105, [cm?] (3.2.2.1)

t - mean thickness of the effective flange, [mm];
b. - effective flange breadth, determined in accordance with 3.2.2.2 and 3.2.2.3, [m].

Continuous stiffeners, parallel to the web of primary supporting member in question and located
within b. width, may be included with 50% of their cross-sectional area in the effective plate
flange area of the primary supporting member.

The effective plate flange area shall not be less than the sectional area of the free flange.

3.2.2.2 The effective flange width of stiffener may be taken equal to the lesser of the two values
determined in accordance with the following formulae:

b =11 [m] (3.2.2.2-1)

b,=05(s,+5,) [m] (3.2.2.2-2)

| - stiffener span, [m];
s1, 52 — distances from stiffener in question to the adjacent stiffeners fitted at its both sides, [m].

3.2.2.3 The effective flange width of simple primary supporting member shall be determined
by the formula:

be = Kb [m] (3223)
b =0.5 (b1 +b2), [m];

b1, bz - distances from primary supporting member in question to the nearest primary
supporting members of the same type fitted at its both sides, [m];

K - coefficient, taken from Table 3.2.2.3, depending on the span [, of the primary supporting
member, as well as on number n of evenly spaced perpendicular stiffeners supported by the
primary supporting member in question;

I,=1 - for primary supporting member simply supported at its both ends, [m],
I, =0.6] - for primary supporting member fixed at its both ends, [m].

For intermediate values of I, /b ratio and n number, coefficient K may be obtained by linear

interpolation.

Table 3.2.2.3
Values of coefficient K
. Iz / b ratio
Number of stiffeners n
1 2 3 4 5 6 7 and more
>6 0.38 0.62 0.79 0.88 0.94 0.98 1
<3 0.21 0.40 0.53 0.64 0.72 0.78 0.80

3.2.2.4 Inthe case of curved stiffeners face plates or primary supporting members, the effective
sectional area A. of the face plate shall be determined by the formula:

4,=c-b,-t, [mm?] (3.2.2.4-1)
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where:

b, - breadth of face plate, [mm)],
tm — thickness of face plate, [mm],

¢ - numerical coefficient determined by the formula (in formula 3.2.2.4-1, ¢ < 1 shall be
assumed):
r-t,
c=¢ (3.2.2.4-2)
b
r - radius of the face plate curvature, [mm];

b = bm, [mm] - for asymmetrical face plates;
b=0.5(b, —t, ), [mm] - for symmetrical face plates;
tc - thickness of a web, [mm],
c1 - coefficient having the values given in Table 3.2.2.4, depending on argument:
1.29-b
p=—==

r-t,

(3.2.2.4-3)

Note: Formula 3.2.2.4-1 shall also be applied when determining the effective section area of curved plating supported
by the stiffener, assuming bm = s = b (s - stiffeners spacing) and tm = t (¢ - the thickness of plating).

Table 3.2.2.4
Values of coefficient c1
B | 02 | 025 | 03 04 | 045 | 05 0.6 0.7 0.8 0.9 1.0 1.2 1.4 >1.6
c1 321 | 257 | 214 | 184 | 161 | 1.43 | 1.29 | 1.08 | 094 | 0.83 | 0.76 | 0.70 | 0.60 0.59

Note: For the intermediate values of S, coefficient c1 shall be determined by linear interpolation.

3.2.2.5 The effective sectional area A. of curved face plates for primary supporting members
supported by brackets welded to webs or the effective sectional area of curved plating supported
by primary supporting members and stiffeners in direction transverse to primary supporting
members (Fig. 3.2.2.5) shall be calculated by the formula:

2
:3rtm teest

A, w b, [mm2] (3.2.2.5)

2
3rt, +s
where:

I, tm, c— as in 3.2.2.4; when calculating the effective area A. of the curved plating strake which
constitutes the primary supporting member face plate in formula 3.2.2.5, bm=bs, tm =t
shall be assumed (b3, t - see Fig. 3.2.2.5);

s— spacing of stiffeners of the plating or brackets supporting the web, [mm], (Fig. 3.2.2.5).
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axes of primary supporting members
Fig. 3.2.2.5

3.2.2.6 The effective flange width b. of corrugated bulkhead primary supporting members
perpendicular to the corrugations shall be taken equal to 15 t - for trapezoidal corrugations and
20 t for undulated corrugations, respectively or 0.1b for both cases, whichever is the lesser.

”b” means the effective flange width, calculated in accordance with 3.2.2.3, whereas t means the
corrugated bulkhead plating thickness.

3.2.2.7 The effective flange width b. of hatchway coaming shall be taken equal to 1/12 of its
span. The assumed value of b. shall not be greater than half the distance from the hatchway
coaming to the ship’s side for longitudinal coamings or half the distance between the coaming and
the nearest transverse bulkhead for transverse coamings.

3.2.3 Effective Cross-sectional Area of Web

The effective cross-sectional area of the primary supporting members webs shall be determined
by the formula:

A, =0.014, [cm?] (3.2.3)
ts - web thickness, [mm];
hs - netweb height, [mm].

Fig. 3.2.3. Determining the net web height
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The net web height h; shall be determined by deduction of cut-outs and openings in the cross-
section being considered. If the edge of the web opening is located at a distance less than h/3 from
the cross-section considered, h; shall be taken as the smaller of two values: hs and (h1 + hz), as
shown in Fig. 3.2.3.

3.24 Section Moduli and Moments of Inertia of Stiffeners and Primary Supporting Members

Section moduli and moments of inertia of cross-sections of stiffeners and primary supporting
members required by the present Part of the Rules refer to the neutral axis parallel to the plating.

Where the web of structural member is not perpendicular to the plating, the value of the section
modulus about the axis parallel to the plating for ¢ < 15° (o - angle between the plane
perpendicular to the plating and the web plane) may be determined approximately by multiplying
the section modulus of the stiffeners perpendicular to the plating by cos «.

Unless otherwise stated, the effective flange taken for the calculation shall be determined in
accordance with 3.2.2.

Note: The section modulus of corrugated bulkhead members may be calculated using the following approximate
relations:

— for corrugated bulkhead member of trapezoidal cross-section and width equal to s1:
ht s
WEE{%+§)kmq (3.2.4-1)

h,t - see Fig. 3.2.4 a), [mm];

S2, 53 - see Fig. 3.2.4 a), [m];
— for corrugated bulkhead member of undulated cross-section and width equal to s:

W= ctr? [cm3]

s=4rsinf (3.2.4-2)
N B+2fcos® f—15sin2f
1-cosf
t,rs - see Fig. 3.2.4 b), [cm];
p - see Fig. 3.2.4 b), [rad].
a) . b)

S,/2 } S

h=2r(1-cos )

Fig. 3.2.4

32 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 3 - Structure Particulars January 2024

3.3 Details of Welded Structures

3.3.1 Arrangement of Welded Joints

Local concentration of welds, crossing of welds at an acute angle, as well as close location of

parallel butts or fillet welds and parallel butt welds shall be avoided. The distances between

parallel welded joints, irrespective of their direction, shall not be less than:

— 200 mm between butt welds,

— 75 mm between a fillet weld and a butt weld,

— 50 mm between a fillet and a butt weld over a length not exceeding 2 m, except the cases
specified below.

The angle between butt welds shall not be less than 60° (see Fig. 3.3.1).

The distance of joints (butts) of shell and deck plating panels from bulkheads, decks, inner bottom
plating, primary supporting members, etc., arranged parallel to the joints, shall not be less than 5¢
(t-plate thickness) or 100 mm, whichever is the greater. For assembly joints (butts), this distance
shall not be less than 200 mm.

e

=100

= 60°
Fig. 3.3.1. Arrangement of welded joints

3.3.2 Joints of Face Plates

Face plate joints of crossing girders subjected to dynamic loads and primary supporting members
of strength decks and single bottom amidships, as well as other highly loaded primary supporting
members shall be made with smooth transition by means of diamond plates having the thickness
not less than the thicknesses of primary supporting members face plates (see Fig. 3.3.2).

Fig. 3.3.2. Joints of primary supporting face plates
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3.4 Structure Continuity

3.4.1 General Requirements

Structural continuity shall be maintained in the hull structure. Any changes in the shape of sections
and in the member thickness shall be smooth.

3.4.2 Continuity of Longitudinal Members

3.4.2.1 Any changes in the scantlings of sections and in longitudinal member plate thickness
along the hull shall be smooth. Arrangement and scantlings of members in the strength deck,
bottom, sides and longitudinal bulkheads in areas of change of the strength properties of steel
shall be kept unchanged.

3.4.2.2 The distance between the end of the stiffener and perpendicular, to the stiffener, web of
primary supporting member or other stiffener shall be as small as practicable and shall not exceed
4t or 60 mm, whichever is the lesser (t - plating thickness, [mm]).

3.4.3 Connections

It is recommended that rounded brackets should be fitted where primary supporting members
are connected to each other. The web of a primary supporting member shall be stiffened at the
ends of brackets.

3.5 Openings in Structural Members

3.5.1 General Requirements

3.5.1.1 The total height of openings (lightening holes, single cut-outs in way of members, etc.)
in one cross-section of a member shall not exceed 0.4 of its depth. In justified cases, this value may
be increased in the centre of span to not more, however, than 0.6 of the member depth.

3.5.1.2 The distance between edges of all openings in primary supporting members and edges
of single slots in way of stiffeners shall not be less than the depth of these stiffeners.

3.5.1.3 Holes in webs of stiffeners and primary supporting members shall not be arranged at a
distance less than the web depth from the toe of end bracket.

3.5.1.4 Openings in member webs for free flow of liquid to the sucking terminals and for free
flow of air to the air pipes shall be arranged inside the tanks. These openings shall be as close to
the bottom and deck as practicable. It is recommended that openings in bottom and deck
longitudinals should be elliptical and located at a distance not less than 20 mm from the bottom
and deck plating. The height of the openings shall not be greater than 0.25 of the web height and
shall not exceed 75 mm. The length of openings shall not exceed 150 mm.

3.5.1.5 Corners of any openings in members shall be rounded to a radius of curvature not less
than twice the plate thickness.

3.5.1.6 Openings in side shell, longitudinal bulkheads and longitudinal primary supporting
members shall be located below strength deck or termination of rounded deck corners at
a distance not less than twice the opening breadth.

3.5.1.7 Small openings shall generally be kept well clear of other openings in longitudinal
strength members. Unreinforced edges of small openings shall be located at a transverse distance
not less than four times the opening breadth from the edge of any other opening.

3.5.1.8 Openings in longitudinals shall be of elliptical shape and shall be kept clear of the
connecting welds on these longitudinals.
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3.5.2 Edge Reinforcement of Openings in Bottom and Deck

3.5.2.1 Therequirements specified below apply to openings in strength deck and outer bottom
in the middle portion of the ship’s hull within -0.3L¢ < x < 0.3Lo, and for ships with large hatchway
openings within the total cargo hold region. The requirements concerning the shape and
strengthening in way of hatch corners are given in 8.5.

3.5.2.2 C(Circular openings with diameter greater than 0.325 m shall have edge reinforcement.
Cross-sectional area of edge reinforcements shall not be less than:

A, =2.5dt [cm?] (3.5.2.2)

d - diameter of opening, [m];
t - plate thickness, [mm].

3.5.2.3 Elliptical openings with breadth greater than 0.5 m shall have edge reinforcement if
their length /breadth ratio is less than 2. The reinforcement shall be as required above for circular
openings where d shall be taken equal to the opening breadth.

3.5.2.4 Rectangular or approximately rectangular openings shall have edge reinforcement in
accordance with 3.5.2.2 where d shall be taken equal to the opening breadth. Corners of such
openings shall comply with the following requirements:

— for corners of circular shape, the radius shall not be less than:

R=02b [m] (3.5.2.4)

b - breadth of opening, b > 0.4 m shall be taken;
— for corners of streamlined shape, the transverse extension of the curvature (perpendicular to
ship centre plane) shall not be less than 0.15b.

3.6 Construction of T-Section Primary Supporting Members
3.6.1 General Requirements

3.6.1.1 The requirements specified in the present sub-chapter apply to primary supporting
members made as T-sections or I-sections.

3.6.1.2 The depth h and thickness t; of primary supporting member webs (as well as of
transverse frames and longitudinal stiffeners welded of separate webs and face plates), as well as
their cross-sectional areas are covered by the requirements specified in the relevant Chapters of
the present Part of the Rules.

3.6.1.3 Primary supporting member web plate and flange shall be stiffened by tripping brackets
in accordance with 3.6.4. Stiffeners parallel or perpendicular to the flanges may also be required,
in accordance with 3.6.3, unless otherwise stated in other Parts of the Rules.

3.6.2 Primary Supporting Member Flanges

3.6.2.1 Unsupported breadth of primary supporting member flange b, measured from the web,
shall not be greater than:

200t

\/R7 ¢ [mm]

b

(3.6.2.1)

tm — flange thickness, [mm];
¢ - 1.0 for steel;
¢ - 0.58 for aluminium alloys.
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3.6.2.2 Flange thickness shall not exceed the triple thickness of the web.

3.6.3 Primary Supporting Member Stiffeners

3.6.3.1 Primary supporting member webs shall comply with the buckling strength criteria
specified in paragraph 13.6.4.2. Where the ratio of primary supporting member web height h to
its thickness t; is greater than ¢890//R, (c = 1.0 for steel; ¢ = 0.58 for aluminium alloys), then

the primary supporting member web shall be stiffened, irrespective of supporting by tripping
brackets arranged in accordance with the requirements specified in paragraph 3.6.4.

A primary supporting member web may be stiffened by means of stiffeners perpendicular to the
flange and tripping brackets (see Fig. 3.6.3.1 a) or by stiffeners parallel to the flange and tripping
brackets (see Fig. 3.6.3.1 b).

a) b)

| 97
A »)

[ [

Fig. 3.6.3.1

3.6.3.2 Stiffeners of primary supporting member webs shown in Fig. 3.6.3.1 shall comply with
the requirements specified in sub-chapter 13.5.3 regarding the buckling strength of stiffeners, for
design stress values determined in accordance with 13.3.2.7 and 13.3.2.10.

3.6.3.3 Framing or strengthening of openings in webs as specified in 13.4.3.10 or 13.4.3.11 may
be required for the purpose of meeting the primary supporting member web buckling strength
criteria.

3.6.4 Tripping Brackets

3.6.4.1 Primary supporting member tripping brackets shall be fitted as required in paragraph
3.6.4.2, irrespective of stiffeners referred to in sub-chapter 3.6.3. Additionally, tripping brackets
shall be fitted at the end parts of the primary supporting member (near toe of brackets, near
rounded corner of primary supporting member frames) and in line with any cross ties.

3.6.4.2 In no case the spacing of tripping brackets shall exceed 3 m or 15 b, (bm - full breadth
of primary supporting member flange), whichever is the lesser.

3.6.4.3 The thickness of tripping brackets shall not be less than the primary supporting member
web thickness, according to the requirements of the present Part of the Rules.

3.6.4.4 Tripping brackets shall be extended to the flange and welded to it if the flange breadth
measured from the web to the free edge exceeds 150 mm. Where the breadth of a flange
symmetrical to the primary supporting member web exceeds 400 mm, a small bracket shall be
fitted on a flange on the opposite side of tripping bracket.

3.6.4.5 Thebreadth of tripping bracket measured at its toe shall not be less than half of its depth.
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3.6.4.6 Where the length of free edge I, of tripping bracket exceeds 60ctw, (twp - thickness of
tripping bracket, [mm], ¢ = 1.0 for steel; ¢ = 0.58 for aluminium alloys), a flange or face plate shall
be applied along the free edge. The cross-sectional area of flange or face plate shall not be less
than:

£, =001/, [cm?] (3.6.4.6)
Ix - length of free edge, [mm].
3.7 Construction of water ballast tanks

3.7.1 Ballast water tanks and their internal structure shall be designed to avoid the
accumulation of sediment in a ballast tank.

The following shall, as far as is practicable, be taken into account when designing ballast tanks:

.1 horizontal surfaces shall be avoided wherever possible;

.2 where longitudinals are fitted with face bar stiffeners, consideration shall be given to fit
the face bar stiffeners below the horizontal surfaces to aid drain off from the stiffeners;

.3 where horizontal stringers or webs are required, drainage holes shall be as large as
possible, especially if edge toe-stops are fitted where horizontal stringers are used as
walkways, to encourage rapid flow of water off them as the water level in the tank falls;

4 internal girders, longitudinals, stiffeners, intercostals and floors, where fitted, shall
incorporate extra drain holes which allow water to flow with minimal restriction during
discharge and stripping operations;

.5 where inner members butt against bulkheads, their installation shall be such as to prevent
the formation of stagnant pools or sediment traps;

.6 scallops shall be located at the joints of the inner bottom (tank top) longitudinals or
intercostals and floors to allow for good airflow, and thus drying out of an empty tank. This
will also allow air to escape to the air pipe during filling so that minimum air is trapped
within the tank;

.7 pipeline systems shall be designed such that, when deballasting, disturbance of the water
in the tank is as powerful as possible, so that the turbulence re-suspends sediment; and

.8 flow patterns in ballast water tanks shall be studied (for example by the use of
Computational Fluid Dynamics (CFD)) and considered, so that internal structure can be
designed to provide effective flushing.

3.7.2 The design of all ships shall provide safe access to allow for sediment removal and
sampling.
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4 JOINTS OF STRUCTURAL ELEMENTS
4.1 General

4.1.1 Therequirements concerning types and size of welds, welded and steel /aluminium alloys
joints are specified in the present Chapter.

4.1.2 Irrespective of the requirements set forth in the present Chapter, the requirements
concerning welding materials, welding methods, welders qualifications, quality control of welds
and protection against atmospheric effects during welding, specified in Part IX - Materials and
Welding, shall be complied with.

4.1.3 Welding sequence shall be so designed as to ensure possibly free material shrinkage.
4.2 Types and Size of Welds
4.2.1 Butt]oints

4.2.1.1 Edges of butt-welded plates of equal thickness shall be prepared as shown in Fig. 4.2.1.1.
=

_i<bm

L 2-3mm

Min.50°

t>6 mm

'Maks. 3 mm || [Maks. 3 mm
Min. 50°

t>12 mm

7
Maks. 3 mm,_ Maks. 3 mm

‘%\fm
¥

Y

M =12 mm [

Maks. 3mm | Maks. 3 mm

Fig. 4.2.1.1. Edge preparation for manual butt welding

4.2.1.2 Where two butt-welded plates are different in thickness by more than 3 mm, the
thickness of the thicker plate shall be reduced by bevelling not exceeding 1:3. Upon reduction of
the thickness, the edges shall be prepared for welding like the plates of equal thickness (see Fig.
4.2.1.2).
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Fig. 4.2.1.2. Edge preparation for welding plates of different thickness

4.2.1.3 All types of butt welds shall be, in general, double side welded joints. Prior to welding
the other side, the weld root shall be cut out to clean metal. Subject to PRS acceptance in each
particular case, one side welding may be applied for low stressed structures or the structures
where sealing weld is impossible.

4.2.2 Lap and Slot Welds

4.2.2.1 Examples of typical lap and slot welds are shown in Fig. 4.2.2.1.

50°% 5°

Fig.4.2.2.1. Lap and slot welds

4.2.2.2 Type A (lap weld) may be used for welding brackets to ends of stiffeners for normally
stressed joints except the areas where increased vibration may be expected.

4.2.2.3 Btype (slot weld) and C type (pin slot weld) may be used for welding the plating to inner
stiffeners - where fillet welding of T-joint is impossible. Dimensions and spacings of slots are
subject to PRS consideration in each particular case.

4.2.2.4 Lap joints shall be made with continuous weld at the perimeter, with o= 0.4 - see 4.2.3.1.
The overlap width shall not be less than:

b=25+25 [mm]
and in no case shall be less than 50 mm (s - thickness of the thinner component, [mm]).
4.2.3 Fillet Welds

4.2.3.1 Design thickness a of fillet welds (see Fig. 4.2.3.1) shall not be less than the value
determined in accordance with the following formula:

a=apfs,+0.5¢, [mm] (4.2.3.1)
a - weld strength coefficient in accordance with Table 4.2.3.1-1; in tankers in the cargo tank

area, the value of « shall be increased by 0.05 in relation to the values specified in the Table;
p - coefficient determined in accordance with Table 4.2.3.1-2;
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so — netthickness of thinner component, [mm] so = s - tx; s — the component thickness;
tr — corrosion addition according to 2.5 [mm)].

Fillet weld thickness a shall also be not less than:

2.5 mm + 0.5¢t, for so =4 mm,

3.0 mm + 0.5tk for 4 <s¢0<10 mm,
3.5 mm + 0.5¢tx for 10 <sp <15 mm,
0.25s¢ + 0.5t for so>15 mm.

N T—

a) Staggered weld

b) Chain weld

[dcadewasauaca;

-

< 150

0,25h

but not more than 75 mm

c) Scallop weld

1 Ny

t

d) Single intermittent weld

i

TPr
N
J

e) Staggered spot weld

f) Thickness a of fillet weld

Fig. 4.2.3.1. Types of fillet welds

40 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

Part II - Hull, Chapter 4 - Joints of Structural Elements July 2024
Table 4.2.3.1-1
Item Joint al)
1. Bottom structure
1.1 Central girder to outer and inner bottom plating, inner bottom to outer plating 0.40
1.2 Watertight floors and parts of bottom girders forming boundaries of tanks 0.35
1.3 Floors and side bottom stringers to each other, as well as to inner and outer bottom plating - within 0.25 | 0.25
L
froom the fore perpendicular and in the machinery space area
1.4 Above specified joints in the remaining areas 0.20
2. Side framing
2.1 Frames (including web frames) and side stringers to shell plating within 0.25 Lo from the fore| 0.17
perpendicular, in tanks, in machinery space, in way of ice strengthening as well as in the area of side
reinforcements in ships intended for mooring at sea
2.2 Above specified joints in the remaining areas 0.13
2.3 Above specified joints in the after peak 0.25
2.4 Side stringers to web frames 0.25
3. Deck and deck framing
3.1 Transverse and longitudinal deck primary supporting members to the plating 0.17
3.2 Webs of deck transverses to deck stringers and bulkheads 0.25
33 Deck beams and stiffeners 0.15
34 Deck cantilevers to the plating 0.35
3.5 Stringer plate of strength deck to sheer strake 0.452
3.6 Stringer plate of other decks and platforms to the shell plating 0.35%
3.7 Hatch coamings to deck at hatch corners 0.452
3.8 Face bars of hatch coamings to coamings 0.25
3.9 Outer walls and bulkheads of superstructures and deckhouses to upper deck 0.35%
3.10 | Pillars to decks and inner bottom, pillar brackets to pillars, decks, inner bottom and other structural | 0.35
members
4. Bulkheads and partitions
41 Bulkheads forming boundaries of the cargo or ballast tanks - at the circumference 0.353)
4.2 Bulkhead stiffeners to the plating 0.15
4.3 Above specified joints in the peaks 0.25
4.4 Vertical and horizontal primary supporting members to the plating 0.17
4.5 Above specified joints in the peaks 0.30%
4.6 Transverse bulkheads to longitudinal bulkheads 0.35%)
5. Foundations of main machinery and boilers
5.1 Web plates of foundations to shell plating, tank top and deck 0.352
5.2 Web plates of foundations to their face plates 0.452
53 Foundation brackets to foundation web plates, outer plating, inner bottom and deck 0.352
5.4 Brackets to their face plates 0.25
6. Other joints
6.1 Ends of primary supporting members within 0.15 of their span from the supporting points 0.25
6.2 Brackets interconnecting framing components 0.35
DAIl welded joints of watertight structures shall be made with double continuous weld.
2)Full penetration welds shall be used.
3)Double continuous weld is required.
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Table 4.2.3.1-2

Item Type of fillet weld p
1 Double continuous weld 1.0
2 Staggered, chain and scallop weld t/l
3 Single continuous weld 2.0
4 Single intermittent weld 2t/1

t - weld pitch,
I - weld length (see Fig. 4.2.3.1).

4.2.3.2 In highly stressed joints, the plate edges shall be bevelled to ensure full penetration or
deep fusion weld. The following joints shall be welded with full penetration:

— strength deck stringer to sheer strake,

— in way of machinery foundations (see Table 4.2.3.1-1),

— hatch coamings with deck at hatch corners,

— rudder horns and shaft propeller brackets to shell plating,

— rudder blade plating to the flange connecting the rudder blade with rudder stock.

4.2.3.3 For such joints as:

— transverse bulkhead to double bottom or stool,

— structural elements in double bottom under bulkhead or stool,

— transverse primary supporting members of central tanks to longitudinal bulkhead,

— bulkhead stool to inner bottom and hopper tank,

— joints of discontinuous primary supporting members (in order to ensure their continuity) with
webs of the structure where the primary supporting members are interrupted,

fillet weld thickness shall be increased or full penetration weld shall be applied.

4.2.3.4 The weld thickness and cross-section of highly stressed welded joints are subject to PRS
consideration in each particular case.

4.2.3.5 Structural elements and parts of members cut at the plating or at the crossing structures
shall be coplanar. The maximum shift of the planes of interrupted structural elements and
members shall not be greater than half of their thickness and not greater than that determined in
Fig. 4.2.3.5.

<5

Fig. 4.2.3.5. Shift of interrupted planes

4.2.3.6 Double continuous welds are required:

— for watertight, oiltight and weathertight joints,

— within 0.25 Lo from the fore perpendicular - for welding structural members to the bottom
plating,

— within ice belt of ships with ice strengthening L1A, L1 and L2,

— for welding side framing to the outer plating,
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— inthe area of pillars and at the ends of structural elements,

— in machinery foundation and supporting structures,

— for all joints in the after peak,

— for joints inside the rudder blade, except the cases where slot welding is necessary,
— for connecting bottom central girder to the keel plate.

4.2.3.7 Intermittent welds may be used for less stressed joints - inside dry spaces and oil fuel
tanks.

4.2.3.8 Inside ballast, cargo or fresh water tanks, inside the spaces where water may be
accumulated or condensed, as well as inside empty, closed spaces exposed to corrosion (such as
rudder blades), continuous welds shall be applied for heavily or dynamically stressed joints, or
scalloped welds - for less stressed joints.

4.2.3.9 The length of intermittent weld [/ (see Fig. 4.2.3.1) shall not be less than 15a and shall be
to atleast 50 mm. The distance between the weld sections (for chain and scallop welds amounting

t—21

to t - I and for staggered welds ) shall not be greater than 25s or 150 mm - whichever is the

lesser (s - the thickness of the thinner element, in mm). The depth of scallops shall not be greater
than 0.25 of the section depth and shall not exceed 75 mm. The rounding radius of scallop shall
not be less than 25 mm.

4.2.3.10 Double continuous welds shall be used in the area of pillars, at ends of structural
members and at the places where supporting members (deck primary supporting members,
floors, etc.) pass through structural members. The length of double continuous weld sections shall
not be less than:

— bracket length - where applied,

— double depth of element - where brackets are not applied.

4.2.3.11 The distance from scallops of frames, deck beams, stiffeners, etc. to the ends of these
elements and supports (primary supporting members) shall not be less than double depth of the
section, and the distance to the bracket ends shall be at least equal to half of the section depth.

4.2.3.12 Staggered spot welds, as well as single intermittent welds may be applied for joints in
the second and higher tier of superstructures and deckhouses, as well as for elements in enclosed
deck areas in the first tier of superstructures. Where the thickness of section or plate is less than
7 mm, the spot weld may be used for joints in structures of casings and walls in these areas of hull,
where neither variable nor impact loads nor strong corrosive agents occur.

4.3 End Connections of Structural Members

4.3.1 End connections of structural members shall be, in general, butt joints.

Subject to PRS acceptance in each particular case, lap joints may be applied, except:
— areas of increased vibrations,

— joints of web frames and primary supporting members,

— areas subjected to great concentrated loads.

Brackets shall be, in general, made of material of the same yield stress as the adjacent elements
of framing.

4.3.2 For bracket scantlings - see 13.8.
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4.3.3 Free ends of bracket face plates or flanges shall be snipped to the width not greater than
3 times the thickness of the bracket web or 40 mm (whichever is the lesser). The length of the
snipped part shall not be less than the width of face plate.

4.3.4 Inplaces of transition from the face plates of brackets to those of structural members, the butts
of the face plates shall be kept at least 150 mm away from the toes of the brackets, and the angle
formed by the bracket face plate and the direction of the members face plate shall not exceed 45°.

4.3.5 Joints of the lower ends of frames with bilge brackets or floors shall be made as shown in
Fig. 4.3.5.

%
%

NS g 20,65k
1=125h

¢ <50 mm or ¢ <5 s, whichever is the lesser.

Fig. 4.3.5. Connections of bottom ends of frames

4.3.6 Depending upon the design of the detail, the ends of face plates and/or webs of the
structural members shall be snipped at ends over a length equal to 1.5 times the face plate width
or 1.5 times the web depth. The blunting at the snipped free end shall be as follows:

— for face plate - equal to 3 times its thickness,

— for web - 10+15 mm.

The distance between snipped end of structural element and the nearest member perpendicular
to this element shall be, in general, not greater than 25 mm.

4.3.7 Stiffeners may be connected to the web plate of primary supporting members in one of
the ways shown in Fig 4.3.7.

In locations with great shear stresses in the web plate, a double-sided connection or a stiffening
of the unconnected web plate edge is required. A double-sided connection may be taken into
account when calculating the effective web area.

Connection lugs shall have a thickness not less than 75% of the web plate thickness.
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Fig. 4.3.7. Connection of a stiffener to the web plate of a primary supporting member

4.4 Connection of Different Material Structures

Bolted connections or special connecting elements (e.g. made with the use of explosive method)
may be applied for connections of different materials (e.g. steel/aluminium allays).

These connections will be specially considered by PRS. The strength of connection shall not be
less than that of the bolted connection and the corrosion protection shall be equally satisfactory.
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5 PRINCIPLES OF HULL STRUCTURAL REQUIREMENTS
5.1 General

5.1.1 Graduation of Requirements

The requirements specified in the present Chapter apply to the hull structure strength analysis

within the following extent:

— local strength within one structural member (e.g. part of the plate within its supporting
stiffeners, stiffener, simple primary supporting member), see Chapter 13;

— zone strength within one structure (relating to the primary supporting member system of a
fragment of bottom, sides, deck, bulkhead, etc. or a hull module comprising fragments of
several structures mentioned above), see Chapter 14;

— general strength within the whole hull, see Chapter 15.

The requirements concerning fatigue strength analysis of a hull structure are specified in Chapters
18, 20 and 21, as well as in Publication 45/P - Fatigue Strength Analysis of Ship Steel Hull Structure.

5.1.2 Local Strength

The requirements regarding the local strength apply to the scantlings of plating, stiffeners, pillars,
cross ties, brackets and ordinary primary supporting members. Boundary conditions for these
members are known with sufficient accuracy. In such case the influence of the remaining part of the
structure on the considered member may be directly taken into account in formulae determining the
scantlings of the given members.

5.1.3 Zone Strength

5.1.3.1 When the boundary conditions of primary supporting members, stiffeners or cross ties
cannot be determined with sufficient accuracy and, as a result, the scantlings of primary
supporting members cannot be established on the basis of local strength requirements, the
scantlings of primary supporting members shall be based on the zone strength analysis of the hull.

5.1.3.2 Zone may cover both a part of the single structure (e.g. bottom, sides) and a part of
several structures in way of one or several cargo holds, tanks or other spaces. Zone boundaries
are affixed in places of known boundary conditions.

5.1.3.3 Modelling the selected zone of the hull structure consists in reducing it to the system of
principal primary supporting members which support the local structural members.

5.1.3.4 Zone strength calculations relate to cases specified in the present Part of the Rules and
shall be performed in accordance with the relevant Publications.

5.1.4 Hull Girder Strength

The requirements for the ship’s hull girder strength refer to the longitudinal bending and shear
strength. In ships with combined hatch breadth in one cross-section (measured in the middle of
the hatch length) greater than 0.6b (b — breadth of the strength deck in the cross-section), the
additional stresses from the hull torsion and horizontal bending shall be checked.
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5.2 Basis for Requirements

5.2.1 Basic Problems

The following basic problems of the structure design:

— establishing the design loads,

— evaluation of the structure response to the loads,

— establishing the allowable ranges of the structural response parameters in respect of the
assumed strength criteria,

have been solved for the relevant hull structure strength levels. These solutions constitute the basis
for detailed requirements specified in the present Part of the Rules.

5.2.2 Structure Loads

5.2.2.1 Static and dynamic loads imposed by the sea and by the cargo, stores, larger
concentrated mass of cargo and equipment have been taken into account in determining design
loads of hull structure given in the present Part of the Rules. In special cases, the impact loads
imposed by waves and by liquid in partially filled tanks have been taken into account.

5.2.2.2 Design staticloads are determined for typical loading conditions of the ship specified by
the Owner (designer). The typical loading conditions for various ship types are specified in the
present Part of the Rules; these loading conditions shall be taken into account in calculations.

5.2.2.3 Therequirements concerning the design dynamicloads have been specified on the basis
oflong-term forecast of ship motions within her operating life. The operating life is normally taken
to correspond to 108 wave encounters in the North Atlantic. Wave-induced loads determined
according to recognized theories, model tests or full- scale measurements may be accepted as
equivalent for classification purposes.

5.2.3 Structure Response

5.2.3.1 The requirements concerning structure response, such as stresses or strains in various
points and sections of local members (plate panels, stiffeners or simple primary supporting
members), have been based on the theories of elasticity and plasticity, taking into account the
assumed boundary conditions.

5.2.3.2 The thickness of plating exposed to lateral pressure shall be determined by the formula:

t= 18ka5\/§ + f; [mm] (5.2.3.2-1)

kq—correction factor depending on the aspect ratio of plate field:
2
k, =(1—0.27:;j (5.2.3.2-2)

kq need not be greater than 0.88;

s - length of shorter side of plate field, [m];

I - length of longer side of plate field, [m];

p - design lateral pressure imposed on plate field, [kPa];
tx - corrosion addition (see 2.5), [mm];

o - allowable stresses, [MPa].
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5.2.3.3 For stiffeners exposed to lateral pressure acting on the supported plating, the required
section modulus W is given as a function of boundary conditions at the stiffeners’ ends and the
allowable bending stress:

1000g/°
=i [cm3] (5.2.3.3)
mo
q = pb;
p - seeb5.2.3.2;
b - width of plating strake supported by the stiffener in question, [m];
| - stiffener span, [m];
o - allowable bending stress, [MPa];

m - bending moment coefficient taking into account boundary and load conditions of the stiffener.
The values of coefficient m are given separately for particular groups of structural members in
Chapter 13. For the scantlings of structural members within the scope of elastic deflection, the
values of coefficient m have been determined directly from general elastic bending theory.

The values of coefficient m for specified load and boundary conditions are given in Table 5.2.3.3.

5.2.3.4 The cross-sectional area requirement for stiffeners, subjected to shear stress, is given as
a function of boundary conditions and allowable shear stress.

The value of cross-sectional area of a stiffener is determined by the formula:

A=1052 [em?) (5.2.3.4)
T
7 - allowable shear stress, [MPa];
P - combined transverse load on the stiffener, [kN];

k: - transverse force coefficient taking into account boundary and load conditions.

The values of coefficient k; for certain load and boundary conditions are given in Table 5.2.3.3.
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Table 5.2.3.3
Values of coefficients m and k;

Load and boundary conditions Bending moment and shear force coefficients

Position 1 2 3

1 2 3 mi m2 ms3

Support Field Support

between supports ka - ke
T 0 0 0
0.50 - 0.50

- 14.2 8.0

I

0.38 - 0.63

(LT AT - 8.0 -
0.50 - 0.50

Z| R
0.30 - 0.70
N

0.20 - 0.80

m ) 78 )
0.33 - 0.67

5.2.3.5 The scantlings of the elements of primary supporting members subjected to bending
moments are determined in accordance with the provisions specified in 5.2.3.3 for stiffeners. The
given formulae are applicable to simple primary supporting members, i.e. primary supporting
members which may be modeled by a single-span beam with the known boundary conditions.

5.2.3.6 Where primary supporting members do not meet the conditions specified in 5.2.3.5, the
structural response shall be determined on the basis of adequate methods of the zone strength
analysis.

It is recommended that computerized matrix methods of structural analysis based on the bar
idealization of structure or on other types of finite element idealization of structure should be used.

5.2.3.7 The requirements concerning the response of hull structure to the hull girder bending
loads is based on the linear bending theory of simple beam.

5.2.3.8 Special means shall be provided in way of the afterbody and machinery space to
preclude excessive vibration of the structure. Guidelines referring to the above problem are given
in Publication 2 /I - Prevention of Vibration in Ships.
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6 BOTTOM STRUCTURES
6.1 General

6.1.1 Application

The requirements specified in the present Chapter apply to the single and double bottom
structures defined in 1.2.5.

6.1.2 Double Bottom in Passenger Ships and Cargo Ships (other than Tankers)

6.1.2.1 A double bottom* shall be fitted extending from the collision bulkhead to the afterpeak
bulkhead, as far as this is practicable and compatible with the design and proper working of the
ship. (SOLAS 11-1/9.1)

*  Explanatory notes - see MSC.429(98)/Rev.2.

6.1.2.2 Where a double bottom is required to be fitted the inner bottom shall be continued out
to the ship's sides in such a manner as to protect the bottom to the turn of the bilge. Such
protection will be deemed satisfactory if the inner bottom is not lower at any part than a plane
parallel with the keel line and which is located not less than a vertical distance h measured from
the keel line, as calculated by the formula:

h=B/20 (6.1.2.2)
However, in no case is the value of h to be less than 760 mm, and need not be taken as more than
2.0 m. (SOLAS 11-1/9.2)

*  Explanatory notes - see MSC.429(98)/Rev.2.

6.1.2.3 A double bottom need not be fitted in way of watertight tanks, including dry tanks of
moderate size, provided the safety of the ship is not impaired in the event of bottom or side
damage. (SOLAS [1-1/9.4)

6.1.2.4 In the case of passenger ships to which the provisions of SOLAS regulation 1.5 apply
and which are engaged on regular service within the limits of a short international voyage as
defined in SOLAS regulation I11/3.22, PRS may permit a double bottom to be dispensed with if
satisfied that the fitting of a double bottom in that part would not be compatible with the design
and proper working of the ship. (SOLAS I1-1/9.5)

6.1.2.5 Any part of a cargo ship of 80 m in length and upwards or of a passenger ship that is not
fitted with a double bottom in accordance with par. 6.1.2.1, 6.1.2.3 or 6.1.2.4 (SOLAS par. 11-1/9.1,
/9.4 or /9.5), as specified in paragraph 6.1.2.2, shall be capable of withstanding bottom damages,
as specified in par. 6.1.2.7 (SOLAS par. /9.8), in that part of the ship. For cargo ships of less than
80 m in length the alternative arrangements shall provide a level of safety to the satisfaction of
the Administration. (SOLAS 11-1/9.6)

*  Explanatory notes - see MSC.429(98)/Rev.2.

6.1.2.6 In the case of unusual bottom arrangements in a cargo ship of 80 m in length and
upwards or a passenger ship, it shall be demonstrated that the ship is capable of withstanding
bottom damages as specified in par. 6.1.2.7 (SOLAS par. /9.8). For cargo ships of less than 80 m in
length the alternative arrangements shall provide a level of safety to the satisfaction of PRS.
(SOLAS 1I-1/9.7)

*  Explanatory notes - see MSC.429(98)/Rev.2.
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6.1.2.7 Compliance with par. 6.2.11.1, 6.2.11.3, 6.1.2.5 and 6.1.2.6 (SOLAS par. 1I-1/9.3.1,
./9.3.2.1, /9.6 or /9.7) is to be achieved by demonstrating that s i, when calculated in accordance
with SOLAS regulation I1-1/7-2 (as amended by MSC.474(102)), is not less than 1 for all service
conditions when subject to bottom damage with an extent specified in subparagraph .2 below for
any position in the affected part of the ship:

.1 Flooding of such spaces shall not render emergency power and lighting, internal
communication, signals or other emergency devices inoperable in other parts of the ship.

.2 Assumed extent of damage shall be as follows:

For 0.3 L from the forward | Any other part of the ship
perpendicular of the ship
Longitudinal extent 1/3L2/3 or 14.5 m, whichever | 1/3 L2/3 or 145 m,
is less whichever is less
Transverse extent B/6 or 10 m, whicheverisless | B/6 or 5 m, whichever is
less
Vertical extent, measured | B/20, to be taken not less than | B/20, to be taken not less
from the keel line 0.76 m and not more than 2 m | than 0.76 m and not more
than 2 m

.3 If any damage of a lesser extent than the maximum damage specified in .2 would result
in a more severe condition, such damage should be considered. (SOLAS 11-1/9.8)

*  Explanatory notes - see MSC.429(98)/Rev.2.

6.1.2.8 Incase oflarge lower holds in passenger ships, the PRS may require an increased double
bottom height of not more than B/10 or 3 m, whichever is less, measured from the keel line.
Alternatively, bottom damages may be calculated for these areas, in accordance with par. 6.1.2.7
(SOLAS 11-1/9.8), but assuming an increased vertical extent. (SOLAS 11-1/9.9)

*  Explanatory notes — see MSC.429(98)/Rev.2.

6.1.3 O0il Fuel Tanks in Double Bottom or Nearby

If aggregate capacity of the ship’s oil fuel tanks amounts to 600 m3 and above, the oil fuel tanks in
double bottom or nearby shall be arranged so that the requirements of regulation 12A of Annex I
to MARPOL Convention 73/78 are complied with.

For ships designed with a permanent trim, the centre plane shall not be used as a reference point.
The distance h shall be measured perpendicular to the moulded line of the bottom shell plating at
the relevant frames where fuel tanks are to be protected.

For ships designed with a skeg, the skeg shall not be considered as offering protection for the fuel
oil tanks. For the area within skeg’s width, the distance h shall be measured perpendicular to a
line parallel to the centre plane at the intersection of the skeg and the moulded line of the bottom
shell plating as indicated in Figure 6.1.3-1.
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Fig. 6.1.3-1

For ships designed with dead rising bottom, the distance 1.5h shall be measured from the moulded
line of the bottom shell plating but at right angle to the centre plane, as indicated in Figure 6.1.3-2.

—r Flat Bottom
Fig. 6.1.3-2
6.2 Double Bottom Structure
6.2.1 General Requirements

6.2.1.1 If the seating frame of the main engine, thrust bearing and boiler is fastened directly to
the inner bottom, then the floors, longitudinals and inner bottom plating shall comply with the
relevant requirements specified in Chapter 12.

In way of the main engine, thrust bearing and boilers, additional strengthening of the bottom shall
be provided.

Strengthenings shall also be applied under pillars and bulkheads or walls supporting the upper
parts of hull structure.

6.2.1.2 Double bottom, forepeak and after-peak ballast tanks shall be so designed as to comply
with the recommendations specified in IMO MSC/Circ.1021; provision shall be made, in particular,
for good flow of ballast water into the ballast water suction pipes and for preventing accumulation
of water residues and sediments in the tanks.

6.2.2 Framing System

6.2.2.1 Itisrecommended thatin ships with length Lo = 150 m, double bottom within the cargo
area should be longitudinally stiffened.

6.2.2.2 Ifthe outer bottom or the inner bottom is longitudinally stiffened, then:
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— in ships with Lo > 150 m, the longitudinals shall be continuous through floors within -0.25L,
<x<+0.25L¢ amidships;

— in ships with 50 m < Ly < 150 m, the longitudinals may be cut at floors within -0.25L¢ < x <
+0.25L¢ amidships; in that case, continuous brackets connecting the ends of the longitudinals
shall be fitted, or the continuity shall be provided otherwise;

— in ships with Lo < 50 m, the longitudinals over the entire ship length may be cut at bottom
floors and welded to them;

— outside -0.25L¢ < x < +0.25L¢ amidships, longitudinals may be cut and welded to the floors,
irrespective of the ship's length.

6.2.3 Arrangement of Double Bottom Primary Supporting Members

The arrangement of bottom primary supporting members and plate floors shall comply with the
requirements specified in 6.2.4 to 6.2.6 and in 6.6.1.

The arrangement of primary supporting members in the double bottom may be different,
provided that the requirements for local strength (see Chapter 13) and possibly for zone strength
(see Chapter 14) are complied with.

6.2.4 Bottom Centre Girder and Duct Keel

6.2.4.1 Bottom centre girder shall be fitted in the ship's centre plane. It shall extend fore and aft
as far as possible. The centre girder shall be continuous within -0.3Lo < x < 0.3L,.

6.2.4.2 In ships with the double bottom, a duct keel made of two longitudinal girders fitted on
both sides of the centre plane may be applied instead of the bottom centre girder. Generally, the
distance between girders shall not exceed the value determined by the formula:

b=0.004L,+1.0 [m] (6.2.4.2)

however, it shall be not more than 1.9 m.
Subject to PRS consideration in each particular case, this distance may be increased.

Supporting plates or transverse stiffeners with brackets shall be fitted on the outer and inner
bottom plating between these girders in line with each frame (and spaced not more than 0.9 m).

6.2.4.3 Where the duct keel is extended over a part of the ship's length only, and the ordinary
centre girder is applied in the remaining part, they have to overlap at the length equal to at least
half the depth of the double bottom (this length cannot be greater than the frame spacing).
Flanged brackets shall be fitted in line at the ends of girders. If the alteration of the centre girder
structure takes place within -0.3Lo <x< 0.3 Lo, the length of brackets shall be equal to at least the
double bottom depth and in other cases - to at least two-thirds of the double bottom depth.

6.2.5 Arrangement of Side Girders

6.2.5.1 Side girders in the double bottom shall be so fitted that the distance between the side
girder and the centre girder or the margin plate or between adjacent side girders does not exceed
the following values:

5 m - for longitudinal framing,
4 m - for transverse framing.

6.2.5.2 Girders in the machinery space shall be fitted in compliance with the location of the
engine and other heavy machinery seatings.
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6.2.6 Arrangement of Plate Floors

6.2.6.1 In the double bottom with transverse framing, the plate floor spacing shall not be
greater than that specified in Table 6.2.6.4.

6.2.6.2 In the double bottom with longitudinal framing, the plate floor spacing shall not be
greater than 3.6 m, and in way of deep tanks it shall not exceed 2.5 m.

6.2.6.3 In the double bottom within the machinery space with transverse framing, plate floors
shall be fitted at every frame.

6.2.6.4 Inthe double bottom within the machinery space with longitudinal framing, plate floors
shall be spaced not more than the depth of the double bottom. In way of the engine seating
between external girders adjacent to the seating girders, plate floors shall be fitted at every frame.

Table 6.2.6.4
Arrangement of plate floors in double bottom

Draught T' [m] Under deep tanks 1) Clear of deep tanks and machinery space 2)
T<2 Every 4th frame Every 6th frame
2<T<54 Every 3rd frame Every 5th frame
54<T<8.1 Every 3rd frame Every 4th frame
T>8.1 Every 2nd frame Every 3rd frame

1) Where the height of deep tank is greater than 0.7 times the distance between the inner bottom and the bulkhead
deck.
2) The distance between floors shall not exceed 3 m.

6.2.7 Arrangement of Supporting Plates in Double Bottom

6.2.7.1 Supporting plates shall be fitted at both sides of the bottom centre girder and at least at
one side of stringers, duct girders and margin plate. In the case of longitudinal framing, supporting
plates shall extend to the nearest longitudinal. See also 6.3.3.4.

A face plate or flange shall be provided for the free edge of the supporting plate.

6.2.7.2 Inlongitudinally stiffened double bottom, the supporting plate spacing shall not exceed
the depth of the double bottom; on the duct girders, the supporting plate spacing shall not exceed
half the depth of the double bottom.

Where the ship side is transversely framed, supporting plates in double bottom on the margin
plate shall be fitted at every frame.

Docking brackets, extended to the nearest longitudinal, shall be fitted between supporting plates
on the centre girder.

6.2.7.3 In transversely stiffened double bottom, supporting plates shall be fitted on frames
without plate floors at bottom centre girder and at margin plate.

6.2.8 Manholes, Holes and Cut-outs

6.2.8.1 To provide access to all parts of the double bottom, manholes shall be cut in the inner
bottom plating and holes shall be cut in plate floors and longitudinal girders. The openings, their
arrangement and size shall comply with the requirements of sub-chapter 3.5 and the
requirements of sub-chapter 6.2.8, given below.

In addition, recommendations specified in IMO MSC/Circ.1021 shall be taken into account.

54 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 6 - Bottom Structures July 2024

6.2.8.2 Manholes in the inner bottom plating shall comply with the requirements specified in
Part Il - Hull Equipment.

6.2.8.3 Manholes in the inner bottom plating provided for access to the fuel tanks in way of the
machinery space shall have coamings, the height of which shall be equal to atleast 100 mm.

6.2.8.4 Diameter of the lightening holes in brackets of the bracket floors shall not be greater
than 1/3 of the breadth of the brackets.

6.2.8.5 Distance between edges of two adjacent holes shall not be less than half the breadth of
the greater hole.

6.2.8.6 Only indispensable number of cut-outs and manholes shall be provided in side girders
and plate floors within x > 0.25L.

6.2.8.7 Drain holes and air holes shall be cut in accordance with the requirements specified in
3.5.1.1and 3.5.1.5.

6.2.8.8 Openings shall not be cut in:

— the keel plate;

— the bilge strake within -0.3Lo < x <+ 0.3Lo; the necessary holes shall be located as far from the
bilge keel as possible.

6.2.8.9 Holes shall normally not be cut in:

— bottom centre girder - within x> 0.25L,,

— side girders and floors - under the supports and at the ends of longitudinal partitions or wash
bulkheads,

— bottom centre girder and in side girders - between a transverse bulkhead and adjacent plate
floors,

— floors - in areas adjacent to the margin plate and centre girder, as well as in way of toes of
transverse brackets supporting seatings of the main machinery.

In special cases, openings may be cut in the above-mentioned members, provided they are
reinforced by stiffeners or by a flat bar welded to the edge.

Location and dimensions of holes may be also assumed on the basis of stress analysis in
accordance with the requirements specified in Chapter 13 and Chapter 14 and fatigue strength
analysis - on the basis of Publication 45/P - Fatigue Strength Analysis of Ship Steel Hull Structure.

6.2.9 Discontinuity of the Double Bottom

In areas where double bottom terminates, smooth transitions from double bottom girders to
single bottom girders shall be provided.

Gradual transition of inner bottom plating into face plates of bottom centre girder and bottom side
girders, at the length equal to at least the depth of the double bottom, shall be provided. The width
of these face plates at the double bottom ends shall not be less than half the distance between
adjacent side girders.

Margin plates shall be extended outside the double bottom and shall form a bracket, the length of
which shall not be less than three frame spacings, with flat bar or flange at the free edge.

6.2.10 Abrupt Change of Double Bottom Depth

6.2.10.1 The change of double bottom depth may have the form of two bends or a step. Bends
of the inner bottom shall be arranged on a transverse bulkhead and plate floor.
Both bends may be arranged on plate floors subject to PRS acceptance in each particular case.
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6.2.10.2 When the depth of the double bottom is changed abruptly, the change (step) shall be
normally arranged on a transverse bulkhead.

6.2.10.3 In way of a step, the inner bottom plating of smaller height shall be extended by a
distance equal to at least the height of the double bottom in ships with Lo > 90 m and by a distance
of 2/3 of the double bottom height for ships with Lo <90 m.

When the step is outside -0.25 Lo <x <+ 0.25 Lo or when its height is less than 660 mm, the double
bottom structure in way of extension is subject to PRS consideration in each particular case.

6.2.10.4 Continuity of structure and reduction of stress concentration shall be provided in
places where the height of bottom centre girder, bottom side girders, margin plates and inner
bottom longitudinals, if applied, is altered.

6.2.11 Drain Wells

6.2.11.1 Small wells constructed in the double bottom in connection with drainage
arrangements shall not extend downward more than necessary. The vertical distance from the
bottom of such a well to a plane coinciding with the keel line shall not be less than h/2 or 500 mm,
whichever is greater, or compliance with par. 6.1.2.7 (SOLAS I1-1/9.8) of this regulation shall be
shown for that part of the ship. (SOLAS I1-1/9.3.1)

6.2.11.2 Other wells (e.g. for lubricating oil under main engines) may be permitted by the
Administration if satisfied that the arrangements give protection equivalent to that afforded by a
double bottom complying with this regulation. (SOLAS 11-1/9.3.2)

6.2.11.3 For a cargo ship of 80 m in length and upwards or for a passenger ship, proof of
equivalent protection is to be shown by demonstrating that the ship is capable of withstanding
bottom damages as specified in paragraph 6.1.2.7 (SOLAS 1I-1/9.8). Alternatively, wells for
lubricating oil below main engines may protrude into the double bottom below the boundary line
defined by the distance h provided that the vertical distance between the well bottom and a plane
coinciding with the keel line is not less than h/2 or 500 mm, whichever is greater. (SOLAS II-
1/9.3.2.1)

6.2.11.4 For cargo ships of less than 80 m in length the arrangements shall provide a level of
safety to the satisfaction of the Administration. (SOLAS 11-1/9.3.2.2)

*  Explanatory notes — see MSC.429(98)/Rev.2.
6.3 Scantlings of the Double Bottom
6.3.1 Double Bottom Depth

6.3.1.1 The height of centre girder and the attached plate floors shall not be less than:
h,=250+20B+507 [mm] (6.3.1.1)

For ships with a great rise of floors, the value of hs may be required to be increased.

6.3.1.2 The depth of the double bottom shall be sufficient to give good access to all parts of the
bottom. The depth shall not be less than 650 mm.

6.3.1.3 In the machinery space, in way of seating of internal combustion main engine and the
gear, the depth of the double bottom shall be increased by 45% where the sump tank is under the
main engine, and by 30% in other cases.
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6.3.2 Inner and Outer Bottom Plating

6.3.2.1 The thickness of the plating of outer and inner bottom shall be determined in
accordance with the requirements specified in 13.2.2 and 13.4.2.

6.3.2.2 The thickness of the bottom plating in the forebody shall be additionally checked for
slamming pressure in accordance with the requirements specified in 6.7.2.

6.3.2.3 The thickness of keel plate shall not be less than that of the adjacent bottom plating.

6.3.2.4 The width of keel plate shall not be less than that determined by the formula:
b=800+5L, [mm] (6.3.2.4)

however, need not be greater than 1800 mm.

6.3.2.5 Ifthe bilge plating is not stiffened or is stiffened by one stiffener only fitted in the curved
part of the bilge, the thickness of the bilge plating shall not be less than:

t=1.113/R}Ip +t, [mm] (6.3.2.5-1)
where:
Ro - radius of the curvature (Fig. 6.3.2.5), [m];
| - distance between supporting plates (or floors) stiffening the bilge, [m]:

p - design pressure according to 16.2.2.1, [kPa];
tr - corrosion addition according to sub-chapter 2.5.

If longitudinal stiffeners in way of the bilge are fitted outside the curved part (Fig. 6.3.2.5), then
Ry shall be substituted by R in formula 6.3.2.5-1:

R=R,+0.5(s; +5,) (6.3.2.5-2)

where:

s3, S4 — see Fig. 6.3.2.5.

The value of s3 shall be not greater than s; and the value of s4 - not greater than so.

Furthermore, the thickness of the bile plating shall be not less than that of the adjacent bottom
and side plating.
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6.3.2.6 When, according to the requirements specified in 2.2, steel grade higher than A is
required for bilge strake or outer bottom strake, to which an effective longitudinal bulkhead is
attached, the breadth of the strake shall not be less than that required in paragraph 6.3.2.4.

6.3.2.7 The breadth of the sloped margin plate over the entire ship's length shall not be less
than:

b=0.0035L, +0.40 [m] (6.3.2.7)

6.3.2.8 The breadth of the horizontal margin plate shall not be less than the breadth of the tank
side bracket increased by the height of the ship side frame section and additionally by 50 mm.

Where bottom members are attached to the ship side frames without tank side brackets, the
breadth of the horizontal margin plate shall not be less than that determined in accordance with
formula 6.3.2.7.

6.3.2.9 The thickness of the margin plate shall be greater than that of the inner bottom, required
in 6.3.2.1, in the same region of the ship's hold, as follows:

— the thickness of the horizontal margin plate shall be increased by 1 mm,

— the thickness of the sloped margin plate shall be increased by 2 mm.

The thickness of the margin plate in the machinery space shall not be less than that of the inner
bottom plating within the area in question.

6.3.2.10 The thickness of the sump walls and bottom shall be greater by at least 2 mm than that
of the watertight floors within the area in question.

6.3.2.11 The thickness of floors, longitudinal girders and inner bottom plating forming
boundaries of sea chest shall be increased by at least 2 mm in respect of the minimum thickness
required for double bottom structure (including outer bottom plating), or the thickness required
in 13.4.2, whichever is the greater. The strength of chest walls shall not be less than the local
strength assumed for the outer plating arranged in a given portion of the ship.

6.3.3 Double Bottom Stiffeners

6.3.3.1 The scantlings of longitudinal and transverse frames in the outer and inner bottom shall
be determined in accordance with the requirements specified in 13.5.

6.3.3.2 The scantlings of the outer bottom frames in the forebody shall be additionally checked
for the action of slamming pressure in accordance with the requirements specified in 6.7.3.

6.3.3.3 When determining the scantlings of double bottom frames, it should be taken into
account that vertical struts fitted between longitudinal or transverse frames of the inner and outer
bottom are normally not regarded as the effective support of the frames in question. Where the
vertical struts are applied, the section modulus for bottom frames may be reduced after special
consideration by PRS. Where the stiffeners of the outer and inner bottom have the same section
modulus, then a strut fitted in midst of their span may be considered for reduction of section
moduli of stiffeners but by not more than 35%. See also 13.7.4.

6.3.3.4 The supporting plates or transverse stiffeners and end brackets shall be fitted on the
inner and outer bottom plating between duct girders at every frame (and spaced not more than
0.9 m). The height of a bracket shall not be less than that of the stiffener. The scantlings of
supporting plates or stiffeners shall be determined from zone strength analysis of the double
bottom (see Chapter 14). Guidelines given in Publication 18/P - Zone Strength Analysis of Bulk
Carrier Hull Structure may be also taken into consideration.
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6.3.4 Double Bottom Primary Supporting Members

6.3.4.1 The scantlings of the girders and plate floors of double bottom shall be determined
according to 13.6. Their thickness in the fore peak shall not be less than:

t=12s+¢, [mm] (6.3.4.1)
s - spacing of girder or plate floor, [m];
tx — corrosion addition - see 2.5.

The scantlings of double bottom primary supporting member webs in the fore part of the ship
shall additionally comply with the requirements of sub-chapter 6.7.4.

6.3.4.2 Plates and stiffeners of double bottom primary supporting members forming bottom
tank boundaries shall also comply with the requirements regarding the scantlings of plating and
stiffeners of tank bulkheads.

6.3.5 Stiffeners of Double Bottom Primary Supporting Members

6.3.5.1 Stiffeners shall be fitted at every floor within x > 0.25L, and at every floor of the height
exceeding 900 mm outside this area.

For longitudinal framing, the stiffeners shall be applied in line with each longitudinal, whereas for
transverse framing, the stiffener spacing shall not be greeter than 1.5 m (see also 13.5.3.6).

6.3.5.2 In the double bottom with transverse framing, longitudinal girders shall be stiffened at
every frame.

For longitudinal framing, floors shall be stiffened at each longitudinal. See also 6.2.7 and 13.5.3.6.
Longitudinal girders shall comply with the requirements for buckling strength specified in Chapter 13.

6.3.6 Supporting Plates in Double Bottom

6.3.6.1 The thickness of the supporting plates fitted at the bottom centre girder, duct girders,
side girders and at the margin plate being part of open floors shall not be less than that determined
according to 13.2.2.

6.3.6.2 The thickness of the supporting plates not being part of open floors, provided in
accordance with the requirements specified in sub-chapter 6.2.7, shall not be less than that of
plate floors within the area in question.

6.3.6.3 The breadth of the supporting plates of open floors measured on the inner bottom level
shall not be less than 0.75 of the bottom height in way of centre girder, duct girder and margin
plate and not less than 0.35 of the bottom height in way of side girders. Where frames of an open
floor are not continuous in way of side girder, the supporting plates shall be fitted on both sides
of the girder.

6.3.6.4 The free edge in a supporting plate shall be stiffened by a face plate or a flange of the width
equal to 10 times the plate thickness shall be applied; the flange width need not exceed 90 mm.

6.4 Single Bottom Structural Arrangement
6.4.1 General Requirements

6.4.1.1 Where single bottom is fitted over a part of the ship, the requirements of sub-chapter
6.2.9 shall be complied with.
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6.4.2 Framing System

6.4.2.1 It is recommended that single bottom in ships with the length L, > 90 m shall be
longitudinally stiffened.

6.4.2.2 If the single bottom is longitudinally stiffened, the bottom longitudinals shall comply
with the requirements regarding continuity, specified in 6.2.2.2.

6.4.3 Arrangement of Bottom Girders

6.4.3.1 Centre girder shall be fitted in the ship’s centre plane. It shall extend fore and aft as far
as practicable. The centre girder shall be continuous within - 0.3Lo <x<0.3Lo.

6.4.3.2 Side girders shall be fitted at the distance not exceeding 2.5 m. It is recommended that
they should be continuous when passing through transverse bulkheads within - 0.3Lo <x<0.3Lo.

6.4.3.3 Girders in the machinery space shall be fitted in compliance with the location of the
engine and other main gear seatings.

6.4.4 Arrangement of Floors
6.4.4.1 Within machinery space area, the floors shall be fitted at each frame.

6.4.4.2 In the transversely stiffened bottom, the plate floors shall be fitted at each frame, over
the whole length of the ship.

6.4.4.3 In the longitudinally stiffened bottom, the arrangement of plate floors outside
machinery space and the ship ends shall be determined on the basis of local and zone strength
requirements.

6.5 Scantlings of Single Bottom
6.5.1 Single Bottom Depth

6.5.1.1 The height of centre girder and the attached plate floors shall not be less than that
determined by the formula:

h=0055B [m] (6.5.1.1)

B1 - breadth of compartment under consideration measured in the middle of its length in the
following way:
a) for single sides - as the distance between sides or as the distance between the side and
longitudinal bulkhead at the level of the upper edge of floor,
b) for double sides - as the distance between the inner sides or as the distance between the
inner side and longitudinal bulkhead.

6.5.1.2 The height of floors in the centre plane may be reduced by 10%, provided that the floor
section modulus is not less than that required in 6.5.3.4. The height of floors at the distance of 3/8
of the ship breadth from the centre plane shall be at least 50% of the height required in the centre
plane. In special cases, PRS may accept a departure from this requirement.

6.5.1.3 In ships with one propeller, upper edges of floors in the after peak shall be arranged
above the shaft tube.
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6.5.2 Single Bottom Plating

6.5.2.1 The requirements of paragraphs 6.3.2.1 to 6.3.2.6, specified for double bottom, shall be
complied with.

6.5.3 Girders and Bottom Frames
6.5.3.1 The scantlings of bottom longitudinals shall be determined in accordance with 13.5.

6.5.3.2 The scantlings of bottom frames in the forebody shall be additionally checked for the
action of slamming pressure according to 6.7.

6.5.3.3 Forlongitudinal stiffening system of the bottom, the scantlings of floors and girders shall
be determined on the basis of stress analysis in accordance with the requirements of Chapter 14;
the requirements of paragraphs 6.5.3.4 to 6.5.3.6 shall be complied with.

6.5.3.4 The section modulus of plate floors in single bottom shall not be less than that
determined by the formula:

W=KaT B [cm3] (6.5.3.4)
K=7.8-0.2B;

a - floor spacing, [m];
Ty - ship’s draught to the summer load waterline or 0.65H, whichever is the greater, [m];
Bi - see6.5.1.1.

The floor thickness shall be equal to at least 0.01 of their depth in the centre plane plus 3.5 mm,
but need not be greater than the bottom plating thickness.

6.5.3.5 The thickness of the centre girder plate in the midship part of the ship shall not be less
then that determined by the formula:

t=006L,+6 [mm] (6.5.3.5)

The thickness of the bottom centre girder within 0.1L, from the perpendiculars (forward and
after) may be by 1 mm less than that required in the midship part of the ship.

6.5.3.6 The thickness of the bottom side girders plates in the midship part of the ship shall not
be less then that determined by the formula:

t=0.06L,+5 [mm] (6.5.3.6)

The thickness of the bottom side girders within 0.1L, from the perpendiculars (forward and after)
may be by 1 mm less than that required in the midship part of the ship but shall not be less than
5 mm.

6.5.4 Stiffeners of Single Bottom Floors and Girders

6.5.4.1 Primary supporting member flanges in the single bottom shall have the following

scantlings:

— awidth notless than 1/20 of the distance between tripping brackets or 75 mm, whichever is the
greater,

— athickness not less than 1/30 of the flange width when the flange is symmetrical, and not less
than 1/15 of the flange width when the flange is asymmetrical; in each case the thickness shall
be not less than the primary supporting member plate thickness.

Polish Register of Shipping 61




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part II - Hull, Chapter 6 - Bottom Structures

6.5.4.2 Cross-sectional area of floor face plates with the minimum height determined in
accordance with formula 6.5.1.1 shall not be less than:

in way of machinery space A =5.0T [cm?] (6.5.4.2-1)
— outside machinery space A = 3.5T [cm?] (6.5.4.2-2)

6.5.4.3 Floor face plates may be replaced by flanges, provided their section modulus is
increased by 5%. The flange width shall comply with the requirements specified in paragraph
6.5.4.1. Flanged floors shall not be applied in way of machinery space, in after peak; in ships with
Lo > 30 m also within 0.25 L, from the forward perpendicular.

6.5.4.4 The scantlings of the floors and longitudinals web stiffeners, as well as their
arrangement shall comply with the requirements of sub-chapter 3.6.

6.5.5 Bar Keel

The scantlings of a bar keel shall not be less than:
— depth: A=100+5Z, [mm] (6.5.5-1)
— thickness: r=10+0.6Z, [mm] (6.5.5-2)

6.6 Common Requirements for Ships with Single and Double Bottom

6.6.1 Arrangement of Primary Supporting Members in Peaks

Longitudinal or transverse frames in fore and after peaks shall be supported by plate floors
or longitudinal girders, respectively, spaced not more than 1.8 m. These primary supporting
members shall be supported by heavy intersecting members or bulkheads arranged at distances not
greater than 0.125B or 5 m, whichever is the lesser.

6.6.2 Complex Primary Supporting Member Systems in Bottom

Where the bottom primary supporting members are connected with primary supporting
members of other structures (e.g. side or bulkhead primary supporting members) forming
thereby a complex primary supporting member system, their scantlings may be required to be
checked on the basis of stress analysis in accordance with the requirements of Chapter 14.

6.6.3 Bilge Keels

A bilge keel shall be attached to the plating by the intermediate member (flat bar) over the full
length of the bilge keel.

Weld connection of the bilge keel to the intermediate member shall be weaker than that of the
connection of the member to the shell plating.

Bilge keel ends shall be smoothly tapered or rounded and shall be in line with the inner stiffenings
of the hull.

6.7 Bottom Strengthening in the Forebody

6.7.1 General Requirements

The bottom forward shall be strengthened against slamming in accordance with the requirements
specified below.

6.7.2 Bottom Plating Thickness

6.7.2.1 In ships oflength Lo > 100 m, the thickness of bottom plating below the waterline at
d = 0.05Tps above the keel shall not be less than:
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t= 0.91(111(,5‘/1’—]: +t, [mm] (6.7.2.1-1)

2
s
k, = (1.1 —0.257j ;1.0 >k, >0.72 shall be taken;

S
k, = [1 - O-S—j - correction factor for curved plates;
r

r - plate curvature radius, [m];

pu - slamming pressure, determined in accordance with 6.7.5, [kPa];
Tra — asin 6.7.5, [m];

s - spacing between stiffenings measured along the plating, [m];

I - span of stiffener or primary supporting member, [m];

tx - corrosion addition - see 2.5, [mm)].

For ships of length Lo < 100 m, the bottom plating thickness shall not be less than:
t=09s/p, +t, [mm] (6.7.2.1-2)

6.7.2.2 Above the waterline defined in 6.7.2.1, the plating thickness shall be gradually changed
from the thickness determined in 6.7.2.1 to the thickness of the side plating in the hull cross-
section under consideration.

6.7.3 Scantlings of Stiffeners

6.7.3.1 The section modulus of the bottom longitudinals or floors supporting the bottom plating
defined in 6.7.2.1 and 6.7.2.2, after deduction of corrosion allowances, shall not be taken less than:

2
W= 0‘21% [cm?3] (6.7.3.1)

pu - slamming pressure, determined in accordance with 6.7.5, [kPa].

For the remaining symbols, see 6.7.2.1.

6.7.3.2 Cross-sectional area of the frame web shall not be less than:

y z%(l—s)spu+10htk [cm?] (6.7.32)

pu - slamming pressure, determined in accordance with 6.7.5, [kPa];
h - stiffener height, [m].

For the remaining symbols, see 6.7.2.1.
6.7.4 Primary Supporting Member Webs

6.7.4.1 Net weld connection area of the continuous stiffeners with primary supporting
members shall satisfy the formula:

24, <1.74,, + A (6.7.4.1)

ps

Apm — connection area at flange, [cm?];
Aps - connection area at web, [cm?];
As - see6.7.3.2.
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6.7.4.2 In the double bottom below the waterline at d = 0.05 T»s above the keel, the spacing of
stiffeners on web plates or bulkheads near the shell plating shall not exceed:

s, =0.09¢ [m] (6.7.4.2)
t -thickness of web or bulkhead plating, [mm].

6.7.4.3 The sum of cross-sectional shear areas at the ends of primary supporting member or
primary supporting member system supporting any specified area of the bottom shall not be less
than:

> A= 03 1,b,p, lcm?] (6.7.43-1)

pu - slamming pressure, taken according to 6.7.5, in the middle of the primary supporting
member system area considered, [kPa];

lw, bw — length and breadth of the loaded area supported by the primary supporting member or
the primary supporting member system, [m];

1076
WBW , but not less than 0.025. (6.7.4.3-2)

6.7.5 Slamming Pressure

Design slamming pressure imposed on the bottom plating in way of the forebody shall be
determined from the following formulae:
— for ships of length Lo < 100 m:

p, =300./1, ( 20 bd] [kPa] (but not less than p ,= 0 [kPa]) (6.7.5-1)

— for ships of length Lo > 100 m:

c,C L
=—1=2p 10.56— | [kpa] (6.7.5-2)
. 1250 I,
C =3/L, for Lo<150m (6.7.5-3)
C =3225-05L, for Lo>150m (6.7.5-4)
207,
C, = 1675( 1 —L—”f’) (6.7.5-5)
0

Tra - design heavy weather ballast draught at F.P., [m];

Bya — breadth of the bottom at the waterline positioned at z = 0.15Ts above the keel measured
at the cross-section considered, [m]; Bps shall not be taken greater than 1.35Ts or

0.55,/L,, whichever is the lesser;

u - distance from F.P. to the considered cross-section of the hull, [m]; the assumed value of u
need not be less than us:
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L

u=[12-35 -2
2500
For ships of length Lo < 100 m, the pressure p, determined from formula 6.7.5-1 shall be applied to
x > 0.3Lo. From the hull section x = 0.3L, aft, this pressure may be reduced linearly to zero at x =
0.1Lo. For ships of length Lo = 100 m, the assumed distribution of slamming pressure p, acting on

the bottom, is shown in Fig. 6.7.5.

)LO [m] (6.7.5-6)

Bulbous bow

e

P4

Fig. 6.7.5. Distribution of slamming pressure acting on the bottom

If the ship at the design ballast draught Tq is intended to have full ballast tanks in the forebody and
the load from the ballast will act on the shell plating, the slamming pressure may be reduced by 14h
[kPa]

(h - height of the ballast tank, [m].
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7 SIDE STRUCTURES
7.1 General

7.1.1 Application

The requirements specified in the present Chapter apply to the ship’s side structure according to
the definition given in 1.2.5.

7.1.2 Span of Main Frames

The lower span of the frame in way of longitudinally stiffened single bottom (see Fig. 7.1.2) shall
be determined by the formula:

1=1=03r=15(w=h) [m] (7.1.2)

11 - vertical distance between the bottom and the lowest deck or side stringer supporting frames

[m];
r - bilge radius [m];
w - the largest depth of bilge bracket measured perpendicularly to the flange [m];
h - height of frame [m].

In other cases, the span of frames shall be taken in accordance with 3.2.1.
~—

Side stringer
-

I (Deck).

h

-

Fig. 7.1.2. Lower span of side frame in way of single bottom

L1

7.1.3 Arrangement of Oil Fuel Tanks

If aggregate capacity of the ship’s oil fuel tanks amounts to 600 m3 and above, the oil fuel tanks in
double side or nearby shall be arranged so that the requirements of Regulation 12A of Annex I to
MARPOL Convention 73/78 are complied with:

Where oil fuel tanks are necessarily located adjacent to or within machinery spaces of category A,
at least one of their vertical sides shall be contiguous to the machinery space boundaries and the
area of the tank boundary common with the machinery spaces shall be kept to a minimum - see
oil fuel tank arrangements in Figure 7.1.3-1 (additionally, the requirements of MARPOL 73/78,
Annex [, Regulation 12 A shall be met).
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Fig. 7.1.3-1. Oil fuel tanks adjacent to machinery space
7.2 Structural Arrangement

7.2.1 Framing System

It is recommended that longitudinal stiffeners should be used near bottom and strength deck in
ships with the length Lo > 150 m.

Within -0.25Lg < x<0.25L¢, 0 <2< 0.15H, as well as within -0.25L¢ < x < 0.25L¢, 0.85H <z < H,
continuity of longitudinals shall be maintained as required for bottom and deck longitudinals (see
6.2.2.2. and 8.2.2).

7.2.2 Side Primary Supporting Members

7.2.2.1 Inthe after peak, machinery space and boiler room, side structure shall be strengthened
by means of web frames at spacings not exceeding 5 frame spaces.

7.2.2.2 Transverse bulkheads or web frames connected to deck transverses shall be fitted in
‘tween deck spaces to ensure adequate transverse rigidity.

7.2.2.3 In the fore peak below the deck arranged above the summer load waterline, platforms
or side stringers and rows of stiffeners (panting beams) shall be fitted. The distance between side
stringers or platforms (measured vertically) shall not exceed 2 m.

7.2.3 Openings in Side Shell

7.2.3.1 No openings shall be arranged in the sheer strake and in way of plating exposed to high
shear stress. Round openings for side scuttles or for other purposes may be arranged within the
area considered, if necessary. The openings shall have edge reinforcement in accordance with the
requirements specified in 3.5.2.

7.2.3.2 Openings in side shell shall be located more than twice the opening breadth below
strength deck or termination of rounded sheer strake. The openings shall comply with the
requirements specified in sub-chapter 3.5.

7.2.3.3 The requirements of Part III, Chapter 7 of the Rules (SOLAS II-1, Part B-2, Reg.13)
concerning openings in the shell plating shall be complied with.

7.2.4 Double Side Ballast Tanks

For double side ballast tanks, recommendations given in IMO MSC/Circ.1021 shall be taken into
account within the scope analogous to that for double bottom tanks, specified in 6.2.1.2 and 6.2.8.1.
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7.3 Scantlings of Structural Members

7.3.1 Plating

7.3.1.1 The thickness of the side plating shall be determined in accordance with the
requirements specified in 13.2 and 13.4.

7.3.1.2 In ships of Lo > 100 m, within the below-specified region, the thickness of the side

plating shall also be not less than:
t=4s4 D +t, [mm] (7.3.1.2)
=454/ —— mm 3.1
KL, "

s - spacing of frames supporting the side plating, [m];
D - displacement of ship at draught T, [t].

The region in question extends between a section aft of amidships where the breadth at the load
waterline exceeds 0.9B and a section forward of amidships where the load waterline breadth
exceeds 0.6B and has been taken from the lowest ballast waterline to z= T + zo [m]; (zo = 0.25T but
not less than 2.3 m).

7.3.1.3 The thickness of the side plating in the forebody shall be checked additionally for
slamming pressure in compliance with the requirements of sub-chapter 7.4.2, if applicable.

7.3.2 Sheer Strake at Strength Deck

7.3.2.1 The breadth of the sheer strake shall not be less than that determined by the formula:
b=800+5Z, [mm] (7.3.2.1)

but need not exceed 1800 mm.

7.3.2.2 The thickness of the sheer strake within -0.25L¢ < x < 0.25L, shall not be less than that
determined by the formula:

(= % [mm] (7.3.2.2)
t1 - required side plating thickness, [mm];
t> - required strength deck plating thickness, [mm], where t; > t;.

7.3.2.3 The thickness of the sheer strake within x < -0.4L, and x = 0.4L, may be equal to that of
the side plating within this area. Between the midship portion of the ship (-0.25L¢ <x < 0.25L¢)
and the extreme portions (x < -0.4Lo and x = 0.4L,) the thickness varies linearly.

7.3.2.4 Where rounded sheer strake is applied at the strength deck, the curvature radius of cold
rolled plates shall not be less than 15¢ (¢ - plate thickness, [mm]).

7.3.2.5 Where end bulkhead of superstructure is located within -0.25L¢ < x < 0.25L¢ and the
superstructure deck forms part of the strength deck, the thickness of sheer strake shall be
increased by 30% on each side of this bulkhead, over the lengths not less than the height of the
lowest tier of the superstructure.

7.3.3 Stiffeners

7.3.3.1 The scantlings of the transverse side frames in cargo holds, cargo and deep tanks, ‘tween
decks, machinery space and peaks shall be determined in accordance with sub-chapter 13.5.
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‘Tween deck frames are the frames between the lowest deck or the lowest side stringers and the
uppermost superstructure deck between the collision bulkhead and the after peak bulkhead.

7.3.3.2 When calculating, in accordance with 13.5, the section modulus of main frames with
brackets at both ends, the following values of permissible stresses may be used:

s =185k when external sea pressure p is used;

o =165k when internal pressure p due to cargo, provisions and ballast is used.

These permissible stresses are applicable if effective brackets are fitted at both ends. The vertical
arm length of effective brackets shall not be less than:

0.12] - for the lower bracket,

0.071 - for the upper bracket (I - span of the main frame, [m]).

The length of vertical arm of the lower bracket shall be measured from the upper edge of the floor
plate.

Where the length I,, of the free edge of the bracket exceeds 40t (t — bracket thickness), a flange or
face plate of the width not less than 0.0671,, shall be fitted.

7.3.3.3 The section modulus of the main frame, calculated for end parts of the frame taking into
account the cross-sectional area of the respective end brackets, shall not be less than that required
in 13.5 with [ equal to the total span of frame (excluding the end brackets) and with bending
moment factor m equal to:

8 - for the lower end of the frame,

10 - for the upper end of the frame.

7.3.3.4 End brackets of main frames may be omitted, provided the frame is carried through the
supporting structures and the section modulus, determined in accordance with 13.5 assuming
the total span ], is increased by 50%.

7.3.3.5 The section modulus of the main frame shall not be less than that of the ‘tween deck
frame above.

7.3.3.6 Side frames supporting the hatch end beams shall be reinforced to withstand additional
bending moments from deck structure.

7.3.3.7 The section modulus of the ‘tween deck frames and peak frames shall not be less than

that determined by the formula:
L,
W=k ? [cm3] (7.3.3.7)

7.3.3.8 Side framing in the forebody shall be checked additionally for slamming pressure in
accordance with the requirements specified in sub-chapter 7.4.3, if applicable.

k1 =4.0 for ‘tween deck frames,
k1 =6.5 for peak frames.

7.3.3.9 The scantlings of the panting beams in the forepeak shall correspond to the
requirements specified in sub-chapter 13.7.4.

7.3.4 Tripping Brackets

When the span of frames exceeds 5 m or the flange width is less than 1/20 of the span, a tripping
bracket shall be fitted in the middle of the span. Within x> 0.35L,, except the fore peak, the
tripping brackets shall extend to the adjacent frame. The vertical distance between tripping
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brackets shall not exceed 2.5 m. The thickness of the bracket shall be equal to frame web thickness
or 10 mm, whichever is the lesser.

7.3.5 Simple Primary Supporting Members

7.3.5.1 The scantlings of the web frames and side stringers supporting the frames shall be
determined in accordance with sub-chapter 13.5.

7.3.5.2 Cross ties may be regarded as effective supports for web frames when:

— the cross tie extends from side to side, or

— the cross tie is supported by other structures which may be considered sufficiently rigid, or
— the load condition may be considered symmetrical with respect to the cross tie.

7.3.5.3 Cross ties regarded as effective supports for web frame may be taken into consideration
when determining the design span of the web frames, provided their arrangement meets the
following requirements:

— for web frames with one cross tie:

the cross tie is located (0.36 + 0.5) I,, from the lower end,
— for web frames with two cross ties:

the lower cross tie is located (0.21 + 0.3) I,, from the lower end and the upper cross tie is located
(0.53 + 0.58) 1, from the lower end of web frame (I, - span of web frame measured from the
floor to the deck beam, [m]).

Web frames with more than two cross ties or with cross ties not located as given above will be
specially considered by PRS.

The cross ties are assumed to be spaced evenly on side stringers.

7.3.5.4 Web frames in the machinery space and in peaks shall have the web height not less than
that determined by the formula:

h=21,/ [mm] (7.3.5.4)

The height h need not be greater than:
h=200/ [mm]

| - primary supporting member span, [m].

Primary supporting member flanges within the machinery space shall have a thickness not less
than 35/ [mm)].

Primary supporting member flanges shall have a thickness not less than 1/30 of the flange width
for symmetrical flanges and not less than 1/15 of the flange width when the flange is
asymmetrical.

7.3.5.5 In transverse framing structures - in the region forward of the collision bulkhead and
below the deck positioned above the summer waterline - horizontal side stringers shall be
arranged. The vertical spacing of these stringers shall not exceed 2 m.

The stringers shall be supported by rows of panting beams. The spacing of beams may be equal to
two frame spacings. Intermediate frames shall be connected to stringers by means of brackets.
Horizontal arms of brackets shall be of the length equal to at least half the breadth of the stringer
webs.
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Instead of panting beam rows, side web frames may be adopted. The spacing of the web frames shall
not exceed 3 m. In the case of longitudinal side framing, the spacing of web frames shall not exceed
24 m.

The required value of the moment of inertia I, of cross-section of panting beams (with effective
plate flange, if provided) shall be determined in accordance with 13.7.3. It may be also calculated
using the simplified formula:

I, =6k T1? [cm?] (7.3.5.5)

ki= ﬁ , however, not less than 1.0;

A - side plate area supported by the panting beam in question, [m?];
I - span of the panting beam, [m].

7.3.6 Complex Primary Supporting Member System

The scantlings of primary supporting members being part of a complex system may be required
to be based on direct stress analysis in accordance with the requirements specified in Chapter 14.

Chapters 18+25 cover cases applicable to various types of vessels for which the direct stress
analysis is required.

7.4 Strengthening of the Forebody
7.4.1 Application

The requirements of the present sub-chapter are applicable to all ships and cover the forebody
within z> T and x> 0.1 Lo, with regard to the wave impact pressure.

In general, only ships with length Lo > 100 m, greater service speed and large flare in the forebody
will require the strengthening to be provided.

7.4.2 Shell Plating

7.4.2.1 The thickness of the shell plating in way of the region in question shall not be less than
that determined in accordance with formula 6.7.2.1-1, with impact pressure p, determined in
accordance with 7.4.5.

7.4.2.2 Outside the bow region, the shell plating thickness shall be gradually reduced to the
value required outside this region.

7.4.3 Scantlings of Stiffeners

7.4.3.1 The section modulus and cross-sectional area of the stiffener web of side longitudinals
and transverse frames shall fulfil the requirements specified in 6.7.3 taking the value of p,
determined in accordance with sub-chapter 7.4.5.

7.4.3.2 Outside the bow region, the scantlings of the stiffeners may be gradually reduced to the
value required outside this region.

7.4.3.3 Tripping brackets (see 7.3.4) shall be applied where frame webs are not perpendicular
to the side plating.

7.4.4 Other Requirements

7.4.4.1 Webs of web frames, stem horizontal brackets, side longitudinal stringers, decks and
bulkheads in the forebody shall have a plate thickness not less than:
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65+0.15\/p,
Jk

pu« - pressure calculated in accordance with 7.4.5.

t +t,  [mm] (7.4.4.1)

For the remaining symbols, see 7.4.4.4.

7.4.4.2 The spacing of stiffeners on primary supporting member web plates or decks near the
shell plating shall not exceed:

s,=0.09¢ [m] (7.4.4.2)
t - thickness of deck plating or primary supporting member web in question, [mm].

7.4.4.3 The net section modulus of primary supporting members in the bow region (after
deduction of corrosion allowances) shall not be less than that determined by the formula:

2
. 0.152 bPy [emd] (7.4.4.3)

For symbols, see 7.4.4.4.

7.4.4.4 The web cross-section area at each end of a primary supporting member shall not be
less than that determined by the formula:

4 _0021bp,
k

s

+104, ¢, [cm?] (7.4.4.4)

pu — pressure determined in accordance with 7.4.5;

h, - primary supporting member web height [m];

| - primary supporting member span [m];

b - breadth of plating supported by a primary supporting member [m];
tk — corrosion addition (see 2.5) [mm];

k - material factor.

7.4.5 ImpactPressure

The design impact pressure acting on the forebody side plating shall be determined by the
formula:

2
p,=c(22+15tg a)(0.4 vsin 8+ 0.6,/ L, ) [kPa] (7.4.5-1)

¢ = 0.18(C,, —0.5h, ), however, not more than 1.0; (7.4.5-2)

Cw - wave coefficient - see Chapter 17;

ho - vertical distance of the point in question from the summer load waterline [m];

Lo - design length of the ship, but not more than 250 m;

a - flare angle measured in plane perpendicular to the waterline in the point in question - see Fig.

7.4.5;
f - angle measured in the plane of waterline with the point in question, between the centre

plane and the line tangent to the plating in the point in question - see Fig. 7.4.5.

The angle @ may be determined from the formula:

a, + a,
tgo=——- (7.4.5-3)

ZW
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for ai, az, zw - see Fig. 7.4.5.
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waterline —— > i 3

< [}

Fig. 7.4.5. Side plating flare angle

Note: If the values of a1 and a: differ considerably, the pressure pu shall be determined for several waterlines.
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8 DECKS
8.1 General
8.1.1 Application

8.1.1.1 The requirements of the present Chapter apply to deck and platform structures
according to the definition given in 1.2.4.

8.1.1.2 Additional requirements regarding the decks intended for ro-ro loading are specified in
Chapter 19.

8.1.1.3 On ships subject to SOLAS Convention, the applicable requirements of SOLAS II-1, Part
B concerning decks shall be complied with.

8.2 Structural Arrangement

8.2.1 Framing System

Dry cargo ships with the length Lo > 150 m shall have deck longitudinals in the strength deck clear
of hatchway openings. Transverse system of framing is preferably to be used in deck areas
between hatches.

8.2.2 Continuity of Longitudinal Members

When the strength deck is longitudinally stiffened, then:

— in ships with Lo < 50 m, the longitudinals may be cut at transverse members and welded
thereto over the full length of the ship;

— in ships with 50 m < Lo < 150 m, the longitudinals may be cut at transverse members; in
that case continuous brackets crossing the members and connecting the ends of the
longitudinals shall be fitted or the structure continuity shall be otherwise provided;

— in ships with Lo > 150, the longitudinals shall be continuous at all transverse members
within -0.25L0 < x < 0.25L;

— the longitudinals may be cut at transverse members and welded or connected to them by
brackets outside -0.25L¢ < x< 0.25Ly, irrespective of the ship’s length.

8.2.3 Deck Structure between Hatches

8.2.3.1 Where deck longitudinals are used in deck areas between hatches, the plate thickness
shall be increased or transverse buckling stiffeners shall be fitted intercostally.

8.2.3.2 Transverse beams shall be extended to the second longitudinal from the hatch side.
Where this is impracticable, stiffeners or brackets shall be placed intercostally in extension of
beams.

8.2.3.3 Stiffening of the upper plane part of a transverse bulkhead or the upper stool plating
shall be such that the necessary transverse buckling strength is achieved, where transverse
compressive loads, due to the transverse load imposed on the ship’s sides, are acting on the deck
(see also 8.4.1).
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8.3 Scantlings of Structural Members
8.3.1 Plating

8.3.1.1 The thickness of the deck and platform plating shall be determined in accordance with
13.2 and 13.4. In addition, the plating of decks forming boundaries of tanks shall comply with the
requirements for watertight bulkheads at heights corresponding to those at which the decks are
located.

8.3.1.2 The thickness of the stringer plate in way of the strength deck shall not be less than that
of the adjacent deck plating. If the end bulkhead of a superstructure with the deck being the
strength deck is located within -0.25L <x < 0.25L, the stringer plate thickness shall be increased
by 20% for a length of 3 m on each side of the superstructure end bulkhead.

8.3.1.3 The breadth of the stringers plate or strakes in way of longitudinal bulkhead subjected
to hull longitudinal bending, which shall be of steel grade B, D or E, shall not be less than that
determined by the formula:

b=800+5Z, [mm] (8.3.1.3)
but need not exceed 1800 mm.

8.3.2 Stiffeners

The scantlings of the beams and deck longitudinals of decks and platforms shall be determined in
accordance with the requirements specified in 13.5. Additionally, these scantlings shall comply
with the relevant requirements for stiffeners of watertight bulkheads in the case of decks and
platforms forming tank boundaries.

8.3.3 Scantlings and Arrangement of Deck Primary Supporting Members

8.3.3.1 The scantlings of such simple primary supporting members as: deck stringers, deck
transverses and hatchway end beams, as well as hatch coamings regarded as deck primary
supporting members, shall comply with the requirements specified in sub-chapter 13.6.

8.3.3.2 The requirements regarding the scantlings of hatch side cantilevers are specified
in 8.3.5.

8.3.3.3 Longitudinal primary supporting members in a deck or platform being the top of a tank
shall be arranged in line with the vertical primary supporting members of transverse bulkhead.

8.3.3.4 The flange area shall be atleast 1/7 of the sectional area of the web plate and the flange
thickness shall be at least 1/30 of the flange width.

8.3.3.5 Transverse primary supporting members shall be fitted in the lowest deck in the
machinery space in line with web frames. The depth of transverse primary supporting members
shall be at least 50% of the height of web frames, whereas the web thickness and face plate
scantlings shall be equal to the appropriate scantlings of the web frame.

8.3.4 Complex Primary Supporting Member Systems

The scantlings of primary supporting members being part of complex primary supporting
member systems may be required to be based on a direct stress analysis in compliance with the
requirements of Chapter 14. The requirements for stress analysis in deck primary supporting
members for various types of vessels are given in Chapters 18+25.
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8.3.5 Scantlings of Hatch Side Cantilevers

8.3.5.1 The requirements specified in sub-chapter 8.3.5 apply to the scantlings of hatch side
cantilevers, including web frames which may be regarded as simple primary supporting members
(see Fig. 8.3.5.1).

The stress analysis according to Chapter 14 shall be carried out where other structural solutions
are applied.
a) b) c)
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Fig. 8.3.5.1. Hatch side cantilevers
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8.3.5.2 For the purpose of the present sub-chapter, the following symbols have been used:

a, e —corner dimensions (see Fig. 8.3.5.1) [m];
b. - effective breadth of face plate [cm];

b - half of actual face plate breadth [cm];
1

P

@

- span of hatch side cantilever [m];
- concentrated force acting in way of intercrossing of the cantilever with the hatch coaming
due to the load acting on the hatch cover and on the transversely stiffened deck [kN];
Q - distributed load from cargo acting on longitudinally stiffened deck:

Q = plbo [kN];
bo - breadth of the loaded area equal to the spacing of cantilevers [m];
p - design pressure due to loading calculated in accordance with Chapter 16 [kPa];
Q = 0, for transversely stiffened deck;
u - distance of the considered cantilever cross-section from its end (see Fig. 8.3.5.1) [m].

8.3.5.3 The section modulus of a cantilever and web frame (sections A-A and B-B, see Fig.
8.3.5.1) shall not be less than:
W= %I(P+ 05Q) [cm3] (8.3.5.3)

8.3.5.4 The effective breadth of flange b. shall be determined as follows:
— for not rounded connection of the cantilever with the web frame (see Fig. 8.3.5.1 a, b):

b,=2b [cm] (8.3.5.4-1)
— for the rounded connection of the cantilever with the web frame (see Fig. 8.3.5.1 c):

b,=2Kb [cm] (8.3.5.4-2)
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K=1-k (1 2 ) 8.3.5.4-3
c+2 (8.3.54-3)
k1 - coefficient taken from Table 8.3.5.4;
c - coefficient determined from the formula:
b2
c= (8.3.5.4-4)
Rt
R - radius of curvature, [cm];
tm - theflange thickness; ¢, > % [cm] shall be taken.
Table 8.3.5.4
Values of k; coefficient
s/b k1
0<s/b<2 0.1s/b
2<s/b<4 0.1 (3s/b-4)
4<s/b<8 0.05 (s/b+12)

s - spacing of stiffeners according to Fig. 8.3.5.1, [cm].

8.3.5.5 The breadth of the effective flange of the deck and shell plating shall be taken as 0.41.
The assumed breadth shall not be greater than the spacing between the cantilevers and the
distance e (see Fig. 8.3.5.1).

8.3.5.6 The net sectional area of the cantilever web shall not be less than:

0.12

A== (P 0 j [cm?] (8.3.5.6)

8.3.5.7 The thickness of the corner web plate of web frame and cantilever connection in way of
the sections A-A and B-B, in Fig. 8.3.5.1, shall not be less than:

0012
——=(P+ 05Q) [mm] (8.3.5.7)

The corner web plate made in compliance with Fig. 8.3.5.1 (a) and (b) shall be additionally
strengthened if the dimensions a and e exceed 70t.

8.4 Additional Requirements

8.4.1 Transverse Strength of Deck between Hatches

In ships with large hatch openings, it shall be checked that the effective deck cross-section area
between hatches is sufficient to withstand the transverse load imposed on the ship’s sides.
Bending and shear stresses may also arise as the result of loading on the transverse bulkhead
adjacent to the deck area and also as the result of displacements due to torsion in the hull girder.
Reinforcements to reduce the additional stresses will be considered by PRS in each particular
case. The effective cross-section area of the deck structure between adjacent hatches is composed
of cross-sections areas of:

— deck plating,

— transverse beams,
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— transverse deck primary supporting members,

— hatch end beams (after special consideration),

— upper stool of transverse bulkhead,

— transverse bulkhead (plane or horizontally corrugated) down to base of top wing tank or to
0.15H from deck, whichever is the lesser.

Corrosion allowances shall be deducted when calculating the effective cross-section area.

The compressive stress shall not exceed 120k, [MPa] nor 80% of the critical buckling stress of the

deck, bulkhead and stool plating. The buckling strength of stiffeners and primary supporting

members shall also be checked.

8.4.2 Strengthening at Deck Break

The strengthenings at deck break will be specially considered by PRS in each particular case.
8.4.3 Supporting of Lifting Appliances

8.4.3.1 Masts and columns shall have effective supports and their design shall provide the
connection with at least two decks or with one deck and a masthouse of sufficiently strong
structure. Masthouses of a standard size and structure in general do not meet the above
requirement.

8.4.3.2 The deck shall be sufficiently stiffened and strengthened in those places where standing
rigging, guys and topping lifts are fitted.

8.4.3.3 Strengthening of the deck structure by primary supporting members, supported
additionally by pillars, if necessary, shall be provided under the longitudinal primary supporting
members of seatings of gear arranged on the deck. Those strengthenings will be specially
considered by PRS in each particular case.

8.4.4 Supporting of Windlasses

The strength of the supporting structure of windlasses shall be checked. The forces acting on
windlasses shall be determined in accordance with sub-chapter 6.3.7, Part VII - Machinery, Boilers and
Pressure Vessels.

8.5 Openingsin Decks
8.5.1 General

8.5.1.1 The width of the openings of single cargo hatches shall not exceed 0.6 of the ship’s
breadth in way of the opening. Where the opening breadth is greater and in the case of double and
triple hatches, the deck structure will be specially considered by PRS with particular attention
paid to the hatch corners and their strengthenings.

8.5.1.2 Openings in decks other than hatch openings shall comply with the following requirements:

— as far as practicable, the openings in the strength deck within -0.3L¢ < x < 0.3Lo and in ships
with large hatch openings in way of cargo holds shall be arranged between the hatches;

— the openings in strength deck between the ship’s side and line of hatch openings shall be well
clear of the hatch corners and side;

— the openings in the remaining areas and decks shall be sufficiently clear of the corners of hatch
openings and areas where increased stresses may occur;

— the requirements of sub-chapter 3.5 regarding the performance, arrangement and
strengthening of openings shall be complied with.

78 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 8 - Decks July 2024

8.5.2 Hatchway Corners

8.5.2.1 The shape of hatch opening corner within -0.3L¢ < x < 0.3L, shall fulfil the following
requirements:
— where a corner of circular shape is applied, its radius shall not be less than:

R= 0.03(1.5 +%j(31 ~b) [m] (8.5.2.1-1)

b - breadth of hatchway, [m];

B1 - breadth of the ship in way of the considered opening, [m];

a - longitudinal distance between adjacent hatchways (the width of "cross deck structure”
between hatchways), [m].

It may be taken that:
2<1 and 75<(B -b)<I15
’ (-9

— where a corner with double curvature is applied, the radius may be reduced, the amount of this
reduction being specially considered by PRS;

— where a corner of elliptical shape is applied, the transverse extension of curvature shall not be
less than that determined by the formula:

d, = 0.025(1.5+%](BI -b) [m] (8.5.2.1-2)

1

8.5.2.2 The radius of curvature in hatchway openings in the remaining areas of the strength
deck and the second deck located above 0.7H may be by 50% less than that calculated in
accordance with formula 8.5.2.1-1, however, it shall not be less than 0.2 m.

8.5.2.3 The radius of curvature in hatchway openings on decks and platforms other than those
specified above and on the upper deck in ships with Ly <40 m may be equal to 0.15 m.

8.5.3 Deck Strengthening in Way of Hatch Corners

8.5.3.1 Where hatch corners of circular shape are applied, the thickness of deck plates in
strength deck shall be increased by 25% in relation to the thickness required for this area.

8.5.3.2 Longitudinal extension of the thicker plating beyond the hatchway edge shall not be less
than 1.5R in fore and aft direction, whereas the transverse extension shall not be less than 2R (for
R - see formula 8.5.2.1-1).

8.5.3.3 The butt between the thicker plating at the hatch corner and the thinner plating in the
deck area between the hatches shall be located at least 100 mm inside the point at which the
curvature of the hatch corner terminates.

8.5.3.4 Where the difference between the normal thickness of deck plate between the
hatchways and the thickness of the strengthened plate exceeds 15 mm, a transition plate shall be
laid between the thin and thick plating. The quality of steel of the transition plate may be one
grade below that of the plating with increased thickness at the hatch corner.

8.6 Coamings
8.6.1 General

8.6.1.1 The requirements regarding the coaming heights are specified in Part Il - Hull
Equipment and are given separately for cargo hatches (sub-chapter 7.10.2), ventilating ducts (sub-
chapter 7.7), as well as companionways and skylights (sub-chapter 7.6).
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8.6.1.2 Continuous, as well as non-continuous longitudinal hatchway coamings, if extended by
continuous longitudinal deck primary supporting members, shall be made of steel of the same
strength as the deck structure.

8.6.1.3 The upper edges of the cargo hatchway coamings shall be smooth.
8.6.2 Structure of Cargo Hatchway Coamings

8.6.2.1 Vertical plates of longitudinal coamings shall be extended below the deck to the depth
equal to at least the depth of deck beam sections.

Where the longitudinal coaming does not form a part of primary supporting member structure,
its part located below the deck shall be extended by at least two frame spacings outside the hatch
end beams.

8.6.2.2 Where vertical plates of the hatch transverse coaming are not in line with the hatch end
beam, the considered plates shall be extended under the deck by at least three beam spacings
outside the longitudinal hatch coamings.

8.6.2.3 Where longitudinal coamings act as deck primary supporting members, they shall be
extended under the deck and duly connected to the hatch end beam. The diamond plates shall be
fitted in way of junction.

8.6.2.4 Ends of side coamings at the hatchway corners on strength deck shall be bent along the
corner curvature and butt welded to the transverse coamings or longitudinal and transverse
coamings shall be extended with use of brackets outside the corners.

The brackets shall provide a smooth transition of coamings to primary supporting members
under the deck.

8.6.2.5 Where the web plate of a hatch side coaming does not exceed 0.6 m in height, it shall be
stiffened with vertical stiffeners at each frame or at spacings of about 60 times the web thickness.
Tripping brackets shall be fitted on every second frame and the upper edge of the coaming shall
be strengthened by a horizontal stiffener.

8.6.2.6 Hatchway coamings extending 0.6 m and more above the deck shall be stiffened by a
horizontal stiffener not more than 0.25 m from the upper edge of the coaming. Where the coaming
length exceeds 3 m, coaming brackets shall be fitted at distances not exceeding two frame spacings
between the horizontal stiffener and the deck.

Strengthening of coamings with the height exceeding 0.9 m and the coamings of power operated
hatch covers will be specially considered by PRS in each particular case.

8.6.3 Scantlings of Hatchway Coamings

8.6.3.1 The scantlings of the coamings acting as deck primary supporting members or hatch
end beams shall comply with the requirements specified in 8.3.3.

8.6.3.2 Hatchway coamings of holds intended for ballast or liquid cargo shall satisfy the
requirements for the tank bulkheads specified in 9.3.

8.6.3.3 The vertical plate thickness of hatchway coamings in ships with the length LO > 60 m
shall not be less than 11 mm.

8.6.3.4 Stiffeners, brackets and coamings shall be able to withstand the local forces set up by
the clamping devices and/or the handling facilities necessary for securing and moving the hatch
covers, as well as mass forces from the cargo stowed on the hatch covers (see also Part III - Hull
Equipment, sub-chapter 7.10).
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8.6.3.5 When loading operations are to be performed by means of grabs, the requirements of
sub-chapter 26.4 shall be taken into account.

8.6.4 Ventilator Coaming

8.6.4.1 The thickness of the ventilator coamings situated on the freeboard deck and on the exposed
superstructure decks within x > 0.25L¢ shall not be less than that determined by the formula:

t=001d+5 [mm] (8.6.4.1)

d - internal diameter or the length of the greater side in the case of rectangular coaming, [mm].
The thickness t shall not be less than 7 mm and it need not exceed 10 mm.

The thickness of the coamings situated on the decks of the first tier in superstructures within
x<0.25L¢ may be reduced by 10% as compared to that required for the coamings on the freeboard
deck.

8.6.4.2 Where the thickness of the deck plating is less than 10 mm, the plate of the length and
breadth not less than twice the diameter or twice the length of the greater side of the coaming and
of thickness not less than 10 mm shall be provided in way of the coaming.

Where suitable connection between the coamings and deck structure is provided, the above-
mentioned plate is not required.

8.6.4.3 Where the ventilator coaming is higher than 900 mm, it shall be connected to the deck
by means of brackets.

8.6.5 Coamings of Companion-Hatches and Skylights

The structure of the coamings of companion-hatches and skylights shall be of the strength
equivalent to that of cargo hatches; the thickness of coamings shall not be taken less than 7 mm,
but need not be greater than that of the deck at the coaming.

8.7 Pillars

8.7.1 Arrangement and Attachment of Pillars

8.7.1.1 The pillar axis in ‘tween deck spaces and holds are normally to be fitted in the same
vertical line. Deck longitudinal and transverse primary supporting members in way of pillars shall
be strengthened.

8.7.1.2 A doubling plate on the inner bottom or deck plating under the heel of a pillar of more than
125 mm in diameter shall be fitted (if the end brackets of the pillar are not provided). The doubling
plate shall be welded continuously at its circumference. The thickness of the doubling plate shall
not be less than:

P
t=——+10 [mm 8.7.1.2
45 [mm] ( )
P - nominal axial force in the pillar according to 13.7 [kN].

The diameter of the doubling plate shall be by 6t greater than that of the pillar.

8.7.1.3 The ends of heavily loaded pillars and those exposed to considerable dynamic loads,
pillars of diameter exceeding 350 mm, as well as all pillars of non-circular cross-section shall be
fastened by means of brackets fitted above or under the deck, or in other equivalent way (conical
inserts), irrespective of doubling plates, so as to ensure transfer of load between the pillars and to
the structure of decks or inner bottom.
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8.7.2 Scantlings of Pillars
8.7.2.1 Cross-sectional area of a pillar shall be determined according to 13.7.

8.7.2.2 The thickness of the walls in tubular pillars shall not be less than that determined by the
formula:

t= d. +3.5 [mm] (8.7.2.2)

50

and shall not be less than 6 mm.

d,-outer diameter of the pillar, [mm)].

8.7.2.3 The web thickness of section-built pillars shall not be less than that determined by the
formula:

hS
t= m [mm] (8.7.2.3)

and shall not be less than 6 mm.

hs - height of the cross-section of the pillar web plate, [mm)].
8.7.3 Pillars in Tanks

8.7.3.1 Where the hydrostatic pressure may induce the tensile stress in pillars, the pillar
sectional area shall not be less than that determined by the formula:

A4,=0.07F,p, [cm?] (8.7.3.1)
F, - deckarea supported by pillars [m2];

pp - design pressure giving tensile stress in pillars [kPa].

8.7.3.2 Pillars in tanks shall be made of plates or open sections.

8.7.3.3 End brackets shall be fitted instead of end doubling plates specified in paragraph 8.7.1.2.
8.8 Helicopter Decks

8.8.1 General Requirements

8.8.1.1 The requirements specified in the present sub-chapter apply to ships with helicopter
landing areas on weather decks or special platforms.

8.8.1.2 Plans showing the arrangement, scantlings and details of the helicopter deck shall be
submitted to PRS for approval. The arrangement plan shall show the overall size of the helicopter
deck and the designated landing area.

If helicopter(s) are intended to be stowed on the helicopter deck, the stowage area and the
arrangement of equipment securing helicopter(s) to the deck shall be indicated on the
arrangement plan.

Also helicopter’s technical specification necessary for the calculation of helicopter deck strength
such as: maximum weight, span of wheel axes, dimensions of wheel prints, the rotor diameter,
shall be provided.
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8.8.1.3 The diameter of the landing area shall not be smaller than 4/3 of maximum rotor
diameter of the helicopter to land.

8.8.1.4 The surface of the helicopter deck shall be covered with anti-slippery coating. Decks
covered with wood shall be protected against fire.

8.8.1.5 As regards helicopter decks on special platforms, the security nets shall be provided
around these platforms.

8.8.1.6 Asregards helicopters with landing gear other than wheels - the values of local design
loads will be specially considered by PRS.

8.8.1.7 Where justified, corrosion additions shall be taken into account. The value of corrosion
additions will be specially considered by PRS.

8.8.1.8 It is recommended that the surface of the helicopter deck should be provided with an
appropriate drainage system at the perimeter, taking into account the use of fire-fighting systems
and possibility of fuel leakage.

8.8.2 Design Loads

8.8.2.1 The following design loads acting separately on the landing shall be taken into account:

.1 overall distributed loading: a minimum distributed loading of 2 kPa shall be taken over the
entire helicopter deck;

.2 helicopter landing impact loading: aload of not less than 150% of the helicopter maximum
take-off weight shall be taken on two wheel print areas not greater than 0.3 m x 0.3 m;

.3 where the helicopter deck is arranged on decks of deckhouses or superstructures and the
spaces below are normally manned (accommodation spaces, control room, etc.), the
impact loading specified above shall be increased by 15%;

4 stowed helicopter loading: local loading equal to the manufacturer’s recommended wheel
loadings at the helicopter maximum take-off weight, increased by a dynamic amplification
factor based on the predicted motions of the ship on waves determined according to
16.4.4;

.5 additionally, if applicable, the loading of 0.5 kPa representing snow or ice shall be taken
into account.

8.8.2.2 When calculating the helicopter deck primary supporting members and structural
elements supporting the deck (frame members, truss supports etc.), the structural weight of the
helicopter deck shall be taken into account by adding suitable values to loadings specified in
8.8.2.1.1,8.8.2.1.2 and 8.8.2.1.3.

8.8.2.3 Calculations of structural elements shall take into account also wind loadings and wave
impact loadings on helicopter decks, where the analysis discloses possibility of their occurrence.

8.8.2.4 The helicopter deck shall be designed for helicopter landings at any location within the
designated landing area.

8.8.3 Structure of Helicopter Deck on Special Platforms

8.8.3.1 The thickness of the helicopter deck loaded with overall distributed loading shall be
taken not less than the thickness calculated from formula 13.4.2.1-1, where oshall be taken equal
to 140k [MPa]. Additionally, the requirements regarding minimum thickness, specified in 13.2.4,
shall be complied with.
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8.8.3.2 The thickness of the helicopter deck determined for wheels loadings shall be taken not
less than the thickness calculated in accordance with formula 19.4.2, where value of factor K; shall
be taken equal to 1.075.

8.8.3.3 The scantlings of helicopter deck primary supporting members and structural elements
supporting the deck shall be determined on the basis of direct calculations taking into account the
requirements specified in 14.3.

The scantlings of the helicopter deck beams resulting from the loading determined in 8.8.2.1.1
may be determined in accordance with 13.5, where o shall be taken equal to 140k [MPa].

The scantlings of the helicopter deck beams resulting from the loading determined in accordance
with 8.8.2.1.2 and 8.8.2.1.3 shall be determined on the basis of direct calculations, taking into
account the requirements specified in 14.3.

The values of allowable stresses are specified in Table 8.8.3.3.

Table 8.8.3.3
Values of allowable stresses in structural elements of helicopter decks [MPa]
Structural elements
Loading
beams primary supporting members, pillars, supporting members
acc.to0 8.8.2.1.1 o=140k o= 120k, but not more than 0.6 o¢, 7= 70k, oe = 140k,
acc.to 8.8.2.1.2 o=225k o =190k, but not more than 0.90¢, 7= 110k, o. = 210k,
=110k
Oe = 235k
acc.to 8.8.2.1.3 o=195k o =170k, but not more than 0.90¢, 7= 100k, o = 190k
=100k
oe =210k

Notes:

1. oc in Table 8.8.3.3 means the values of critical buckling stresses of pillars, struts or other elements subjected to
compression stresses calculated according to the requirements of Chapter 13.

2. Equivalent stresses shall be calculated according to formula 14.4.6. Where beam models are applied for direct
calculations, oy = 0 shall be taken.

8.8.3.4 The arrangement of helicopter deck primary supporting members and structural
elements supporting the deck shall be adapted to the ship’s hull structure. If necessary, the hull
structure shall be provided with additional supports or shall be suitably strengthened.

8.8.4 Structure of Helicopter Deck on Weather Decks

Where the helicopter deck is a part of a weather deck, its structure is subject to PRS consideration
in each particular case.
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9 BULKHEADS
9.1 General

9.1.1 Application

The requirements of the present Chapter apply to bulkhead structures and their arrangement
according to the definition given in 1.2.5.

On ships subject to SOLAS Convention, the applicable requirements for the arrangement and
construction of bulkheads, the requirements for bulkhead openings and the requirements for
tightness and strength test of bulkheads, contained in SOLAS II-1, Part B-2, shall also be met.

The explanatory notes of IMO MSC.429(98)/Rev.2 shall be taken into account when considering
the watertight bulkheads.

9.1.2 Definitions

Lr = L - shiplength defined in 1.2.2, [m].

Tr - ship draught equal to 0.85H, [m].

Hr - theleast moulded depth measured to the freeboard deck, [m].
or - hull block coefficient corresponding to Tr draught:

- 9.1.2
F L, BT, (9.1.2)
FPr - fore perpendicular defined for Lr waterline.
hy - height of superstructure, [m].
Vr - moulded volume of submerged part of the ship corresponding to Tr draught, [m].

9.2 Subdivision
9.2.1 General Requirements

9.2.1.1 Therequirements of Part IV - Stability and Subdivision applicable to subdivision of a hull
into watertight compartments shall be complied with.

9.2.1.2 The following transverse watertight bulkheads shall be fitted in all ships:

— collision bulkhead,

— after peak bulkhead,

— bulkheads at each end of the machinery space (the aft bulkhead of this space may also act as
an after peak bulkhead) - see resolution MSC.429(98)/Rev.2 - Revised Explanatory Notes to the
SOLAS Chapter II-1 Subdivision and Damage Stability Regulations”.

— bulkheads shall be fitted separating the machinery space from cargo and accommodation
spaces forward and aft and made watertight up to the bulkhead deck of passenger ships and
the freeboard deck of cargo ships. An afterpeak bulkhead shall also be fitted and made
watertight up to the bulkhead deck or the freeboard deck. The afterpeak bulkhead may,
however, be stepped below the bulkhead deck or freeboard deck, provided the degree of safety
of the ship as regards subdivision is not thereby diminished.

For ships without longitudinal bulkheads, the total number of watertight transverse bulkheads
shall not be less than that given in Table 9.2.1.2.

The distance between the adjacent bulkheads shall not exceed 30 m; an increase in this distance
will be specially considered by PRS in each particular case.
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After special consideration, by PRS, of the hull arrangement and strength, the number of watertight
bulkheads may be reduced. Special requirements regarding the number and arrangement of
watertight bulkheads, including the requirements of international conventions concerning the
number and arrangement of watertight bulkheads, may be applied to particular types of ships.

Table 9.2.1.2
Number of transverse watertight bulkheads

Ship length Lr, Machinery space
[m] Aft1) Elsewhere

1 2 3

Lr <65 3 4

65< Lr <85 4 4

85< Lr £105 4 5

105< Lr £125 5 6

125< Lr <145 6 7

145< Lr <165 7 8

165< Lr <190 8 9

190 < Lr <225 9 10
Lr > 225 upon agreement with PRS

1) The after peak bulkhead forms the after boundary of the machinery space.
9.2.2 Collision Bulkhead

9.2.2.1 A collision bulkhead shall be fitted which shall be watertight up to the bulkhead deck of
passenger ships and the freeboard deck of cargo ships.

For passenger ships, the collision bulkhead shall be situated in accordance with the requirements
specified in 19.1.5.4 + 19.1.5.6.

9.2.2.2 The distance I. from the perpendicular FPr to the collision bulkhead shall be taken
between the following limits:

I, -1, <1 <1, ~1, (9.2.2.2)

— 11 =0.05Lr or 10 m, whichever is the lesser;
— 13 =0.08Lr or 0.05 Lr + 3 [m], whichever is the greater;

where :

— for ships with ordinary bow shape:
Ir = 0
— for ships having any part of the underwater body extending forward of FPy, I, shall be taken as
the smallest of:

1,=0.51, [m],
I, =0.015 Lr [m],
I, =3.0 [m],

where [, is determined as shown in Fig. 9.2.2.2.
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Fig. 9.2.2.2. Position of the collision bulkhead
9.2.2.3 Steps or recesses in the collision bulkhead are also covered by the above requirements.

9.2.2.4 Where bow doors are fitted and a sloping loading ramp forms part of the extension of
the collision bulkhead above the bulkhead deck of passenger ships and the freeboard deck of cargo
ships the ramp shall be weathertight over its complete length.

In cargo ships the part of the ramp which is more than 2.3 m above the freeboard deck may extend
forward of the limit specified in 9.2.2.2 (see Fig. 9.2.2.4).

Ramps not meeting the above requirements shall be disregarded as an extension of the collision
bulkhead.

Freeboard
deck

P e

Fig. 9.2.2.4. Collision bulkhead with a ramp

9.2.2.5 Upon agreement with PRS, the distance of the collision bulkhead from FPr may be
increased with respect to that determined in accordance with 9.2.2.2 if damage waterline is in
each case below the freeboard deck after flooding the forepeak.

9.2.2.6 No doors, manholes, access openings, ventilation ducts or any other openings shall be
fitted in the collision bulkhead below the bulkhead deck of passenger ships and the freeboard deck
of cargo ships (see resolution MSC.421(98), Annex, Part B-2, Regulation 12.6.1 and 12.6.2).

9.2.2.7 The number of openings in the extension of the collision bulkhead above the freeboard
deck shall be restricted to the minimum compatible with the design and normal operation of the
ship. All such openings shall be capable of being closed weathertight.

Polish Register of Shipping 87




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part I - Hull, Chapter 9 - Bulkheads

9.2.3 Vertical Extent of Watertight Bulkheads

9.2.3.1 All watertight bulkheads shall extend to the bulkhead deck of passenger ships and
freeboard deck of cargo ships. The afterpeak bulkhead may, however, be stepped below the
bulkhead deck or freeboard deck, provided the degree of safety of the ship as regards subdivision
in not thereby diminished.

9.2.3.2 For ships with a continuous deck below the freeboard deck and where the draught is
less than the depth to the second deck - all bulkheads, except the collision bulkhead, may
terminate at the second deck. In such cases, however, the engine casing between the second and
upper deck shall be arranged as a watertight structure and the second deck shall be watertight
outside the casing above the engine room.

9.2.3.3 Where a long forward superstructure is fitted, the collision bulkhead shall be extended
weathertight to the deck next above the bulkhead deck of passenger ships and the freeboard deck
of cargo ships. The extension need not be fitted directly above the bulkhead below provided that
all parts of the extension, including any part of the ramp attached to it are located within the limits
prescribed in 9.2.2.2. with the exception permitted by 9.2.2.4 and that the part of the deck which
forms the step is made effectively weathertight. The extension shall be so arranged as to preclude
the possibility of the bow door or ramp, where fitted, causing damage to it in the case of damage
to, or detachment of, a bow door or any part of the ramp.

9.2.4 Cofferdams

9.2.4.1 Cofferdams shall be arranged to separate:

— fuel tanks of fuel flash point lower than 43°C from accommodation, service and cooled spaces;

— fuel tanks from fresh water tanks lubricating oil and vegetable oil tanks;

— oil tanks from accommodation, service and cooled spaces, as well as fuel and fresh water tanks;

— cargo and slop tanks for fuel of flash point lower than 43°C from service spaces, machinery
spaces and boiler rooms, general cargo holds;

— vegetable oil tanks from fuel, lubricating oil and fresh water tanks;

— fresh water tanks from fuel, lubricating oil and vegetable oil tanks.

The width of vertical cofferdams shall not be less than 0.6 m and the height of the horizontal
cofferdams not less than 0.7 m, unless specified otherwise. Cofferdams shall be accessible to survey
and repairs. The cofferdam forward of the collision bulkhead (forepeak) is not considered as
cofferdam.

9.2.4.2 Inships of 400 tonnes gross tonnage and above, compartments forward of the collision
bulkhead shall not be used for the carriage of oil or other flammable liquids.

9.2.5 Minimum Bow Height

The minimum bow height shall be determined according to Appendix 7, Part IV - Stability and
Subdivision.

9.2.6 Construction of watertight bulkheads

9.2.6.1 Each watertight subdivision bulkhead*, whether transverse or longitudinal, shall be
constructed having scantlings as specified in subchapter 1.2 (SOLAS 1I-1/2.17). In all cases, watertight
subdivision bulkheads shall be capable of supporting at least the pressure due to a head of water up
to the bulkhead deck of passenger ships and the freeboard deck of cargo ships. (SOLAS 11-1/10.1)

*  Explanatory notes — see MSC.429(98)/Rev.2.
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9.2.6.2 Steps and recesses in watertight bulkheads shall be as strong as the bulkhead at the
place where each occurs. (SOLAS 11-1/10.2)

9.2.6.3 Where openings are provided in watertight bulkheads, they shall be provided with
appropriate closures meeting the applicable requirements specified in sub-chapter 7.9, Part 1] -
Hull Equipment.

9.3 Structural Arrangement
9.3.1 General Requirements

9.3.1.1 The peak tanks shall have centre line wash bulkheads when the breadth of the tank
exceeds 2/3B.

9.3.1.2 In ships with machinery space situated amidships, a watertight shaft tunnel shall be
arranged. The shaft tunnel may be omitted in ships of restricted service - mark II or III in the
symbol of class, provided the shafting is otherwise effectively protected. Bearings and stuffing
boxes shall be accessible.

9.3.1.3 In all cases stern tube shall be enclosed in watertight space of moderate volume. In
passenger ships the stern gland shall be situated in a watertight shaft tunnel or other watertight
space separate from the stern tube compartment and of such volume that, if flooded by leakage
through the stern gland, the bulkhead deck will not be immersed. In cargo ships other measures
to minimize the danger of water penetrating into the ship in case of damage to stern tube
arrangements may be considered by PRS in each particular case (see MSC.429(98)/Rev.2 -“Revised
Explanatory Notes to the SOLAS Chapter II-1 Subdivision and Damage Stability Regulations”).

Moving parts penetrating the shell plating below the deepest subdivision draught shall be fitted
with a watertight sealing arrangement acceptable to PRS. The inboard gland shall be located
within a watertight space of such volume that, if flooded, the bulkhead deck of passenger ships
and the freeboard deck of cargo ships will not be submerged. PRS may require that if such
compartment is flooded, essential or emergency devices must remain available in other parts of
the ship.

9.3.2 Structure of Longitudinal Bulkheads

Within - 0.25Lo <x < 0.25Lo, in the areas 0.15H above the bottom and 0.15H below the strength
deck, continuity of the bulkhead longitudinals shall be such as is required for the bottom and deck
longitudinals, respectively.

9.3.1 Corrugated Bulkheads

9.3.2.1 Transverse and longitudinal tank and hold bulkheads may be corrugated.

The lower and upper parts of longitudinal bulkheads shall be plane for a distance not less than
0.13H measured from the bottom and deck, respectively.

The transverse corrugated bulkheads with vertical corrugations shall be plane for a distance not
less than 0.08B measured from the ship sides.

Horizontal primary supporting members shall be applied where span of a vertical member in
a corrugated bulkhead exceeds 15 m.

9.3.2.2 Design spacings of stiffenings in corrugated bulkheads are assumed as follows (see Fig.
9.3.3.2):
— for plate thickness calculation, the greater of the values:
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s=1.05s2 or s=1.05s3, [m] - in general,
S =5, or s =53, [m] - where the web plates are perpendicular to the attached plating;
— s=s; for section modulus calculations.

-« -] X |
Fig. 9.3.3.2. Corrugated bulkhead

9.4 Scantlings of Structural Members

9.4.1 Plating

9.4.1.1 The thickness of the plating in watertight, wash and tank bulkheads shall be determined
in accordance with the requirements specified in 13.2 and 13.4.

9.4.1.2 The plating thickness of the after peak bulkhead shall be increased in way of shaft
stuffing box.

9.4.1.3 Unless buckling strength is proved satisfactory by the direct stress analysis, the
following requirements apply to corrugated bulkheads:

S
(=—2_ [mm] if —=05 (9.4.1.3-1)
0.05 5,
s 5
t=—2 [mm] if —=210 (9.4.1.3-2)
0.07 s,

(for s1, s2 - see Fig. 9.3.3.2).

The minimum required values of thickness t for intermediate values s, /s3 shall be obtained by
linear interpolation.

Where section modulus of corrugated bulkhead is greater than the required value, the bulkhead
thickness may be reduced by multiplying the required thickness by the following factor:

w ired
LALL L (9.4.1.3-3)
W actual

9.4.1.4 The plating thickness of a wash bulkhead may be required to be based on the reaction
forces imposed on the bulkhead by the adjacent structures.

9.4.2 Stiffeners

9.4.2.1 The scantlings of the vertical and horizontal stiffeners and of the elements of corrugated
bulkheads shall be determined in accordance with 13.5.

9.4.2.2 Stiffeners transferring the axial compression loadings shall comply with the requirements
specified in sub-chapter 13.7.3.

9.4.2.3 Incargo holds intended for the carriage of bulk cargo or ballast, the scantlings of vertical
corrugations of corrugated bulkheads or structural members of double plane transverse
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bulkheads, having unsupported spans (from bottom to deck) shall be determined from stress
analysis, taking into account the reactions from the double bottom and deck structures.
The above requirement covers also the box structures (stools) applied at bottom or deck.

9.4.3 Simple Primary Supporting Members

The scantlings of the horizontal and vertical primary supporting members in longitudinal and
transverse bulkheads shall be determined in accordance with the requirements specified in 13.6.
Where the bulkhead primary supporting members transfer the axial compression loadings, the
scantlings of their members shall comply with the requirements specified in sub-chapter 13.7.3.

9.4.4 Complex Primary Supporting Member Systems

The scantlings of the bulkhead primary supporting members being part of complex primary
supporting member systems may be required to be based on a stress analysis in accordance with
the requirements specified in Chapter 14. Cases where the stress analysis for bulkhead primary
supporting members is necessary are specified for various types of ships.

9.5 Additional Requirements
9.5.1 Shaft Tunnel

9.5.1.1 The scantlings of the shaft tunnel primary supporting members shall comply with the
requirements applied to bulkheads, but the thickness of the curved top plating may be taken as
90% of that required for the plane plating with the same stiffener spacing.

9.5.1.2 If ceiling is not fitted on the tunnel top plating under dry cargo hatchway openings, the
thickness shall be increased by 2 mm.

9.5.2 Supporting Bulkheads

9.5.2.1 Bulkheads supporting decks shall be regarded as pillars and shall comply with the
requirements specified in sub-chapter 13.7.3. The radius of gyration of the stiffener cross-section
shall be calculated including the effective flange width of bulkhead plating equal to 40t (t -
bulkhead plate thickness).

9.5.2.2 The plate thickness shall not be less than 7.5 mm in the hold and 6.5 mm in ‘tween decks.

9.5.2.3 The depth of corrugations on corrugated bulkheads shall not be less than 150 mm in
holds and 100 mm in ‘tween decks.

9.5.3 Construction of Watertight Decks, Tunnels, Duct Keels and Ventilators

9.5.3.1 Watertight decks, trunks, tunnels, duct keels and ventilators shall be at least of the same
strength as watertight bulkheads at corresponding levels.

9.5.3.2 Watertight ventilators and trunks shall be carried out at least up to the bulkhead deck
in passenger ships and up to the freeboard deck in cargo ships.

9.5.3.3 Where a ventilation trunk passing through a structure penetrates the bulkhead deck,
the trunk shall be capable of withstanding the water pressure that may be present within the
trunk in assumed damage conditions (according to Part IV - Stability and Subdivision) after having
taken into account the maximum heel angle allowable during intermediate stages of flooding.
Where the ventilation trunk scantlings are analogous to the scantlings of watertight bulkheads,
such structure is considered as having sufficient strength.
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10 SUPERSTRUCTURES
10.1 General

10.1.1 Application

The requirements specified in the present Chapter apply to superstructure end bulkheads,
deckhouse sides and ends, casings and bulwarks.

Sides of superstructures are covered by the requirements specified in Chapter 7, whereas decks
of deckhouses and superstructures are covered by the requirements specified in Chapter 8.

10.1.2 Explanations
Long deckhouse - deckhouse having not less than 0.2L of its length within 0.4L, amidships.
Short deckhouse - deckhouse that cannot be defined as a long deckhouse.

Tier — space between the successive decks of a superstructure or deckhouse; tiers are counted
from the upper deck.

10.1.3 Definitions

I - stiffener span [m], determined in accordance with the requirements specified in 3.2.1;
s - stiffener spacing [m];
p - design pressure [kPa].

10.2 Structural Arrangement
10.2.1 Structural Continuity

10.2.1.1 In superstructures and deckhouses, particularly those situated aft, the front bulkhead
shall be in line with a transverse bulkhead below the deck or shall be supported by a combination
of partial transverse bulkheads, girders and pillars. The after end bulkhead shall also be effectively
supported. As far as practicable, exposed sides and internal longitudinal and transverse walls shall
be located in line with tank bulkhead or girders in the hull structure and shall be in line in
successive tiers of erection. Where such structural arrangement in line is not possible, other
effective support shall be applied.

10.2.1.2 Sufficient transverse strength and stiffness of superstructures and deckhouses shall be
provided by means of transverse bulkheads or girder structures at spacings not exceeding 10 m.

10.2.1.3 Where sides of the superstructure are in line with ship’s sides, the plating of the sides
shall be extended beyond the end bulkhead of the superstructure and shall transit smoothly to the
sheer strake. The transition shall be free of local discontinuities. A substantial stiffener shall be
fitted at the free edge of plating or below it at a distance not more than 50 mm from the extended
side plating of the superstructure. The plating shall also be additionally stiffened.

In general, openings shall not be located in the extended superstructure plating. The
superstructure plating shall not be connected with the bulwark.

10.2.1.4 Openings in the sides of long deckhouses shall have well rounded corners. Horizontal
stiffeners shall be fitted at the upper and lower edge of window openings.

Door openings in the sides shall be stiffened along the edges. Plate panels below and above the
doors shall be continuous and their thickness shall be increased.
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10.2.1.5 Cross-sectional area of welds connecting deckhouse corners with deck plating shall be
increased with respect to that normally required.

Corners of long deckhouses situated on the strength deck shall have radius of curvature calculated
by the formula:

R=0027, [m] (10.2.1.5)

I, - length of deckhouse, [m].
The assumed value of R need not be greater than 1.4 m.

10.2.1.6 If sides of long deckhouses are not in line with longitudinal bulkheads or girders, but
are supported by deck beams only, then deck girders shall be fitted in line with deckhouse sides.
The girders shall extend three frame spaces forward and aft beyond the deckhouse ends. The
depth of the girders shall not be less than that of the deck beams plus 100 mm. The girder depth
at its ends may be equal to the depth of the deck beams.

10.2.1.7 Deck beams under fore and aft ends of deckhouses shall not be scalloped in way of
deckhouse corners.

10.2.2 Additional Requirements

10.2.2.1 Companionways situated on exposed decks shall be efficiently stiffened in accordance
with the requirements for deckhouses.

10.2.2.2 Adequate strengthening of sides and decks in deckhouses shall be provided in those
places where life boats, boat davits, masts, hoisting winches are situated, as well as in other places
where excessive local loads are likely to occur.

10.2.2.3 Flexible seating for superstructures and deckhouses is subject to PRS consideration in
each particular case.

10.3 Scantlings of Structural Members

10.3.1 Wall Plating

10.3.1.1 The plating thickness of exposed end bulkheads of superstructures and deckhouses, as
well as of exposed sides of deckhouses resulting from lateral external pressure shall not be less
than that determined by the formula:

t:18k0,s\/Z [mm] (10.3.1.1)
o

ks — tobedetermined asin 13.4.2.1;

p - seel0.4;

o = 160k [MPa].

10.3.1.2 The final plate thickness of superstructures and deckhouses walls shall not be less than:
— for the lowest tier:

t=5+0.01L, [mm] (10.3.1.2-1)

but need not be greater than 8 mm;
— for the other tiers:

t=4+0.01L, [mm] (10.3.1.2-2)

however, not less than 5 mm and need not be greater than 7 mm.
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For ships with Ly < 65 [m], the minimum thickness of plating should be as follows:
— for the lowest unprotected front:

t=5 [mm] (10.3.1.2-3)
— for the other cases:

t=4 [mm] (10.3.1.2-4)

10.3.1.3 The thickness of deckhouse plates need not exceed that required for the side plating in
a superstructure in the same area.

10.3.2 Wall Stiffeners

10.3.2.1 The section modulus of the stiffeners of end bulkheads of superstructures and
deckhouses and in deckhouse sides shall not be less than:

2
_1007%sp 1em3) (10.3.2.1)

(2

w

see 10.4;
= 160k [MPa] - for longitudinal and vertical stiffeners, in general,
o = 90k [MPa] - for longitudinals at strength deck in long deckhouses amidships; the value of cmay

be increased linearly to 160k at the first tier deck and at the end parts of the ship,
L s - see10.1.3.

QT
I

10.3.2.2 The scantlings of side stiffeners in superstructures need not be greater than those
required for ‘tween deck frames with the equivalent connection of stiffener ends.

10.3.2.3 Stiffeners of fore end bulkheads shall be connected to deck at both ends with a
connection area not less than:

0071sp
Ap :T [sz] [10.3.2.3)

p - seel04,
s - seel10.1.3.

Stiffeners of side walls and aft end bulkheads in the lowest tier of erections shall have end
connections as brackets or shall be welded to the decks.

10.3.3 Casings

10.3.3.1 The plating thickness in the protected casings shall not be less than:
— in way of cargo holds:

t=85s but t>6 [mm] (10.3.3.1-1)
— in way of accommodations:
t=6.5s but t>5 [mm] (10.3.3.1-2)
10.3.3.2 The section modulus of stiffeners shall not be less than:
w=3/"s [cm3] (10.3.3.2)
I - length of stiffeners, however 1> 2.5 [m],

s - stiffeners spacing [m].

10.3.3.3 Casings supporting one or more decks shall be adequately strengthened and the
scantlings of stiffeners shall comply with the requirements specified in sub-chapter 13.7.3.
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10.3.4 Aluminium Alloy Superstructures

10.3.4.1 The strength of the aluminium alloy superstructures and deckhouses shall be
equivalent to that required for steel structures. Connections of steel and aluminium alloy
structures shall be made in accordance with the requirements specified in sub-chapter 4.4.

10.3.4.2 Engine and boiler room casings, as well as decks with accommodation and service
spaces located above the machinery space and holds shall be made of steel.

10.4 Design Loads on Walls

10.4.1 Design sea pressure p acting on the exposed end bulkheads of superstructures and
deckhouses, as well as side walls of deckhouses shall be determined in accordance with the
requirements specified in Chapter 16.

10.4.2 Design pressure p assumed for calculations of fore end bulkheads of the lowest tier of
superstructures and deckhouses shall not be less than that determined by the formula:

p=125+005L [kPa] (10.4.2-1)

Design pressure p assumed for the remaining tiers shall not be less than that determined by the
formula:

p=625+0025L [kPa] (10.4.2-2)
L1 = Lo, however, not more than 250 m.

10.4.3 The design pressure for the exposed side walls of deckhouses shall not be less than that
determined in accordance with formula 10.4.2-2.

10.4.4 The design pressure for the exposed aft end bulkheads of superstructures and
deckhouses shall not be less than that determined in accordance with formula 10.4.2-2.

10.5 Bulwarks
10.1.1 General Requirements

10.5.1.1 The requirements concerning location and height of bulwarks are specified in sub-
chapters 9.5 and 14.6, Part IIl - Hull Equipment.

10.5.1.2 In ships with the length Lo > 90 m, the design of the bulwark structure shall preclude
it from taking part in the general bending of the hull.

10.5.1.3 Where, in some place, the bulwark is welded to the sheer strake, the smooth transition
with a radius of atleast 100 mm between the bulwark plating and the sheer strake shall be maintained.

10.5.1.4 Sufficient provision shall be made for freeing the decks from water, particularly in
areas where bulwarks and superstructures form wells.

10.5.2 Bulwark Thickness

10.5.2.1 If the bulwarks are of Rule height, their thickness shall not be less than:
t=0.065L,+1.75 [mm] for Lo<60m (10.5.2.1-1)

t=0.025L, +4.00 [mm] for Lo>60m (10.5.2.1-2)
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The thickness of bulwark plate shall not be less than 3 mm and need not be greater than 8 mm
and not greater than that required for the side plating in superstructures.

10.5.2.2 Where the height of a bulwark is 1.8 m and more, the thickness of bulwark plates shall
comply with the requirements of 10.3 for side plating in superstructures. The thickness of bulwark
plates may be determined by linear interpolation when the height of a bulwark is greater than the
Rule value and less than 1.8 m.

10.5.2.3 The thickness of the bulwark plates in superstructures in way of x < 0.25Ly, as well as
of superstructures and deckhouses of the second tier and the tiers above may be decreased by 1 mm.

10.5.3 Stiffening and Bulwark Rails

10.5.3.1 The upper edge of the bulwark shall end with a rail made of adequate firm section, the
thickness of which is at least 1 mm greater than that of the bulwark plating.

10.5.3.2 The lower edge of the bulwark in way of a gap between the bulwark and the sheer
strake shall be strengthened by a longitudinal stiffener or a flange.

10.5.4 Arrangement of Stays

10.5.4.1 The bulwark shall be supported by stays spaced not more than 1.8 m. In the fore part
of the ship for x > 0.43L,, spacings between stays shall be decreased to 1.2 m. Where the flare is
large and in ships intended for the carriage of timber on deck, spacings between stays are subject
to PRS consideration in each particular case.

10.5.4.2 The stays shall be in line with beams, brackets or additional deck stiffeners.
10.5.5 Scantlings and Structure of Stays

10.5.5.1 Where the bulwark heightis 1 m, the width of the lower end of a stay, measured along
the connection with the deck, shall not be less than:

b=(0.65L, +190)/s [mm] (10.5.5.1)

but need not exceed 360 mm.

s - spacing between stays, [m]; in ships carrying deck cargo and in the fore part of the ship, s =
1.8 m shall be taken for calculations, irrespective of a real spacing between stays.

Outside the bow region, where bulwark is welded to the sheer strake, b may be reduced by 20%.
Where the height of the bulwark exceeds 1 m, the width b shall be increased in proportion to the
bulwark height.

10.5.5.2 The thickness of the stays shall be 1 mm greater than that of the bulwark plating.

10.5.5.3  Stays shall have flanges or flat bars welded to free edges. The width of a flat bar shall
not be less than 60 mm, but it shall not exceed 90 mm. Flanges (flat bars) and stiffeners
strengthening the lower edge of the bulwark shall not be welded to the deck.

10.5.5.4 Dimensions of the lightening holes in stays shall not exceed half the stay width in any
cross-section.

10.5.5.5 The thickness of the stays in way of bulwark cut to form a gangway shall exceed the
bulwark thickness by 25%. Additional strengthening of bulwark may be required in way of
mooring pipes, fairleads and eye plates for cargo gear.

96 Polish Register of Shipping



RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part I - Hull, Chapter 10 - Superstructures July 2024

10.5.5.6 Stays shall be welded to rail, bulwark and deck. The stay shall be welded to the deck
with double continuous weld. Adequate openings shall be provided for freeing the deck of water.
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11 STEM AND STERNFRAME
11.1 General

11.1.1 Application

The requirements specified in the present Chapter apply to the construction, shape and scantlings
of stems and sternframes, including fixed nozzle and rudder horn. The construction, scantlings
and fixing of the shaft brackets are subject to PRS consideration in each particular case.

11.1.2 General Requirements

11.1.2.1 Steel castings of stems and sternframes shall be of simple shape with adequately long
radii of casting.

11.1.2.2 The welded structure (steel casting) of the stem or sternframe shall be strengthened
by transverse brackets (cast webs).

11.1.2.3 The thickness of the plates (the thickness of casting edges) in way of connection with
the hull structure shall be reduced to the thickness of members to which the stem or sternframe
will be welded.

11.2 Stem

11.2.1 Structure

11.2.1.1 Stem steel plates shall be strengthened by transverse brackets fitted not greater than
1 m apart below the summer load waterline and not greater than 1.5 m apart above the summer
load waterline. Longitudinal strengthening for the connection with the bottom centre girder in
the stem structure shall be provided.

11.2.1.2 Where the distance between brackets, required in paragraph 11.2.1.1, is reduced by
0.5 m, the thickness of stem plates may be reduced by 20% in relation to requirements given
below. The plate thickness, however, shall not be less than that of the adjoining shell plating. The
brackets shall extend beyond the joints of the stem with the shell plating. They shall be welded to
the nearest frames and their thickness shall be equal to that of the shell plating.

11.2.1.3 Where a radius of curvature of the stem exceeds 200 mm at the level of the summer
load waterline, a centreline web with face plates shall be fitted from the keel to the level of 0.15T
above the summer load waterline. The thickness of the web and the face plate shall not be less
than that of the transverse brackets.

11.2.1.4 Where a radius of curvature of the bow is large, the stem design is subject to PRS
consideration in each particular case.

11.2.2 Scantlings

11.2.2.1 Dimensions of the bar stem cross-section from the keel to the summer load waterline
shall not be less than those determined by the formulae:

— length: /=12L,+95 [mm] forLo<120m (11.2.2.1-1)
1=0.75L, + 150 [mm] for Lo >120m (11.2.2.1-2)
— breadth: $=04 7, +15 [mm] (11.2.2.1-3)

however, not more than 100 mm.
Above the summer load waterline, the cross-section area of the stem may be gradually tapered to
70% of the area obtained from the scantlings given above.
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11.2.2.2 Fabricated stems shall be made of steel plates, the thickness of which shall be
determined by the formula:
t=0.105L, +4 [mm] (11.2.2.2)

however, not less than 7 mm.

At T/Lo > 0.065, the thickness of the welded stem obtained by the above formula shall be
multiplied by the factor (0.35 + 10 T/Lo).

Moreover, the adopted thickness of plates is in no case to be less than that of the plate keel in way
of attachment to the stem foot. Above the summer load waterline, the plate thickness may be
gradually tapered to the thickness of the shell plating at the ship ends.

11.2.2.3 It is recommended that the length of the cross-section of the fabricated stem be not
less than twice that of the bar stem required in paragraph 11.2.2.1.

11.2.3 Bow Bulb Structure

11.2.3.1 The bulb structure shall be strengthened by the stiffened horizontal platforms at
spacings not exceeding 2 m.

11.2.3.2 Where the length of the bulb, measured from the forward perpendicular, exceeds
0.03Ly, the non-tight bulkhead shall be fitted in the centre plane. Where the bulb length is less
than that given above, a deep frame may be used instead of a bulkhead.

11.2.3.3 Irrespective of compliance with the requirements specified in Chapters 6 and 7 for the
thickness of the bottom and side plating, the thickness of the bulb plating shall not be less than
that determined by the formula:

t=008L,+6 [mm] (11.2.3.3)

but need not be greater than 25 mm.

11.2.3.4 The form of the fore part of the hull shall provide for free anchorage at a bulb at a heel
of 5° to the opposite side. Additional strengthening shall be fitted in way of the possible anchor blows.

11.3 Sternframe

11.3.1 Structure

11.3.1.1 Sternframe shall be effectively attached to the adjacent hull structure. For this purpose,
it shall be strengthened by transverse brackets (webs).

11.3.1.2 Greater propeller posts of the cast sternframes may be made of pieces. Adequate
strength of connections of each sternframe piece shall be provided. Welded structure of propeller
posts, formed by the adequate steel sections and plates welded to them, may be applied.

11.3.1.3 The sole piece shall be extended forward of the propeller post by at least two frame
spacings from the forward edge of the propeller boss. The sectional area of the extended
sternframe may be gradually reduced to the value necessary for the connection of the sole piece
with the plate keel.

The lower edge of the sole piece shall be raised in order to avoid the pressure from keel blocks
during the ship docking.

11.3.2 Scantlings

11.3.2.1 Where the scantlings of sternframe are based on the stress analysis, the stress values
shall not be greater than:
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— normal stress: o =80k [MPa],
— shear stress: 7 =50k [MPa],

— equivalent stress: o. = 125k [MPa].

11.3.2.2 The thickness of the propeller boss shall not be less than that determined in
accordance with the following formula:

t=5,/d, =60 [mm] (11.3.2.2)

ds - Rule diameter of the propeller shaft, [mm], calculated according to 2.5.1, Part VI - Machinery
Installations and Refrigerating Plants.

11.3.2.3 The dimensions of the welded propeller post shall not be less than those determined
by the formulas (see Fig. 11.3.2.3):

=53,/ L, [mm] (11.3.2.3-1)
b=37,/L, [mm] (11.3.2.3-2)

t:2.4\/§ [mm] (11.3.2.3-3)

When the assumed cross-section is different from that shown in Fig. 11.3.2.3, the section modulus
calculated for the longitudinal neutral axis shall not be less than that determined in accordance
with the following formula:

cm3] (11.3.2.3-4)

N

1.35L,y/L,
W=

b

L

Fig. 11.3.2.3. Welded sternframe propeller post

11.3.2.4 The dimensions of the cast propeller post shall not be less than those determined by
the formulae (see Fig. 11.3.2.4):

1=40/L, [mm] (11.3.2.4-1)
b=30y/L, [mm] (11.3.2.4-2)

= 3\/% [mm] (11.3.2.4-3)
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t, =37 \/% [mm] (11.3.2.4-4)

When the assumed cross-section is different from that shown in Fig. 11.3.2.4, the section modulus
calculated for the longitudinal neutral axis shall not be less than that determined by the formula:

1.3L,4/L,
W :OT\/T [Cm3]

(11.3.2.4-5)

N

Fig. 11.3.2.4. Cast sternframe propeller post
When determining the section modulus of the propeller post, the adjacent plating of the width up to

534/ L, [mm], measured from the aft edge of the propeller post, may be taken into account. This
applies also to the welded propeller post.

11.3.2.5 In no cross-section of the sole piece, the section modulus calculated for the vertical
neutral axis shall be less than that determined by the formula:

(11.3.2.5)
x - distance from the section y-y in question to the rudder stock axis, [m];
Xmin = 0.5/50; Xmax = 150;
Iso - seeFig.11.3.2.5;
F - the assumed force acting on the rudder blade, [N], defined according to 2.2.2.1, PartIII -

Hull Equipment.
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Fig. 11.3.2.5. Stern frame sole piece

11.3.2.6 Inno cross-section of the sole piece, the section modulus calculated for the horizontal
neutral axis shall be less than that determined in accordance with the following formula:

W, = 0.5W, [cm3] (11.3.2.6)

11.3.2.7 No cross-section of the sole piece shall be less than that determined in accordance
with the following formula:

(11.3.2.7)
-see11.3.2.5.
11.3.2.8 In no cross-section of the sole piece , the equivalent stress shall
exceed 115k [MPa].

11.3.29 The stress may be determined in accordance with the following formulae:
o,=Vo’+3r*  [MPa] (11.3.2.9-1)
(11.3.2.9-2)
(11.3.2.9-3)

o. — equivalent stress [MPa];
- normal stress [MPa];
t - shear stress [MPa];

x, W, -see 11.3.2.5;
As - see11.3.2.7.

11.3.3 Rudder Horn

11.3.3.1 Rudder horn shall be effectively attached to the adjacent hull structure.

The bending moments and shear forces shall be determined by a direct calculation or in line with
the guidelines given in 11.3.4 and 11.3.5 for semi spade rudder with one elastic support and semi
spade rudder with 2-conjugate elastic support respectively.
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11.3.3.2 The section modulus of the horizontal section of the rudder horn, calculated for the
longitudinal neutral axis, shall not be less than that determined in accordance with the following
formula:

Mp
Ly =—

= [cm3] (11.3.3.2)

M}, - bending moment at the section considered, [Nm].
11.3.3.3 Inno place of the rudder horn, the shear stress shall be greater than: 7= 48k [MPa]

11.3.34 Inno of the rudder horn, the equivalent stress shall be greater
than o, = 120k [MPa].

11.3.3.5 The stress shall be determined by the formulae:
O, = \/ag +3(t% +14) [MPa] (11.3.3.5-1)
oy =2 [MPa] (11.3.3.5-2)
[MPa] (11.3.3.5-3)
[MPa] (11.3.3.5-4)
An - effective area of the rudder horn for shear in y-direction [mm?];
Ar - horizontal cross-section area enclosed by the rudder horn [ 1;
tn - thickness of rudder horn plating [mm];
op» - normal stress [MPa];
o. - equivalent stress [MPa];
7r - torsional stress [MPa];
7 - shear stress [MPa];

Mr - torsional moment [Nm];
B; - supporting force in the pintle bearing [N].

When calculating the real section modulus of the rudder horn, the total horizontal cross-section
area of the rudder horn elements may be taken into account.

11.3.3.6 The thickness of rudder horn plating shall not be less than:

t= 2.4\/% [mm] (11.3.3.6-1)

11.3.3.7 The rudder horn plating shall be effectively connected to the aft ship structure, e.g. by
connecting the plating to side shell and transverse/longitudinal girders, in order to achieve a
proper transmission of forces, see Fig. 11.3.3.7. Brackets or stringers are to be fitted internally in
horn, in line with outside shell plate, as shown in Fig. 11.3.3.7.

Lo - seel.l2.2;
k - see2.2.1.
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Fig. 11.3.3.7. Connection of rudder horn to aft ship structure
Transverse webs of the rudder horn shall be led into the hull up to the next deck in a sufficient
number.

Strengthened plate floors shall be fitted in line with the transverse webs in order to achieve a
sufficient connection with the hull.

The centre line bulkhead (wash-bulkhead) in the after peak shall be connected to the rudder horn.
Scallops shall be avoided in way of the connection between transverse webs and shell plating.

The weld at the connection between the rudder horn plating and the side shell shall be full
penetration. The welding radius shall be as large as practicable and may be obtained by grinding.

11.3.3.8 Where the connection between the rudder horn and the hull structure is designed as a
curved transition into the hull plating (transition zone), then for the horizontal section, situated
0.7r above the point where the curved transition starts (see Fig. 11.3.3.6), the section modulus
determined in accordance with 11.3.3.2, shall fulfil the following condition:

Bt
w, =%z 045 W (11.3.3.8)

n - number of horn transverse webs;

b; - effective breadth of i web (including thicknesses of the both effective platings within the
transition zone) [mm];

bn - thelargest b; [mm];

t; - thickness of i web [mm];

r - transition zone curvature radius;

W - see11.3.3.2.
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|
Fig. 11.3.3.8. Transition zone between rudder horn and hull platings

11.3.3.9 The lower end of the rudder horn shall be covered by a horizontal plate, the thickness
of which is not less than that of the side plating of the rudder horn.

11.3.3.10 Vertical parts of the rudder horn participating in the strength against transverse
shear shall have a total area in horizontal cross-section not less than that determined in
accordance with the following formula:

A = 03F

107 [cm?] (11.3.3.10)

(A+4)4
A

¢ = 1-atthelower end of the rudder horn;

A - area (lateral projection) of the rudder blade, [m2];

Ao - area (lateral projection) of the rudder horn, [mZ2];
F - see 11.3.2.5.

c = 1+ - at the upper end of the rudder horn;

11.3.3.11 The thickness of the vertical transverse webs in the transition zone shall not be less
than:

r =2 mm] (11.3.3.11)

r
r

b - breadth of the curved plate in the transition zone supported by the web in question, [mm],
tc - thickness ofthe curved plate in the transition zone supported by the web in question, [mm],
r - transition zone curvature radius, [mm].

11.3.4 Rudder horn for semi spade rudder with one elastic support

11.3.4.1 Ifdirectcalculation have not been performed M;, Mt and Q may be calculated as below:

Bending moment:

M;=Ry-z [Nm] (11.3.4.1-1)
Mimax = R1+d [Nm] (11.3.4.1-2)
Shear force:
Q=R [N] (11.3.4.1-3)
Torsional moment:
Mr(z) = Ry - e(z)[Nm] (11.3.4.1-4)
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R - shall be taken from rudder stock calculation, see Fig. 2.2.4.4.1-1, Part Il - Hull Equipment,
z,d, Iz, 130 — see Fig. 2.2.4.4.1-1, Part Il - Hull Equipment, [m].

An estimate for R; is:
_Fb
(l20+130)

F - the assumed force acting on the rudder blade [N], see 2.3.3.1, Part Il - Hull Equipment.

1 [N] (11.3.4.1-5)

Other calculations acc. to 11.3.3.
11.3.5 Rudder horn for semi spade rudder with 2-conjugate elastic support

11.3.5.1 Rudder horn bending moment

If direct calculation have not been performed, the bending moment acting on the generic section
of the rudder horn shall be obtained from the formulae:
— between the lower and upper supports provided by the rudder horn:

MH = FA1Z [Nm] (11.3.5.1'1)
— above the rudder horn upper-support
My = Fp1z + Fgp[z — (d — 2)] [Nm] (11.3.5.1-2)

where:
Fa1 -support force at the rudder horn lower-support to be obtained in accordance
with Fig. 2.2.4.4.1-2, Part Il - Hull Equipment, and taken equal to By, [N];
Fa2 -support force at the rudder horn upper-support to be obtained in accordance
with Fig. 2.2.4.4.1-2, Part Il - Hull Equipment, and taken equal to B, [N];
z - distance defined in Fig. 2.2.4.4.1-2, Part Il] - Hull Equipment, to be taken less than the distance
d defined in the same figure, [m];
B, B> - horizontal support forces at the lower and upper rudder horn bearings, respectively, [KN];
d - 2 — distance between the rudder-horn lower and upper bearings, [m], see Fig. 2.2.4.4.1-2, Part
11l - Hull Equipment.

11.3.5.2 Rudder horn shear force

The shear force Qy acting on the generic section of the rudder horn shall be obtained from the
formulae:
— between the lower and upper rudder horn bearings:

Qu=Fn [N] (11.3.5.2-1)
— above the rudder horn upper-bearing:
Qu = Fa1 + Fy2 [N] (11.3.5.2-2)
where:
Fa1, Faz - support forces, [N].

The torsional moment acting on the generic section of the rudder horn shall be obtained from the
formulae:
— between the lower and upper rudder horn bearings:

Mr = Fyie; [Nm] (11.3.5.2-3)
— above the rudder horn upper-bearing:
My = Fpre(p) + Faze(y [Nm] (11.3.5.2-4)

where:
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Fa1, Faz - support forces, [N];
e — torsion lever defined in 11.3.5.4, [m].

11.3.5.3 Rudder horn shear stress calculation

For a generic section of the rudder horn, located between its lower and upper bearings, the
following stresses shall be calculated:

7s — shear stress to be obtained from the formula:

T, =" [MPa (11.3.5.3-1)
H
77 - torsional stress to be obtained for hollow rudder horn from the formula:
-3
rp ==L~ [MPa] (11.3.5.3-2)
stH

M- torsional moment, [Nm].
For solid rudder horn, 7ris subject to PRS consideration in each particular case.

For a generic section of the rudder horn, located in the region above its upper bearing, the
following stresses shall be calculated:

7s — shear stress to be obtained from the formula

T, = % [MPa] (11.3.5.3-3)

7r — torsional stress to be obtained for hollow rudder horn from the formula

Mrp1073
Tr = ZTA—tH [MPa] (11.3.5.3-4)

For solid rudder horn, tris subject to PRS consideration in each particular case, where:

Fa1, Faz - support forces, [N];

An - effective shear sectional area of the rudder horn, in [mm?2], in y-direction;

M7 - torsional moment, [Nm];

As; - mean of areas enclosed by outer and inner boundaries of the thin walled section of rudder
horn, [m2];

ty - plate thickness of rudder horn, [mm]. For a given cross section of the rudder horn, the
maximum value of 77 is obtained at the minimum value of 4.

11.3.5.4 Rudder horn bending stress calculation

For the generic section of the rudder horn within the length d, the bending stress o3 to be obtained
by the formula:

o5 = ’:’V—Z [MPa] (11.3.5.4)

where:
My - bending moment at the section considered, [Nm];
W, - section modulus, [cm3], about x-axis (see Fig. 2.2.4.4.1-2, Part IIl - Hull Equipment)

11.4 Clearances between Propeller and Hull

11.4.1 Afterbody shall be so shaped as to ensure a proper flow of water to the propeller and so
as to ensure, as far as practicable, uniform wake current field velocity.

11.4.2 For moderately cavitating propellers, the following minimum clearances shall be taken
(see Fig. 11.4.2):
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— single-screw ships:
a>0.2Rs [m],
b>(0.7-0.04Z;) [m],
c>(0.48-0.02Z5) Rs [m],

e>0.07Rs [m],
— twin-screw ships:

c>(0.6 -0.02Z5) Rs [m],
Rs-propeller radius [m],

Zs—number of propeller blades.

Rs

f=]
tl

0,7Rs:
~

4

Fig. 11.4.2. Propeller clearance

11.4.3 The apex of the waterlines in front of the propeller shall have the least possible radius r,
together with a relatively small angle ¢. Plane or approximately plane parts above the propeller
tip shall be avoided.

11.5 Fixed Nozzles

11.5.1 Application

The requirements specified in this sub-chapter apply to fixed nozzles of the inner diameter not
exceeding 4 m, made of normal strength structural steel. The application of other materials is
subject to PRS consideration in each particular case. Nozzles with the inner diameter greater than
4 m are, in each particular case, subject to PRS consideration based on vibration analysis.

11.5.2 Plating

11.5.2.1 The thickness of the nozzle shell in the propeller zone (see Fig. 11.5.2.1) shall be
determined in accordance with the following formula:
— for steel with increased corrosion resistance:

t=35+25nsp [mm] (11.5.2.1-1)

however, notless than 10 mm;
— all other cases:

t=7+25ns\p [mm] (11.5.2.1-2)
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however, not less than 10 mm;

s - distance between ring webs, [m]; s > 0.35 m shall be taken for calculations;
n - nozzle curvature factor;
n=1—0.14§ﬁ (11.5.2.1-3)
| - distance between longitudinal webs of nozzle, measured on the outer plating of the
nozzle, [m];
d - propeller diameter, [m];
p - pressure on the nozzle plating;
N N
p=025—1-0.001—| [kPa] (11.5.2.1-4)
A A
N - output delivered to the propeller, [kW].
2
A= ”Z’ [m?] (11.5.2.1-5)
| b
Zone Il
o)
Zone i) Propeller ¥
min b

Fig. 11.5.2.1. Longitudinal section through nozzle ring

11.5.2.2 The length of the propeller zone shall not be less than 0.25b (b - nozzle length, see Fig.
11.5.2.1).

11.5.2.3 The plating thickness in zones I and II (see Fig. 11.5.2.1) shall be determined in
accordance with formula 11.5.2.1-2, assuming 0.5p determined in accordance with formula
11.5.2.1-4. The plating thickness within these areas shall not be less than 8 mm.

11.5.2.4 The plating thickness in zone III (see Fig. 11.5.2.1) shall be determined in accordance
with formula 11.5.2.1-2, assuming 0.35p determined in accordance with formula 11.5.2.1-4.

11.5.2.5 The outer plating in zone II of the nozzle shall cover at least one ring web (see Fig.
11.5.2.1).

11.5.2.6 The thickness of ring webs, as well as longitudinal webs shall not be less than 0.6t
(t calculated according to 11.5.2.1), however, not less than 8 mm.

11.5.2.7 Inships with ice strengthenings, the nozzle plating thickness shall not be less than that
required for the hull plating in the considered part of ship.

11.5.3 Section Modulus of the Longitudinal Section of Nozzle Ring
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The section modulus of the longitudinal section of nozzle ring calculated for the neutral axis
parallel to the ship centre plane shall not be less than the values determined in accordance with
the following formulae:

W =0.7bD%v?> [cm3] (11.5.3-1)
W=6DP [cm3] (11.5.3-2)
b - nozzle ring length (see Fig. 11.5.2.1), [m];
D - diameter of the nozzle measured to the middle of its thickness, [m];

v - ship speed, [knots]; in ships with ice strengthenings, the speed, taken for calculations, shall
not be less than 14, 15, 16 or 17 knots for ice class L3, L2, L1 or L1A, respectively;

P - water pressure on the nozzle surface,

D2
PZZOFbLOQA [kN] [11.5.3-3)

®, - pitch amplitude, in radians, see 17.3.2;

T - pitch period, [s], determined in accordance with the following formula:

r=18 |2 [g]
g

11.5.4 Welding

11.5.4.1 Ring webs shall be welded to the inner plating of the nozzle with double continuous
fillet welding.

11.5.4.2 Ring webs shall be as far as possible welded continuously to the outer plating of the
nozzle. All welds of webs to the outer plating may be slot welds if the web spacing does not exceed
350 mm. Otherwise, at least two ring webs shall be welded continuously to the outer shell.

11.5.5 Supporting

11.5.5.1 The nozzle shall be supported by at least two supports. The web plates and plating of
the supporting structure shall be in line with web plates in the nozzle.

11.5.5.2 The resultant horizontal force acting on the nozzle side may be determined in
accordance with the following formula:

P=0.2bDv [KkN] (11.5.5.2)
b,D,v-see 11.5.3.

The vertical water pressure acting on the nozzle external surface due to the ship’s pitch may be
determined in accordance with formula 11.5.3-3.

11.5.5.3 Inno place of the nozzle supporting structure the equivalent stress shall exceed 100 MPa.
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11.6 Rudder Trunk

11.6.1 Materials, Welding and Connection to Hull

This requirement applies to trunk configurations which are extended below stern frame and
arranged in such a way that the trunk is stressed by forces due to rudder action. The steel used
for the rudder trunk shall be of weldable quality, with a carbon content not exceeding 0.23% on
ladle analysis and a carbon equivalent Cgq not exceeding 0.41%.

Plating materials for rudder trunks shall not in general be of lower grades than corresponding to
class Il as defined in 2.2.1.3.

The weld at the connection between the rudder trunk and the shell or the bottom of the skeg shall
be with full penetration.

In rudder trunks which are open to the sea, a seal or stuffing box shall be fitted above the deepest
load waterline, to prevent water from entering the steering gear compartment and the lubricant
from being washed away from the rudder carrier. If the top of the rudder trunk is below the
waterline at scantling draught (without trim), two separate watertight seals/stuffing boxes shall
be provided.

For rudder trunks extending below shell or skeg, the fillet shoulder radius r, mm (see Fig. 11.6.1-
1) shall be as large as practicable and comply with the following formulae:

r=0.1d./k [mm] (11.6.1)

without being less than:
r=60 [mm] when o> 40/k, [MPa]

r=30 [mm] when o< 40/k, [MPa]

where:

d. - rudder stock diameter axis, [mm];

o - bending stress in the rudder trunk, [MPa];

k - material factor, see 2.1.5 in Part I1I, Hull Equipment.

The radius may be obtained by grinding. If disk grinding is carried out, score marks shall be
avoided in the direction of the weld. The radius shall be checked with a template for accuracy.
Four profiles at least shall be checked. A report shall be submitted to the Surveyor.

Rudder trunks comprising of materials other than steel are subject to special consideration by PRS.

T P

Radius to be considered

Radius to be considered

Fig. 11.6.1-1. Fillet shoulder radius
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11.6.2 Scantlings

The scantlings of the trunk shall be such that:
the equivalent stress due to bending and shear does not exceed 0.35R,,

— the bending stress on welded rudder trunk shall be in compliance with the following formula:
0 <80/k [MPa],

with:
o - bending stress in the rudder trunk, [MPa];
k - material factor for the rudder trunk determined in accordance with formula 2.1.5 in Part

11, Hull Equipment;
R. - specified minimum yield stress of the material used, [MPa].

For calculation of bending stress, the span to be considered is the distance between the midheight
of the lower rudder stock bearing and the point where the trunk is clamped into the shell or the bottom
of the skeg.

11.6.3 Reaction Force in Rudder Trunk

Reaction force in rudder trunk at the level of lower bearing shall be determined in accordance
with formula 2.2.4.3.2-5, in Part 111, Hull Equipment.
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12 SEATINGS
12.1 General

12.1.1 Application

The requirements specified in the present Chapter apply to the construction of seatings for the
main engines, boilers, as well as for deck, processing, cargo handling, auxiliary and other
machinery.

12.1.2 General Requirements

12.1.2.1 The main engine seatings and other machinery bearers shall have a strong and rigid
structure attached to the strength members of the bottom, sides and decks so as to ensure the
transmission of longitudinal and transverse static and dynamic loads from the considered
machinery to the hull structure.

12.1.2.2 Access shall be provided to ensure the strength members under the seating to be
inspected and measures shall be taken to prevent water from accumulating under the seating.
Upon PRS’ agreement, a tight structure of the seating may be applied, the inner space of the seating
being filled with chemically inert material with good adhesion properties.

12.2 Structure and Scantlings of Structural Members

12.2.1 The seating shall consist, in general, of two longitudinal girders and horizontal bed plates
intended for direct fastening the machinery or boiler. The girders and horizontal plates shall be
stiffened with brackets or supports where necessary.

12.2.2 When designing the seatings, provision shall be made for avoiding abrupt changes of
dimensions. Where this is impracticable, a smooth transition between seating members of
different dimensions and between seating members and bottom, sides and deck members shall
be provided.

12.2.3 When the single bottom side girder is also considered as the seating web, its thickness
shall not be less than that required for the seating web and the centre bottom girder. The height
of the bottom floors shall be increased according to the structure of the machinery seatings. The
height of the floors between the seating longitudinal girders shall not be less than 0.65 of the
height required in the centre plane.

12.2.4 When the bed plates of the main engine and thrust bearing form a part of the inner
bottom plating, they shall be supported by two parallel bottom girder webs or by a girder and
half-girder webs. The thickness of the webs at the bed plate within 0.2 of their height shall be
equal to that of the bed plate or the webs within their full height may be of the thickness required
for the seating web.

Longitudinal stiffeners of bed plate shall be fitted between webs. The scantlings of those stiffeners
shall be the same as those determined above for the upper parts of girders.

The application of one web only on the bed plate is possible for engines of low power subject to
PRS acceptance in each particular case.

In each case the bed plate shall be strengthened within its total length by transverse brackets fitted
between the adjacent bolts at equal distances from their centres.

12.2.5 Where longitudinal girders of the seating are fitted to the strength deck, they shall be in
line with the underdeck stiffeners.
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12.2.6 The scantlings of the seating structure members are a function of the mass of the
machinery or boiler or a function of the rated power of the machinery motor. Thickness ¢ of the
seating structure members shall not be less than:
— for low-speed engine, boiler or machinery (specified in Table 12.2.6):

t=cqiM+1t, [mm]

M - mass of engine, boiler or other machinery in operating condition, [t];

c1 - factor as specified in Table 12.2.6;

(12.2.6-1)

tm - thickness allowance, [mm], depending on the mass M. The following values of t,, shall be

taken:

tm =0 for M> 200,

tm =1for 100 <M <200,

tm =2 for 50 <M <100,
tm=3for 20<M <50,

tm =4 for M<20.

Table 12.2.6
Values of factor c;

Members of seating structure

Machinery Horizontal plates | Web plates of longitudinal Brackets, including
(bed plates) girders?) console brackets?)
Main internal combustion engine 4.65 3.00 2.50
Turpme propulsm_n plants, electric 415 270 270
engines and generating sets
Boiler 3.65 2.40 2.40

1) In the case of the seating with two longitudinal girders at each side of the engine, the thickness of outer girder web
plates may be equal to that of the brackets.

2) Console brackets - trapezoid brackets, three edges of which are attached to the seating structure members.

— for medium-speed engine:

C2

C2

C2

t=cN [mm]

2.3 for horizontal plate (bed plate),

N -power rating of the engine, [kKW].

1.6 for web plates of inner girders of seating,

1.3 for web plates of outer girders, consoles and brackets;

(12.2.6-2)
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13 LOCAL STRENGTH AND BUCKLING CONTROL OF THE STRUCTURE
13.1 General
13.1.1 Application

13.1.1.1 The requirements specified in the present Chapter apply to the scantlings of plates,
stiffeners, simple primary supporting members, pillars, supporting members, as well as to
stiffener and primary supporting members end brackets. The above requirements, except those
concerning the minimum scantlings, result from the local design loads on members in question.

13.1.1.2 For plates, stiffeners and simple primary supporting members which take part in the
local strength and, in addition, in the longitudinal strength of ship, the requirements concerning
the buckling control of these members are given.

13.1.2 Definitions

A - required cross-sectional area [cm?];
As; - required web cross-sectional area [cm?];
b - breadth of plating supported by a primary supporting member or stiffener in question [m];

bn - breadth of the free flange [mm];

- 57M,+M,) (13.12)
o 1.

hs - web height, [mm];

I - span of a stiffener or a simple girder determined in accordance with sub-chapter 3.2.1, [m];

L1 = Lo, however, not more than 250 m;

L, = Lo, however, not more than 120 m;

M- the maximum value of still water bending moment, obtained as the result of analysis of
various load conditions, [KNm]; the assumed value of M shall not be less than 0.5M, (M, -
design minimum still water bending moment, [kNm], determined in accordance with 15.4);

M,  -Rule wave bending moment, [kNm], determined in accordance with 15.5;

p - design pressure (see Chapter 16) [kPa];

s - stiffener spacing measured along the plating [m];

t - required thickness of the plating [mm];

tx — corrosion addition (see sub-chapter 2.5) [mm];

tm — flange thickness of stiffener or primary supporting member, [mm]; for bulb section, the
mean thickness of the bulb shall be used;

ts - web thickness [mm];

W - required section modulus of a stiffener or a primary supporting member [cm3];

Wi —the smallest section modulus of the ship’s hull amidships, determined in accordance with
15.7, [cm3]. It should be determined for strength deck - if the member in question is above the
horizontal neutral axis of hull cross section, or for the outer bottom - if the considered
member is below this axis;

wi— section modulus corrosion factor (see paragraph 13.5.2.5);

zq — vertical distance from the base plane or the deck line to the point in question below or above
the neutral axis, respectively [m];

zn — vertical distance from the base plane or the deck line to the neutral axis of the hull girder,
whichever is applicable [m];

o - allowable normal stress [MPa];

o. - critical compressive buckling stress [MPa];
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or — ideal elastic compressive buckling stress [MPa];
7 - allowable shear stress [MPa];

7. — critical shear stress [MPa];

7 — ideal elastic buckling shear stress [MPa].

13.1.3 Explanations

Design load point - point at which the design pressure shall be determined in accordance with the
requirements specified in Chapter 16.

The location of the load point shall be determined as follows:

— for horizontally stiffened plates: in the midpoint of non-stiffened field;

— for vertically stiffened plates: at the lower edge of the plate for unsupported edges (e.g. when
the thickness is changed within the plate area), or in half of the stiffener spacing above the
lower edge for supported edges;

— for stiffeners: in span midpoint; where the pressure distribution along the stiffener span is not
linear, the design pressure shall be determined in the middle of the span and as the arithmetic
mean of pressures at the stiffener ends, whichever is the greater;

— for primary supporting members: in the midpoint of the plating area supported by a primary
supporting member.

Effective longitudinal bulkhead - the bulkhead extending from the bottom to the deck attached at
the both - fore and aft - ends with ship sides by means of transverse bulkheads. The assumed
length of effective bulkhead shall be agreed with PRS.

13.2 Minimum Thickness

13.2.1 General Requirements
The minimum thickness of hull structural members shall not be less than that calculated in
accordance with the following formula:

t= 1+ ’37‘: +¢, [mm] (13.2.1)

to, k1 - parameters; the values thereof for particular hull members are given below (paragraphs
13.2.2 to 13.2.5);
k - material factor depending on the material yield stress (see sub-chapter 2.2.1).

When determining the values of ¢ for forepeak and after peak tank primary supporting members,
the assumed value L1 need not exceed 180 m.

13.2.2 Bottom Structure
13.2.2.1 Keel plate: to =7.0; k1 =0.05.
13.2.2.2 Outer bottom and bilge plating: to = 5.0; k1 = 0.04.

13.2.2.3 Inner bottom plating:

to = 7.0 - below hatchways in dry cargo ships when ceiling of wood or other approved
material is not fitted,

to = 6.0 - elsewhere if ceiling is not fitted,
to = 5.0 - ingeneral, where ceiling is fitted;
ki = 0.03.

13.2.2.4 Floors and bottom longitudinal girders, supporting plates and brackets:
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to = 6.0;
ki = 0.04 - for centre girder up to 2 m above the keel plate,

ki

0.02 - for other girders and the remaining part of centre girder.

13.2.2.5 Webs and flanges of longitudinal and transverse frames of the inner and outer bottom,
stiffeners of floors, longitudinal girders and supporting plates:

to = 5.0;
ki = 0.03 - in forepeak and after peak tanks,
ki = 0.02 - elsewhere.

13.2.3 Side Structure

13.2.3.1 Side plating:
to = 5.0;
k1 0.04 - within z <z, where zo = T + 4.6 m; within z > z,, the k1 value may be reduced by 0.01

for each 2.3 m of z increase, but k; > 0.01,
ki = 0.06 - for side plating connected to sternframe.

13.2.3.2 Webs and flanges of longitudinal and transverse frames:

to = 5.0;
ki = 0.02 - in forepeak and after peak tanks,
ki = 0.01 - elsewhere.

13.2.3.3 Primary supporting members: flanges, webs, their stiffeners and brackets:
to = 5.0;

ki = 0.03 - in forepeak and after peak tanks,
ki = 0.02 - in ballast and cargo tanks,
ki = 0.01 - elsewhere.

13.2.4 Deck Structure

13.2.4.1 Strength deck plating:

to = 5.5 - forexposed or cargo deck not sheathed with wood or other approved materials,

to = 5.0 - forexposedorcargodecksheathed with wood or other approved materials, as well
as within accommodation spaces;

ki = 0.02 - for single-deck ships,

ki = 0.01 - for ships having two continuous decks within z > 0.7H,
ki = 0.01 - forexposed deck within x> 0.3 Lo (minimum value),
ki = 0.00 - for ships having more than two continuous decks within z > 0.7H.

13.2.4.2 The plating of decks situated above or below the strength deck:

to — as given above for the strength deck;

ki = 0.01- for the deck situated within z > 0.7H in ships with two continuous decks satisfying
the condition z> 0.7H,

ki = 0.01- for the deck of the first tier of superstructure or deckhouse in single-deck ship if the
length of the superstructure or deckhouse situated amidships (-0.2Lo < x < 0.2Lo)
exceeds 0.2Lo,

ki = 0 - forother decks.

13.2.4.3 Webs and flanges of deck longitudinals and beams:
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to, k1 - as given above for side frames.

13.2.4.4 Flanges, webs, web stiffeners and deck primary supporting member brackets:

to, k1 - as given above for side primary supporting members.
13.2.5 Bulkhead Structure

13.2.5.1 Bulkhead plating:

to = 7.0 - for forepeak and after peak tanks,

to = 5.0 - elsewhere;

ki = 0.02- in way of cargo (crude oil) tanks, ballast tanks situated in cargo portion of the ship
and in forepeak and after peak tanks,

k1 0.01- elsewhere.

13.2.5.2 Webs and flanges of longitudinal, vertical and transverse stiffeners of cargo tank
bulkheads, watertight bulkheads in bulk carriers, wash bulkheads:

to = 5.0; ki - as given above for bulkhead plating.

13.2.5.3 Webs, flanges, stiffeners and brackets of bulkhead primary supporting members: to, k1
- as given above for side primary supporting members.

13.3 Buckling Control of Structural Elements
13.3.1 General Requirements

13.3.1.1 The requirements of this sub-chapter apply to sea-going ships as specified in 1.1.1
except container carriers with length 90 m and above which are covered by requirements of
Publication 114/P - Longitudinal Strength Standard for Container Ships.

13.3.1.2 The plating and longitudinal girders and stiffeners of the outer and inner bottom, sides,
strength deck and longitudinal bulkheads taking part in the hull girder longitudinal strength and
situated amidships shall be checked for buckling strength in uni-axial compression.

13.3.1.3 Within transition zones between midship portion of the hull and the peaks, the
buckling strength of structural elements specified in paragraph 13.3.1.1 need not be checked. Such
check may be required, however, in the case of structural discontinuity in these zones, uneven
loading of the ship along its length, as well as in the case of large flare of sides in the ship’s
forebody.

13.3.1.4 For ships in which the hulls are subjected to considerable shear forces, the plating of
sides and longitudinal bulkheads taking part in the hull girder longitudinal strength shall be
checked for shear buckling strength. This applies particularly to ships where uneven loading
conditions along the ship’s length, for tankers also along the ship’s breadth, may occur.

13.3.1.5 Compliance with compression buckling strength and shear buckling strength
requirements do not preclude special consideration, by PRS, of buckling strength of plates and
longitudinal structural elements which are simultaneously subjected to compression and shear.
This applies also to bi-axial compression, as well as bi-axial compression and shear.

13.3.1.6 The required scope of buckling control of structural members not specified in
paragraphs 13.3.1.1 + 13.3.1.4 is given in detailed requirements referring to those members.
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13.3.2 Buckling Strength Criteria and Design Stress Values

13.3.2.1 For members or their parts subject to check for buckling strength in uni-axial
compression, the following condition shall be fulfilled:

o.=co, (13.3.2.1)

o — critical compressive buckling stress determined in accordance with 13.3.2.2, taking into
account the final scantlings of the member in question, [MPa];

or - design compressive stress determined in accordance with 13.3.2.7, [MPa];

¢ - coefficient expressing the margin of critical stress in relation to the expected compressive
stress:
¢ = 1 -for plate panels and primary supporting member or stiffener webs,
¢ = 1.1 - for stiffeners.

13.3.2.2 Critical stress in uni-axial compression for a member in question shall be determined
in accordance with the following formula:

.-, [MPa] if JES% (13.3.2.2-1)
R
GC=R€(1— g J MPa] if o,>-¢ (13.3.2.2-2)
o 2

or - ideal elastic compressive buckling stress, [MPa], determined in accordance with 13.4.3 and
13.5.3.

13.3.2.3 For plate panels subject to check for shear buckling strength, the following condition
shall be fulfilled:

T, 27T (13.3.2.3)

7. — critical shear stress of plate panel determined in accordance with 13.3.2.4, [MPa];
7- - design compressive shear stress of plate panel determined in accordance with 13.3.2.8,

[MPa].
13.3.2.4 Critical shear stress 7. for plate panel shall be determined from the formula:
r.=7; [MPa] if ¢, <057, (13.3.2.4-1)
— Tyl .
7, =7,|l-——]| [MPa] if 7, >o0.57, (13.3.2.4-2)
4z, r

_ R [MPa] (13.3.2.4-3)

T, = NG .4,

7r — ideal elastic buckling shear stress, [MPa], determined in accordance with 13.4.3.

13.3.2.5 For plate panels subject to complex stresses (uni-axial or bi-axial compressive stresses
combined with shear stresses), the following condition shall be fulfilled:

Oec 2 Oer
Oec - critical equivalent buckling stress determined in accordance with 13.3.2.6, [MPa];
o, - design equivalent buckling stress determined in accordance with 13.3.2.9, [MPa].
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13.3.2.6 (Critical equivalent buckling stress for plate panels subject to complex stresses shall be
determined in accordance with the following formula:

R

Uec = UeE lf O-EE S 7“ (13326'1)
R, | . R

Oec = Re 1_ 1f O¢E >—€ (13.3.2.6'2)
4o, 2

o.z — ideal elastic equivalent buckling stress for plate panels subject to complex stresses, [MPa],
determined in accordance with 13.4.3.7.

13.3.2.7 The compressive stress o, amidships, due to hull girder bending, which is the basis of
the requirements for buckling strength of plate panels, primary supporting member and
longitudinal primary supporting members subject to uni-axial compression, shall be determined
in accordance with the following formula:

M +M

S

o, :I—Wz‘lo5 [MPa] (13.3.2.7-1)

n

The value of o; taken for buckling strength analysis of structural members shall fulfil the following
condition:

or>30k [MPa] (13.3.2.7-2)

M; - designstill water bending moment in the considered transverse cross-section, determined
in accordance with 15.4 [kNm];

M, - wave bending moment in the considered transverse cross-section, determined in
accordance with 15.5 [kNm];

I, - moment of inertia of the considered transverse cross-section of the hull, determined in
accordance with 15.7 [cm*];

z - vertical distance from neutral axis of the cross-section to the considered point, [m];

k - material factor, determined in accordance with 2.2.1.

M; and M,, shall be assumed as equal to design values of sagging or hogging moment depending
on the position of the considered primary supporting member or stiffener above or below the
neutral axis of transverse cross-section of the hull.

If, in all loading conditions in still water, the ship is hogged, then the value of design moment (M,
+ M,,) will be specially considered by PRS.

The compressive stress or being the result of simultaneous hull girder bending in vertical and
horizontal planes and torsion are subject to special consideration by PRS on the basis of criteria
given in Publication 24/P - Strength Analysis of Container Ship Hull Structure.

The check of buckling strength of plating panels and primary supporting member webs subjected
to uni-axial compression does not waive the necessity of checking the buckling strength of the
elements subject to complex stresses in accordance with 13.3.2.9 and 13.3.2.10.

13.3.2.8 Shear stresses 7. in the side plating due to hull girder shear, which is the basis of the
requirements for shear buckling strength of plate panels, shall be determined in accordance with
the following formula:

— for ships without effective longitudinal bulkheads:
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7, ~.10* [MPa] (13.3.2.8-1)

050,+0,] s
- t I

n

— for ships with two effective longitudinal bulkheads or double skinned sides:

the stress 7; in side plating:

0.5-k NO, +0,,)+40,| S
Tr:|( )(Qt 0 ) Owy [_".102 [MPa] (13.3.2.8-2)
the stress 7, in longitudinal bulkhead plating:
k +0,)+A0,
TF( S(Qs Qt) Qg(%.w [MPa] (13.3.2.8-3)

n

Qs, Qw, Sn, t, In, ks, AQsp, AQsg, — see 15.1.2 and 15.3, 15.9, 15.10, 15.11.
Stresses for ships with one effective longitudinal bulkhead are subject to PRS consideration in each
particular case.

13.3.2.9 The design values of equivalent stresses in plate panels or in primary supporting
member webs shall be calculated in accordance with the following formula:

o, =\ol+0l—c,0,+3r7 [MPa] (13.3.2.9)

Ox, 0y, T - stresses in panel, [MPa], as shown in Fig. 13.3.2.9. Compressive stresses oy or g, shall
be taken as positive.

If ox or o, is tensile stress then 0 values shall be taken in formula 13.3.2.9. Stresses o, oy, 7 shall
be calculated disregarding cut-outs in the plate panel.

Sy
¥,y s
G, x X
<+ <+ 4—R <+
T

|
t ™~
I

Fig. 13.3.2.9

13.3.2.10 Stress values applied in evaluation of buckling strength of a construction, in cases
other than those specified in 13.3.2.7 and 13.3.2.8, shall be calculated within zone strength
analysis of the construction in accordance with the provisions of Chapter 14.

In the case of hull primary supporting members and plate panels, in which significant values of bi-axial
compressive stresses o occur or of shear stresses racting simultaneously with normal stresses, the
buckling strength for combined in-plane loads for design stress values determined in accordance with
13.3.2.9 shall be checked.
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For longitudinal structural members, the stresses from hull girder bending or torsion determined
in accordance with 13.3.2.7 shall be taken into account.

13.4 Hull Plating

13.4.1 General Requirements

The assumed thickness of the plating shall fulfil the following requirements:

— minimum thickness of structural members specified in 13.2,

— bending strength of plates specified in 13.4.2,

— buckling strength of plate panels specified in 13.3 in accordance with recommendations
specified in 13.4.3.

13.4.2 Thickness of Plating

13.4.2.1 The thickness of the plating subjected to lateral pressure shall be determined in
accordance with the following formula:

t= 18kas\/E + 1, [mm] (13.4.2.1-1)
o
o)\
k, = (1 - 0.277j (13.4.2.1-2)
kq« need not be greater than 0.88;
p - design pressure acting on the plate in question, [kPa], to be determined in accordance with

the recommendations specified in 16.2+16.4;

o - allowable normal bending stress calculated in accordance with 13.4.2.2 or 13.4.2.3, [MPa].

13.4.2.2 Allowable stresses for the plating fitted amidships and taking part in the hull longitudinal
strength shall be determined in accordance with Table 13.4.2.2. The assumed value shall not exceed
Omax = 160k [MPa].

For plate panels in way of peaks, the value of o = 160k [MPa] shall be taken.

Note: The value of ovaries linearly between the midship and extreme parts of the ship.

Table 13.4.2.2
Allowable stress for plating amidships

Item Plating in way of: o [MPa]
1 outer bottom
1.1 longitudinally stiffened 120k
1.2 transversely stiffened 175k-120f
2 inner bottom
2.1 longitudinally stiffened 140k
2.2 transversely stiffened 200k - 110f, however, not more than 140k
3 sides?)
3.1 longitudinally stiffened 140k
3.2 transversely stiffened 120k
4 longitudinal bulkheads!)
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4.1 longitudinally stiffened 160k
4.2 transversely stiffened?) 140k
5 strength deck
5.1 longitudinally stiffened 120k
5.2 transversely stiffened 175k - 120f, however, not more than 120k

1) Values of oin way of the neutral axis of the hull cross-section are given. Above and below the neutral axis, the o
shall be linearly reduced to the values required for the deck and bottom plating assuming the same stiffening
direction and the material factor as for the plating in question.

2) Where the longitudinal bulkhead forms the tank boundary and design pressure p = p1o or p = p12 was applied, the
allowable stress may be increased to o = 160 MPa.

13.4.2.3 Allowable stresses o may be taken equal to 160k for the plating of transverse
bulkheads, decks below the strength deck and for the side and deck plating in short
superstructures and deckhouses.

Allowable stresses for the transverse bulkhead plating for flooded compartment may be taken
equal to 220k [MPa].

The allowable stress values for longitudinal bulkhead plating in flooded condition are to be taken as:

.1 atthe level of the neutral ship hull axis: 220k [MPa],

.2 for the midship portion, towards the deck, the allowable stress values decrease linearly
from the value 220k, [MPa], at the neutral axis of ship hull to the value
220k-(0 deck /O neutralaxis), [MPa], where 0 deck and 0 neutral axis are the allowable stress values
given in Table 13.4.2.2 for the longitudinal bulkheads at the deck and neutral axis level,

.3 for the midship portion, towards the bottom, the allowable stress values decrease
linearly from the value 220k, [MPa], at the neutral axis of the ship hull to the value
220k-(0 bottom/ O neutralaxis), [MPa], where Oportom and Oneurral axis are the allowable stress
values given in Table 13.4.2.2 for the longitudinal bulkheads at the bottom and neutral
axis level,

4 along the length of the ship hull the stresses should be interpolated as required in
p.13.4.2.2, assuming the allowable values in the ship’s ends equal to 220k, [MPa].

13.4.2.4 The thickness of side and longitudinal bulkhead plating in way of supports of
horizontal primary supporting members on the transverse bulkheads shall be adequately
increased.

13.4.3 Buckling Strength of Plating and Primary Supporting Member Webs

13.4.3.1 The provisions specified in sub-chapter 13.4.3 apply to determining the ideal elastic
buckling stresses for actual dimensions of the plate panels subjected to uni-axial compression,
shear, or combined in-plane loads.

13.4.3.2 The plate panels and primary supporting member webs of the outer and inner bottom,
sides, strength deck and longitudinal bulkheads taking part in the hull girder longitudinal strength
shall comply with the requirements of 13.3 for the buckling strength of uni-axial compressed
plates, the ideal elastic buckling stress oz being calculated in accordance with 13.4.3.4 and z¢
calculated in accordance with 13.4.3.5, if applicable.

All panels of hull plating, bulkheads, walls and primary supporting member webs, in cases
specified in 13.3.2.10, shall fulfil buckling strength criteria for combined in-plane loads, specified
in 13.3.2.5, unless PRS allows the application of requirements specified in 13.4.3.3 to certain
panels.
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13.4.3.3 Elastic buckling of panels may be accepted upon special consideration by PRS. In such
cases the evaluation of the hull longitudinal strength shall be based on the reduced effective width
of the plate panels.

13.4.3.4 Ideal elastic buckling stress o for compression of plate fields within the adjacent
supporting contour shall be determined in accordance with the following formula:

oy =09 mELngo ST [MPa] (13.4.3.4-1)
For plate fields stiffened longitudinally (parallel to compressive stress):
8.4
m= m (13.4.3.4-2)
For plate fields stiffened transversely (perpendicularly to compressive stress):
- {1 . (EJT 2.1 (13.4.3.4-3)
/ ky, +1.1

E - see 1.2.1;
t, - net thickness of plating panel, [mm], taking into account the standard deduction,
determined in accordance with Table 13.4.3.4;

s - length of shorter side of plate field, [m];

I - length of longer side of plate field, [m];

¢ = 1.30 - where the plating is stiffened with bottom floors or deep girders,

¢ = 1.21 - where stiffeners are angles or T-sections,

¢ = 1.10 - where stiffeners are bulb flats,

¢ = 1.05 - where stiffeners are flat bars;

k, - is the ratio of the smallest and the largest compressive stress o (see Fig. 13.4.3.4).

The assumed value of k; shall meet the condition 0 < k; < 1.
For plates with cut-outs, oz shall be corrected in accordance with 13.4.3.8,13.4.3.10 and 13.4.3.11.

G G

k2 G k20

Fig. 13.4.3.4. Definition of factor k>
Table 13.4.3.4

Standard Limit values

Item Structure . .
deduction [mm] | min - max [mm]

— Compartments carrying dry bulk cargoes.
1 — Vertical surfaces and surfaces sloped at an angle greater than 25° to 0.05¢t 05-1
the horizontal line at one side exposed to ballast and/or liquid cargo.

— Horizontal surfaces and surfaces sloped at an angle less than 25° to

the horizontal line at one side exposed to ballast and/or liquid cargo.
2 — Vertical surfaces and surfaces sloped at an angle greater than 25° to the 0.10t 2-3
horizontal line at two sides exposed to ballast and/or liquid cargo.

— Horizontal surfaces and surfaces sloped at an angle less than 25° to
3 the horizontal line at two sides exposed to ballast and/or liquid cargo. 0.15t 2-4
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13.4.3.5 The ideal elastic buckling shear stress 7 of plate fields within the adjacent supporting
contour shall be determined in accordance with the following formula:

2
t
7, =09k E| ——| [MP 13.4.3.5-1
s =09k, (1000sj [MPa] ( )
s 2
k, = 5.34+4(7) (13.4.3.5-2)

ForE, t,, s, | -see 13.4.3.4.
For plates with cut-outs, 7z shall be corrected in accordance with 13.4.3.9,13.4.3.10 and 13.4.3.11.

13.4.3.6 For plate field subjected to combined in-plane load (Fig. 13.3.2.9), the values of ideal
elastic buckling stresses &7,., Oz, 7, shall be determined in accordance with the following

formula:
’ O—' ’ 2
ﬁ+i+[2] -1 (13.4.3.6)

where:

o, — value of ideal elastic buckling stress at compression along axis x, in case of combined in-
plane load, as shown in Fig. 13.3.2.9;
o . — value of ideal elastic buckling stress at uni-axial compression along axis x (Fig. 13.4.3.4),

calculated as o% in accordance with 13.4.3.4;

’ . . .
Oy O, —like &7, o, butat compression along axis y;

7. — ideal elastic shear stress value for combined in-plane load, as shown in Fig. 13.3.2.9;
7, — ideal elastic shear stress value for pure shearing, calculated in accordance with 13.4.3.5.

When calculating the values of &/, O';E and 7, in accordance with formula 13.4.3.6, they shall

be assumed to be directly proportional to the values of stresses o, o;, rdetermined in accordance
with 13.3.2.9 and 13.3.2.10. Compressive stresses shall be taken as positive. Where oy or o, are
tensile, ¢/, /o, or ol /O-yE shall be taken equal to 0 in formula 13.4.3.6.

13.4.3.7 The values of equivalent ideal elastic stress for plate subjected to combined in-plane
load shall be calculated in accordance with the following formula:

G =/(0L)? +(0p)? — G0 +3(ry)? (13.43.7)
Ol T Tl —ideal elastic stresses calculated in accordance with 13.4.3.6; they shall be non-
negative numbers.

13.4.3.8 Where a circular or oval opening has been cut out in the centre of the panel field, the
values of &, calculated in accordance with 13.4.3.4 shall be corrected through multiplying by non-

dimensional factor ry of values determined according to Table 13.4.3.8.
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Table 13.4.3.8
Correction factors for panels with openings subjected to uni-axial compression

Item | Type of opening and direction of compression Value of rk and scope of application
2
Y rk:1.1771,4li+1,17(ij
O o
1 - A
for:03< < <0.7
/ s
125
rrk =0.85
)
- ] for:0.3< < <0.7
2 S
A
125
rk=0.66 for 1< <2; re=0.76 for 1>2
) g S S
3 y Values of r valid for:
/
2 03< £ <07 and 125< €. <2
s d
/
W re=082for 1< -<2; ri=0.66 for | >2
s N
4 g} Values of r valid for:
M 03< £ <075 and 1.25< £ <2
/ K d
12s
rk=0.78 for 1< ' <2; ry =085 for 1>2
= = K s
y
5 i Values of rx valid for:
7
2 03< <075 and 1.25< 9 <2
S C
W re=074+003 L
N
P ‘7
. 5 for:03< £ <0.75 and 1.25< < <2
6 Cc lg— S C
1A
-~ 1zs =

13.4.3.9 Where a circular or oval opening has been cut out in the centre of the panel field, the
values of 7, calculated in accordance with 13.4.3.5 shall be corrected through multiplying by non-

dimensional factor ri of values determined in accordance with Table 13.4.3.9.
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Table 13.4.3.9
Correction factors for panels with openings subjected to shear stresses only

Item Type of opening Value of r« and scope of application

2
- re =117 - 2.32 i+1.31[ij

| o o
N ~ T
1 l L ‘ for:03< 4 <07

A

d d 2 C C
roo=117-232—+131 —| +0.16/1.75—— |+ Ar for: 1.25 < — <2;
k s s d d
S 0,3£i£0.7
S
2 ¢ A TT where:
| : ,
— Ar=0.08(— —2.5),for 1.5< 2<2.5;
Ky N
/

Ar = 0 - for other values i

Tk =1.17—2.321+1.31( ] +022(1——)+Ar
S
i

— for 0.5< €£<0.75; 03<%<07
d
| i
3 i © K where:
l — r I N
— Ar=03 ——0.06[—) —025,for L<o s,
IZIS § § s

Ar=0.125, for L>2.5
s

13.4.3.10 For the plate panels with circular or oval opening cut out in the centre of the panel

field and strengthened with a flat bar welded around to the edge of the opening symmetrically to

the panel plane, the ideal elastic stresses calculated in accordance with 13.4.3.8 or 13.4.3.9 may

be corrected in the following way:

a) where the thickness of the flat bar is not less than the panel plate thickness and the flat bar
height is not less than four times the thickness of panel plate, then for the plate panel subject
to uni-axial compression:

re=1 (13.4.3.10-1)
b) for the plate panel subject to shear only, strengthened in way given in a), value r, in accordance
with Table 13.4.3.9 shall be additionally multiplied by the factor:
_ ru=
o.3+2.0%+0.2§+0.6§ (13.4.3.10-2)

l's, ¢, d - dimensions as shown in figures in Table 13.4.3.9;
— ¢ =d -foracircular cut-out;
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c) where, in pure shear, the opening edge has been strengthened with a flat bar of thickness not
less than two times the panel plate thickness and the height not less than four times panel plate
thickness, then:

- re=1 (13.4.3.10-3)

13.4.3.11 Where the panel with a circular or oval opening in the centre has been strengthened,
as shown in Fig. 13.4.3.11, with flat bars of thickness not less than the panel plate thickness and
the height not less than four times the panel plate thickness, then for panels subjected to pure
shear, the values of 7z calculated in accordance with 13.4.3.5 may be corrected, in relation to the
requirements of 13.4.3.9, by multiplying the value of r (calculated in accordance with Table
13.4.3.9) by factor r, determined in the following way:

l

a1

Fig. 13.4.3.11

d h
7, :(2——}(0.6+0.17j (13.4.3.11)

S

where:

d,s - dimensions as shown in Fig. 13.4.3.11;
h,t - height and thickness of flat bars [mm)].

For the plate panels subject to uni-axial compression, strengthened as specified above, stresses
o for each of three parts of the panel, formed due to the application of flat bars (Fig. 13.4.3.11)
may be calculated in accordance with 13.4.3.4, i.e. assuming that flat bars are the stiff support for
the panel plate and ignoring the opening. The above-mentioned flat bars shall then meet the
requirements specified in 13.3.2.1 in association with the requirements specified in 13.5.3.2 and
13.5.3.3.

13.5 Stiffeners
13.5.1 General Requirements

13.5.1.1 The scantlings of various stiffeners cross-sections shall comply with the following

requirements concerning:

— the minimum thickness of structural members specified in 13.2,

— the bending strength of a stiffener due to lateral load specified in 13.5.2,

— stiffener buckling strength, specified in 13.3, taking into account the requirements specified in
13.5.3, where applicable.

13.5.1.2 In cases, specified in 14.7.1, checking the strength of stiffeners with the use of FEM
calculations in accordance with the requirements of 14.7.3, may be required.

13.5.1.3 The scantlings of stiffeners transferring compressive axial loads shall be determined
in accordance with 13.7.3.
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13.5.2 Section Modulus

13.5.2.1 The netsection modulus, i.e. after deduction of corrosion additions in accordance with

2.5 (see also 13.5.2.5) for:
— longitudinal and transverse stiffeners of the outer and inner bottom and of sides, as well as
stiffeners of tight floors and longitudinal primary supporting members;

— longitudinal and transverse stiffeners of decks and platforms,

— longitudinal and transverse, horizontal and vertical stiffeners of bulkheads and partitions
subjected to lateral load,

shall be not less than:

10007 s p
mo

[cm3] (13.5.2.1)

however, notless than 15 cms3.
m - the bending moment factor in accordance with 13.5.2.2 (see also 13.5.2.4), as well as Table
5.2.3.3.

The allowable stresses o shall be determined as follows (see also 13.5.2.3):
— for longitudinal stiffeners in the midship part of ship: from Table 13.5.2.1 and the assumed
values shall not exceed omax = 160k [MPa].

Table 13.5.2.1
Allowable stress for longitudinal stiffeners in the midship part of ship

o . . c
Item Longitudinal stiffener in way of: [MPa]
1 Outer bottom:
1.1 — in double bott
12 |- :E si(:luleeboct)tocl)nm 225k - 130f - o4y
' g 225k - 130f
2 Inner bottom
- in way of cargo hold 225k -100f- odp
3 Tight longitudinal girders 225k-110f
) 225k -130f(zn - za) / zn
4 Sides max. 130k in single-deck ships
5 Longitudinal bulkheads 225k -130f(zn—2a) / zn
6 Deck:
6.1 — strength deck, long superstructure and effective deckhouse 225k - 130f
6.2 above the strength deck
— continuous decks below the strength deck
225k -130f(zn - za) / zn

— for longitudinal stiffeners in ship ends: o= 160k [MPa]; the value of o may be varied linearly
between the midship part and the ship’s ends;

— for transverse stiffeners (vertical and horizontal), including collision bulkhead stiffeners: o = 160k
[MPa];

— for stiffeners of other watertight bulkheads : o = 220k [MPa].

The allowable stress values for stiffeners of longitudinal bulkheads in flooded condition are to be
taken as:
— atthe level of the neutral ship hull axis: 220k [MPa],
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— for the midship portion, towards the deck, the allowable stress values decrease linearly from
the value 220k, [MPa], at the neutral axis of ship hull to the value 220k(0 geck /0 neutral_axis), [MPa],
where Ggeck and Orneurralaxis are the allowable stress values given in Table 13.5.2.1 for the
longitudinal bulkheads at the deck and neutral axis level,

— for the midship portion, towards the bottom, the allowable stress values decrease linearly from
the value 220k, [MPa], at the neutral axis of ship hull to the value 220k:(0pottom/ O neutral_axis),
[MPa], where Opottom and G neutralaxis are the allowable stress values given in Table 13.5.2.1 for
the longitudinal bulkheads at the bottom and neutral axis level,

— along the length of the ship hull the stresses should be interpolated as required in p.13.5.2.1,
assuming the allowable values in the ship’s ends equal to 220k, [MPa].

ogp - stresses in stiffeners face plate due to double bottom bending in way of the considered cargo
hold, [MPa], determined in accordance with the requirements specified in Chapter 14.

The applied values of oy, shall not be less than:

o4 = 15k [MPa] - for dry cargo holds,

o4 = 35k [MPa] - for cargo holds intended for liquid cargo or ballast,
o4 = 50k [MPa] - for bulk carrier holds,

ogp = 60k [MPa] - for holds of bulk carriers with mark HC/E and BC-A.

13.5.2.2 The following values of the bending moment factor m shall be substituted into formula
13.5.2.1:

m =12 for continuous longitudinal stiffeners,

m =10 for discontinuous longitudinal and transverse stiffeners,

m=7.5 for free supported vertical stiffeners,

m =10 for vertical stiffeners which may be considered fixed at both ends.

For watertight bulkhead structures exposed to sea pressure in flooded conditions:

m =16 for stiffener fixed at both ends,
m=12 for stiffener fixed at one (lower) end and simply supported at the other,
m=8 for stiffener simply supported at both ends.

Note:The above values of m for watertight bulkheads have been based on the assumption that plastic hinges occur at
fixed supports and shall not be compared with the bending moment factor m corresponding to elastic bending.

13.5.2.3 The stiffener and plating shall generally be of steel with the same yield stress. If the
stiffener is of a greater value of yield stress than that of the plating, o corresponding to the plate
material shall be applied. If the calculated stress in the plating is less than the applicable limit, the
value of o for the stiffener may be multiplied by a factor not greater than k./k, (k. - material
factor for stiffener; k, - material factor for plating).

13.5.2.4 In special cases stiffeners may be snipped at the ends if the thickness of plating
supported by the stiffener is not less than:

(l—O.SS) sp
=125 T-Hk [mm] (13.5.2.4)

In this case the section modulus shall be calculated from formula 13.5.2.1, taking m = 8, o = 145k
[MPa].

13.5.2.5 Design section moduli of stiffeners (within region A or B area in accordance with sub-
chapter 2.5) shall be increased in relation to values W, calculated from formula 13.5.2.1, due to
corrosion additions.
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For stiffeners welded of web and face plate or made of flat bars, adequate value of tx (see 2.5) shall
be added to the web and face plate thicknesses to ensure the required value of net section
modulus.

For stiffeners made of rolled sections, the design section modulus may be calculated as the
product of W calculated from formula 13.5.2.1 and factor wy, determined from the following
formulae:

— for angles:

w,=1+01¢, (13.5.2.5-1)
— in other cases:

w, =1+ 0061, (13.5.2.5-2)

tr — corrosion allowance addition, see 2.5.
13.5.3 Buckling Strength of Stiffeners

13.5.3.1 The scantlings of cross-section of:

— longitudinal stiffeners of bottom, sides, strength deck and longitudinal bulkheads taking part
in the ship longitudinal strength,

— stiffeners and primary supporting members of bulkheads and sides,

— vpillars,

— cross-ties,

— rows of panting beams fitted at the side stringers level in forepeak and after peak,

— primary supporting member webs stiffeners

shall fulfil the requirements specified in 13.3 for buckling strength, applying the ideal elastic
buckling stress or determined below.

The following buckling modes of a stiffener shall be considered:
— lateral buckling of the whole stiffener,

— torsional buckling of the whole stiffener,

— local web buckling,

— flange buckling.

13.5.3.2 For checking the lateral buckling strength of longitudinal stiffeners subjected to
compression loads due to hull girder bending, bulkhead supporting stiffeners, pillars, cross-ties,
rows of panting beams in the forepeak and longitudinal stiffeners of primary supporting member
webs, the ideal elastic buckling stress oz may be determined in accordance with the following
formula:

I
o, =0001F A”[‘Z [MPa] (13.5.3.2)

I, - moment of inertia, without corrosion allowance, about the axis perpendicular to the
expected direction of buckling, i.e. perpendicular to the plating, [cm*];
A - cross-sectional area of stiffener, [cm?].

When calculating I, and 4, the effective width of plating equal to the stiffener spacing and the
thickness equal to t, may be included - see 13.4.3.4.

The or value, calculated in accordance with formula 13.5.3.2, corresponds to simply supported
ends of the stiffener and axial compression.
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If, ina particular case, itis verified that one end can be regarded as fixed, the value oz may be multiplied

by 2. If itis verified that both ends can be regarded as fixed, the value of oz may be multiplied by 4.

The ends of stiffener may be considered fixed if:

— they are connected to the primary supporting members having considerable bending stiffness
in relation to the stiffener, in two perpendicular directions,

— they have end brackets on both ends.

13.5.3.3 At checking the torsional buckling strength of a stiffener, the value of or may be
determined in accordance with the following formula:

2
72El K I
op =4_w2(m2 +—2j+0.385E—’ [MPa] (13.5.3.3-1)
10*7,1 m I
PR (13.5.3.3-2)
mr 5.3.

m - number of buckling made half-waves, it may be determined from the following formula:
(m-1)2m2<K<(m+1)2m?

where:

m=1 for 0<K<4;
m=2 for 4<K<36;
m=3 for 36<K<144;
m=4 for 144 <K<400;

I, — sectorial moment of inertia of the stiffener cross-section about connection of stiffener to
plating, [cmS$]:

— for flat bars:
3.3
;=B (13.5.3.3-3)
Y 36
— for T-sections:
372
I, = % 10° (13.5.3.3-4)
— for angles and bulb floats:
bk’
1, =——"=[1, (B2 +2b, b+ 4k )+31,b, 4, |-10° (13.5.3.3-5)
12 (b, +h,)

hs - web height, [mm];

ts — web thickness, [mm], minus standard deduction in accordance with 13.4.3.4, i.e.
assuming ts = tp;

bm - flange width, [mm];

tm — flange thickness, [mm], minus standard deduction in accordance with 13.4.3.4. For
bulb sections, the mean thickness of bulb shall be taken;

I - span of stiffener, [m];
Iy - polar moment of inertia of stiffener cross-section about connection of stiffener to plating,
[cm?]:
— for flat bars:
Rt .
I, :?-10 ! (13.5.3.3-6)
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— for stiffeners with flange:

nt, o, )
I; - St. Venant's moment of inertia of stiffener cross-section (without effective plate flange),
[cm?]:
— for flat bars:

he
I :?-10 ! (13.5.3.3-8)
— for stiffeners with flange:
I, = l{h‘.t;” +b,t, (1 —0.63 L ﬂ 107 (13.5.3.3-9)
31 b,
¢ - spring stiffness exerted by supporting plate panel:
k Et
¢ PP 1073 (13.5.3.3-10)
1.33k ht’
35| 14 ——rr
1000st;
kp, =1 -r, however, not less than k, = 0(13.5.3.3-11)
o
r=—= (13.5.3.3-12)

or - design compressive stress, [MPa]; for longitudinal deck beams, bottom and side
frames, as well as stiffeners of longitudinal bulkheads - see 13.3.2.7;
ogp — ideal elastic buckling stress of supporting plate in accordance with 13.4.3.4;

t, - plating thickness, [mm], minus standard deduction in accordance with 13.4.3.4.

For stiffeners with flanges, the assumed value of k, factor need not be taken less than 0.1.

13.5.3.4 For checking the local buckling strength of a web, the value or may be determined in
accordance with the following formula:

2
o, =38 E(]t]_j [MPa] (13.5.3.4)
hs — see13.1.2;

ts — web thickness, [mm], minus standard deduction in accordance with paragraph 13.4.3.4.

13.5.3.5 Buckling strength of flange of longitudinal stiffener made of angle or T-section may be
considered sufficient if the following requirement is fulfilled:

(> % bk (13.5.3.5)

bn - flange width for angle bar, half the flange width for T-sections, [mm];

tm — design flange thickness;
k - material factor.
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13.5.3.6 For stiffeners supporting plate panels subject to compression perpendicular to the
stiffener direction (e.g. transverse deck beams of strength deck, vertical side frames and stiffeners
of longitudinal bulkheads), the moment of inertia of stiffener cross-section, including effective
plate flange, shall not be less than:
4
1= 0990,040s e (13.5.3.6-1)
t

t - plate thickness, [mm];
or - compressive stress, [MPa], acting in plate panels perpendicular to the stiffener direction;

o, =118c, [MPa]-whenor<0.5R,, (13.5.3.6-2)
R
o, =——%——— [MPa] - in other cases; 13.5.3.6-3
F 4R, -1.180,) [MPa] ( )
I, s-see13.1.2.

13.6 Simple Primary Supporting Members

13.6.1 General Requirements

The structure of simple primary supporting members and the scantlings of their structural parts
shall comply with the below specified requirements within the scope of:

— minimum thickness, see 13.2,

— section modulus, see 13.6.2,

— web cross-sectional area, see 13.6.3,

— buckling strength, see 13.6.4.

13.6.2 Section Modulus

13.6.2.1 The section modulus of a primary supporting member, subjected to lateral load, shall
be calculated including effective plate flange, determined in accordance with 3.2.2, about the
neutral axis parallel to the plating. The net section modulus, i.e. after deduction of corrosion
additions in accordance with 2.5, if required, shall not be less than that determined in accordance
with the following formula:

_1000/°bp
mo

w [cm3] (13.6.2.1-1)

L b,p-seel13.1.2;

o - allowable stress determined as follows:
— for the continuous longitudinal primary supporting members amidships:

Z}’l _Za

o =190k—-130 f [MPa] (13.6.2.1-2)

however not more than 160k [MPa];
— for the longitudinal primary supporting members in peaks:
o =160k [MPa]
The value of o varies linearly between the above specified regions;
— for transverse and vertical girders:
o =160k [MPa]

m - bending moment factor (see 5.2.3.3), in general m = 10 may be taken.
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13.6.2.2 Design values of W may be determined in accordance with the requirements specified
in paragraph 13.5.2.5.

13.6.3 Web Cross-section Area

13.6.3.1 Effective web cross-section area of primary supporting member subjected to the
lateral load, determined in accordance with 3.2.3, shall not be less than:

A=S80L 001h, 1, [em (13.6.3.1)

¢ = 0.75 - for web of watertight bulkhead primary supporting members (not applicable to the
collision bulkhead);

1.0 in other cases;

0.06 - for continuous horizontal primary supporting members, as well as upper ends of
vertical primary supporting members of sides and bulkheads;

ki = 0.08 - for lower ends of vertical primary supporting members of sides and bulkheads;

ki = 0.07 - for deck primary supporting members;

L, b, p, hs, tk - see 13.1.2.

c
ki

13.6.3.2 The web cross-section area in the middle of the span shall not be less than half the
value determined in accordance with formula 13.6.3.1.

13.6.4 Buckling Strength of Primary Supporting Members

13.6.4.1 The buckling strength of primary supporting members subjected to axial loads (pillars
and cross-ties) shall be checked in accordance with 13.7.3 and 13.7.4.

13.6.4.2 The buckling strength of primary supporting members subjected to transverse loads

and possible additional axial loads due to the hull girder bending shall comply with the following

requirements:

— lateral buckling strength of the whole girder need not, in general, be checked;

— itis assumed that the requirements regarding torsional buckling of primary supporting members
and local buckling of flanges are complied with if the requirements of 3.6.2 and 3.6.4 are satisfied;

— primary supporting member webs shall comply with local buckling strength criteria, specified
in 13.3.2.2, 13.3.2.3 or 13.3.2.5 for design stress value determined in accordance with 13.3.2.7
or 13.3.2.10. Their stiffening or strengthening in accordance with the requirements specified
in sub-chapter 3.6.3 may be required for that purpose.

13.6.4.3 For primary supporting members - supporting longitudinal stiffeners (deck beams,
frames, longitudinal bulkhead stiffeners) or primary supporting members supporting other
stiffeners subjected to axial compression stresses, the moment of inertia of primary supporting
member cross-section (including effective plate flange) shall not be less than:

I 1,
I=03-"% [cm?] (13.6.4.3-1)
b s
lw - span of the primary supporting member, [m],
b - distance between primary supporting members, [m];
- spacing of stiffeners, [m];
O-EAIZ . . . ) .
I, = 0.001E [cm*4] - moment of inertia of compressed stiffener cross-section, necessary to fulfil

the requirements specified in 13.5.3.2;

Polish Register of Shipping 135




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

July 2024 Part II - Hull, Chapter 13 - Local Strength and Buckling Control of the Structure

o, =118c, if 6 <0.5R. (13.6.4.3-2)
R2

o= < [MPa] - in other cases; (13.6.4.3-3)

4(R.-1180,)

or — the compressive stress in the stiffener, [MPa];
A - cross-section area of stiffener, see 13.5.3.2, [cm2];
| - span of stiffener, [m].

13.7 Pillars and Supporting Members
13.7.1 Application

The requirements of the present sub-chapter apply to members subjected to compressive axial
stresses: deck pillars, vertical stiffeners and bulkhead primary supporting members supporting
deck structures, panting beams in peaks and cross-ties in tanks.

13.7.2 General Requirements

13.7.2.1 As far as practicable, the deck pillars shall be fitted in line with the upper and lower
pillars.

13.7.2.2 Transverse web beams in decks and platforms of machinery spaces shall be fitted in
line with side web frames and deck pillars to form stiff frame structures.

13.7.3 Pillars and Supporting Stiffeners

13.7.3.1 The critical buckling stress o of pillars, cross-ties and panting beams, determined in
accordance with the requirements specified in 13.5.3 and 13.3.2.2, shall be not less than:

o) 107 MP 13.7.3.1-1
=— a .7.3.1-
Pl ( )
P - axial load, as specified in 13.7.3.2, 13.7.4 or obtained from direct stress analysis in
accordance with Chapter 14, [KN];
ki = kzl , however, not less than 0.3; (13.7.3.1-2)

1+ -
1

k2 = 0.5 - for supporting members of weather deck within x > 0.4L,, as well as for cross-ties and
panting beams in side tanks and peaks;

k> = 0.6 - for supporting members of weather deck when sea loads are applied;
k; = 0.7 -in other cases;

} 1
i= —Z - radius of gyration of cross-section of the supporting member, [cm];

I, A -see13.5.3.2;
I - span of a pillar, cross-tie or panting beam.

13.7.3.2 The nominal axial force in deck pillars shall be determined in accordance with the
following formula:

P=y P [kN] (13.7.3.2)

P;- force transmitted to the considered pillar from deck i [kN].
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The force transmitted from deck primary supporting members shall be taken equal to half the sum
of lateral forces acting on primary supporting members supported by the considered pillar.

13.7.4 Cross-ties and Panting Beams

The required cross-sectional area of cross-ties in tanks and panting beams in peaks shall be
determined in accordance with 13.7.3.1, taking k, = 0.5 and the axial force determined in
accordance with the following formula:

P=1bp [KN] (13.7.4)

I - mean span of a primary supporting member or frame supported by a cross-tie or panting
beam, [m];

b - the breadth of the plating supported by a primary supporting member or frame, see 3.2.2.3,
[m].

13.8 Brackets
13.8.1 Application

The requirements specified in this sub-chapter apply to brackets connecting stiffener and primary
supporting member ends to other structures.

13.8.2 Bracket Ends of Stiffeners

13.8.2.1 All types of stiffeners shall be connected at their ends with brackets. In special cases,
bracketless connections or snipped ends of stiffeners may be allowed (see 13.8.2.7 and 13.8.2.8).

Brackets of overlap type (see items (a) and (b) in Fig. 13.8.2.3) shall generally be applied only at
locations where the bending moment capacity required for the bracket is reduced compared to the
bending moment capacity of the stiffener. It means that brackets of overlap type are generally
permitted at upper ends of side frames and vertical stiffeners of bulkheads.

13.8.2.2 Where continuity of strength of longitudinals members is provided by bracketed
connections with primary supporting members or transverse bulkheads, the alignment of the
brackets on each side of the primary supporting member shall be ensured. The scantlings and
design of the brackets shall be such that the combined stiffener/bracket (or the bracket alone
where the stiffener end is not welded to the primary supporting member/bulkhead) section
modulus and effective cross-section area are not less than those of the member. PRS may require
calculations of fatigue strength for such type hull structure nodes, according to the requirements
of Publication 45/P - Fatigue Strength Analysis of Steel Hull Structure.

13.8.2.3 The scantlings of the brackets for stiffeners not taking part in the longitudinal strength
shall fulfil the requirements specified in 13.8.2.4 t013.8.2.8 (see also Fig. 13.8.2.3 and 3.2.1.1).
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Fig. 13.8.2.3. Bracket ends of stiffeners

13.8.2.4 The net thickness of the bracket t,, shall be not less than determined from the formula:
Rew  Imm] (13.8.2.4)

tw = (2 + k) VW) -

W - rule net section modulus for the stiffener (the minimum value if more than one stiffener
have been attached to the bracket), [cm3];
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ki - 0.2 for flanged brackets;

ki - 0.3 for unflanged brackets;

R.-w —yield strength of bracket material, [MPa];
R.-, -yield strength of stiffener material, [MPa].

The bracket thickness t. shall not be less than 6.
If the stiffener end is not welded to plating or flange of the second stiffener (see items a), b), c), d)
and f) in Fig. 13.8.2.3, the net bracket thickness shall also not be less than the net web thickness

of the non-continuous stiffener and the material yield strength of the bracket shall not be less that
that of the stiffener.

13.8.2.5 The bracket arm length a shall be not less than determined from the formula:

a=c ™ [mm (13.8.2.5-1)
tW
W, t. - in accordance with 13.8.2.4;

a - seea;anda: Fig. 13.8.2.3 and further requirements specified in this paragraph;
¢ = 65 for flanged brackets;
c 70 for unflanged brackets.

The adopted value of a shall also be not less than:

a) 1.8h, - for connections where the ends of the stiffeners are welded with each other or with
plating and the bracket is in line with stiffener webs (or with offset necessary to enable
welding) - as in the items e) and g) in Fig. 13.8.2.3 (value h, in [mm] - see Fig. 13.8.2.3.);

b) 2.2h, - for other cases of stiffener connections (as in items a), b), ), d) and f) in Fig. 13.8.2.3);

c) 2h, - for cases where plating stiffener is connected to a primary supporting member of
bulkhead (see vertical stiffeners in items f).

In the case of different arm lengths a1 and a3, their sum shall not be less than 2a and the length of
the smaller arm shall not be less than 0.8a (see Fig. 13.8.2.3).

For bracket connection as in item d) in Fig. 13.8.2.3 (bracket edge connected with the stiffener
flange), the dimension a; shall be not less than h, and az - not less than 0.8a.

For stiffener ended with an integral bracket, the radius r (see item g) in Fig. 13.8.2.3) shall be not
less than:

2
r=16- [mm] (13.8.2.5-2)

where:

b; -the distance between flange and web (greater value of two distances in case of an angle of
asymmetrical flange), [mm];
tm - flange thickness,[mm)].

Where the length of free edge exceeds 50t., a flange or edge stiffener shall be fitted, its width b
being taken not less than that calculated in accordance with the following formula:

b =145(1+5) [mm] (13.8.2.5-3)

and not less than 50 mm.

W - see 13.8.2.4.
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13.8.2.6 The arrangement of the connection between plating stiffener and the bracket shall be
such that at no point in the connection (bracket cross-section) is the section modulus to be less
than that required for the stiffener.

13.8.2.7 Bracketless end connections may be applied for longitudinals and other stiffeners
running continuously through primary supporting members (web frames, web deck beams,
bulkheads), provided sufficient welded joints are arranged (for longitudinals see also 6.2.2.2 and
8.2.2).

13.8.2.8 Stiffeners with snipped ends may be allowed where dynamic loads are small and
where vibrations shall be considered to be of small importance, provided the thickness of plating
supported by the stiffeners is not less than calculated in accordance with the following formula:

t = 1.25 /@ [mm] (13.8.2.8)

I - stiffener span, [m];
s - stiffener spacing, [m];
p - pressure acting on plating supported by stiffener in question, [kPa].

The distance of the snipped ends of stiffeners to the web of primary supporting member, deck
plating, bulkhead, etc., shall not exceed double thickness of plating and 40 mm. The depth of the
snipped end of the stiffener shall not exceed its thickness, but need not be less than 15 mm.

13.8.3 End Connections of Primary Supporting Members

13.8.3.1 Ends of primary supporting members or connections between primary supporting
members forming frame systems shall be provided with brackets.

The free edges of the brackets shall be rounded with a radius or well rounded at their toes and
flanged.

Bracketless connections may be applied, provided adequate support of adjoining face plates is
arranged.

13.8.3.2 The thickness of the primary supporting member brackets shall not be less than that
of the primary supporting member web plate.

Primary supporting member brackets shall have along their free edges the face plates with cross-
sectional area not less than:

Amw=1vtw [cm?] (13.8.3.2)
I - length of free edge of bracket, [m];

If 1., exceeds 1.5 m, the bracket shall be fitted with an additional stiffener parallel to the face
plate and maximum 0.15 m from the edge, the cross-sectional area of the face plate being
equal to 60% of the value determined from the above formula and the cross-sectional area
of the stiffener equal to 40% of this value;

tw — thickness of bracket, [mm].

Where face plate of the primary supporting member is continuous with the bracket face plate, the
change in face plate dimensions shall, as far as possible, be gradual. Where there is a discontinuity
between the face plates, the face plate of the primary supporting member shall extend well beyond
the toe of the bracket.

13.8.3.3 The bracket arm length, including the primary supporting member depth shall be
determined in accordance with the following formula:
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a,= c\/t: [mm] (13.8.3.3)

W - the required section modulus of the primary supporting member connected with the
bracket, [cm3];

tw — bracket thickness, [mm];

¢ = 63 for bracket of bottom and deck primary supporting members,

¢ = 88in other cases.

Other values of c may be accepted after PRS consideration in each particular case.

13.8.3.4 Normal stresses in mid length of the bracket free edge shall not exceed the allowable

stresses specified in 14.4 increased by:

— 25% for structures where the bracket with stiffened edge is welded to the face plates of
connected primary supporting members,

— 45% for structures where the bracket is an integral part of both girders, its face plate being an
extension of the primary supporting member face plates.

13.8.3.5 Atcrossjoints of bracketless connections, the required flange area of face plate may be
gradually tapered beyond the crossing flange. For flanges in tension, the allowable tensile stress
shall be reduced when lamellar tearing of flanges may occur.

The thickness of the primary supporting member web at cross joints of bracketless connection
(see Fig. 13.8.3.5) shall not be less than the greater value determined from the following formulae:

R

= 13.8.3.5-1
Tk h k100 M ( )
= ﬁi Shh 13.8.3.5-2
T (13.8.3.5-2)
A1,A> - minimum required flange cross-sectional area of primary supporting members 1 and
2, respectively, [cm2];
h1,h; - height of primary supporting members 1 and 2, [mm];

t1,t2 - minimum required thicknesses (outside region 3) of primary supporting member 1 and
2 web plates, [mm];
o1, 02 - bending stresses in primary supporting members 1 and 2, [MPa];
71, 72— shear stresses in webs of primary supporting members 1 and 2, [MPa];
ke - material factor for corner web plate (region 3) of the web.
J H
1 t £

h1

| —

Fig. 13.8.3.5. Bracketless connection of primary supporting members
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14 ZONE, GENERAL AND LOCAL STRENGTH, THE PRINCIPLES OF FINITE ELEMENTS
METHOD CALCULATIONS

14.1 General
14.1.1 Application

14.1.1.1 The requirements of the present Chapter are applicable to:

— strength analysis of the hull primary supporting members system;

— global hull strength analysis in cases where the strength assessment in accordance with the
requirements of Chapter 15 cannot be performed (e.g. in ships with superstructures located
amidship, ships with large hatchway openings in deck, etc.);

— hull stiffeners strength assessment in cases where the methods and criteria given in 13.5
cannot be applied, as well as to the assessment of stress level in stress concentration areas (e.g.
brackets, edges of openings, cut-outs, etc.).

The calculated stress values may be applied for buckling strength analysis of the plating, primary
supporting member webs and stiffeners - according to the criteria given in 13.3.2 and 13.4.3.

14.1.1.2 Cases where the stress analysis shall be carried out are specified in the following

Chapters:

18 - for container ships,
19 - forro-ro ships,

20 - for bulk carriers,

21 - for tankers.
14.2 Design Load Conditions

14.2.1 Stress analysis shall be conducted for the most severe but realistic load conditions, with
the ship:

— fully loaded,

— partly loaded,

— ballasted (tank cleaning procedures to be taken into consideration),

loading / discharging.

For sea conditions, realistic combinations of external and internal dynamic loads, as specified in
Chapter 16, shall be considered. For harbour conditions, the dynamic loads may be neglected. The mass
of deck structures may be neglected when it is less than 5% of the design loads.

Recommendations on design load conditions are also given in Chapters listed in paragraph
14.1.1.2.

14.3 Hull Primary Supporting Members System Strength Assessment on the Basis
of Beam FE Models

14.3.1 Application

14.3.1.1 Theterm ,beam FE models” means models in the form of continuous beams, flat frames
and three-dimensional frames.

Such models may be used for zone strength analysis of the hull structure modules consisting of
flat or almost flat, stiffened fragments of the plating, strengthened with primary supporting
members (such as side shell, bottom, decks, bulkheads), which can be considered as slender.
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14.3.1.2 The zone strength analysis of the structure with strongly variable shapes (such as the
hulls without middle body or end parts of the hulls) shall be made in accordance with the
requirements of sub-chapter 14.4.

14.3.2 Structure Modelling Principles

14.3.2.1 Beam elements of FE model shall, in general, be located at the neutral axis of the
considered section.

In the case of T beams welded to the shell plating, location of elements in a line of the web contact
with the plating is permitted.

14.3.2.2 FEM calculations with the use of beam elements shall be made in a linear-elastic range,
having regard to deformations due to bending, shear, torsion, tension and compression.

14.3.2.3 Strength characteristics of the transverse sections the model elements (section area,
moment of inertia, section moduli, torsional rigidity) shall be determined for net thicknesses of
structural members, i.e. after deduction of corrosion additions according to 2.5.

14.3.2.4 Moment of inertia and section moduli of the primary supporting members shall be
calculated for the web with the effective flange or flanges (in the case of double skin structures).

The width of the effective flange shall be determined in accordance with 3.2.2. Stiffeners located
within the effective flange may be considered in accordance with the requirements of 3.2.2.1.

The flanges of T-shaped primary supporting members shall be considered in their entirety.

14.3.2.5 Within the web openings, the shear area shall be taken as an effective web section area
determined in accordance with 3.2.3.

14.3.2.6 Torsional constant for the T primary supporting members (Fig. 14.3.2.6 a) shall be
determined from the formula:

I, %ilizf (14.3.2.6-1)
i=1

Torsional constant for the primary supporting members in double skin structures shall be determined
from the formula:

bm : hS2

Iy="" (14.3.2.6-2)
R + PR
tl t2

Thicknesses ¢, and 7, inthe above formulae are the net thicknesses of the plating.
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14.3.2.7 In way of brackets and the crossings of primary supporting members, rigid beam
elements (or rigid ends of elements - if the program allows) with the lengths determined
according to Fig. 14.3.2.7 shall be used.

Strength characteristics of the rigid elements shall be determined as follows:

— moment of inertia shall be assumed 100 times the moment of inertia of average elements with
finite rigidity, used in a given model,

— section area and shear section area shall be assumed 10 times the relevant section area of
average elements with finite rigidity, used in a given model.

rigid elements or rigid ends of elements

— | =4
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| }
d d
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/’/ ———b
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Fig. 14.3.2.7. Determining the lengths of rigid elements or rigid ends of elements
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14.3.3 FE Model Loads

14.3.3.1 FE model loads due to water pressure, liquid stores or the load of stores on decks shall
be applied to beam elements in the form of a continuous load having the following value:

g=p-b (14.3.3.1)
where:

p - design pressure
b - width of the supported plating strake (equal to half the distance between adjacent primary
supporting members, bulkheads, etc).

14.3.3.2 The load from equipment, containers, etc., may, in general, be applied in the form of
concentrated forces at FE model nodes.

14.3.3.3 On the boundary of FE model, loads in the form of concentrated forces and moments
resulting from the loads acting on the hull structure outside the region covered by the FE model,
shall be applied.

14.3.4 Boundary Conditions

14.3.4.1 FE model nodes may, in general, be supported non-displaceably in a vertical direction,
in the planes of sides, transverse and longitudinal bulkheads, vertical divisions.

14.3.4.2 On the boundary of FE model, the correlation between the considered fragment of the
structure and the rest of the hull - in the form of appropriate springs connected to the model
nodes shall be taken into account.

14.3.4.3 FE model may span a fragment of the hull structure on one side of the plane of
symmetry. In such case, under symmetrical load, appropriate boundary conditions in the plane of
symmetry (naught rotation angles of the nodes around longitudinal and vertical axes) shall be
applied.

14.3.5 Permissible Stresses

Permissible values of stresses in primary supporting members corresponding to design loads
determined in accordance with Chapter 16 are given in 14.5.

14.3.6 Report on FEM Calculations
14.3.6.1 Calculations Data

The report on FEM calculations shall contain the following information concerning the applied

input data:

— arrangement of beam elements (drawing of the model - generated, e.g. by the computer
program - and co-ordinates of the nodes);

— sections of beam elements and values of their strength characteristics (strength and section
moduli, etc.), assumed for calculations;

— applied loads;

— applied boundary conditions;

— material properties (Young's modulus, Poisson's coefficient, yield point).
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14.3.6.2 Calculation Results

The calculation results shall include:

— drawing of the deformed structure (computer print) and the maximum values of the nodes
displacement;

— values of stresses in particular elements of FE model.

14.4 Hull Primary Supporting Member System Strength Assessment on the Basis of FE
Models Using Membrane, Shell and Beam Finite Elements

14.4.1 Application

14.4.1.1 The requirements of sub-chapter 14.4 apply to the assessment of hull primary
supporting member system strength with the use of 3D finite FE models (applying membrane,
shell and beam finite elements).

14.4.1.2 FE model shall cover a sufficiently large module of the hull structure - in the form of
imposed boundary conditions - so as to minimize, in the region where the strength of primary
supporting members is assessed, the influence (on the results of the calculations) of inaccurate
modelling of the correlation between the primary supporting members used in FE model and the
remaining primary supporting members.

The minimum required extent of FE model shall span the hull module from the centre of the
compartment between watertight bulkheads to the centre of such adjacent compartment. For
symmetrical hull and the symmetry of the load, the FE model spanning a fragment of the structure
- from CP to one side, may be applied.

[t is advisable, however, to develop a FE model spanning three successive compartments between
watertight bulkheads. In such case, only the stresses in the middle compartment of the module,
including transverse bulkheads, will be subject to assessment.

14.4.1.3 The calculation results of FE model required in 14.4.1.2 may be utilized as the
boundary conditions for the local FEM strength analysis in accordance with the requirements
specified in 14.7.

14.4.2 Principles of Structure Geometry Modelling

14.4.2.1 The principles of modelling, presented below, refer to FEM calculations in a linear-
elastic range, with the use of models, in which 4-node membrane or shell finite elements and 2-
node rod or beam elements are applied.

The application of higher order elements (8-node or 6-node) allows, in general, to employ a more
coarse division into finite elements than that required below. Such models are subject to a
separate consideration of PRS.

The application of 3-node triangular elements shall be avoided. Such elements may be used in
exceptional cases only so as to avoid unacceptable shapes of quadrangle elements.

14.4.2.2 InFE model, all primary supporting members in the considered hull module (including
brackets and the bracket webs stiffeners), the plating and the plating stiffeners shall be taken into
account.

The net thicknesses of structural members shall be applied, i.e. corrosion additions, required in
2.5, shall be deducted.
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To determine the effective area A. for curved webs of primary supporting members or curved
plating (e.g. at the bilge) according to 3.2.2.4 and 3.2.2.5, their reduced effectiveness in bending
condition shall be considered using reduced plate thickness.

14.4.2.3 Thestiffeners of the plating may be modelled using one row of shell or membrane finite
elements at the height of the web; face plates may be modelled by rod elements.

Alternatively, the stiffeners of the plating in the form of 2-node beam non-axial elements, i.e. the
elements in which the stiffener neutral axis displacement in relation to the plating has been taken
into account, may be considered.

Where the computer program does not allow to apply such elements, the modelling of stiffeners
in the form of 2-node rod elements in the plane of the plating is permitted. However, section areas
of such elements shall be suitably reduced in relation to the section areas of stiffeners to correctly
represent the bending stiffness of the primary supporting member with the stiffened belts of the
plating. The principle of modelling non-continuous stiffeners is given in 14.4.2.4.

14.4.2.4 The primary supporting member face plates and stiffeners applied to ensure stability
of the primary supporting member webs may be considered in the form of 2-node rod elements.
In the case of curved face plates, the requirements of 14.4.2.2 shall apply.

If the primary supporting member face plates or stiffeners of the primary supporting member webs
are not continuous (the ends are sloped), then, for the end sections of these elements, over the
length not less than the 2 times the face plate thickness or the stiffener height, the reduced value
of their cross-section shall be taken in the FE model. This value shall be equal to 25% of the mean
value of the actual section area along the length of the finite element.

14.4.2.5 When developing FE models of the plating, the primary supporting member webs and

brackets with the use of membrane or shell elements, the following principles shall be observed:

— the ratio of the length of the longer quadrangle element side to the shorter side length shall
not, in general, exceed 2, and in no case shall be greater than 4;

— the angle between the sides of the element shall be in a range of 60° to 120°;

— the angles of triangle elements (if their application cannot be avoided) shall be in a range of 30°
do 120°.

14.4.2.6 When developing FE model of the plating, the division into finite elements shall be such

that the size of the elements will be not greater than that given by the following minimum

requirements:

— atthe height of the primary supporting member webs, at least 3 finite elements shall be applied
and the web division into elements shall be adjusted to the arrangement of the web stiffeners;

— when dividing the hull shell plating, the plating of decks and bulkheads into finite elements, at
least one finite element between adjacent stiffeners shall be applied; along the ship length, the
length of the finite elements sides shall not be greater than the frame spacing.

14.4.2.7 Openings in the primary supporting member webs in FE model shall be considered in
accordance with the below principles, depending on the height h of the structural member, the
height ho and the length b, of the opening, the spacing eo between the adjacent openings (see Fig.
14.4.2.7), as well as the proportion of these dimensions characterized by the value co:
b2
cp=1+—>—— (14.4.2.7-1)
©26(h-h, )

The opening may be neglected in FE model when ho/h < 0.35 and ¢o < 1.2.
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In FE model in way of the opening shown in Fig. 14.4.2.7, the reduced thickness of the plating shall
be applied:

t (14.4.2.7-2)

(ts — net thickness of the web), when 0.35 < /¢/h < 0.5 and ¢o < 1.2.
In FE model in way of the opening shown in Fig. 14.4.2.7, the reduced thickness shall be applied:

_h
¢y

t (14.4.2.7-3)
(t1 and co defined above), when 0.35 < ho/h < 0.5 and 1.2 < ¢y <2.
When ho/h> 0.5 or co > 2, the opening shall be directly considered in the FE model.

When the distance e between adjacent openings is less than 0.25h, the dimension b, shall be
interpreted according to Fig. 14.4.2.7 c) (the web area in which openings in the FE model are
considered covers the whole area of adjacent openings).

If, according to the above principles, the opening is not considered in the FE model, the stresses
calculated by the FE method shall be corrected in accordance with 14.5.2.2 before they are
compared with permissible values, specified in 14.5.3.

a) b, b) b, © b,
<]

€

region where the reduced thickness of the primary <025
ey <0,

supporting member web shall be applied

Fig. 14.4.2.7. Dimensions of openings in the primary supporting member web

14.4.2.8 The primary supporting member brackets shall be directly considered in the FE model.
The length of finite elements sides in way of such brackets shall not be greater than 250 mm; in
each case, at least 3 finite elements shall be placed along the free edge of the bracket. If the end of
the bracket face plate is not connected to the face plate (or plating) of the primary supporting
member, the lack of this connection shall be represented in the FE model and for the end parts of
the face plate, the reduced value of cross-sectional area shall be used - in accordance with 14.4.2.4.

14.4.3 Design Loads

14.4.3.1 Scope of Calculations

Calculations shall be performed for the most severe but realistic load conditions, with the ship:
fully loaded,

— partly loaded,

— ballasted (tank cleaning procedures to be taken into consideration),

loading / discharging.

For sea conditions, realistic combinations of external and internal dynamic loads, as specified in
Chapter 16, shall be considered. For harbour conditions, the dynamic loads may be neglected. The
mass of deck structures may be neglected when it is less than 5% of the design loads.
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Guidelines for design loads of certain ship types specified are also given in Chapters 18 to 21, as
well as in Publications: Publication 17/P - Zone Strength Analysis of Hull Structure of Roll on/Roll
off Ship, Publication No. 18/P - Zone Strength Analysis of Bulk Carrier Hull Structure, Publication
19/P - Zone Strength Analysis of Hull Structure in Tankers and Publication 24/P - Strength Analysis
of Container Ship Hull Structure.

The loads shall be applied to FE model in a way described in paragraphs 14.4.3.2 and 14.4.3.3.

14.4.3.2 Local Loads

If the plates of the plating are modelled by shell elements and the stiffeners have bending stiffness,
then the load from sea water acting on the hull and the loads from liquid cargo or bulk cargo,
ballast water or liquid stores and general cargo loads from inside the hull may be imposed on FE
model in the form of pressures.

The load from containers or large cargoes shall be applied in the form of concentrated forces at
the point of their supports.

If the plates of the plating are modelled by membrane elements, then the loads listed above shall be
applied in the form of continuous loads in the plane of stiffener webs of primary supporting
members. The value of the continuous load is equal to the value of the pressure multiplied by the
width of the supported strake of the plating.

14.4.3.3 Global Loads

The term “global loads” refers to inner forces in the hull due to general bending or torsion.

In the FE model spanning 3 successive compartments between watertight bulkheads, the vertical
hull bending moments having the values M = M5 + M., determined according to 15.1.1.2, 15.4 and
15.5, shall be considered.

The value of M shall be reduced to obtain the design value of M., moment:

M, = p Pneno (14.4.3.3-1)
w
where:
M - asdefined above;
W - thevalue of section modulus determined for design net thicknesses of structure elements

according to the principles given in sub-chapter 15.7;
Wheto — the value determined analogously to W but for the net thicknesses of the structure
elements (see 14.3.2.3).

Bending moments to be applied to the end transverse sections of the hull module, described
above, shall be such that the value of M., moment will be obtained in the hull transverse section
located in the centre of the length of the hull module middle compartment.

The method of bending moments application to the end transverse sections of the hull module is
specified in 14.4.4.1.

The value of M, of these moments is as follows:
Mo = Mopi = Mok (14.4.3.3-2)

where:

Mopi, My — as defined above,

Mo - the value of bending moment due to local bending of the hull module; the value of M
shall be calculated using a beam model having the length of the hull module, simply
supported in transverse bulkheads planes at the ends of the module and subject to a
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continuous load corresponding to the vertical component of local loads determined in
14.4.3.2.

14.4.4 Boundary Conditions

14.4.4.1 Boundary Conditions for the Hull Module Spanning 3 Successive Watertight Compartments

Flat end cross-sections of the hull module shall be enforced by applying, in each of the cross
sections, independent nodes (at the neutral axis on CP) rigidly linked with all nodes of the plates,
longitudinal stiffeners plating and longitudinal primary supporting members lying in the same
cross-section (dependent nodes).

The boundary conditions are as follows:

on the aft end of the model:

— the zero values of independent node displacements in the y and z directions (the co-ordinate
system is defined in paragraph 17.2.1);

— the use of rigid connections between dependent nodes and an independent node in the x, y and z
directions;

on the bow end of the model:

— the zero values of independent node displacements in the x, y and z directions and the zero
value of its angle of rotation around the x-axis;

— the application of rigid connections between dependent nodes and independent nodes in the
x,y and z directions.

If FE model spans only a half of the structure, from CP to the ship’s sides, then the zero values of
angles of rotation around the x and z axes, as well as the zero displacement of all nodes lying in CP
in the y-axis direction shall be enforced.

At both ends of the model, the values of My, determined according to 14.4.3.3, shall be applied to
independent nodes.

14.4.4.2 Boundary Conditions for the Hull Module Spanning Half the Length of the Successive
Watertight Compartments

Upon agreement with PRS, the symmetry conditions in the end cross-sections of the hull module
may be applied, i.e. all nodes lying in the planes of these sections before the FE model deformation
shall remain in the planes perpendicular to the x-axis after the model deformation (the coordinate
system axes are shown in Fig. 17.2.1).

In all nodes on the ship’s sides, at the upper deck, the zero values of vertical displacements may
normally be enforced.

If the FE model spans only a half of the structure, from CP to the ship’s side, the zero values of
angles of rotation around the x and z axes and the zero displacements of all nodes lying in CP in
the y-axis direction shall be enforced.

Normal stresses due to M moment (see 14.4.3.3) shall be considered in accordance with 14.5.2.1.

14.4.4.3 Boundary Conditions for the Remaining FE Models

Where FE models of the fragments of the structure having the scantlings other than those
determined in 14.4.4.1 and 14.4.4.2 are used, the applied boundary conditions will be assessed by
PRS separately.

14.4.5 Reporton FEM Calculations
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14.4.5.1 Calculation Data
Report on FEM calculations shall include complete information concerning the applied input data.

In each case, the following information shall be given:

— the assumed thicknesses of plates (in the form of FE model coloured map or numerical values
on the FE model background);

— transverse sections of the webs modelled by the rod elements;

— effective cross-section areas of the curved webs or equivalent thickness of the curved plating;

— parameters of the transverse sections of the beam elements;

— the applied boundary conditions (description or in a graphical form - on the FE model
drawings);

— the applied loads (the form as above);

— material properties (Young's modulus, Poisson's coefficient, yield point).

14.4.5.2 Calculation Results

The calculation results report shall include:

— the drawing of the deformed structure with information on the maximum values of the nodes
displacements;

— the values of the normal, shear and equivalent stresses in particular FE model membrane or shell
elements - in the form of a coloured map or numerical values on the FE model background.

14.5 Assessment of Stress Level in Primary Supporting Members

14.5.1 Application

The values of permissible stresses given in the present sub-chapter are applicable to the calculations
performed in accordance with the requirements of 14.3 and 14.4.

In the case of calculations performed according to 14.4, the requirements of sub-chapter 14.5.2
relating to interpretation of the calculated stresses shall be taken into account.

14.5.2 Interpretation of the Stresses Calculated with the Use of Membrane or Shell FE Models

14.5.2.1 Normal stresses o, subject to assessment, are membrane stresses. In the case of shell
elements, reference stresses are internal plane stresses (the stresses in the middle of the plates
thickness).

If the FE model does not span three successive compartments between watertight bulkheads, i.e.
it is shorter (see 14.4.1.2), then, upon agreement with PRS, normal stresses due to general
bending, determined from the formula:

M W,
=— .l (7 — 14.5.2.1
olz)=——2(z=2) ( )
where:
M, Whpee W - defined in 14.4.3.3;
I - moment of inertia of the hull cross-section (see 15.7);
z - vertical coordinate (see Fig. 17.2.1);

z9 - coordinate of the hull cross-section neutral axis;
may be algebraically added to normal stresses ox (acting along the hull) of the determined FE models.

The stresses so calculated shall be compared with permissible values specified in 14.5.3.
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14.5.2.2 Shear stresses 7 in the primary supporting member webs, subject to assessment, are
mean stresses, calculated for the effective section area of the web with openings according to
3.2.3 (see also 14.4.2.7).

14.5.2.3 Equivalent stresses shall be calculated from the formula:

o, :\/of +0'§ —O'XG},+3T2 [MPa] (14.5.2.3)

where:

x,y - axes of the local co-ordinate system;

oy - normal stresses in the x-axis direction;
o, - normal stresses in the y-axis direction;
r - shear stresses in the xy plane

14.5.2.4 Where finite elements having constant stress values in way of the element are used,
consideration of the actual stresses variation in way of the element may be required.

In such cases, linear interpolation may be applied assuming that computer program calculates the
values of stresses in the middle of finite elements.

14.5.2.5 In the structure regions where the stress level exceeds 75% of the permissible values
given in 14.5.3, FEM calculations of the stresses and the stress level assessment in these areas
according to the principles specified in 14.7 may be required by PRS.

Fatigue strength analysis of such areas according to Publication 45/P - Fatigue Strength Analysis
of Ship Steel Hull Structure may be also required.

14.5.3 Values of Permissible Stresses

14.5.3.1 For primary supporting members, which do not transfer stresses due to general

bending or the hull torsion (such as transverse, vertical primary supporting members, etc.), the

values of the permissible stresses are as follows:

— o =160k [MPa] (in the direction of the primary supporting member axis);

— 7 =90k [MPa], for the primary supporting member webs with one effective flange or for the
plating;

— 7=100k [MPa], for the primary supporting member webs with two effective flanges or for the
plating;

— oy = 180k [MPa], for the primary supporting member webs, face plates or the plating.

Where a tensile stress is acting perpendicular to the plane of the plate (e.g. at the inner bottom
or top of stool tank), its value shall not exceed 100k [MPa] unless the plate material used is
specially treated to obtain high resistance to lamellar tearing and is of suitable grade (see 2.2.2).

14.5.3.2 For primary supporting members transferring normal stresses due to general bending

or torsion (longitudinal primary supporting members), the values of the permissible stresses are

as follows:

— in accordance with 14.5.3.1, where stresses due to general bending or the hull torsion are
disregarded;

— o0 =190k [MPa] - the permissible value of the total normal stresses in primary supporting
members due to zone bending and general bending or torsion; for calculations, 0.59 of the M.,
value, determined according to 15.5 (see 15.1.1.2) shall be taken if the hull torsion is
disregarded.
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The hull torsion shall be taken into account in the case of ships with large openings in deck. In
such cases, the values of bending and torsional moments shall be taken in accordance with
Publication 24/P - Strength Analysis of Container Ship Hull Structure.

14.5.3.3 The permissible value of normal stresses in the middle of the free edge of the primary
supporting member bracket, along the bracket edge, is 200k [MPa].

The above requirement applies to all primary supporting members. In the case of longitudinal
primary supporting members, both load variants, required in 14.5.3.2, shall be considered.

14.5.3.4 For longitudinal stiffeners of the bottom plating, the inner bottom, sides, decks,
longitudinal bulkheads, etc., the criterion expressed in the form of formula 14.7.3.3 shall be
complied with.

14.5.3.5 The values of the permissible stresses given in 14.5.3.1+14.5.3.4 concern loads in sea
conditions, determined according to Chapter 16.

For harbour conditions (loading operations) and for ship repair conditions, the values of the
permissible stresses may be increased by 10% with respect to those given above.

14.6 Assessment of the Hull General Strength with the Use of FE Method
14.6.1 Application

14.6.1.1 In cases where calculations according to Chapter 15, based on beam hull model, cannot
be applied for the assessment of the hull general strength, FEM calculations using membrane - rod
or shell - rod model, in accordance with the requirements of sub-chapter 14.6, shall be performed.

Such calculations may be required by PRS in the case of ships with long superstructures in the
central part or in the case of a non-typical hull structure.

In the case of ships with wide hatch openings, the analysis of the hull torsional strength according
to the requirements of Publication 24/P - Strength Analysis of Container Ship Hull Structure shall
be carried out.

14.6.1.2 The assessment of the hull general strength may be performed with the use of FE
model in accordance with the requirements of 14.4.1.2, applied for the zone strength analysis. In
such case the gross scantlings of structure elements, i.e. without deduction of corrosion additions,
shall be used. It will be sufficient, however, to use the FE model which complies with the
requirements specified in 14.6.2.

14.6.2 Requirements for FE Models

14.6.2.1 The assessment of the hull global strength shall be performed for the gross scantlings
of structural members, e.g. without deduction of corrosion additions.

14.6.2.2 The FE model shall correspond to the hull module in the middle part of the ship,
spanning three successive compartments between watertight bulkheads.

The use of FE model having different length will be specially considered by PRS.

14.6.2.3 FE model shall precisely enough represent rigidity of the structure.

The minimum requirements concerning the division of the structure into finite elements are as
follows:
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— longitudinal stiffeners of the side plating, decks and longitudinal bulkheads, etc.,, may be
modelled in the form of rods located in planes of plates stiffened by the stiffeners and grouped
into several pieces;

— the primary supporting member webs may be divided into finite elements in such a way that
at the height of the web there is only one finite element;

— the primary supporting member face plates may be modelled by rod elements;

— side plating may, in general, be divided into finite elements in such a way that there is only one
row of finite elements between adjacent primary supporting members;

— cut-outs in primary supporting members, through which plating stiffeners pass and other small
cut-outs and openings can be neglected in division of the structure into the finite elements;

— access holes in the primary supporting members shall be considered - in the regions, where
such openings are located, equivalent plate thickness may be applied in the FE model in such a
way that the value of the cross-section of the web with an opening will be maintained.

Note: In the case of structure considered by PRS as non-typical, the application of a more precise FE model may be
required.

14.6.2.4 Membrane or shell finite elements shall comply with the requirements of 14.4.2.5.
14.6.3 Loads and Boundary Conditions

14.6.3.1 Assessment of Normal stresses due to Bending Moment

Flat cross-sections at the ends of the hull module (see 14.6.2.2) shall be enforced by applying
boundary conditions for displacements identical to those specified in paragraph 14.4.4.1.

For independent nodes (see 14.4.4.1) in the end cross-sections, the extreme value of bending
moment:

M=M;+M, (14.6.3.1)
which occurs in an interval equal to the hull module length, shall be applied.
The value of Ms;and M,, shall be determined according to 15.4 and 15.5.
The structure local loads may be neglected (see also 14.6.3.4).

In cases considered by PRS as non-typical, PRS may require that boundary conditions other than
those specified above shall be used. PRS may also require that FEM calculations of the entire hull
should be performed.

14.6.3.2 Assessment of Shear Stresses due to Vertical Shear Force
Boundary conditions for displacements are identical to those specified in 14.6.3.1.

To independent nodes (see 14.4.4.1) in the end cross-sections, the extreme values of vertical shear
force shall be applied:

Q=0Qs+Qu (14.6.3.2-1)

in the interval equal to the hull module length and bending moments:

M= %sz (14.6.3.2-2)

where:

I;m - the hull module length.
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The values of Qs and Qw shall be determined according to 15.9. The values of Qs may take into
account correction of the shear force curve according to 15.12.

The way of Q and M application is shown ir Fi~ 14 427

hull module independent node
111uuul nauiuva . - ”
M M
Q| —¢ ———mm 4- 10
- > X

Fig. 14.6.3.2. Hull module loads

14.6.3.3 Consideration of the Symmetry of the Hull

Where the hull module subject to strength assessment is symmetrical with respect to the ship’s
CP, the FE model may comprise only a fragment of the structure - from CP to the ship’s side.

In such case, the zero values of the angles of rotation around the x and z axes, as well as the zero
values of displacements of the nodes lying in CP in the y-axis direction shall be enforced.
14.6.3.4 Consideration of Structure Local Loads

In FE model of the hull module, the Rule values of structure local loads may be considered.

In such case, in order to consider internal forces in the hull module regarded as a beam simply
supported at the ends, appropriate modification of the value of M at the ends of the hull module
in relation to the values required in 14.6.3.1 and 14.6.3.2 and the value of Q required in 14.6.3.2
will be required.

The design values of M = M + M,, and Q = Qs + Qw (i.e. complying with the requirements of Chapter
15) shall be obtained in the middle part of the hull module.

14.6.4 Permissible Stresses

14.6.4.1 The stress level o = oy in the plating of the bottom, deck, continuous hatchway
coamings, etc. as well as the shear stress rlevel in the plating of the sides, inner sides, longitudinal
bulkheads, etc. shall be assessed separately.

The above stresses are the stresses in the centres of shell (or membrane) finite elements, in the

neutral (central) layer.

The permissible values of the above stresses are identical to those specified in Chapter 15:
o=175k [MPa] (14.6.4.1-1)
7=110 k [MPa] (14.6.4.1-2)

14.6.4.2 In stress concentration areas, the stress values calculated by computer program may
normally exceed the values determined in 14.6.4.1. Such cases are subject to special consideration
of PRS.
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14.6.5 Reporton FEM Calculations

14.6.5.1 Report on FEM calculations in the same scope as that specified in 14.4.5 shall be
prepared.
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14.7 Assessment of Stress Level in Stress Concentration Areas and in the Plating Stiffeners
(Local FE Models)

14.7.1 Application

The assessment of stress level on the basis of local FE models may be required by PRS for the
ship’s hull regions where the calculations of the hull primary supporting member system strength
made according to 14.4 show the equivalent stress level exceeding 135 k, [MPa], i.e. 75 % of the
permissible values (see 14.5.2.5).

This refers, in particular, to primary supporting member crossing, the ends of brackets, openings
in primary supporting members, etc.

Checking the stress level in parts of longitudinal stiffeners of the bottom plating, decks,
longitudinal bulkheads adjacent to transverse bulkheads or divisions may be also required.
Bending of transverse primary supporting members adjacent to transverse bulkheads or divisions
may induce significant stresses in stiffeners supported by these primary supporting members.

14.7.2 Requirements for FE Models in Stress Concentration Areas

14.7.2.1 Extent of FE Model

FE model using adequately small finite elements (see 14.7.2.2) shall normally cover the region
around the stress concentration area (e.g. the bracket ends, the edges of opening or cut-outs in a
primary supporting member, etc.).

In the FE model, at the area of the highest stress concentration, at least 10 rows of finite elements
having the scantlings as specified in 14.7.2.2 shall be applied in all directions. Outside this region,
the scantlings of finite elements may be gradually reduced.

An example of a proper division into finite elements of the structure in way of the end of the
primary supporting member bracket is shown in Fig. 14.7.2.1 (only the structure on one side of
the symmetry plane is shown).
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Fig. 14.7.2.1 An exemplary division of the structure into finite elements
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For the assessment of stress level on the edges of cut-outs or openings in primary supporting
members, the application of 2 rows of finite elements having the maximum scantlings, specified
in 14.7.2.2, will be sufficient.

The boundaries of the local FE model shall be in line with the walls of primary supporting
members (floors, transverse web frames, etc.) used in FE models, described in 14.4.

The boundary conditions according to the requirements of 14.7.2.3 shall be applied.

Alternatively, a local FE model may form an integral part of the model required in 14.5.

14.7.2.2 Finite Elements

The walls and flanges of primary supporting members or the plating stiffeners in stress
concentration areas shall be modelled by shell finite elements.

The maximum scantlings of these structural elements within close proximity of the highest stress
concentration area shall not be greater than 50 mm x 50 mm.

For the width of the primary supporting member flanges, stiffeners of the plating or the edges
of openings, not less than 3 rows of finite elements shall be used.

The shape of the applied finite elements shall comply with the requirements set forth in 14.4.2.5.

14.7.2.3 Boundary Conditions and Loads

Where a separate local FE model is used (i.e. a model which is not an integral part of the primary
supporting member system FE model, described in 14.4), then the values of displacements
obtained from the FE model calculations shall be enforced on the nodes located on the model edge.

Alternatively, general forces resulting from the calculations of the primary supporting member
system FE model may be applied to the above-mentioned nodes.

If the local FE model boundaries contain nodes, which do not occur in the primary supporting
member system FE model (see 14.4), then the values of displacements obtained by linear
interpolation, used for nodes displacements in the primary supporting member system FE model
(14.4), shall be enforced on the local FE model nodes.

Local loads used in the primary supporting member system FE model (14.4), acting within the
local FE model, shall be applied for the local FE model.

14.7.2.4 Stress Level Assessment

The stress level assessment refers to equivalent stresses in the middle layer of shell elements, in
the centres of these elements.

Where finite elements having the maximum scantlings, specified in 14.7.2.2 (50 mm x 50 mm) are
used, the permissible value of equivalent stresses is 310 k [MPa].

The assessment of stress level in stress concentration areas may be performed using FE models
having the dimensions smaller than those specified above (e.g. models used for determining
geometrical stresses of the hull structure applied to fatigue strength assessment - according to
Publication 45/P - Fatigue Strength Analysis of Ship Steel Hull Structure). In that case the
permissible value of equivalent stresses, specified above, refers to average stresses in any area
with dimensions 50 mm x 50 mm. The average value shall be calculated for equivalent stresses in
the centres of finite elements which are entirely included in the area having the dimensions 50
mm x 50 mm. This area shall not include parts of plates having different thicknesses.
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14.7.3 Requirements for FE Models of the Plating Stiffeners

14.7.3.1 Extent of FE Model and Finite Elements

The FE model shall comprise a fragment of the structure having the length equal to at least two
transverse primary supporting members spacings on each side of transverse bulkhead or division
and the width equal to at least two spacings of stiffeners on each side of the stiffener subject to
strength assessment.

At least 3 rows of shell finite elements shall be applied at the height of the stiffener web and on
the face plate width.

The size and shape of finite elements used in stress concentration area subject to strength
assessment, as well as the minimum dimensions of the area in which finite elements with reduced
scantlings are to be used shall comply with requirements specified in 14.7.2.1 and 14.7.2.2.

An exemplary division into finite elements of the double bottom longitudinal stiffeners in way of
their connection with transverse bulkhead is shown in Fig. 14.7.3.1.

14.7.3.2 Boundary Conditions and Loads
The requirements analogous to those, specified in 14.7.2.3, shall apply.

14.7.3.3 Stress Level Assessment
For stress concentration areas, the criteria analogous to those specified in 14.7.2.4 apply.

For longitudinal stiffeners of the bottom plating, the inner bottom, sides, decks, longitudinal
bulkheads, etc. the condition, given below, shall be additionally satisfied:

o<220 k [MPa](14.7.3.3)

where:

o - normal stress in the stiffener face plates, determined for the FE model complying with the
requirements of sub-chapter 14.4, taking into account hull general bending or torsion - in
accordance with the requirements set forth in 14.5.3.2.

14.7.4 Report on FEM Calculations

For FEM calculations specified in 14.7.2 and 14.7.3, a report, in the same scope as described in
14.4.5, shall be prepared.
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Fig. 14.7.3.1. An exemplary FE model of the double bottom stiffeners in way of the transverse bulkhead region
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15 LONGITUDINAL STRENGTH
15.1 General
15.1.1 Application

15.1.1.1 The final scantlings of the longitudinal hull structure members, which shall comply
with the requirements of local strength (Chapter 13) and zone strength (sub-chapters 14.3 or
14.4) of the hull structure shall also satisfy the requirements of hull girder bending and shear
strength given in the present Chapter. These requirements apply to steel ships intended for
navigation in unrestricted area except containers carriers with a length of 90 m and greater and
except bulk carriers and oil tankers subjected to requirements of CSR.

15.1.1.2 Ships having one or more features given below are subject to PRS consideration in each
particular case:

— main dimensions ratios: Lo / B< 5; B/H > 2.5,

— Lo>500m,

— Dblock coefficient 6< 0.6,

— large deck openings,

— carriage of heated cargoes,

— unusual design.

Strength calculations with the use of FE model - according to the provisions of sub-chapter 14.6,
may be required.

15.1.1.3 The values of the wave bending moments and shear forces applied in the present Part
of the Rules correspond to the values which can be exceeded with probability equal to 10-8. Values
in this form are applied at determining the required section modulus and shear cross-sectional
area of the hull, as well as at checking the buckling and ultimate strength of the hull. In other cases,
where wave hull bending stresses are combined with stresses determined on the basis of zone or
local strength analysis of the structure, the Rule values of wave bending moments and shear forces
may be reduced to the following values:

M, =0.59M, [KNm] (15.1.1.2-1)
0., =0.590, [kN] (15.1.1.2-2)
M, - vertical wave bending moment, [kNm], determined in accordance with 15.5;

Q. - wave component of hull shear force, [KN], determined in accordance with 15.10.

The modified values of wave hull loads correspond with the values of allowable stresses
determined in present Part of the Rules.

15.1.1.4 The scantlings of the longitudinal members taking part in the longitudinal strength of
the hull girder shall comply with the requirements for buckling strength specified in 13.3.

15.1.1.5 For ships with small block coefficient, high speed and large flare, the section modulus
in the forebody may have to be specially considered by PRS based on the distribution of still water
and wave bending moments along the ship’s length, determined in accordance with 15.4 and 15.5.
Such procedure is obligatory for ships with length Lo > 120 m and speed v > 17 knots.

15.1.1.6 Longitudinal strength of relatively small breadth ships shall comply with the
requirements of 15.2.4, taking into account the combined effects of vertical and horizontal
bending of the hull girder.
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15.1.1.7 For ships with large deck openings, the combined effects of hull girder bending, shear
and torsion related to local bending and shear stresses may have to be taken into account. The
way of determining the above-mentioned stresses is specified in Publication 24/P - Strength
Analysis of Container Ship Hull Structure.

15.1.1.8 Additional requirements for the scantlings of hull structural members may be given,
taking into consideration specific features of the ship regarding the load conditions and structure.

15.1.1.9 Hull strength assessment shall take into account the assumed changes of the ship
ballasting on a voyage which result in the hull load change.

15.1.2 Definitions

Cw - wave coefficient, as specified in 17.2.2;
I, - moment of inertia of the hull girder cross-section for the transverse neutral axis, [cm*];
M; - design still water bending moment, [kKNm];

M,, - vertical wave bending moment, [kNm];
Qs - design still water shear force, [kN];

Qw - design wave shear force, [kN];

S» - first moment of area of the longitudinal structure members above or below the horizontal
neutral axis, taken about this axis, [cm3];

zn - vertical distance from the base plane or deck line to the neutral axis of the hull girder,
whichever is relevant, [m];

r - allowable shear stress, [MPa];

o - allowable bending stress, [MPa].

15.1.3 Explanations

Loading Manual is a document which describes:

— the loading conditions on which the design of the ship has been based, including permissible
limits of still water bending moment and shear force;

— the results of the calculations of still water bending moments, shear forces and, where
applicable, limitations due to torsional and lateral loads;

— the allowable local loading for the structure (hatch covers, decks, double bottom, etc.).

Loading Instrument is an instrument, either analogue or digital (computer system), by means
of which it can be easily and quickly ascertained that, at specified read-out points, the still water
bending moments, shear forces and the still water torsional moments and lateral loads, where
applicable, in any load or ballast condition will not exceed the specified permissible values.

Category I ships

— ships with large deck openings where combined stresses due to vertical and horizontal hull
girder bending and torsional and lateral loads shall be considered;

— ships liable to carry non-homogeneous loadings, where the cargo and/or ballast may be
unevenly distributed. Ships of Lo < 120 m, when their design takes into account uneven
distribution of cargo or ballast, belong to Category II;

— chemical tankers and gas carriers.

Category Il ships - ships with arrangement giving small possibilities for variation in the
distribution of cargo and ballast, and ships on regular and fixed trading pattern where the Loading
Manual gives sufficient guidance, and in addition the exceptions given under Category L.
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15.2 Hull Section Modulus

15.2.1 The section modulus about the horizontal neutral axis, determined in accordance with
sub-chapter 15.7 for cargo and ballast conditions, shall not be less than:

o

-10° [cm3] (15.2.1)

M; - hull still water bending moment, calculated in accordance with 15.4, [kNm];
M,, - hull wave bending moment, determined in accordance with 15.5, [KNm];

o = 175k [MPa], within -0.2Lo < x < +0.2Lo,

o = 105k [MPa], within x <-0.4Lo and x> +0.4L,.

Between the specified regions, the value of o varies linearly. In each case the hull girder section
modulus W shall comply with the requirements specified in 15.2.2.

15.2.2 The midship section modulus related to the deck and the keel shall not be less than:

o

W :%LﬁB(5+O.7) [cm3] (15.2.2)

The value of ¢ shall not be taken less than 0.6.

Values of Cwo are as follows:

— for ships with length Lo 290 m: Cwo = Cw, Cw - see 17.2.2;

— for ships with length L <90 m: Cw, = 5.7 + 0.022 Ly, however, not less than 7.0;

— for ships of restricted service, the coefficient Cw, may be reduced:

— by 5% for service areaIl,

— by 15% for service area III

— for service areas corresponding to marks Class C and Class D it is enough to fulfill the
requirement of paragraph 15.2.1.

For atypical constructions, the reduction percentage is subject to PRS consideration in each particular
case.

The minimum value of section modulus shall be generally maintained within -0.2Lo < x <+0.2Lo.
It may be, however, gradually reduced from the midship towards fore and aft end of ship, provided
the stresses due to still water and wave bending moments do not exceed the values allowed for
the middle part of the ship.

15.2.3 Inslender ships it may happen that to keep the required section modulus within the end
regions of the middle part of the ship it would be necessary to increase scantlings of hull
longitudinal members within these regions.

In such cases PRS may accept not increased scantlings, provided the scantlings of the members
and their material groups are kept unaltered within the whole midship body and the proper
tapering of material and structural member scantlings towards the ends of the ship is made.

15.2.4 Inships with the length Lo >90 m, the midship section modulus about the vertical neutral
axis shall not be less than that calculated in accordance with the following formula:

W, = % L*(T+03B)5 [cm?] (15.2.4-1)

The above requirement may be disregarded, provided the equivalent stresses due to vertical and
horizontal hull bending at bilge and deck corners are proved to be within 195k [MPa]. The
equivalent stress may be determined in accordance with the following formula:
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o, =0, ++0> +02, [MPa] (15.2.4-2)

os - stressdue to Ms moment (see sub-chapter 15.4.1), [MPa];
ow - stress dueto M, moment (see sub-chapter 15.5.1), [MPa];
own — stress due to M,» moment (see sub-chapter 15.5.3), [MPa].

In ships with large openings in the strength deck, departure from this requirement (formula
15.2.4-1) is possible, provided that normal stresses in the hull, determined in accordance with
Publication 24/P - Strength Analysis of Container Ship Hull Structure, with hull torsion taken into
account, do not exceed 195k [MPa].

15.2.5 The scantlings of longitudinal members outside amidships may be gradually reduced to
the scantlings determined by the local strength for the ship ends. In the cases specified in 15.1.1
or determined by the ship structural design, special consideration of the hull section modulus in
other places along the ship’s length may be required.

As a minimum, hull girder bending strength checks shall be performed outside amidships at the
following locations:

— in way of the forward end of the engine room,

— in way of the forward end of the foremost cargo hold,

— atany locations where there are significant changes in hull cross-section,

— atany locations where there are changes in the framing system.

Buckling strength of members contributing to the longitudinal strength and subjected to
compressive and shear stresses shall be checked, in particular in regions where changes in the
framing system or significant changes in the hull cross-section occur. The buckling evaluation
criteria used for this check is determined in Chapter 13.

Continuity of structure shall be maintained throughout the length of the ship. Where significant
changes in structural arrangement occur adequate transitional structure shall be provided.

For ships with large deck openings, sections at or near to the aft and forward quarter length
positions shall be checked. For such ships with cargo holds aft of the superstructure, deckhouse
or engine room, strength checks of sections in way of the aft end of the aft-most holds, and the aft
end of the deckhouse or engine room shall be performed.

15.3 Moment of Inertia of Hull Cross-section

The moment of inertia of the ship’s hull cross-section amidships shall not be less than:
1, =3C,L}B(5+0.7) [cm*]. (15.3)

15.4 Still Water Bending Moment
15.4.1 General

15.4.1.1 Still water bending moments M; and shear forces Q; shall be calculated at each section
along the ship length for design cargo and ballast loading conditions, specified in 15.4.2. For ships
oflength Lo > 90 m, the design values of Msand Q; shall be taken as the maximum values obtained
from the above calculation, having regard to the requirements specified in 15.4.3.

For these calculations, downward loads shall be taken as positive values and shall be integrated
in the forward direction from the aft end of L. The sign conventions of bending moments and shear
forces are as shown in Fig. 15.4.1.1.
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Fig. 15.4.1.1. Sign conventions of Ms and Qs

15.4.2 Design Loading Conditions

15.4.2.1 In general, the design cargo and ballast loading conditions, specified in 15.4.2.3, shall
be taken into account.

The realistic homogeneous and non-homogeneous, full and part loading conditions, realistic
amounts of bunker, fresh water and stores at departure and arrival, including ballast and tank
cleaning conditions in tankers, as well as docking conditions shall be taken into account.

15.4.2.2 Where the amount and disposition of consumables at any intermediate stage of the
voyage are considered more severe, calculations of My and Qs for such intermediate conditions
shall be made in addition to those required for departure and arrival conditions.

Where any ballasting or deballasting is intended during voyage, the values of M and Q; calculated
for the intermediate condition just before and just after ballasting (or deballasting) any ballast
tank shall be taken into account.

The above loading conditions shall be included in the Loading Manual.

15.4.2.3 Loading conditions to be considered for different ship types:

.1 General cargo ships, ro-ro ships, refrigerated carriers, bulk carriers, ore carriers:

— homogeneous loading condition at maximum draught,

— ballast conditions,

— special loading conditions, e.g. light load conditions at less than the maximum draught,
heavy cargo, empty holds or non-homo-geneous cargo conditions, deck cargo conditions,
etc., where applicable,

— short voyage or harbour conditions, and

— docking conditions afloat,

— loading and unloading transitory conditions, where applicable,

.2 Oil tankers:
— homogeneous loading conditions (excluding clean and dry ballast tanks), ballast
condition and part-loaded condition,
— any specified non-uniform distribution of loading,
— mid-voyage conditions relating to tank cleaning or other operations where these differ
significantly from the ballast conditions,
— docking conditions afloat,
— loading and unloading transitory conditions.
.3 Chemical tankers:

— loading conditions, as specified for oil tankers,
loading conditions for high density or heated cargo, as well as segregated cargo if such
products are included in the approved cargo list.
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4 Liquefied gas carriers:
— homogeneous loading conditions for all approved cargoes,
— ballast conditions,
— loading conditions where one or more tanks are empty or partially filled, or where
more than one type of cargo having significantly different densities is carried,
— harbour conditions, for which an increased vapour pressure has been approved,
— docking conditions afloat.
.5 Combination carriers:
— loading conditions, as specified in 1. and 2.

15.4.2.4 Ballast loading conditions involving partially filled peak and/or other ballast tanks at

departure, arrival or during intermediate conditions are not permitted to be used as design

conditions unless:

— design stress limits are satisfied for all filling levels between empty and full, and;

— for bulk carriers, the requirements specified in sub-chapter 20.6, as applicable, are fulfilled for
all filling levels between empty and full.

To demonstrate compliance with all filling levels between empty and full, it will be acceptable if,
in each condition at departure, arrival and where required in 15.4.2.3 any intermediate condition,
the tanks intended to be partially filled are assumed to be:

— empty;

— full;

— partially filled at the intended level.

Where multiple tanks are intended to be partially filled, all combinations of empty, full or partially
filled at intended level for those tanks shall be investigated.

For conventional ore carriers with large wing water ballast tanks in cargo area, where empty or full
ballast water filling levels of one or maximum two pairs of these tanks (symmetrically against the
ship’s plane of symmetry) lead to the ship’s trim exceeding one of the conditions specified in .1 and
.2 or fulfilling the condition specified in .3, it is sufficient to demonstrate compliance with maximum,
minimum and intended partial filling levels of these one or maximum two pairs of ballast tanks such
that the ship’s condition does not exceed any of these trim limits.

Filling levels of all other wing ballast tanks shall be considered between empty and full.

The trim conditions mentioned above are:
.1 trim by stern of 3% of the ship’s length, or
.2 trim by bow of 1.5% of ship’s length, or
.3 any trim where propeller immersion ratio I/D = 0.25 is maintained (I, D - see Fig.
15.4.2.4).

i

N3

- E__\“l
[
A

I - the distance from propeller centreline

to the waterline

=
/

D - propeller diameter

Fig. 15.4.2.4

The maximum and minimum filling levels of the above mentioned pairs of side ballast tanks
shall be indicated in the Ship Loading Manual.
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Detailed guidance for application of the above-specified requirements is provided in Part IV
of Publication 16/P - Loading Guidance Information.

15.4.2.5 In cargo loading conditions with partially filled ballast tanks, the requirements
specified in paragraph 15.4.2.4 apply to the peak tanks only.

15.4.2.6 The requirements specified in paragraphs 15.4.2.4 and 15.4.2.5 are not applicable to
ballast water exchange using the sequential method.

However, bending moment and shear force calculations for each deballasting or ballasting stage
in the ballast water exchange sequence shall be included in the loading manual or ballast water
management plan of any vessel that intends to employ the sequential ballast water exchange
method.

15.4.3 Minimum Values of Ms

15.4.3.1 Design still water bending moment M amidships shall be taken as the maximum
absolute value of the bending moments in accordance with 15.4.1 however not less than:

Mg, = Mgy, = —0.065C,,L3B(5 + 0.7) [kNm] (15.4.3.1-1)
in sagging, and

M, =M,_, =C,I[2B (0.1225-0.0155) [kNm] (15.4.3.1-2)

in hogging.
The value of block coefficient shall be taken as 6> 0.6.

For ships with space arrangement giving small possibilities for variation of the distribution of
cargo and ballast, the value of My, may be dispensed with as the design basis for determining the
scantlings of hull structural members.

15.4.3.2 The still water bending moments M; at arbitrary position along the ship’s length, when
required for stress analysis or buckling control, shall be taken for each cross-section of the hull as
the maximum value of M determined as the result of examination of loading conditions, specified
in 15.4.1. The above values shall not be less than those determined in accordance with the
following formula:

Mo = ksmMso  [KNm] (15.4.3.2)
M, see 15.4.3.1,
ksm = 1.0 for the midship body: -0.2Lo <x <0.2L,
ksm = 0.15 for sections: x =-0.4Lo and x = +0.4 Lo,
Ksm 0.0 for sections: x = -0.5L¢ and x = +0.5L,.

The value of ks, shall be varied linearly between the above specified areas.

15.4.4 Bending Moment in Ships of Length Ly <90 m

The minimum value of still water bending moment shall be determined in accordance with the
following formula:

M, =M _=0.006L; B(56+0.7) [kNm] (15.4.4)

Where absolute value of still water bending moment My, determined for ballast condition and,
possibly, for conditions with non-homogeneous distribution of load along the ship’s length,
exceeds My, then My = Mg shall be taken.

The determined value of M; is applicable within -0.2Lo < x < +0.2Lo. Beyond this area, Ms may be
linearly reduced to zero at x =-0.5L¢ and x = +0.5L,,
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15.5 Wave Bending Moment

15.5.1 Vertical Wave Bending Moment

The design vertical wave bending moment M,, amidships within -0.1Lo < x < +0.15L¢ shall be taken
as:

M,=M,,=-011C,L B5+07) [kNm] (15.5.1-1)

for negative moment (sagging), and
M, = M,, =019 C, 1> B5 [KNm] (15.5.1-2)

for positive moment (hogging).
The following values shall be taken:
6>0.6;

Cw-see 17.2.2.

For ships of restricted service, the values of M, calculated according to 15.5.1-1 and 15.5.1-2, may
be reduced:

by 10% for service area II;

by 20% for service area III;

by 35% for service area corresponding to mark Class C;

by 50% for service area corresponding to mark Class D.

In harbour conditions, the values of the wave bending moment shall be taken equal to 40% of the
values determined above for unsheltered waters and equal to 10% - for sheltered waters.

15.5.2 Distribution of M,, along Ship’s Length

15.5.2.1 When values of the wave bending moments M,, at any position along the ship’s length
are required in connection with stress analysis or buckling control, the applied values M. shall
not be less than the values determined in accordance with the following formula:

M, =k,,M, [kNm] (15.5.2.1)
M,, - defined in 15.5.1,
kwm = 1.0 within -0.1L¢ <x <0.15L - for ships of Lo 290 m,
kwm = 1.0 within -0.1L¢ <x <0.1L - for ships of Lo <90 m,
kwm = 0.0 in sections x = -0.5Lo and x = +0.5L.

The value of kym shall be varied linearly between the midship and end areas (see Fig. 15.5.2.2).
15.5.2.2 For ships with high speed or large flare in the forebody, an adjusted value of kwn, shall

be taken in formula 15.5.2.1 within x > + 0.1Lo. The adjustment depends on the value of
parameters Cq = Cavy and Cq = Co, whichever of the adjusted values of kun is the greater.

Cyv
C,=—F (15.5.2.2-1)
VL
va Fd _Fwd
Cy= - (15.5.2.2-2)

o L
ok

, = ——; €, <0.2 shall be taken;
50
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Loandv -see 1.2.2;

Fpa - projected area in the horizontal plane of upper deck, including any forecastle deck, in way
of x>+ 0.3Lo, [m2];

Fwq - areaof waterplane at draught T in way of x> + 0.3Lo, [mZ?];

zpa - vertical distance from the summer load waterline to deck line of the projected deck at F.P. [m].

The values of kun coefficients adjusted for parameter C, = Ca apply to loading conditions causing
hogging or sagging still water bending moments. The values of coefficient kwm adjusted for Cq = Cqr
apply to loading conditions causing sagging only.

If Cor> 0.5, the adjustment of kwm coefficients for C, = Cay parameter shall not be made.

The adjusted values of k. are as follows:
— forCo<cy
kwm shall be determined in accordance with paragraph 15.5.2.1 (without adjustment),
— forCqo>c2
kwm = 1.2 within -0.02Lo < x <+ 0.15L,,
kwm = 0.0 for x=-0.5Lo and x = 0.5L,,
— for intermediate values c1 < Cq < ¢2, and for x co-ordinate, the values of kwn, coefficient shall be
determined by linear interpolation;
c1 and c; - the limit values of Cg:
c1=0.28; c; =0.32 when C, = Coy and
c1=0.40; c2 = 0.50 when C, = Cqr.
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Fig. 15.5.2.2. Distribution of kwm along the ship’s length

15.5.3 Horizontal Wave Bending Moment

The design horizontal wave bending moment M, in each section along the ship length shall be
determined in accordance with the following formula:

M,,= 0‘22]3)/4 (T+0.3B)5(1 + cosZL—ﬂxj [KNm] (15.5.3)
0

x - coordinate, see Fig. 1.2.3.1.
15.6 Extent of High Strength Steel Application

15.6.1 The vertical extent of HS steel application measured from the bottom or deck toward
hull cross-section neutral axis shall not be less than that determined in accordance with the
following formula:
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P el (15.6.1)

A
k - material factor (in accordance with 2.2.1) for the members located more than zys from the

deck or bottom (see Fig. 15.6.1);
f - seel3.1.2;

zn — see15.1.2.
G 175 f
T T
steel with material ’ N?
facter > k | 6 £ 175k
T T f
| &
! & =
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) I
|
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d
|

Fig. 15.6.1. Vertical extent of HS steel application

15.6.2 The longitudinal extent of HS steel application (x#s) in the bottom or deck shall not be
less than that shown in Fig. 15.6.2.

Fig. 15.6.2 a) shows application of HS steel members amidships (within -0.2Ly < x < +0.2Lo)
extended, without the change of material and scantlings, to the point where their scantlings
become equal to those required at that point for members made of NS steel.

Fig. 15.6.2 b) shows the application of HS steel members also outside amidships reducing, within
this area, the scantlings of longitudinal members in accordance with the requirements of the
Rules. Outside the area of HS steel application, these members are extended without the change of
material and scantlings, to the point where their scantlings become equal to those required at that
point for members made of NS steel.

a) Minimum extent of HS steel application b) Basic extent of HS steel application
! N ' s
w! AT % === 77
c / AN = /’ \
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Fig. 15.6.2. Longitudinal extent of HS steel
15.7 Geometrical Data on Hull Cross-section as Built

15.7.1 Section Modulus and Moment of Inertia of Hull Section
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15.7.1.1 When calculating the hull cross-section moments of inertia and section modulus, the

following shall be taken into account:

— the sectional area of continuous longitudinal strength members (the effect of openings being
taken into consideration in accordance with 15.7.2);

— the value of effective sectional area of longitudinal strength members between rows of hatch
openings shall be multiplied by factor 0.6 or shall be determined on the basis of stress analysis
conducted in a way accepted by PRS in each particular case;

— superstructures which do not form a strength deck shall not be included in the sectional area;

— deckhouses, bulwarks and non-continuous hatch side coamings shall not be included in the
sectional area.

When calculating the hull section modulus, continuous longitudinal strength members may be
taken into consideration if:
— the scantlings of the cross-sectional area of the members are maintained within -0.2Ly < x <
+0.2L¢;
— outside the above-mentioned region, the reduction of the member scantlings is gradual;
— the change of strength properties of the applied steel fulfils the requirements specified in 15.6.

In special cases, considering the ship type, hull form and loading conditions, the scantlings of
strength members may be gradually reduced towards the ends of midship part of the ship (-0.2Lo
<x<+0.2Ly), bearing in mind the desire not to inhibit the vessel’s loading flexibility.

15.7.1.2 The hull section modulus generally refers to the base plane and strength deck line at
side.

For ships with continuous longitudinal hatch coamings or other continuous longitudinal strength
members above the strength deck, effectively supported by longitudinal bulkheads or deep
girders, the Rule section modulus shall be referred to the line above the neutral axis at the distance
determined in accordance with the following formula:

z, = (zn +z, )(0.9+0.2%] [m] (15.7.1.2)

however not less than z,;

Zn — see 15.1.2;

zq, — distance from the strength deck to the member in question, [m];

Yya - horizontal distance from the ship centre plane to the member in question, [m].
ya and z, co-ordinates shall be so selected as to obtain the greatest value of z..

15.7.2 Determining Influence of Openings on Effective Cross-sectional Area of Hull

15.7.2.1 When calculating the midship section modulus, openings exceeding 2.5 m in length or
1.2 m in breadth and scallops, where scallop welding has been applied, shall be deducted from the
sectional areas of continuous longitudinal members.

15.7.2.2 Smaller openings (manholes, lightening holes), as well as ineffective sections of cross-
sectional area of longitudinal structural members (e.g. scallops, flow or ventilation openings,
structural member ends areas, etc., see Fig. 15.7.2.2) need not be deducted when calculating the
cross-sectional area of these members, provided that the sum of their breadths in one transverse
section does notreduce the section modulus at deck or bottom by more than 3%. The height of these
openings in longitudinals and longitudinal girders shall not exceed 25% of the web depth (75 mm
for scallops), and the distance between single openings or groups of openings along the stiffener
(girder) shall not be less than 10 times the height of opening. The sum of breadths of smaller
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openings in one transverse section of bottom or deck, equal to 0.06(B - X b;) (X b; — the sum of
breadth of openings), may be considered as equivalent to the above reduction in section modulus.

ST

]
ES

Fig. 15.7.2.2. Examples of determining the influence of openings on the effective sectional area

15.7.2.3 It is assumed that the openings which need not be deducted are arranged
approximately symmetrically about ship’s centre plane and that the openings do not cut any
continuous longitudinal or girder included into the midship section area.

15.7.2.4 The cross-section area of openings subjected to deduction may be compensated as
a whole orin part by increased plate thickness, additional longitudinal stiffeners or increase of
sectional area of existing longitudinals or girders in way of the opening.

Compensation shall be extended accordingly outside the opening edge. Other compensation
methods may be applied upon PRS acceptance in each particular case.

15.7.2.5 When calculating the total breadth of openings in one cross-section, the openings are
assumed to have longitudinal extension as shown by the shaded areas in Fig. 15.7.2.2, inside
tangents at angle 30° to each other, and symmetric about the longitudinal axis. For instance, the
total design breadth of openings in section A-A is:

baa=b;+ by + by, and in section B-B: bg.p = b2 + byy.
15.8 Shear Strength

15.8.1 Application

The requirements of the present sub-chapter apply to ships:

— with single or double skin construction of the side shell without effective longitudinal
bulkheads;

— with two or more effective longitudinal bulkheads.

The shear strength in ships with one effective longitudinal bulkhead is subject to PRS
consideration in each particular case.

15.8.2 General Requirements

15.8.2.1 To check the shear strength, the following length regions and the ship’s cross-sections

are distinguished:

— region A1 - between fore bulkhead in after cargo tank (after hold) and after bulkhead in fore
cargo tank (fore hold);

— region B; - atfore bulkhead of machinery space located aft. Where the machinery space is located
in the direction of midship, the section B1 corresponds with the aft boundary of region A1;
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— region B; - at after bulkhead of forepeak. Where a deep tank is positioned between the
forepeak and the forward cargo tank (fore hold), the section B; is at the after bulkhead of the
deep tank.

15.8.2.2 The shear strength of ship’s hull is considered satisfactory, provided the following

requirements are fulfilled:

— therequirements concerning thickness of the ship’s sides and effective longitudinal bulkheads,
specified in 15.11.1 and 15.11.2, sufficient for transmission of the design shear forces. This
applies to all cross-sections of ships without effective longitudinal bulkheads and to ships with
two effective longitudinal bulkheads;

— the requirement, specified in 15.11.3, relating to the minimum shear strength in hull sections
B1 and B at specified load conditions;

— the requirement, specified in 15.11.4, relating to the minimum sum of plating thickness of the
ship’s sides and effective longitudinal bulkheads. This applies to ships with two or more effective
longitudinal bulkheads;

— the requirement, specified in 15.11.4, regarding the minimum thickness of effective
longitudinal bulkheads. This applies to ships with two effective longitudinal bulkheads.

15.8.2.3 The thicknesses of side shell and effective longitudinal bulkheads less than those
required by the present sub-chapter may be applied if the stress analysis carried out by a method
approved by PRS proves those thicknesses to be satisfactory.

15.8.2.4 Where the shear stress analysis in side shell and effective longitudinal bulkheads is
conducted, their thickness shall be determined taking the allowable shear stress 7= 110k [MPa].

15.9 Still Water Shear Forces

15.9.1 Loading Conditions

Still water shear forces, @5, shall be determined at each cross-section of the hull along the ship length
for design cargo and ballast loading conditions, specified in 15.4.2. For sign conventions, see Fig.
15.4.1.1.

15.9.2 Distribution of Shear Forces along Ship’s Length

The design values of still water shear forces, determined in accordance with 15.9.1, shall comply
with the following requirements:

O, =2k, Q,, [kN] (15.9.2-1)
0, - ) (159.2-2)
LO

M, - still water bending moment - see 15.4.3 or 15.4.4, [kKNm];
ks=0 forx=-0.5Loix=+0.5Lo,

ks=1 for-0.35L¢o <x<-0.2Lo,

ks=0.8 for-0.1Lo <x<+0.1Lo,

ks=1 for+0.2Lo<x<+0.35Lo.

The values of k; are varied linearly in the intermediate regions.

For ships with space arrangement giving small possibilities for variation of the cargo and ballast
distribution, the value of Qs may be waived as the design basis for determining the scantlings of
hull structural members.

15.10 Wave Shear Forces
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15.10.1 The design values of wave shear forces in particular cross-sections of the hull along the
ship’s length shall be determined in accordance with the following formulae:

Q,, =03k,C, [,B5+07) [kN] (15.10.1-1)
Q,, =-03k,C, [,B5+0.7) [kN] (15.10.1-2)

Qwp — positive wave shear force applied for hull cross-sections, for which the still water shear

force is positive;
Qwn — negative wave shear force applied for hull cross-sections, for which the still water shear

force is negative.

The shear force sign shall be determined in accordance with Fig. 15.4.1.1.

kp = 0 forx=-0.5Loand x=+0.5Lo,
ky, = 1595 for -0.3Lo<x<-0.2Lo,
6+0.7
k, = 0.7 for -0.1Lo <x<+0.1Lo,
kp=1 for +0.2 Lo <x<+0.35 Lo .
The values of k, are varied linearly in the intermediate regions (see Fig. 15.10.1).
kn= 0 for x=-0.5Lo and x=+0.5Lo,
k., = 0.92 for -0.3Lo <x<-0.2L,,
k.= 0.7 for —-0.1Lo <x<+0.1Lo,
- 1730 for +0.2Lo <x<+0.35Lo.
o+0.7

The values of k, are varied linearly in the intermediate regions (see Fig. 15.10.1).
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Fig. 15.10.1. Factors kp and k»

15.10.2 For ships with high speed or large flare in the forebody, the adjusted values of k, and
kn» shall be applied in formulae 15.10.1-1 and 15.10.1-2. The adjustment depends on the value of
parameters Cq = Cq and Cq = Cqr . The adjusted values of k, and k, may be determined by
multiplying their values, determined from 15.10.1, by the following coefficient r:

forCo<ci1  r=1.0within -0.5Lo<x<+0.5Ly;
forCo>c; r=1.0withinx<+0.1Lo,
r=1.2 within 0.2L¢ <x<0.35L,,

r=1.0 at cross-section x = 0.5L,,
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For intermediate values of C1 < C, < C2 and x co-ordinate, the value of r shall be determined by
linear interpolation.

For Cq, Cav, Caf, €1, c2 — see 15.5.2.2.
15.11 Requirements for Structures Subjected to Shear Forces

15.11.1 In ships without effective longitudinal bulkheads, the thickness of the side (sum of
outer and inner side thicknesses - for double skin construction) shall not be less than that
determined in accordance with the following formula:

05 +05A
t= @+ ) 05%102 [mm)] (15.11.1)

n

T

AQs - still water shear force correction, for direct transmission of shear forces by longitudinal
structural members of the bottom to transverse bulkheads in ships with uneven
distribution of load, [kN],

The value of AQs; may be determined in accordance with 15.12.1 if the Q, value has been
determined from analysis of the ship loading conditions.

The value of AQ; = 0 if the Q; value has been determined as Qs = ksQs (see 15.9.2).
7 = 110k [MPa] unless lesser value results from the buckling strength requirements.

S 1

n

The value of Z may be taken equal to 90/ for the neutral axis of the cross-section.

For other levels, the value of S, shall be determined for the neutral axis as the first moment of
cross-sectional area of the effective longitudinal members positioned between the vertical level
at which the shear stress is being calculated and the vertical extremity of effective longitudinal
members, taken at the section under consideration.

15.11.2 Inships with two effective longitudinal bulkheads, the plating thickness of the ship side
or longitudinal bulkhead shall not be less than:

— for side plating:
(= (05— £ ). : Q)+ A0y S010° [mm] (15.11.2-1)
— for bulkhead plating: ’
p el (iW)MQS"” Si10> [mm] (15.11.2-2)

n
— ks—participation coefficient of a given structure in shear force transmission in a considered
cross-section of the ship’s hull:

k = 0.34-0.08%
A

w

Ap - mean shear area of side shell plating in the side tank under consideration, taken as the
total cross-sectional area of the plating over the height H, [cm?];

Aw- mean shear area of longitudinal bulkhead or inner shell in the side tank under
consideration, taken as the total cross-sectional area of the bulkhead plating between the
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bottom and deck for plane bulkheads. For corrugated bulkheads, A, shall be taken equal
to 80% of the value determined for plane bulkheads, [cm?];

AQs, AQsy — shear force corrections for side and longitudinal bulkhead plating determined in
accordance with 15.12.2.

15.11.3 In ships without effective longitudinal bulkheads or with two effective longitudinal
bulkheads, the thickness of the side plating and effective longitudinal bulkheads in sections B1 and
B> (see 15.8.2.1) shall be not less than those determined in accordance with 15.11.1 or 15.11.2.
The ship loading conditions described hereinafter, as well as those, mentioned in 15.4.2, shall be
taken into account.

When determining the thickness of side plating and effective longitudinal bulkheads in way of fore
bulkhead of machinery space (section B1), the fully loaded condition, with stores at arrival, shall
be taken account.

When determining the thickness of side plating and effective longitudinal bulkheads in section B,
the following loading conditions shall be taken into account: ballast condition with forepeak filled
or fully loaded condition, with stores at arrival. The greater value of the sum of side and bulkhead
thicknesses, resulting from the above-mentioned conditions, shall be taken.

If a deep tank is positioned between the forward cargo hold (cargo tank) and the forepeak, then,
in a considered ballast condition, the deep tank shall be also filled.

Where forepeak and a deep tank are not intended to carry ballast when the ship is in ballast
condition, the shear force in section B, will be subject to PRS consideration in each particular
case.

15.11.4 In ships with more than two effective longitudinal bulkheads, the sum of thicknesses,
measured at z = 0.5H, of the ship’s sides and longitudinal bulkheads shall be not less than:

ci/L,B
Yit= kO (08+01n)+X1, [mm] (15.11.4-1)
n - number of effective longitudinal bulkheads;
¢ = 2.7forn=2,

c = 2.6forn>2.

In ships with two effective longitudinal bulkheads, the thickness of each longitudinal bulkhead
plating, measured at z = 0.5H, shall be not less than:

tz‘m%/]f'ﬁgﬂ [mm] (15.11.4-2)

k

Above z = 0.5H, the thickness of the longitudinal bulkhead plating may be gradually reduced to 0.9t at
strength deck. The required sum of thicknesses of the ship’s sides and the longitudinal bulkheads shall
be maintained within the region A1. Beyond this region, the sum of the thicknesses of the ship’s sides
and longitudinal bulkheads shall be reduced linearly to the values required in 15.11.3 for B1 and B>
sections.

15.12 Shear Force Corrections

15.12.1 When Qs value has been determined from analysis of ship loading conditions, then, in
ships without effective longitudinal bulkheads, the shear force transmitted directly to each
transverse bulkhead forming boundary of a hold may be determined in accordance with the
following formula:
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40, =C, (P, + Y k,P,)-C,T, [kN] (15.12.1-1)

Pr - mass of cargo or ballast for the hold in question [t];

P, - mass of fuel oil or ballast in the double bottom, in tank No. n (port and starboard side), below
hold in question [t];

T1 - ship’s draught in the middle of the considered hold [m];

C, - cargo hold load transmission factor [kN/t];

Cqs - buoyancy transmission factor [kKN/m].

The values of C, and €4 may be taken as constants over the whole length of the hold independent
of cargo filling height and draught, respectively.

The values may be determined in accordance with the following formulae:

9.81

szV—Cblh [KN/t] (15.12.1-2)
h
C, =10Cbl [kN/m] (15.12.1-3)
B . .
C=—"__ (for conventional designs
22(B+1) ( gns)

b - breadth of the flat part of the double bottom [m];
I - length of hold [m];
h - height of hold [m];
Vi — volume of hold [m3];
Vid,

? , coefficient to be determined for each full tank;
ha,a,

a, - horizontal cross-sectional area (port and starboard side) of tank No. n, determined at the
inner bottom level [m?];

anp— horizontal cross-sectional area (port and starboard side) at inner bottom level of this part
of tank No. n, which is situated within the length of the considered cargo hold [m?];

ap - sum of all areas a,p [m?].

The value of AQs shall be deducted from the peak-values of the conventional shear force curve in
way of the loaded hold bulkheads between empty holds or the empty hold bulkheads between
loaded holds (see Fig. 15.12.1).

For other loading conditions, the sign of AQ; correction shall be determined in a similar manner.

lcaded hold

empty hold
ﬁ—-——

conventional
shear force

/. _corrected

shear force

Fig. 15.12.1. Shear force correction
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15.12.2 For ships with two effective longitudinal bulkheads, the values of shear force
corrections AQsy; and AQs transmitted by the ship’s sides and longitudinal bulkheads plating will
be subject to PRS consideration in each particular case. These values may be determined with use
of zone strength analysis of ship structure.

15.13 Ship Loading Control
15.13.1 General Requirements

15.13.1.1 All new ships of 65 m in length and above shall be provided with means of ship
loading control in accordance with Publication 16/P - Loading Guidance Information, that is:

— category I ships - with loading manual and loading instrument,

— category II ships - with loading manual.

Category II ships of length less than 90 m, whose deadweight does not exceed 30% of the
displacement at draught to summer load waterline are excluded from the above requirement.

15.13.1.2 Loading manual shall be approved by PRS in accordance with the conditions specified
in Publication 16/P - Loading Guidance Information.

15.13.1.3 Loadinginstrumentis subject to approval procedure resulting in the issue of Program
Installation Test Certificate.

The requirements given in the following publications are applicable in the procedure: Publication 16/P
- Loading Guidance Information, Publication 14/P - Principles of Approval of Computer Programs,
Publication 9/P - Requirements for Computer Based System and Publication 11/P - Environmental Tests
of Marine Equipment.

15.13.1.4 Loading manual and loading instrument shall be based on the final data of the ship.

15.13.1.5 In the case of modifications resulting in changes to the main data of the ship, a new
approved loading manual shall be issued. In that case, if necessary and applicable, the loading
instrument shall be modified accordingly, approved by PRS and suitably tested after being fitted
on board the ship.

15.13.1.6 Where the hull stress monitoring system is used to control ship loading, it is subject
to PRS consideration and approval in each particular casel.

15.14 Buckling strength of hull structure subject to hull girder stresses
15.14.1 General

15.14.1.1 Requirements of subchapter 15.14 amend the requirements of chapter 13 of these
rules for buckling capacity of ship hull structural elements and they are equivalent to
requirements of IACS UR S35 Buckling Strength Assessment of Ship Structural Elements for
structural elements subject to hull girder stresses (see p. 15.14.4).

The form and content of subchapter 15.14 text where some requirements of Chapter 8 Buckling
of [ACS Common Structural Rules for Bulk Carriers and Oil Tankers (CSR) are indicated to fulfil gives
a set of requirements for buckling fully covering and amending the requirements of UR S35 for
structures subject to hull girder stresses.

! It is recommended that the requirements of IMO MSC/Circ. 646 should complied with.
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15.14.1.2 The hull structure elements subject to the requirements of subchapter 15.14 are
plates (including webs of primary supporting members), longitudinal stiffeners of plating
(including stiffeners of webs of primary supporting members), primary supporting members and
other structures subject to hull girder stresses.

15.14.1.3 Ship longitudinal extent where the buckling check is performed for structural
elements subject to hull girder stresses is to be in accordance with requirements of p. 13.3.1.2 to
p.13.3.1.4.

15.14.2 Net Scantling Approach

15.14.2.1 Unless otherwise specified, all the scantling requirements of subchapter 15.14 are
based on net scantlings obtained by removing full corrosion addition ¢, from the gross thicknesses
values of plating, stiffeners of plating and primary supporting members shown in approved design
drawings of the ship hull structure.

15.14.2.2 Corrosion addition t. values shall be determined applying the requirements similar
to those given in CSR, Chapter 3, Section 3, p. 1.2 where values of t.; and t., for both sides of the
structural member and ¢ = 0.5 mm are applied.

However, corrosion additions t.; and t.; values for dry spaces in ships, cargo holds and tanks not
applied for transporting of dry bulk cargo or liquid cargo typical for tankers, and made from hull
structural steel, are given in table 15.14.2.2 instead of the values in table 1 in CSR, Chapter 3,
Section 3.

Table 1 in CSR, specified above, is applicable in the following requirements of subchapter 15.14
to cargo holds for bulk cargo or liquids typically transported by tankers.

Minimum value of total corrosion addition required in CSR, Chapter 3, Section 3, p. 1.2.2 are
applicable.

On case -by-case basis PRS may require to apply different values of t. from the values given
above, after consideration of general plan of the ship.

Table 15.4.2.2
Corrosion addition for one side of a structural member

Compartment type te1 Or te2

Ballast water tank, bilge tank, drain storage tank 1.00
Exposed to atmosphere 1.00
Exposed to seawater(1) 1.00
Fuel and lubrication oil tank 0.50
Fresh water tank 0.50
Void spaces 0.50
Dry spaces (inside of machinery spaces, pump rooms, steering gear space, passageways, etc.) 0.50
Container and general cargo holds, cargo spaces in Ro-Ro ships Transverse bulkheads 0.50

Elsewhere 1.00
Accommodation spaces 0.00
Compartments other than those mentioned above 0.50
(1) For the determination of the corrosion addition of the outer shell plating, the pipe tunnel is considered as for

a ballast water tank.
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15.14.3 Slenderness requirements

15.14.3.1 Stiffeners of plating elements subject to hull girder stresses shall comply with the
applicable slenderness and proportion requirements given in CSR, Chapter 8, Section 2, p. 3.1.
Scantling parameters (dimensions) for popular types of the stiffeners are defined in CSR, Chapter
8, Section 2, Figure 1.

15.14.3.2 Proportions of primary supporting members web plate and flange which are subject
to hull girder stresses shall comply with the applicable requirements given in CSR, Chapter 8,
Section 2, p. 4.1.

Proportions of web dimensions and bending stiffness of such primary supporting members web
stiffeners shall comply with requirements given in CSR, Chapter 8, Section 2, p. 4.2.

15.14.4 Stress calculation for buckling assessment

15.14.4.1 Normal stresses on; due to general bending of ship hull applied for buckling
assessment according to requirements of p.15.14.6 shall be computed as o, according to
requirements of p. 13.3.2.7 where applied moment of inertia of the considered transverse cross-
section of the hull value, I, is to be computed for the thickness of structural elements equal to the
gross thickness shown in the design drawings decreased by half of the t. required (see p. 15.14.2).

15.14.4.2 Shear stresses 7,y due to general bending of ship hull applied for buckling assessment
according to requirements of 15.14.6 shall be computed at any position along the ship applying
the theory of thin-walled beams and shear force value:

Q=0s+0Qu (15.14.4.2-1)

where:
Qs — design value of still water shear force determined according to requirements of p. 15.9;
Qy - design value wave force, Q,,, or Q,,,, determined according to requirements of p. 15.10.

Qs and Q,, applied to determine Q according to formula 15.14.3.2 shall be of the same sign.

Requirements of CSR, Chapter 5, Appendixl may be used to compute the shear flow g; (in
[N/mm]) in i-th plate of the transverse ship hull cross-section with thickness ti.,5, in [mm],
which is computed as the gross thickness shown in the design drawings decreased by half of the
tc required (see p. 15.4.2).

qi is computed for shear force value ¢ = 1.0 N.

Value I,.n50 used in the formulae in that Appendix1 shall be understood as the value computed for
the thickness tq50 defined above.

Shear stress 7 in i-th plate, in [MPa], is computed as follows:

_ | @a
ti—nso

Thg 103 (15.14.4.2-2)

Qvalue in the formula above, determined according to equation 15.14.4.2-1, should be putin [kN].

15.14.5 Stress combinations for hull girder buckling strength check

15.14.5.1 Each elementary plate (see definition of EPP in CSR, Chapter 3, Section 7, p. 2.1.1),
webs of primary supporting members, longitudinal stiffeners and horizontal corrugations of
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longitudinal bulkheads shall satisfy the criteria defined in p.15.14.6 with stress combinations
listed in points a) and b) below.

Below g, means normal stress along longer side of a plate while g,, is the normal stress along
shorter side of a plate.

For oy - see p. 15.14.4.1 and for 74 - see p. 15.14.4.2.
Value of compressive stress is considered as positive while value of tension stress is negative.
a) Longitudinal stiffening arrangement:

e Stress combination 1 with:

g, = Uhg
gy = 0
7= 0.71p,4
e Stress combination 2 with:
ax = 0.70p
gy = 0
T= Thg

b) Transverse stiffening arrangement:

e Stress combination 1 with:

o,=0
Oy = Ohg
7= 0.71p,
e Stress combination 2 with:
o,=0
gy = 0.70p4
T= Thg

15.14.6 Buckling criteria

15.14.6.1 General

Any of the structural members considered in p. 15.14.6.3 to p.15.14.6.7 shall fulfill, for any form
of buckling considered there, the criterion:
Nact = Nau (15-14-6-1)
where:
Nact = % — buckling utilisation factor defined in CSR, Chapter 8, Section 1, p. 3.2, based on the
applied stress, as defined in p.15.14.5;

Y. — stress multiplier factor at failure computed as described in p. 15.14.6.3 to p. 15.14.6.7;
Nau - allowable value of the buckling utilization factor; n4; = 1.0 is applicable for applied

stresses according to p. 15.14.5.

Value of 14+ shall be computed for the net thickness of structural elements i.e. for the gross
thickness decreased by value of 1.0 - t., where t. is corrosion addition determined according to
p. 15.14.2.2.

15.14.6.2 Definitions and basic assumptions
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Equivalent Plate Panel (EPP)

Model of siffened plating in the form of Equivalent Plate Panel (EPP) is used to assess the buckling
strength.

EPP means unstiffened part of the plating between stiffeners and/or primary supporting
members. For panel length and breadth - see CSR, Chapter 3, Section 7, p. 2.1.1 and Figure 16
there.

Requirements of CSR, Chapter 8, Section 3, p. 1.2 for thickness and material of EPP where it is
composed of parts of different thickness or different material are to be applied.

Load Calculation Point (LCP)

Stress values or pressure value at this point are to be used in the buckling assessment required in
this subchapter 15.14.

For stress values used for the buckling check of EPP, requirements of CSR, Chapter 3, Section 7,
p. 2.2.2 are applicable.

For pressure and stress values used for buckling check of the stiffeners, requirements of CSR,
Chapter 3, Section 7, p. 3.2.1 and p. 3.2.2 are applicable.

SP-A structural model

SP-A means that stiffened plate model is considered with Method A (see definition of Method A
and Method B in CSR, Chapter 8, Sec 1, p. 3.1.3).

Standard types of stiffeners

Standard types of stiffeners are defined in CSR, , Chapter 8, Section 2, Figure 1.

HP bulb profiles may be considered as equivalent built up profile according to requirements of
CSR, Chapter 3, Section 7, p. 1.4.1.

15.14.6.3 Overall stiffened panel

Nact (See p. 15.14.6.1) shall be computed according to requirements of CSR, Chapter 8, Sec 5, p. 2.1.

¥, shall be computed as y;p applying stress values at LCP as required in CSR, Chapter 8, Sec 5,
p. 2.2.7 for the prescriptive assessment.
15.14.6.4 Plates

Nact (See p. 15.14.6.1) shall be computed according to requirements of CSR, Chapter 8, Sec 5, p. 2.2
for the buckling strength of EPP applying SP-A structural model (see p.15.14.6.2) and stress values
at LCP specified in p. 15.14.6.2.

Requirements of CSR, Chapter 8, Section 3, p. 1.2 apply for EPP with thickness or material that
change over the width or length of the plate.

For curved plates, 4.+ shall be computed applying the plate limit state condition given in CSR,
Chapter 8, Sec 5, p. 2.2.6. applying there g, = 0y or g, = g, (seep.15.14.5.1) and ;4 = 0.
15.14.6.5 Stiffeners

Buckling capacity check according to p.15.14.6.5 is only required when the overall stiffened panel
capacity according to p. 15.14.6.3 is satisfied.
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Standard types of stiffeners usually cover possible forms of stiffeners applied (see definitions in
p. 15.14.6.2).

Bulb profiles may be considered as equivalent to angle profiles, as defined in CSR, Chapter 3,
Section 7, p. 1.4.1.

Nact (see p. 15.14.6.1) shall be computed for y value determined according to requirements of
CSR, Chapter 8, Section 5, p. 2.3 for the stress values g, computed according to p15.14.5.1 at LCP
specified in p. 15.14.6.2 and assuming safety factor value S = 1.0.

Static lateral pressure shall be applied in the buckling check and its value corresponds to
considered draught of ship and internal pressure of bulk or liquid cargo, or ballast. Its value is
considered as constant along the stiffener.

15.14.6.6 Webs of primary supporting members

Web plates of primary supporting members without openings shall fulfill the requirements of
p. 15.14.6.4 applying the normal stress o, or o, only (see p. 15.14.5.1).

For web plate fields with openings, requirements of p. 13.4.3 shall be applied.

15.14.6.7 Horizontally corrugated longitudinal bulkhead

For corrugations of horizontally corrugated longitudinal bulkheads, units composed of half flange,
web and the opposite half flange (i.e. single corrugation as shown in grey in Figure 15.14.6.7) shall
be considered and 1, (see p. 15.14.6.1) shall be computed as n according to requirements of CSR,
Chapter 8, Section 5, p.3.1.1 where oz = 0. value computed according to CSR, Chapter 8, Sec 5,
p. 3.1.2 shall be applied.

Figure 15.14.6.7 Single corrugation
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16 LOCAL LOADS OF STRUCTURE
16.1 General
16.1.1 Application

16.1.1.1 The values of the design loads, determined in compliance with the below given
requirements, are applicable to the calculation of scantlings of plate panels, stiffeners, simple
girders, complex girder systems and supporting members of hull structure. These design values
may be applied within the assumed concept of requirements only.

PRS may accept, after special consideration, values of the design loads computed directly, applying
the methods described in Publication 35/1 - Wave Loads on Ships.

16.1.1.2 The design compressive axial forces for calculating scantlings of the supporting
members shall be determined in accordance with 13.7.

16.1.2 Design Load Components

When determining the design loads of structure, account has been taken of static and dynamic
load components due to:

— seapressure (see 16.2),

— pressure from liquids in tanks (see 16.3),

— pressure from dry cargoes, stores and equipment (see 16.4).

16.1.3 General Requirements

16.1.3.1 In general, pressure may act on both sides of the plating and the supporting members
in question. Pressures shall be determined independently and the greater value shall be assumed
as the design pressure. In special cases the difference in pressures acting from the opposite sides
of the panel may be taken as the design pressure, provided both pressures always act
simultaneously.

16.1.3.2 Tanks for crude oil or diesel oil shall be designed for liquids of density equal to that of
sea water:

p=1.025t/m3.

16.1.3.3 The structure of tanks for heavier liquids is subject to PRS consideration in each
particular case. In such cases, the density applied as the basis for approval will be given in
Appendix to the Certificate of Class.

16.1.3.4 For ships of restricted navigation, pressure components or coefficients representing
in formulae the dynamical part of local loads of structure for unrestricted navigation area, may be
reduced as below:

for area II, by 10%,

— for areaIll, by 30%

for Class C passenger ships, by 40%,

for Class D passenger ships, by 50%.

Detailed provisions are given at the requirements for particular loads.

16.1.4 Definitions

b. - the largest athwartship distance, parallel to y axis, from the load point to the tank corner at
top of the tank most distant from the load point, [m];
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bs - the tank top breadth, [m];

b, - distance, parallel to y axis, between tank sides or longitudinal wash bulkheads at the height
of the load point in question, [m];

g - acceleration of gravity, [m/s?], (see 1.2.2);

h, - vertical distance from the load point to the top of the tank or to the hatch coaming, [m]; for
all high, narrow tanks, the value of h, may be taken not greater than 15 times the smallest
tank breadth (or length) measured above the load point;

hy - vertical distance from the load point to the bulkhead deck of passenger ships and the
freeboard deck of cargo ships, [m]; (see resolution MSC.429(98)/Rev.2 - “Revised
Explanatory to the SOLAS Chapter II-1 Subdivision and Damage Stability Regulations”);

In ships with very large distance from the summer load waterline to the top of the bulkhead,
hgy may be based on flooding calculation;

h, - vertical distance from the load point to the top of air pipe, [m];

ho - vertical distance from summer load waterline to the load point, [m];

h, - height of tank, [m];

I, - thelargestlongitudinal distance, parallel to x axis, from the load point to the tank corner at
top of the tank most distant from the load point, [m];

Iy - tanktop length, [m];

I, - distance, parallel to x axis, between tight or wash transverse bulkheads at the height of the
structural member in question, [m];

po = 25 kPa, in general;

po = 15 kPa - in ballast holds in dry cargo ships; the assumed value of p shall not be less than
Pv;

pv — safety valve opening pressure, [kPa];

Tm- minimum design draught, [m]; T\ shall be normally taken as 0.35Ts for dry cargo vessels
and 0.02L¢ + 2 - for tankers;

p - density of liquid cargo, ballast or stores, [t/m3];

P (x,y, z) - point for which the sea pressure is determined;

pi - seapressureinpointP,i=1,..., 5 [kPa].

16.2 SeaPressures

16.2.1 General Requirements

The external sea pressure acting on the ship’s bottom, sides and the weather deck shall be
determined in accordance with the formulae specified in the present sub-chapter.

16.2.2 External Pressure Acting on Ship’s Hull

16.2.2.1 The external sea pressure acting at point P (x, y, z) of the ship’s side below the summer
load waterline or the bottom shall be determined in accordance with the following formula:

py = 0.5pg, + 10(Ts — z) [kPa] (16.2.2.1-1)

pap = (1 + 0.0361)[0.7Z, + k.0, + 3|y|®,] + 0.02L, - [10 — 0.25(T5 — 2)] [kPa]  (16.2.2.1-
2)

k, = —4(X+ 0.05[0) for x <-0.05Lo (16.2.2.1-3)
k, = 5.4(X-|- 0.05[0) for x>-0.05Lo

v-ship’s speed, [knots];
Za, Oy, @y - see 17.3.2and 17.3.3;
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XYz - co-ordinates of point P (x, y, z) - see Fig. 17.2.1.

16.2.2.2 The external sea pressure acting at point P (x, y, z) of the ship’s side at the level of the
exposed deck shall be determined in accordance with the following formula:

p, =05p, [kPa] (16.2.2.2-1)
Pas = Pg[Sa — (z — Ts)] [kPa] (16.2.2.2-2)
p = 1.025t/m3
[Sy — (z — Tg)] = 2 shall be assumed;
Sa - see 17.3.7;

z - Ts - distance from the summer load waterline to point P.

16.2.2.3 The pressure between the deck level and summer load waterline shall be determined

by linear interpolation. The pressure in extreme points is determined in accordance with formulae
16.2.2.1-1 and 16.2.2.2-1.

16.2.2.4 The external sea pressure acting at point P (x, y, z) of the exposed deck shall be
determined in accordance with the following formula:

p; =05p,, [kPa] (16.2.2.4-1)
Paa = 0.5p(g + 0.5a,)[S4 — (z — Ts)] [kPa] (16.2.2.4-2)
[Sy — (z — Tg)] = 2 shall be assumed;
Saand a, -see 17.3.7 and 17.4.1;
p=1.025t/m3.
16.2.2.5 The sea pressure acting on the ship’s bottom and sides which may be deducted from
the internal pressure in tanks adjacent thereto corresponds to the minimum design draught of the

ship in still water. The value of the external pressure shall be determined in accordance with the
following formula:

p=pg(T, —z) [kPa] (16.2.2.5)
p = 0 shall be taken;
p = 1.025t/m3;
z - co-ordinate of the considered point, [m].

16.2.3 External Pressure Acting on Superstructures

16.2.3.1 The external sea pressure acting on exposed sides and end bulkheads of
a superstructure, deckhouse or engine room casing may be determined in accordance with the
following formulae given in 16.2.3.2 and 16.2.3.3.

16.2.3.2 Atpoint P (x,y, z) of the exposed front bulkhead of superstructure or deckhouse
P, =3p, [kPa] (16.2.3.2)

[S4 — (z — Tg)] = 1 shall be assumed
paa — see 16.2.2.4.

16.2.3.3 Atpoint P (x,y, z) of exposed side and aft bulkheads of superstructures and deckhouses
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ps =0.5p, [kPa] (16.2.3.3)

[S4 — (z —Tg)] = 1 shall be assumed
Sa - see 17.3.7;
z - co-ordinate of the considered point, [m];

pas— see 16.2.2.2.
16.2.4 Emergency Condition Pressures

16.2.4.1 The design pressure on watertight bulkhead (compartment flooded) shall be
determined in accordance with the following formula:

Pa, = pPghy [kPa] (16.2.4.1)
=1.025 t/ms.

16.2.4.2 The design pressure acting on the inner bottom (double bottom flooded) shall not be
less than that determined in accordance with the following formula:

pa, = pgTs [kPa] (16.2.4.2)
0=1.025 t/m?.

This pressure is also the minimum pressure considered at determining the scantlings of plate
floors and side girders forming boundaries of the double bottom tanks.

16.3 Pressure of Liquids in Tanks

16.3.1 General Requirements

If the liquid cargo tanks may be either full or empty, the design pressure acting on the structures
forming boundaries of these tanks shall be determined in accordance with the requirements
specified in 16.3.2. The structures forming boundaries of the tanks are: inner and outer bottom,
sides, bilge, decks, platforms, watertight walls (bulkheads) of tanks situated anywhere within the
ship space. These structures may form common boundaries of neighbouring tanks and in that case
they shall be considered separately, as a boundary of each tank.

16.3.2 Pressure of Liquid in Full Tanks

The design pressure for structures forming the boundaries of full tanks shall be taken as the
greatest value of ps + p1o pressures, determined in accordance with the following formulae:

s =(g+05a,)ph, [kPa] (16.3.2-1)

p; =0.67pgh, [kPa] (16.3.2-2)

ps = pgh, + p, [KPa] (16.3.2-3)

Py =20 0670, +6,1,)-0.1216, ] kPl (16324
P =8P [0-67(% +@,b,)-0.12hb®, ] [kPa] (16.3.2-5)
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a, -inaccordance with 17.4.1;
@, —-in accordance with 17.3.3;

©®, -in accordance with 17.3.2.

Formulae 16.3.2-4 and 16.3.2-5 shall be applied at dimensioning the structures forming
boundaries of cargo or ballast tanks, the length of which exceeds 0.15L¢ or the maximum breadth
exceeds 0.4Bs.

Formulae 16.3.2-1, 16.3.2-4 and 16.3.2-5 shall be also used at checking the strength of the inner
bottom, sides, decks (platforms), longitudinal and transverse bulkheads forming boundaries of
dry cargo holds which are also intended for the carriage of ballast.

The design pressures of independent tanks (gas carriers, sulphur carriers, asphalt carriers, etc.)
will be subject to PRS consideration in each particular case.

16.3.3 Pressure of Liquid in Partly Filled Tanks

16.3.3.1 The pressure in tanks which may be filled between 20% and 90% of the tank height
(tank parameters I, <0.13Lo and b, < 0.56B) shall be taken as the greater of the values determined
for full tanks, in accordance with 16.3.2, and the values not lesser than those determined in
accordance with the formulae, respectively:

— for structural members located within 0.25/, from the transverse end bulkheads of the tank:

P = p(4-0.005L,)1. [kPa] (16.3.3.1-1)

— for structural members located within 0.25b, from tank longitudinal sides:

p, = p(3-0.01B)b, [kPa]. (16.3.3.1-2)

For tanks with parameters ;> 0.13Lo or b, > 0.56B5, the values of pressures p11 or p12 will be subject
to PRS consideration in each particular case. In respect of ships of 50 m < Lo < 100 m, pressure p11
will be subject to PRS consideration in each particular case if I, > 0.2Lo.

16.3.3.2 The design pressure on girder webs in cargo and ballast tanks shall not be less than 20
kPa.

16.3.3.3 The design pressure on transverse and longitudinal wash bulkheads shall be not less
than that determined from formulae 16.3.3.1-1 and 16.3.3.1-2.

16.3.3.4 Where appropriate, with respect to a given region, the structures of the ship’s sides,
decks, longitudinal and transverse bulkheads forming boundaries of tanks shall be checked for
pressure p11 in ships of Lo > 50 m and for pressures p11 and p12 in ships of Lo > 100 m.

16.4 Cargo Loads
16.4.1 General Cargo Loads

16.4.1.1 The pressure acting on cargo decks and bottom in cargo holds from general cargo or
equipment shall be determined in accordance with the following formula:

Dz = (g + 05av)q [kPa] [16.4.1.1)
a, - accordingto 17.4.1;
q = ph-the mass of cargo or equipment per 1 m? of the loaded area, [t];
p - density of cargo loading on the structure in question, [t/m3].
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When there are no other indications, p = 0.7 t/m3 shall be taken for general cargo. Where, in result
of the application of p= 0.7 t/m3 for all cargo areas designed for the carriage of general cargoes, the
ship’s deadweight is exceeded, the assumed value of p may be reduced subject to PRS acceptance in
each particular case. If the mass of deck exceeds 10% of the cargo mass assumed for this deck, then,
when determining the value q for this deck, account shall be taken of the mass of deck and the mass of
cargo carried on the deck.

h - height of cargo tier loading acting on a given structure, [m].

For the structures of the cargo hold bottom, as well as the structures of the sheltered decks
designed for the carriage of general cargo, the height h shall be measured vertically from the load
point to the deck above; in way of hatchways - to the top of the coaming.

For sheltered decks not intended for the carriage of cargo, the following values of g may be taken:

g = 1.6t/m2 for platform decks in machinery space (lesser values may be applied if they result
from the weight of the ship’s equipment to be stowed on the platform deck),
q = 0.35t/m?2for accommodation decks.

When direct zone strength analysis has been made for accommodation decks, including deck own
mass, the value of g may be reduced, but shall be taken not less than gmin = 0.25 t/mz2.

16.4.1.2 Where the weather deck is designed to carry deck cargo, the design pressure for this
deck shall be taken equal to p = p; or p = p13, whichever is the greater (for definitions of p, and p13
-see 16.2.2.2 and 16.4.1.1).

If the design stowage height on the weather deck is smaller than 2.3 m, summation of loads from
cargo and partly from sea may be required.

For the weather cargo decks, the minimum value of g, [t/m?], shall be as follows:
q=1.0 for Lo <100 m - in general,

qg=13 for Lo>150m - for superstructure deck,

q=1.75 for Lo > 150 m - for freeboard deck.

For ships of length 100 m < Lo < 150 m, the value of qmin shall be determined by linear
interpolation.

16.4.1.3 Inshipsofrestricted service, pressures p = p13, determined in accordance with 16.4.1.1
for sheltered cargo decks, platform decks in machinery space, accommodation decks, as well as
the weather cargo deck, may be reduced in accordance with 16.1.3.4.

16.4.1.4 Where transverse forces from deck cargo are required (e.g. for dimensioning the
transverse support of hatch covers), they may be determined in the same way as the forces for
heavy units, i.e. in accordance with formula 16.4.4.

16.4.2 Bulk Cargo Loads

16.4.2.1 The pressure from bulk cargoes on sloping and vertical sides and bulkheads shall be
determined in accordance with the following formula:

P =ph,(g+052,)K [kPa] (16.4.2.1)

a, - inaccordance with sub-chapter 17.4.1;

K = sin?zatg?(45°-0.5 y) +cos?

a - angle between panel in question and the horizontal plane, [degrees];
y - angle of repose of cargo, [degrees]. It shall be taken as follows:

y < 20° for light bulk cargo (coal, grain),
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y < 25°for cement (p=1.35t/m3),

y < 35°for heavy bulk cargo (ore);

p - cargo density in accordance with 16.4.2.2 or 16.4.3, [t/m3].

In ships of restricted service, the value of pressure p14, determined in accordance with formula
16.4.2.1, may be reduced in accordance with indications given in 16.1.3.4.

16.4.2.2 The design pressure in holds for bulk cargo of uncertain characteristics shall be
determined for the standard cargo density:

S

p=—= [t/m3] (16.4.2.2)

[/
M. - the greatest total weight of cargo in the ship [t];

Vin - total volume of cargo holds [m3];
p > 0.7 t/m3 shall be taken.

16.4.3 Heavy Bulk Cargo Loads

16.4.3.1 The design pressure for holds intended for ore or other heavy bulk cargoes shall be
determined taking cargo density corresponding to the greatest expected mass of cargo in the hold
in question, for ship fully loaded:

b [t/m3] (16.4.3.1)
M, - allowable load in the hold in question [t];
Vy - total cargo hold volume, including the hatchway in question [m3].

16.4.3.2 For ships with additional mark HC/ALT or HC/E in the symbol of class, cargo density
for any hold shall be increased by 25% of p value as given in 16.4.2.2.

16.4.4 Heavy Units Loads

The components of forces acting on supporting structures and securing system for heavy units of

cargo, equipment and stores shall be determined in accordance with the following formulae:

— vertical force alone or in combination with longitudinal force, determined in accordance with
formula 16.4.4-4:

P, =(g+05a,)M [kN] (16.4.4-1)

— vertical force in combination with transverse force, determined in accordance with formula
16.4.4-3:

P,=gM [kN] (16.4.4-2)

— transverse force in combination with vertical force, determined in accordance with formula
16.4.4-2:

P, =067a,M [kN] (16.4.4-3)

— longitudinal force in combination with vertical force, determined in accordance with formula
16.4.4-1:

P,=067a, M [kN] (16.4.4-4)

M - mass of unit in question, [t];
a, - vertical acceleration, [m/s?], determined in accordance with 17.4.1;
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ar - transverse acceleration, [m/s?], determined in accordance with 17.4.2;
a; - longitudinal acceleration, [m/s?], determined in accordance with 17.4.3.
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17 SHIP MOTIONS
17.1 General

17.1.1 The present Chapter gives formulae for determining motions (dis-placements, velocities
and accelerations) of ships in sea-going conditions during their normal service.

PRS may accept, after special consideration, values of the motions computed directly, applying
the method described in Publication 35/I - Wave Loads on Ships.

17.1.2 The ship motions determined in the present Chapter are the values for which probability
of exceeding is 10-8.

17.1.3 For ships of restricted service, the motions may be reduced by:
— by 10% for service area II;

— by 30% for service area III;

— by 40% for service area corresponding to mark Class C;

— by 50% for service area corresponding to mark Class D.

In justified cases, PRS may determine other reduction of ship motions.
17.2 Definitions

17.2.1 Co-Ordinate System

The co-ordinate system, as well as names of various ship motions, assumed in this Chapter, are
defined in Fig. 17.2.1.

roll
X

[«

: longitudinal

motion (surge)

Fig. 17.2.1. Ship motions

17.2.2 Wave Coefficient

The wave coefficient C,, which is the basic parameter for determining wave induced hull loads
and ship motions, shall be determined in accordance with the following formula:

C, =0.0856L, for Lo<90m,

3/2
300 -
CW=10.75—(TOZOJ for 90 m <Ly <300 m, (17.2.2)
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C,=1075 for 300m<Lo<350m,
3/2
-350
Cw=10.75—(lolTj for Lo>350m.

17.3 Amplitudes of Ship Motions
17.3.1 Heave Amplitude

The heave amplitude may be determined in accordance with the following formula:

Zy =12 —0.1Ts [m]
Ts- see sub-chapter 1.2.2.
17.3.2 Pitch Amplitude

The pitch amplitude may be determined in accordance with the following formula:

0,=4(1-45 I—j)i—w [rad]

0

17.3.3 Roll Amplitude
The roll amplitude may be determined in accordance with the following formula:
@, = 35— [rad]

2
B2+50

17.3.4 Surge Amplitude

The surge amplitude may be determined in accordance with the following formula:

1-0.03Tg
1-0.036v

Xa=8 [m]

v - ship speed, [knots].

17.3.5 Sway Amplitude

The sway amplitude may be determined in accordance with the following formula:
Yy =12 - 0.25T¢ [m].

17.3.6 Yaw Amplitude

The yaw amplitude may be determined in accordance with the following formula:

W, = 0.25(1 - 0.008°%) [rad].
S

17.3.7 Relative Motion Amplitude

(17.3.1)

(17.3.2)

(17.3.3)

(17.3.4)

(17.3.5)

(17.3.6)

Motion amplitude of ship’s point P (x, y, z) in relation to the wave surface may be determined in

accordance with the following formula:

S, = \/(0.32A)2 +(x+ 0.05L0)@A]2 +[08y@,]" [m] (17.3.7)
Za, Oy, @y - seeparagraphs 17.3.1,17.3.2 and 17.3.3;
x,y - co-ordinates of P point - see Fig. 17.2.1.
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17.4 Resultant Acceleration Amplitudes

17.4.1 Resultant Vertical Acceleration

The resultant linear acceleration of the ship’s point P along the vertical axis (taking no account
of gravity acceleration) shall be determined in accordance with the following formula:

a,= (1+0.036v)2?\/2j +1.6(x+0.05L,)0, F +[0.5v0,F  [m/s2] (17.4.1)
0

v - ship speed, [knots];
Za, Oy, @y - seeparagraphs 17.3.1,17.3.2 and 17.3.3;
X,y - co-ordinates of P point - see Fig. 17.2.1.

17.4.2 Resultant Transverse Acceleration

The resultant linear acceleration of the ship’s point P along the transverse axis (taking into
account gravity acceleration) shall be determined in accordance with the following formula:

225

ar = (1+0.036v) ;
0

J08Y)2 + [(x + 0.05Ly) ¥4 ]2 + [(z — T5)P4l? [m/s?] (17.4.2)

v - ship speed, [knots];
Oy, Ya,¥a - seeparagraphs 17.3.2,17.3.5 and 17.3.6;
x,z -co-ordinates of P point - see Fig. 17.2.1.

17.4.3 Resultant Longitudinal Acceleration

The resultant linear acceleration of the ship’s point P along the longitudinal axis (taking into
account gravity acceleration) shall be determined in accordance with the following formula:

a, =1+ o.o36v)2§\/(o.zxA)2 ¥ (0597412 + [2(z — T)0, [m/s?] (17.4.3)

v - ship speed, [knots];
On, X4, ¥a - see paragraphs 17.3.2,17.3.4 and 17.3.6;
y,z - co-ordinates of P point - see Fig. 17.2.1.

17.4.4 Resultant Acceleration in Any Direction

The resultant linear acceleration of the ship’s point P in any direction may be determined from
ellipsoid (Fig. 17.4.4) with principal axes (a, + g), ar and a;.

av,aranda; - see paragraphs 17.4.1,17.4.2 and 17.4.3.

P(xy, z) - point for which the accelerations are determined.

Fig. 17.4.4. Determining acceleration a of the ship’s point P in any direction
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18 CONTAINER CARRIERS
18.1 General

18.1.1 Application

The requirements specified in the present Chapter apply to ships intended for the carriage
of containers at fixed positions in holds equipped with cell guides or on deck, having double
bottom and double sides or single sides, together with the effective case structure at the upper
deck and large hatch openings.

Where other structural arrangement is applied, the relevant requirements specified in the present
Chapter shall be complied with within the scope agreed with PRS.

The requirements specified below shall be regarded as supplementary to the basic requirements
specified in Chapters 1+13 (except 13.3), 14, 15.13, 16, 17.

18.1.2 Classification

Ships complying with the relevant requirements of the present Chapter may be affixed with
additional mark in the symbol of class:

CONTAINER SHIP -  ships exclusively intended for the carriage of containers and arranged
with cell guides in holds,

ACC - ships primarily intended for the carriage of other cargo but arranged for the carriage of
containers.

For ships which have been affixed with one of the above-mentioned additional marks in the symbol
of class, a statement of the maximum number of twenty foot equivalent units (TEU) that may be
carried on board, determined by the designer, will be entered into the ship’s Certificate of Class.

18.1.3 General Requirements

Structural arrangement of ships intended for the carriage of other cargo, but adapted for the
carriage of containers, may result from the main designation of the vessel.

It is assumed that in each case the containers are supported and secured to the hull structure.
Stowage arrangement of containers, guide cells in container holds and fixed equipment for
securing the containers shall comply with the requirements specified in Chapter 15, Part I1] - Hull
Equipment.

Equipment for securing the containers shall comply with the below-specified requirements if it is
an integral part of the hull structure.

18.1.4 Documentation

Technical documentation, within the scope specified in 1.4.2, shall be submitted for consideration
and approval.

18.2 Materials and Welding

18.2.1 Fixed equipment (permanently attached to the hull structure) for securing the containers
shall be made of steel complying with the requirements specified in Chapter 2. The application of other
steel grades or materials is subject to PRS consideration in each particular case.

18.2.2 Castings forming the fixed equipment for securing the containers, connected to the hull
structure, shall comply with the requirements specified in Part IX - Materials and Welding.
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18.2.3 Welding of structural members of fixed equipment for securing the containers to the hull
structure shall comply with the requirements specified in Chapter 4.

18.2.4 YP36, YP40 and YP47 refers to the minimum specified yield strength of steel defined in
Part 1X; 355, 390 and 460 N/mm? respectively. Material factor, k, of YP36 is to be taken as 1.39,
YP40 - as 1.47 and YP47 - as. 1.61. UR S33: The HT factor (Material factor of high tensile steel, K)
of YP47 steel for the assessment of hull girder strength is to be taken as 1.61

In the case that YP47 steel plates are used for longitudinal structural members in the upper deck
region such as hatch side coaming and hatch coaming top, their attached longitudinals, the grade
of YP47 steel plates shall be EH47. Material factor, k, for this steel shall be taken as 1.61.

18.2.5 Brittle crack arrest steel is defined in 2.1.2 of UR W31. Only for the scope of this Chapter
the definition in UR W31 2.1.2 also applies to YP36 and YP40 steels.

18.3 Structure

18.3.1 Maximum continuity of structure shall be provided, avoiding abrupt changes of shape
and dimensions of structural members, in order to reduce the stresses to the minimum.

18.3.2 In ships with the length Lo > 100 m, it is recommended that longitudinal framing should
be applied for bottom, strength deck and the upper parts of sides.

18.3.3 Double bottom longitudinal girders shall, as a rule, be arranged in line with container
sockets on the inner bottom.

Double bottom plate floors and web frames shall be coplanar.

18.3.4 Itis recommended that case structures transverse in relation to the ship’s centre plane
above and under transverse bulkheads should be applied to improve the hull torsional rigidity.

It is also recommended that intermediate supports of double bottom between transverse
bulkheads should be applied in the form of case structures specified above or in the form of
partitions.

18.3.5 Side structure in way of steps of the inner skin, where the arrangement of containers is
changed is subject to PRS consideration in each particular case.

18.3.6 The hull structure under container corners shall be adequately reinforced.

18.3.7 The structure in way of hatch corners shall comply with the requirements specified in
Publication 24/P - Strength Analysis of Container Ship Hull Structure.

18.3.8 For longitudinal structure members made of YP36, YP40 and YP47 steel plates with
thickness of over 50 mm and not greater than 100 mm, appropriate measures for prevention of
brittle crack propagation shall be taken. These measures consist in:

— non-destructive testing (NDT) during ship construction (acc. to requirements of 18.6.5);

— periodic non-destructive testing (NDT) after ship delivery (acc. to requirements of 18.6.5);

— brittle crack arrest design (acc. to requirements of 18.6.3 and 18.6.5).

Equivalent measures for structure members made of YP36, YP40 and YP47 steel plates with
thickness exceeding 100 mm shall be specially considered by PRS.
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18.4 Hull Strength Analysis

18.4.1 Calculation of longitudinal strength of the ship shall be performed in accordance with
Publication 114/P - Longitudinal Strength Standard for Container Ships. Additionally calculation
of general strength of the ship shall be made taking into account the effect of hull torsion. It shall
also be checked if the hull torsional stiffness is sufficient. The hull torsion calculation methods and
criteria to be complied with are specified in Publication 24/P - Strength Analysis of Container Ship
Hull Structure. Buckling control of structural elements shall be performed in accordance with the
requirements specified in Publication 114/P - Longitudinal Strength Standard for Container Ships.

18.4.2 Global Analysis shall be performed for ships of length 290 m or above. The Global
Analysis is a finite element analysis using full ship model, for assessing the structural strength of
global hull girder structure, cross deck structure and hatch corner radii. Hull girder loads
(including torsional effects) shall be considered. The following methods may be used for Global
Analysis:

Method 1: Analysis where hull girder loads only (vertical bending moments and torsional
moment) are directly applied to the full ship finite element model;

Method 2: Analysis where direct loads transferred from direct load analysis are applied to the
full ship finite element model.

18.4.3 Cargo Hold Analysis shall be performed for ships of length 150 m or above. The Cargo
Hold Analysis is a finite element analysis for assessing the structural strength of the cargo hold
primary structural members in the midship region.

Primary structural members are members of girder or stringer type envelope and cargo hold
boundaries, such as:

double bottom structure (bottom plate, inner bottom plate, girders, floors);

— double side structure (shell plating, inner hull, stringers and web frames);

bulkhead structure;

deck and cross deck structure.

Method of strength assessment shall be according to requirements specified in 14.6.
18.5 Design Loads, Loading Conditions
18.5.1 Global Analysis

The ship is considered sailing in the North Atlantic for yielding and buckling assessments.
The vertical wave bending moments shall be in line with Publication 114/P - Longitudinal
Strength Standard for Container Ships.

The torsional moment shall be calculated according to requirements contained Publication 24/P
- Strength Analysis of Container Ship Hull Structure.

Wave conditions presumed to lead to the most severe load condition due to vertical bending
moment, horizontal bending moment and torsional moment shall be considered (see Publication
24/P - Strength Analysis of Container Ship Hull Structure). Load components to be considered in
Global Analysis are specified in Table 18.5.1.The corresponding local loads shall be taken in
accordance with chapter 16.

Loading conditions shall be considered in accordance with Publication 114/P and Loading Manual.
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Table 18.5.1
Load Components to be considered in Global Analysis
Static load Dynamic load
Method 1 — still water vertical bending moment — wave-induced vertical bending moment
— still water torsional moment — wave-induced horizontal bending moment
— wave-induced torsional moment
Method 2 | — static sea pressure — wave-induced sea pressure
— static container loads — dynamic loads for hull structure, containers, ballast
— static loads for ballast and fuel oil and fuel oil

— self-weight of hull structure

18.5.2 Cargo Hold Analysis

In Cargo Hold Analysis the following wave conditions shall be considered:

— head sea condition yielding the maximum hogging and sagging vertical moments;

— beam sea condition yielding the maximum roll motion. This condition may be disregarded for
some loading conditions defined in Table 18.5.2-2 where PRS deems it not necessary.

Hull girder loads shall be in accordance with Publication 114/P. Local loads shall be taken in
accordance with chapter 16. Container loads shall be considered according to requirements of
18.5.3 + 18.5.6. Loads components to be considered in Cargo Hold Analysis are specified in Table
18.5.2-1.

The minimum set of loading conditions is specified in Table 18.5.2-2.

In addition, loading condition from Loading Manual shall be considered where PRS deems it
necessary.

Table 18.5.2-1
Load components to be considered in Cargo Hold Analysis

Static load Dynamic load
Hull girder loads | — still water vertical bending — wave-induced vertical bending moment
moment
Local loads — static sea pressure — wave-induced sea pressure
— static container loads — dynamic loads for hull structure, containers, ballast
— static loads for ballast and fuel and fuel oil
oilM
— self-weight of hull structure

(1) For the minimum set of loading conditions specified in Table 18.5.2-2, all ballast and fuel oil tanks in way of the
cargo hold model shall be empty. If additional loading conditions other than those given in Table 18.5.2-2 are
considered, ballast and fuel oil loads may be taken into consideration at the discretion of PRS in each particular case.

Table 18.5.2-2
Minimum set of loading conditions for Cargo Hold Analysis

Loading condition Draught Container weight Balla.st and fuel Still water hull girder
oil tanks moment

Full load condition Scantling draught Heavy cargo weight(®) Empty Permissible hogging
(40’ containers)

Full load condition Scantling draught Light cargo weight(?) Empty Permissible hogging
(40’ containers)

Full load condition Reduced Heavy cargo weight(1) Empty Permissible sagging

Draught®) (20’ containers) (minimum hogging)
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One bay empty Scantling draught Heavy cargo weight(®) Empty Permissible hogging
condition() (40’ containers)

(1) Heavy cargo weight of a container unit shall be calculated as the permissible stacking weight divided by the
maximum number of tiers planned.

(2) Light cargo weight corresponds to the expected cargo weight when light cargo is loaded in the considered holds

— Light cargo weight of a container unit in hold shall not be taken more than 55% of its related heavy cargo weight
[see (1) above].

— Light cargo weight of a container unit on the deck shall not be taken more than 90% of its related heavy cargo
weight [see (1) above] or 17 metric tons, whichever is the lesser.

(3) Reduced draught corresponding to the expected draught amidships when heavy cargo is loaded in the considered
holds while lighter cargo is loaded in other holds. Reduced draught shall not be taken more than 90% of scantling
draught.

(4) For one bay empty condition, if the cargo hold consist of two or more bays, then each bay shall be considered
entirely empty in hold and on deck (other bays full) in turn as separate load cases.

18.5.3 Fatigue assessment on the longitudinal structural members is to be performed in
accordance with Publication 45/P - Fatigue Strength Analysis of Steel Hull Structure.

18.5.4 Special consideration is to be paid to the construction details where extremely thick steel
are applied as structural members such as connections between outfitting and hull structures.

18.5.5 Loads resulting from securing and supporting the containers shall be determined for the
most severe realistic loading condition, including the dynamic loads assumed in accordance with
the requirements specified in 16.4.4.

18.5.6 When determining the static loads, the static conditions which give the largest support
forces, lashing forces and the largest internal forces in the container structure (e.g. in a container
block stack) shall be taken into account. The assumed mass of individual containers shall be such
that the most severe realistic load condition is obtained.

Unless otherwise specified, the maximum mass of containers shall be taken as follows:
— 20’ container: 24.00 t,
— 40’ container: 30.48 t.

18.5.7 When determining dynamic loads from containers (inertial forces), possible combinations
of vertical, transverse and longitudinal loads shall be taken into account in accordance with the
requirements specified in 16.4.4.

[t may be assumed that transverse and longitudinal loads do not act simultaneously. All containers
in a stack or a group of stacks shall be considered as one mass assuming that they are subjected
to the acceleration of gravity in combination with a uniform vertical acceleration.

Containers, the side walls of which will be exposed to wind, shall be considered for a wind force,
which may be taken as follows:

Pw=17.5KkN for 20’ containers,

Pw=35.0kN for 40’ containers.

Horizontal dynamic loads shall be taken into account in combination with wind force Pw.

18.5.8 Response of supports (forces acting on the hull structure) shall be determined assuming
the total system of securing arrangements and considering, where necessary, flexibility of
securing members and container sides, as well as possible effects of clearances between various

connections. The calculation method is specified in Chapter 15, Part IIl - Hull Equipment and in
Publication 32/P - The Requirements for the Stowage and Securing of Cargo on Sea-Going Ships.
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18.6 Brittle Crack Arrest Design
18.6.1 General

18.6.1.1 The brittle crack arrest steel method detailed in Chapter 18.6 may be used when the
measures specified in Table 18.6.5 in items 3, 4 and 5 and those below the table are applied and
the steel grade material of the upper deck (structure members such as upper deck plating, hatch
side coaming plating, including top plating and longitudinals) is not higher than YP40. Otherwise
other means for preventing the crack initiation and propagation shall be agreed with PRS.

18.6.1.2 Measures for prevention of brittle crack propagation, shall be taken within the cargo
hold region.

18.6.1.3 The measures given in sub-chapter 18.6 generally apply to the block-to-block butt
joints but it should be noted that cracks can initiate and propagate away from such joints.
Therefore appropriate measures should also be considered for the cases specified in 18.6.2.3.

18.6.1.4 Brittle crack arrest steels are defined in Part IX of the Rules.
18.6.2 Functional requirements of brittle crack arrest design

18.6.2.1 The purpose of the brittle crack arrest design is to arrest propagation of a crack at a
proper position and to prevent large scale fracture of the hull girder.

18.6.2.2 Thelocations of most concern for brittle crack initiation and propagation are the block
to-block butt weld joints either on hatch side coaming or on upper deck plating. Other locations
in block fabrication where joints are aligned may also present higher opportunity for crack
initiation and propagation along butt weld joints.

18.6.2.3 Both of the following cases shall be considered:
.1 where the brittle crack runs straight along the butt joint, and
.2 where the brittle crack initiates in the butt joint but deviates away from the weld and into
plate, or where the brittle crack initiates from any other weld (see 18.6.2.4) and
propagates into the plate.

18.6.2.4 “Other weld” includes the following (refer to Fig. 18.6.2.4)
.1 Fillet welds where hatch side coaming plating, including top plating, meet longitudinals;
.2 Fillet welds where hatch side coaming plating, including top plating and longitudinals,
meet attachments. (e.g., fillet welds where hatch side top plating meet hatch cover pad
plating);
Fillet welds where hatch side coaming top plating meet hatch side coaming plating;
Fillet welds where hatch side coaming plating meet upper deck plating;
Fillet welds where upper deck plating meet inner hull/bulkheads;
Fillet welds where upper deck plating meet longitudinal; and
Fillet welds where sheer strakes meet upper deck plating.

Sounw W
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attachment
(e.g. pad plate)
©

~~~~~~~~~~~~~ B

| attachment

Fig. 18.6.2.4 Other weld areas

18.6.3 Variants of Design

The following methods are considered to be acceptable examples of brittle crack arrest-design. The
detail design arrangements shall be submitted for approval by PRS. Other concept designs may be
considered and accepted for review by PRS.
.1 Forcasesasin18.6.2.3.1:
a) Where the block to block butt welds of the hatch side coaming and those of the upper

deck are shifted, this shift shall be greater than or equal to 300 mm. Brittle crack arrest
steel shall be provided for the hatch side coaming plating.

b) Where crack arrest holes are provided in way of the block-to-block butt welds at the

region where hatch side coaming weld meets the deck weld, the fatigue strength of the
lower end of the butt weld shall be assessed. Additional countermeasures shall be taken
for the possibility that a running brittle crack may deviate from the weld line into upper
deck or hatch side coaming. These countermeasures shall include the application of
brittle crack arrest steel in hatch side coaming plating.

Where Arrest Insert Plates of brittle crack arrest steel or Weld Metal Inserts with high
crack arrest toughness properties are provided in way of the block-to-block butt welds
at the region where hatch side coaming weld meets the deck weld, additional
countermeasures shall be taken for the possibility that a running brittle crack may
deviate from the weld line into upper deck or hatch side coaming. These
countermeasures shall include the application of brittle crack arrest steel in hatch side
coamings plating.

.2 For cases as in 18.6.2.3.2: Brittle crack arresting steel shall be used for the upper deck
plating along the cargo hold region in a way suitable to arrest a brittle crack initiating from
the coaming and propagating into the structure below.

.3 The application of enhanced NDT, particularly time of flight diffraction (TOFD) technique
using stricter defect acceptance in lieu of standard UT technique (see Publication 80/P -
Non-destructive Testing) can be an alternative to 18.6.3.1 a), b) and c).

18.6.4 Selection of brittle crack arrest steels

18.6.4.1

The brittle crack arrest steels fitted in the upper deck region of container ships (see

structural members defined in 18.6.1.1) are to comply with Table 18.6.4 where suffixes BCA1 and
BCAZ2 are defined in Part IX of the Rules.
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18.6.4.2 The brittle crack arrest steel property is to be selected for each individual structural
member with thickness above 50 mm according to Table 18.6.4.

Table 18.6.4
Brittle crack arrest steel requirement in function of structural members and thickness

Structural members plating (*) Thickness t [mm] Steel grade required
Upper deck 50<t<100 YP36 or YP40, type BCA1
Hatch coamings side 50<t<80 YP40 or YP47, type BCA1
80<t=<100 YP40 or YP47, type BCA2
(*) - Excluding their attached longitudinals

18.6.4.3 When brittle crack arrest steels as specified in Table 18.6.4 are used, the weld joints
between the hatch coaming side and the upper deck are to be partial penetration weld details
approved by PRS.

In the vicinity of ship block joints, alternative weld details may be used for the deck and hatch coaming
side connection provided additional means for preventing the crack propagation are implemented and
agreed by PRS in this connection area.

18.6.5 Controlling Parameters for the Application of Brittle Crack Arrest Measures

The thickness and the yield strength shown in Table 18.6.5 apply to the hatch coaming top plating
and side plating are the controlling parameters for the application of brittle crack arrest measures.

If as built thickness of the hatch coaming top plating and side plating is below the values contained
in the table, countermeasures are not necessary regardless of the thickness and yield strength of
the upper deck plating.

Table 18.6.5
Yield strength Thickness Option Measures
(MPa) (mm) 1 2 3+4 5
50<t<85 - N.A. N.A. N.A. N.A.
355 (YP36)
85<t<100 - X N.A. N.A. N.A.
50<t < 85 - X N.A. N.A. N.A.
390 (YP40) A X N.A. X X
85<t=<100
B X* N.A** N.A. X
. A X N.A. N.A. X
460 (YP47) Flux Cored Arc Welding 50<t<100
B X* N.A** N.A. X
460 (YP47) Electro-Gas Welding 50<t<100 - X N.A. X X

Description of measures:

1 NDT other than visual inspection on all target block joints during construction. See Publication
80/P - Non-destructive Testing;

2 Periodic NDT other than visual inspection on all target block joints (after delivery). See
Publication 80/P - Non-destructive Testing;

3 Brittle crack arrest design against straight propagation of brittle crack along weld line to be taken
during construction. See 18.6.3.1 a), b) and c);

4 Brittle crack arrest design against deviation of brittle crack from other weld areas such as fillets
and attachments welds during construction. See 18.6.3.2.

5 Brittle crack arrest design against propagation of cracks from “other weld areas” (18.6.2.3)
such as fillets and attachment welds (during construction). See 18.6.3.2
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Symbols:

X - to be applied;

N.A. - need not be applied;

A, B - selectable from option “A” or “B”;

* - see 18.6.2.3
** — may be required at the discretion of PRS
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19 PASSENGER SHIPS, FERRIES AND RO-RO SHIPS
19.1 General
19.1.1 Application

19.1.1.1 The requirements specified in the present Chapter apply to passenger ships and to
ships for horizontal mode of loading: roll on/roll off ships and ferries. The requirements specified
below shall be regarded as supplementary to the basic requirements specified in Chapters 1+17.

On ships subject to SOLAS Convention, the applicable requirements for equipment in the hull
construction of passenger ships, given in Chapter 13 of Part II] of the Rules shall be met (SOLAS
1I-1, Part B-2).

19.1.1.2 Passenger ships engaged on domestic voyages and assigned in the symbol of class, in
addition to the mark PASSENGER SHIP, one of the following additional marks: Class A, Class B,
Class C or Class D, shall comply with the applicable requirements of this Part of the Rules and
Publication 100/P.

19.1.2 Structural Arrangement

Standard structural arrangement of a ship for horizontal mode of loading includes a multi-deck
structure with double bottom and side tanks extended to the lowest deck.

If cargo decks are supported by pillars, the pillars shall be arranged in line from the deck to the
bottom or to a supporting bulkhead.

In ships with a limited number of effective transverse bulkheads, partitions, web frames and web
beams shall give the hull girder a sufficient transverse strength.

Longitudinal framing in bottom and upper deck is recommended.
19.1.3 Classification

19.1.3.1 Ships complying with the relevant requirements of the present Chapter may be affixed
with additional mark in the symbol of class:

PASSENGER SHIP

RO-RO SHIP

FERRY

SD - ship with strengthened deck intended for the carriage of wheeled vehicles (on decks).

19.1.3.2 Marks RO-RO SHIP or FERRY mean that all cargo decks meet the requirements
sufficient for affixing mark SD. In such case mark SD will not be entered into the ship’s Certificate
of Class.

19.1.3.3 Ships (ferries) carrying vehicles on weather decks may operate only in restricted area
II and IIL

19.1.3.4 Ships meeting the requirements specified for two or more ship types are affixed with
combination of additional marks according to paragraph 3.4.2.3, Part I - Classification Regulations.

19.1.4 Documentation

Technical documentation, within the scope determined in 1.4.2, shall be submitted for
consideration and approval.

204 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 19 - Passenger Ships, Ferries and Ro-Ro Ships July 2024

19.1.5 General Requirements
19.1.5.1 Cargo ports shall comply with the requirements specified in Part IIl - Hull Equipment.

19.1.5.2 The structure of movable car decks, platforms, car deck pontoons, etc. shall comply
with the requirements specified in Part III - Hull Equipment.

19.1.5.3 In ships intended for the carriage of rail vehicles, structures supporting rails and
securing arrangement for rail cars are subject to PRS consideration in each particular case. Each
railway rail shall be supported by deck longitudinal.

19.1.54 In passenger ships, forepeak or collision bulkhead shall be fitted which shall be
watertight up to the bulkhead deck.

Location of the bulkhead shall comply with the requirements specified in 9.2.2.2.
In passenger ships, an after peak bulkhead, watertight up to the bulkhead deck, shall also be fitted.

The bulkhead may be stepped, provided that the safety of the ship as regards subdivision will not
thereby be impaired.

19.1.5.5 Where a long forward superstructure is fitted, the forepeak or collision bulkhead on
all passenger ships shall be extended weathertight to the next full deck above the bulkhead deck.
The extension shall be so arranged as to preclude the possibility of the bow door causing damage
to it in the case of damage to, or detachment of, a bow door.

19.1.5.6 The extension required in 19.1.5.5 need not be fitted directly above the bulkhead
below, provided that all parts of the extension are not located forward of the forward limit
specified in 19.1.5.4 (see also 9.2.2.4).

19.1.5.7 A double bottom in passenger ships shall comply with the requirements of 6.1.2.

19.1.5.8 Ro-ro passenger ships of 130 m in length and upwards shall be fitted with helicopter
landing area meeting the requirements specified in sub-chapter 8.8.

Length L defined in 1.2.2 shall be taken as the ship’s length.

19.1.5.9 The stern gland shall be situated in a watertight shaft tunnel or other watertight space
separate from the stern tube compartment and of such volume that, if flooded by leakage through
the stern gland, the bulkhead deck will not be submerged.

19.1.5.10 Where the whole or part of a ventilation trunk, tunnel or duct is located on the ro-ro
deck, the structure of the trunk, tunnel or duct shall be capable of withstanding impact pressures
due to sea water accumulated on the ro-ro deck, assumed for damage calculations in accordance
with Part IV - Stability and Subdivision.

The pressures determined in 16.3.3 shall be taken as slamming pressures.

19.1.5.11 PRS may require that on passenger ships partial watertight bulkheads or barriers
above the bulkhead deck should be fitted to confine the volume or movement of sea water
accumulated in a compartment above the bulkhead deck.

The structures, referred to above, fitted above the transverse bulkheads or as close as possible to
these bulkheads shall be provided with watertight plating and they shall be watertightly
connected with the deck to limit the spread of sea water along the bulkhead deck when the ship
is listed or trimmed.
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If a partial watertight bulkhead is not fitted immediately above the transverse bulkhead, provision
shall be made for part of the deck between these bulkheads to be watertight.

19.2 Materials and Welding

19.2.1 Fixed equipment (permanently attached to the hull structure) for securing of vehicles
and cargo shall be made of steel of grade complying with the requirements of Chapter 2.
Application of other steel grades and materials is subject to PRS consideration in each particular
case.

19.2.2 Castings connected to the hull structure and forming the fixed equipment for securing of
vehicles and cargo shall comply with the requirements specified in Part IX - Materials and
Welding.

19.2.3 Welding of structural members and fixed equipment for securing vehicles and cargo
shall comply with the requirements specified in Chapter 4.

19.2.4 Cut-outs shall not be applied in places where primary supporting members and
stiffeners are attached to the deck plating strengthened for the wheeled vehicles. Normally double
continuous fillet weld shall be applied. Double intermittent fillet weld may be applied subject to
PRS consideration in each particular case.

19.3 Zone Strength

19.3.1 Direct stress analysis methods, design loads and allowable stresses shall comply with
the below specified requirements and those specified in sub-chapters 14.3 and 14.4.

19.3.2 The scantlings of the following structural members shall be based on the structural

strength analysis:

— transverse primary supporting members in ships with a small number of transverse bulkheads,

— primary supporting members in decks strengthened for the wheeled vehicles if they form part
of a complex primary supporting member system or are unevenly loaded,

— supports and suspensions in movable car decks, deck and bottom structures if such calculations
are considered necessary.

19.3.3 Structural strength analysis of transverse primary supporting members in ships provided
with a small number of transverse bulkheads shall be carried out for the ship in heeled and upright
positions. The values of stresses shall not exceed the allowable stresses specified in 14.5.

19.3.4 The scantlings of the deck primary supporting members for the wheel loading (also cars)
shall be based on the most severe conditions of moving or stowed vehicles and on the unevenly
distributed load.

19.3.5 Calculation methods recommended by PRS are specified in Publication 17/P - Zone
Strength Analysis of Hull Structure of Roll on/Roll off Ships and in sub-chapters 14.3 and 14.4.

19.4 Permanent Decks for Wheel Loading
19.4.1 General Provisions

19.4.1.1 The present requirements cover structure strengthenings for direct wheel loads from
cargo handling vehicles, or from cargo transporting vehicles kept on board and supported on their
wheels when the ship is at sea, as well as loads from rail car wheels. Loadings from vehicles
supported by crutches, horses, etc., are subject to PRS consideration in each particular case.
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19.4.1.2 The strength requirements are based on the assumption that the considered element
(plate or stiffener) is subjected to one or several wheel prints and that the element is continuous
in both directions across several evenly spaced supports such as stiffeners, primary supporting
members, etc. The requirements for other loads and/or boundary conditions is subject to PRS
consideration in each particular case.

19.4.2 Deck Plating
The thickness of the deck plating subjected to wheel loading shall not be less than:

K,QOs

e

t=58K, +t, [mm] (19.4.2)

K1 - numeric factor to be determined as follows:
— the minimum values of K1 to be applied for plating of all decks, except the upper deck,
are:

K1 = Kimin = 1.0 - for harbour conditions, for loads during loading and unloading,

K1 = Kimin = 1.075- for sea conditions, for loads from carried vehicles;
— for upper deck plating amidships

however, not less than Kimin values specified above.

The values of K shall be taken in accordance with Table 19.4.2.

Table 19.4.2
Values of K,
Service conditions
Deck framing system
Harbour Sea

w w
Longitudinal K,=1- O.OSW K,=092-0.16—
Transverse K, =1—0.23% K, = 0.86—0.36K

W - the required value of the hull section modulus amidships, [cm3], determined according to
15.2.1;
W, - the actual value of the hull section modulus amidships, [cm3], determined according to 15.7.

— for the upper deck plating at the ship’s ends, the minimum values of K; specified above, shall
be applied;

— the values of K; vary linearly between the midship and the ship’s ends;

K, = 1.25-0.5s/I for s/I>0.5,

K> 1 for s/1<0.5;
- spacing of primary supporting members, [m];

s - spacing of beams, [m];

Q - designload according to paragraph 19.6.2;

R. - yield stress of the plating material, [MPa] (see 2.2);

m - coefficient determined in the following way:
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— if only one wheel print or a group of wheel prints is within the panel width (see Fig.
19.4.2-1 and paragraph 19.6.1.2), then:

mzi for b/s<1

1-0.57—
s

b b b\

m=29.47-=|23.65-8.75—+0.97 = | | for 1<b/s<3.35
N S S

m =12 for b/s>3.35

b - dimension of wheel print measured perpendicularly to stiffeners (Fig. 19.4.2-1);

<>

I
i 1
i i
“ S f

i

a) Axis of wheel rotation perpendicular to

b) Axis of wheel rotation parallel to
stiffeners

stiffeners

Fig. 19.4.2-1

— if several wheel prints or groups of wheel prints are within the panel width (see Fig.
19.4.2-2), then:

e 5.85
1-0.57% - K&
s s
K= 1< <o
- b for b ;
b,

K3=0.5% for b

b, e—~dimensions of wheel prints, see Fig. 19.4.2-2, [m].

If the wheel print dimensions are determined in accordance with 19.6.1.4, then the plating
thickness, determined from formula 19.4.2, shall be increased by 15%.
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19.4.3 Deck Beams and Longitudinals
19.4.3.1 Netsection modulus (i.e. after deduction of corrosion additions according to 2.5) of the
deck beams and longitudinals subjected to wheel load shall not be less than:

100001
W=
nKR, [cm3] (19.4.3.1)

Q - designload [kN], determined in accordance with paragraph 19.6.3;
| - span of beams or longitudinals [m];
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R. - yield stress of the material [MPa] (see 2.2);
m - coefficient determined as follows:
— if only one wheel print or a group of wheel prints is along the length I (see Fig. 19.6.3 and
paragraph 19.6.1.2), then:

mzi for a/l<1;

1-057%
/

2
m=2947—%{2&65—875%+&Mﬂ(%)} forl <a/1<3.35;

m =12 for a/l> 3.35;
— ifseveral wheel prints or a group of wheel prints are along the panel length I (see Fig. 19.6.3),

then:
. 5.85
1-0.58% _Ka@
/ /
a
K,=—-1 for 1<as/a<2;
a
a,
K,=0.5—= for as/a>2;
s
as - seeFig.19.4.2-2, [m];
e; - distance, measured along the deck beam, between the adjacent wheel prints or

groups of wheel prints along the length I [m] (see Fig. 19.6.3);

K - allowable stress factor determined as follows:
— for deck longitudinals amidships - from Table 19.4.3.1; the assumed values shall not
exceed Knay;
— for deck longitudinals at the ship’s ends: K = Knax; the values of K vary linearly between
the midship part and ship’s ends;
— for deck beams: K = Kmax.

Table 19.4.3.1
Values of K for deck longitudinals amidships

Service conditions
Deck longitudinals Sea Harbour
w w
Any deck 0.96—0.56W 0.96-0.36—
Kmax 0.7 0.8

W - the required value of the hull section modulus amidships, [cm3], determined according to
15.2.1;
W, - the actual value of the hull section modulus amidships, [cm3], determined according to 15.7.

19.4.3.2 If the dimensions of wheel prints have been determined in accordance with 19.6.1.4,
then the section modulus, determined in accordance with formula 19.4.3.1, shall be increased by
15%.
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19.4.3.3 The values of coefficient m, which shall be used where the deck stiffeners shall not be
considered as fixed to each girder, shall be agreed with PRS.

19.4.3.4 The section modulus W of deck longitudinals, [cm3], supporting the rail tracks shall not
be less than that determined in accordance with formula 19.4.3.1 for the following parameters:
Q - accordingto 19.6.4;

5.85

)

1—K5671

Ks= 0 for ni=1;

Ks= 0.5n for ni>2;

ni1 — see paragraph 19.6.4;

er - mean distance between centres of adjacent wheels within span I of deck stiffener, [m];
K - according to 19.4.3.1.

19.4.4 Primary Supporting Members

The scantlings of primary supporting members are subject to PRS consideration in each particular
case taking into account the most severe conditions of moving or stowed (secured) vehicles.

The scantlings of the primary supporting members being part of a complex system shall be based
on a zone strength analysis.
19.4.5 Connection between Stiffeners and Primary Supporting Members

Sectional area of the connections between stiffeners and primary supporting members is subject
to PRS consideration in each particular case. Shear stresses shall not exceed 100 MPa in the
stiffeners and primary supporting members to be joined and 115 MPa in the weld material.

19.5 Car Decks
19.5.1 General Requirements

19.5.1.1 The structure and scantlings of primary supporting members in the decks intended for
the carriage of cars shall comply with the requirements concerning decks for wheel loading as
specified in 19.4 and also the requirements specified below.

19.5.1.2 Fixed car decks with deck plating not welded to the supporting strength members,
made of material other than steel, the strength of which is equal to that of the welded steel plating
may be applied subject to PRS consideration in each particular case.

19.5.1.3 Other types and combinations of car decks and materials may be approved subject to
PRS consideration in each particular case.

19.5.2 Design Loads

Design loads shall be determined in accordance with 19.6. For primary supporting members, the
total load, including the cargo load (cars) and the mass of deck structure, shall be regarded as
evenly distributed. Its value shall be determined in accordance with formula 16.4.1.1 assuming:

q=q,+q, [t/m?] (19.5.2)

q1 - distributed cargo load [t/m?];
go - distributed mass of deck structure [t/m2].

The value of (g1 + qo) shall be taken not less than 0.25 t/m2.
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19.5.3 Plating and Deck Beams

The scantlings of the plating and deck beams shall comply with the requirements specified in sub-
chapters 19.4.2 and 19.4.3.

Where the stiffeners of movable decks are simply supported on web beams, then their section
modulus shall be determined in accordance with formula 19.4.3.1 assuming:

8
m =
,_ 4
[
a - dimension of wheel print (or a group of wheel prints) parallel to the stiffeners [m] (see Fig.
19.6.3);
| - stiffener span [m].

19.5.4 Simple Primary Supporting Members

19.5.4.1 The required section modulus of the primary supporting member shall be determined
asrequired in 13.6.2 assuming:

o =160k [MPa];

m =12 for primary supporting members with fixed ends,

m =8 for primary supporting members with simply supported ends.

19.5.4.2 Effective cross-sectional area of the primary supporting member web shall not be less
than that determined in accordance with formula 13.6.3.1 assuming:
c=1;
k1= 0.06.
19.5.4.3 Moment of inertia of the primary supporting member section area shall not be less
than that determined in accordance with the following formula:

I1=CWki [cm?] (19.5.4.3)
Cy 1.1 for steel,
Ci = 3.0 for aluminium alloys;

W - primary supporting member section modulus according to 19.5.4.1 [cm3];
| - primary supporting member span [m].

19.5.4.4 (Critical stress of the primary supporting member effective plate shall comply with the
following condition:

o, > 24 [MPa] (19.5.4.4)

o, - design compressive stress [MPa];
o. - critical stress determined in accordance with formula 13.3.2.2-1 or 13.3.2.2-2 assuming o in
accordance with formula 13.4.3.4-1 [MPa].

Tripping brackets and local stiffeners of plates shall be applied, where necessary.

19.5.5 Complex Primary Supporting Member System

The scantlings of the primary supporting members, being part of a complex system or unevenly
loaded, shall be based on a zone strength analysis in accordance with the requirements specified
in Chapter 14.
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The allowable stresses shall be taken as follows:
— normal stresses: o = 160k [MPa];
— shear stresses: 7= 90k [MPa].

The requirements specified in paragraphs 19.5.4.3 and 19.5.4.4 shall also be complied with.
19.6 Design Loads
19.6.1 General Requirements

19.6.1.1 Design loads shall be determined in accordance with the technical data of vehicles.

When the arrangement and dimensions of wheel prints are not available, they shall be determined
in accordance with 19.6.1.4.

19.6.1.2 Designloads shall be determined with regard to the pressure acting on the wheel print
area, wheel print dimensions and the distance between wheel prints.

Where the distance e between the adjacent wheel prints is less than the width v; of a single wheel
print, the loaded area may be considered as a single wheel print of a group of wheels (Fig. 19.6.1.2)
having the dimensions u and v.

axis of wheel

V1 ie
\

Fig. 19.6.1.2

The design area of a single wheel print or a group of wheel prints F shall be determined in
accordance with the following formula:

F=uv [m?] (19.6.1.2)
v = v; forasingle wheel or where e > vy (see Fig. 19.6.1.2),
v = nvi+(n-1)e foragroup of wheels, where e < vy,
n - number of wheels in the group.

19.6.1.3 Design pressure p for a single wheel or a group of wheels shall be determined in
accordance with the following formula:

p=K,p, [kPa] (19.6.1.3)

Ki= o1 a2 - coefficient taking into account dynamic loads during loading or unloading
operations;
on — coefficient equal to 1.1 or 1.05 - for vehicles (except fork lift trucks) with respective
axle load not exceeding 50 kN and not less than 50 kN,
a1 = 1 - for fork lift trucks,
oz - coefficient equal to 1.03 or 1.15 for vehicles with pneumatic and solid tyres,
respectively;
coefficient equal to 1.25 for wheels with steel rims;

a
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K, =1+ 034, for sea conditions;
g
a, - vertical acceleration, [m/s?], determined in accordance with 17.4.1;
n 0, . . ) .

Pk = —7 - static pressure acting on the area of wheel print or a group of wheel prints;

n

0

no — number of wheels on an axle;

n - number of wheels in a group of wheels (n = 1 for a single wheel);
Qo - static load per axle of vehicle, [kN];

F - the area of wheel print or a group of wheel prints (see 19.6.1.2).

Where distribution of the load between wheeled vehicle axles is not uniform, Qy shall be taken
equal to the maximum value.

In the case of forklift trucks, it shall be assumed that total load acts on the fore axle.

19.6.1.4 If the dimensions of vehicle wheel prints are not available, pressure Px [kPa] may be
taken in accordance with Table 19.6.1.4.

Table 19.6.1.4

Vehicle type Pneum;[i‘i,ii:e e Solid
Cars 200 -
Trucks 800 -
Trailers and semitrailers 800 1500
Fork lift trucks 800 (forn=1) 1500
600 (forn>2) 1500

The area of a wheel print or a group of wheel prints shall be determined in accordance with the
following formula:

n 9

Ry Pk

F= [m?] (19.6.1.4-1)

n, no, Qo —asin 19.6.1.3.

Dimension u of the wheel print, perpendicular to the rotation axis, shall be determined in
accordance with the following formulae (see Fig. 19.6.1.2):
— for wheels with solid tyres:

u= 0.01% [m] where Qo/no <15 kN, (19.6.1.4-2)
0

u:0.15+0.001[%—15] [m] where Qo/no > 15 kN;

1y

— for wheels with pneumatic tyres:

u=0.15+ 0.0025% [m] where Qo/no< 100 kN, (19.6.1.4-3)

0
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u=04+ 0.002(& - 100) [m] where Qo/no> 100 KkN.
1y

The dimension v of the wheel print, parallel to the rotation axis, shall be determined in accordance
with the following formula:

[m] (19.6.1.4-4)

19.6.1.5 When determining the design loads, the harbour loads (loading and discharging), as
well as sea loads from the carried vehicles shall be taken into account.

Design loads shall be determined for two mutually perpendicular positions of wheel rotation axis
with respect to the plate panel sides or stiffeners:

— wheel rotation axis parallel to the shorter side of the panel (perpendicular to the stiffeners),
— wheel rotation axis parallel to the longer side of the panel (parallel to the stiffeners).

a)

b)

THi

Eu=s

c)

Fig. 19.6.1.5

The arrangement of wheel prints within the panel width or the stiffener length, unless otherwise
specified in the ship design, shall comply with the following requirements:
— for odd number of wheel prints, the centre of the middle wheel print shall coincide with the
middle of the shorter side or stiffener (Fig. 19.6.1.5-a);
— for even number of wheel prints, the following two cases shall be taken into account:
— the wheel prints shall be so arranged that their total length along the shorter panel side or
along stiffener is the greatest (Fig. 19.6.1.5-b),
— the number of wheel prints shall be reduced by one and the centre of the middle wheel print
is in line with the middle of the shorter side of panel or stiffener (Fig. 19.6.1.5-c).

In all cases, wheel prints shall be so arranged that their total length along the longer side of the
panel or plating section supported by stiffener is the greatest.

19.6.2 Design Load for Plating

The design load for plating Q shall be determined in accordance with the following formula:
0=pCs, [kN] (19.6.2)

p - according to 19.6.1.3, [kPa];
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C =

Note:

1.35C, —0.6C2 +0.09C; , however, not more than 1;

C, = 2 where one wheel print acts along the longer side of the panel;
s

¢ =[c, -(c, -1)c, ]ﬁ where more than one wheel print act along the longer side of the
N

panel;

C,=%, a-seeFig 19.4.2-2;
N

e 1
C I—I—Wheree a< Cy
37 C, 1/ 4
C3=1 wheree /a>Cy
1-C
C4=T.

C applied for determining C4 shall be calculated for C1 = a/s.

size of loaded area parallel to stiffeners, [m], (see Fig. 19.4.2-2);

spacing between stiffeners, [m], (see Fig. 19.4.2-2);

distance between wheel prints or groups of wheel prints, measured along the longer side of
the panel, [m] (see Fig. 19.4.2-2).

parameter to be determined in the following way:

— where a single wheel print or a group of wheel prints acts on the panel (Fig. 19.4.2-1):

si=b where b<s;

s1=s where b2s;
— where several wheel prints act on the panel (see Fig. 19.4.2-2):

s1=b where bs;<s,

s1=s where b;>s.

19.6.3 Design Loads for Stiffeners

The design load Q for stiffeners shall be determined in accordance with the following formula:

0=K,ps, [kN] (19.6.3)

b

K,=1 where —<l or — 2 3;

b
K, :1.3—0.3(1—2] where 1<—<3;

Sp_
p_

Sp Sp

S

s P

P

width of plating supported by the stiffener, [m];
according to 19.6.1.3, [kPa].

siand l; - parameters, [m], to be determined in the following way:
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e<Vy ag=2a bg=b
<—= direction of motion

Fig. 19.6.3

— where a single wheel print or a group of wheel prints considered as a single wheel print act on
the plating area supported by the stiffener, then (see Fig. 19.6.3):
si=b  where b<spy
s1=Sp, where b2>sp;
L=a where a<l[;
L=1 where a>1;

— where several wheel prints act on the plating area supported by the stiffener, then (see Fig.
19.6.3):

si=bs where bs<sp;
s1=Sp, where b2>sp;
Lh=as where as<l|
L=1 where as>1.

19.6.4 Design Loads for Railway Tracks

The design load Q for railway tracks shall be determined in accordance with the following formula:
0 =0.5CQ,n, [kN] (19.6.4)
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C = 1.1 inharbour conditions (loading or discharging);
c=1+22% in sea conditions;
g
a, - vertical acceleration in the considered cross-section of the hull, calculated according to
17.4.1;

Qo - static load per one axle of rail vehicle, [kN];
n1 — number of vehicle wheels arranged within the span [ of stiffeners supporting rails.
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20 BULK CARRIERS
20.1 General
20.1.1 Application

20.1.1.1 The requirements of the present Chapter apply to bulk carriers defined by SOLAS as
those intended primarily for the carriage of dry cargo in bulk?, constructed generally with single
deck, top-side tanks and hopper side tanks in cargo spaces and including such types as ore carriers
and combination carriers2.

The requirements given below shall be regarded as supplementary to the basic requirements specified
in chapters 1 to 17. Ships intended for alternate carriage of liquid and dry bulk cargoes shall also
comply with the relevant requirements specified in Chapter 21.

20.1.1.2 Carriage of the following bulk cargoes: woodchips, cement, fly ash or sugar doesn’t
result in classifying the ship as a bulk carrier type, provided that loading and unloading is not
carried out by grabs heavier than 10 tonnes, power shovels and other means which frequently
damage cargo hold structures.

20.1.1.3 Ships not being bulk carrier type can occasionally carry dry cargoes in bulk, provided
the conditions specified in Chapter 27 are complied with.

20.1.1.4 For bulk carriers3 having the length Lo = 90 m, the requirements of CSR Rules shall be
applied instead of the requirements specified in sub-chapters 20.1.4 to 20.1.7 and 20.2 to 20.12.

20.1.2 Structural Arrangement

20.1.2.1 A basic type of bulk carrier is a sea-going self-propelled ship with single deck, double
bottom, topside and hopper tanks and with single (Fig. 20.1.2.1 a) or double side skin construction
in cargo length area (Fig. 20.1.2.1 b), which is intended primarily to carry dry cargo in bulk.

a by

Fig. 20.1.2.1. Typical midship section of bulk carrier

20.1.2.2 A basic type of ore carrier is a sea-going self-propelled ship with single deck, two
longitudinal bulkheads and a double bottom throughout the cargo length area and intended
primarily to carry ore cargoes in the centre holds only. Typical midship sections of ore carriers
are shown in Fig. 20.1.2.2.

' Le. primarily designed to carry dry cargoes in bulk and to transport cargoes which are carried, and loaded or discharged,
in bulk, and which occupy the ship’s cargo spaces exclusively or predominantly.

2 Ships are not considered outside the definition of bulk carriers on the grounds that they are not ore or combination
carrier or that they lack some or all of the specified constructional features.

3 See bulk carrier definition in Common Structural Rules (CSR).
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C—1

[ J

Fig. 20.1.2.2. Typical midship sections of ore carriers

20.1.2.3 Combination carrier is a ship intended for the carriage of both oil and dry cargoes in
bulk. These cargoes are not carried simultaneously, with the exception of oil retained in slop tanks.

Ore carriers/crude oil tankers and oil/bulk/ore (OBO) carriers, defined below, are considered as
combination carriers.

A basic type of ore carrier/crude oil tanker is a sea-going self-propelled ship with single deck, two
longitudinal bulkheads and a double bottom throughout the cargo area and intended primarily to
carry ore cargoes in the centre holds or oil cargoes in centre holds and wing tanks.

Typical midship sections of ore carriers/crude oil tankers are shown in Fig. 20.1.2.3-1.
—n

| (]
=
) -}

Fig. 20.1.2.3-1. Typical midship sections of ore carrier/crude oil tanker

A basic type of oil/bulk/ore carrier is a sea-going self-propelled ship with single deck, double
bottom, hopper side tanks and topside tanks and with single or double side skin construction in
the cargo length area. The ship is intended primarily to carry oil or dry cargoes, including ore, in
bulk. Typical midship sections of 0il//bulk/ore carriers are shown in Fig. 20.1.2.3-2.

I ||

_J J

Fig. 20.1.2.3-2. Typical midship sections of oil//bulk/ore carriers

20.1.2.4 The construction of ships intended for alternate carriage of dry cargo and oil cargo
shall be so modified with respect to the above mentioned structures as to fulfil also requirements
for tankers specified in Chapter 21.
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20.1.2.5 Bulkor ore carriers may have characteristic design solutions related to their ability for
the carriage of one or more categories of bulk cargo. The above solutions are subject to PRS
acceptance in each particular case.

20.1.3 Classification

20.1.3.1 Ships complying with the relevant requirements specified in this Chapter (or those
specified in CSR) may be affixed with the following additional marks in the symbol of class:

ORE CARRIER - ship intended for the carriage of ore;

BULK CARRIER - shipintended for the carriage of other solid bulk cargoes;
and ships arranged for alternate carriage of liquid and solid bulk cargo:

CRUDE OIL TANKER/ORE CARRIER - oil-ore carrier,
CRUDE OIL TANKER/ORE CARRIER/BULK CARRIER - oil-bulk-ore carrier.

20.1.4 General Requirements

20.1.4.1 Deck, double bottom, slopping bulkheads hopper and topside tanks, as well as a side in way
of the tanks in question shall be arranged with longitudinal system of framing. A side situated between
the hopper tank and the topside tank shall be arranged with the transverse system of framing. Double
skin side structures may have longitudinal or transverse system of framing.

20.1.4.2 Side structures of the cargo holds bounded by the side shell only of bulk carriers
constructed with single deck, topside tanks and hopper tanks in cargo spaces intended primarily
to carry dry cargo in bulk, shall fulfil the requirements specified in sub-chapter 20.5.

20.1.5 Structural Particulars

20.1.5.1 Inner bottom plating shall be connected with hopper tank plating in the following way:

type A - rounded continuous connection (Fig. 20.1.5.1-a);
type B — welded connection (Fig. 20.1.5.1-b).

a) type A b) type B

Max. =70 mm

Min = 150
Inner bottom

r Inner bottom
{

Full penetration weld
connection to inner
bottom plating and
hopper tank

Full penetration weld
connection to inner
bottom plating and
hopper tank

Fig. 20.1.5.1. Connection of inner bottom plating and hopper tank plating

20.1.5.2 No scallops may be applied in type A connections in floor and girder webs in hopper
tanks. In way of the plating rounding, full penetration welding shall be applied. The distance
between the rounding centre point and the longitudinal girder shall not exceed 70 mm.
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20.1.5.3 Scallops in type B connections in floor and girder webs in hopper tanks (applied for
the productibility purpose) shall be closed by welded collar plates.

In such cases the scallop radius shall not be less than 150 mm. Full penetration welding shall be
applied for connections of floor and girder webs in hopper tanks and collar plates with plating.

20.1.5.4 Scallops in floor and girder webs may be applied provided the gusset plates shown in
Fig. 20.1.5.4 are applied. It is recommended that gusset plates be integral part of inner bottom
plating. Where the scallops are closed by collar plates in accordance with 20.1.5.3, the gusset
plates are not required, however, intermediate brackets shall be applied in accordance with the
requirements specified in paragraph 20.1.5.5.

Inner bootom

TJ‘
{ I
Gusset
plate

Fig. 20.1.5.4. Application of gusset plates in connection with scallops

20.1.5.5 Where the type A connection has been applied, brackets as shown in Fig. 20.1.5.5 shall
be applied between floors. Distances between the brackets and between the brackets and adjacent
floors shall not be greater than 1.0 m. Such brackets are also required in the case of type B
connection with closed scallops, where gusset plates complying with the requirements specified
in paragraph 20.1.5.4 have not been applied.

jﬁ [

Fig. 20.1.5.5. Intermediate brackets
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20.1.6 Corrosion Additions

20.1.6.1 The following corrosion additions, increased in relation to those specified in 2.5 are

recommended:

a) inner bottom plating and lowest parts of hopper tanks and bulkhead lower stools plating in
holds - not less than 3.5 mm;

b) other parts of hopper tanks and bulkhead lower stools plating in holds - not less than 2.0 mm.

Final values of applied corrosion additions for the hull elements specified above are subject to PRS
acceptance in each case.

20.1.7 Documentation

20.1.7.1 Technical documentation, specified in sub-chapter 1.4.2, shall be submitted to PRS for
consideration and approval.

20.2 Local Strength

20.2.1 The scantlings of structural members shall be determined in accordance with the
requirements specified in Chapter 13, taking parameters in accordance with the requirements
specified in the present sub-chapter.

As regards the construction of sides, bulkheads and bottom, the requirements specified in sub-
chapters 20.5, 20.6, 20.7 and 20.8 also apply.

20.2.2 The thickness of the inner bottom plating shall not be less than that determined in
accordance with formula 13.2.1 assuming:

k1 =0.03;

to = 9.0 below cargo hatch way openings,

to= 8.0 elsewhere.

20.2.3 The thickness of plating and geometrical properties of cross-sectional area of stiffeners
shall be determined in accordance with the basic requirements taking design load values specified
in sub-chapters 16.4.2 and 16.4.3, where applicable.

20.2.4 When determining the required thickness of inner and outer bottom plating for ships
with transverse bottom framing, having additional mark HC/ALT or HC/E in the symbol of class,
the following values of allowable stresses shall be taken (instead of those given in Table 13.4.2.2):
— for outer bottom o = 160k - 120f; but not greater than 120k;
— for inner bottom o = 185k - 110f, but not greater than 140k.

20.3 Zone Strength

20.3.1 Scope and Methods of Direct Calculations

The scantling of girders of double bottom, sides, hopper and topside tanks, decks and bulkheads
should be verified with the use of direct calculations.

It is recommended to apply finite element method using models including three adjacent holds,
with membrane or shell finite elements.

Modelling with the use of beam and rod finite elements - in accordance with Publication 18/P -
Zone Strength Analysis of Bulk Carrier Hull Structure is also permitted.

The strength of the longitudinals in hopper and topside tanks, supporting side frame ends shall
be verified with the use of direct calculations.
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20.3.2 Loading Conditions

20.3.2.1 The minimum strength of double bottom in ships with additional mark HC/ALT in the
symbol of class shall be based on the following loading condition: the hold under consideration
empty, adjacent holds full. The load of the inner bottom in the full hold shall be not less than:

Paw = gplH —h,,) [kPa] (20.3.2.1)

p - according to 16.4.2.2 or 16.4.3;
hg,— mean height of double bottom in a hold, [m].

The load of the outer bottom shall be taken as equal to hydrostatic pressure at ship’s draught
z=0.8T [m].

20.3.2.2 The strength of double bottom structure in ships with additional mark HC/E in the
symbol of class shall be determined on the basis of the following loading condition: full hold and
the adjacent holds empty, full fuel or ballast tanks in the double bottom under the full hold.

The design draught shall be taken as follows:
for determining the scantlings of the full hold bottom structure: the minimum possible draught
shall be applied, maximum z = 0.67T for harbour conditions;

— for determining the scantlings of the empty hold bottom structure: design draught T shall be
applied.

20.3.3 For determining the scantlings of other structures, the most severe realistic loading
conditions and arrangement of cargo, ballast, oil, etc. shall be applied.

20.4 Longitudinal Strength and Fatigue Strength

20.4.1 The design shear force curve, determined in accordance with the requirements specified
in 15.9, may be corrected for the direct transmission of forces from the double bottom to the
transverse bulkheads.

20.4.2 In the area between the fore bulkhead in aft cargo hold and aft bulkhead in fore cargo
hold, the side plating thickness shall be not less than:

~0.0036

LA/LB  [mm] (20.4.2)

Li1-see 13.1.2.

If the ratio between the cargo hold length and the ship’s breadth exceeds 1, then the side plating
thickness will be specially considered by PRS.

Outside the region mentioned above, the side plating thickness may vary linearly to give the shear area
required by sub-chapter 15.11 at fore end of machinery space and aft end of fore peak or adjacent
deep tank.

20.4.3 The fatigue strength of hull structural elements made of high strength structural steel
shall be checked in accordance with the requirements specified in Publication 45/P - Fatigue
Strength Analysis of Ship Steel Hull Structure.

In special cases the fatigue strength analysis may be required for structural elements made of
normal strength steel.
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20.5 Side Structures in Single Side Ships
20.5.1 Application

The requirements specified in sub-chapter 20.5 apply to the side structures of cargo holds
bounded by the side shell only of bulk carriers constructed with single deck, topside tanks and
hopper tanks in cargo spaces intended primarily to carry dry cargo in bulk.

20.5.2 Scantlings of Side Structure

The thickness of the side shell plating and the section modulus and shear area of side frames shall
be determined in accordance with the requirements specified in Chapter 13.

The scantlings of side hold frames immediately adjacent to the collision bulkhead shall be
increased in order to prevent excessive deformation imposed on the shell plating. As an
alternative, supporting structures shall be fitted which maintain the continuity of forepeak
stringers within the foremost hold.

20.5.3 Minimum Thickness of Frame Webs

The thickness of frame webs within the cargo area shall not be less than:

tywm =7.040.03L, [mm] (20.5.3)

w,min

Lo - the Rule length, [m], as defined in 1.2, but need not be taken greater than 200;
C = 1.15-for the frame webs in way of the foremost hold,
1.0-for the frame webs in way of other holds.

20.5.4 Lower and Upper Brackets

The thickness of the frame lower brackets shall not be less than the greater of t,,and tumin + 2 mm,
where t, is the fitted thickness of the side frame web. The thickness of the frame upper bracket
shall not be less than the greater of t, and tw,min-

Section modulus SM of the frame and bracket or integral bracket, and associated shell plating, at
the locations shown in Fig. 20.5.4-1, shall not be less than twice the section modulus SMrrequired
for the frame midspan area.

Dimensions of the lower and upper brackets shall not be less than those shown in Fig. 20.5.4-2.

Structural continuity with the upper and lower end connections of side frames shall be ensured
within topsides and hopper tanks by connecting brackets as shown in Fig. 20.5.4-3. The brackets
shall be stiffened against buckling in accordance with the requirements specified in 13.8.

The section moduli of the side longitudinals and sloping bulkhead longitudinals which support
the connecting brackets shall be determined in accordance with the requirements specified in
sub-chapter 13.5 criteria with the span taken between transverses. Other arrangements may be
adopted upon PRS’ agreement. In such cases the section moduli values of the longitudinals should
be large enough for effective supporting of the brackets.

Polish Register of Shipping 225




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part II - Hull, Chapter 20 - Bulk Carriers

UPPER WING TANK
Zone "a"
= 2-SM
UPPER F
BRACKET /
0.25h
"
7V
Zone "b"
d h
SMr i
S
7 v
"\\
0.25h
SM = 2-SM
LOWER F \
BRACKET
Zone "a"
LOWER
WING
TANK
—/—
t2
t=thelesseroftjort,
.44t in zone "a"
\/Wne b
t
1! /
¢ 4
!
Fig. 20.5.4-1
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Fig. 20.5.4-2 Fig. 20.5.4-3

20.5.5 Side Frame Sections

Frames shall be fabricated as symmetrical sections with integral upper and lower brackets and
shall be arranged with soft toes (see Fig. 20.5.4-3).

Side frame flange shall be curved (not knuckled) at the connection with the end brackets. The
radius of curvature shall not be less than:

2
_04:8]
ly

r [mm] (20.5.5)

where brand trare the flange width and thickness of the brackets, respectively, in mm. The end of the
flange shall be snipped.

In ships less than 190 m in length, mild steel frames may be asymmetric and fitted with separate
brackets. The face plate or flange of the bracket shall be snipped at both ends. Brackets shall be
arranged with soft toes.

The web depth to thickness ratio of frames shall not exceed the following values:
— 60/k%5 for symmetrically flanged frames,
— 50/k%5 for asymmetrically flanged frames,

where k = 1.0 for ordinary hull structural steel and k > 1 for higher tensile steel in accordance with
the requirements specified in 2.2.

The outstanding flange shall not exceed 10 - k%5 times the flange thickness.

20.5.6 Tripping Brackets

In way of the foremost hold, side frames of asymmetrical section shall be fitted with tripping
brackets at every two frames, as shown in Fig. 20.5.6.
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Fig. 20.5.6

20.5.7 Weld Connections of Frames and End Brackets

Double continuous welding shall be adopted for the connections of frames and brackets to side
shell, hopper and upper wing tank plating and web to face plates.
For this purpose, the weld throat shall be (see Fig. 20.5.4-1):

— 0.44t in zone “a”,
— 0.4t in zone “b”,

where tis the thinner of the two connected members.

Where the hull form does not allow to apply an effective fillet weld, edge preparation of the web of
frame and bracket may be required in order to ensure the same efficiency as the weld connection
stated above.

20.5.8 Minimum Thickness of Side Shell Plating

The thickness of the side shell plating located between hopper and upper wing tanks shall not be
less than:

tomin =y Ly [mm]. (20.5.8)
20.6 Longitudinal Strength of Hull in Flooded Condition
20.6.1 Flooding Conditions

In bulk carriers of a length Lo 2150 m intended for the carriage of dry bulk cargoes of a mass

density 1.0 t/m3 and above, having:

a) single side shell, or

b) double side shell so arranged that each portion of the longitudinal bulkhead is situated within
B/5 or 11.5 m (whichever is less) measured horizontally from the ship's side inwards,
perpendicularly to the centre plane, at the level of summer waterline,

each cargo hold shall be considered individually flooded up to the equilibrium waterline.

This application is to be also applied to self-unloading bulk carriers (SUBC), where the unloading
system maintains the watertightness during seagoing operations.

In SUBCs with unloading systems that do not maintain watertightness, the longitudinal strength
in the flooded conditions are to be considered using the extent to which the flooding may occur.
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Such ships shall have their hull girder strength checked for the above flooded conditions, in each of
the cargo and ballast loading conditions defined in 15.4.2 and in every other condition considered
in the intact longitudinal strength calculations, including those according to Publication 16/P -
Loading Guidance Information, except that harbour conditions, docking conditions, loading and
unloading transitory conditions in port and loading conditions encountered during ballast water
exchange need not be considered.

Still water loads in the flooded conditions shall be calculated for the above cargo and ballast
loading conditions.

Wave loads in the flooded conditions are assumed to be equal to 80% of the maximum wave loads
specified in Chapter 15.

20.6.2 Flooding Criteria

To calculate the weight of ingressed water, the following assumptions shall be made:

.1 the permeability of empty cargo spaces and volume left in loaded cargo spaces above any
cargo shall be taken as 0.95;

.2 appropriate permeabilities and bulk densities shall be used for any cargo carried. For iron
ore, a minimum permeability of 0.3 with a corresponding bulk density of 3.0 t/m3 shall be
used. For cement, a minimum permeability of 0.3 with a corresponding bulk density of 1.3
t/m3 shall be used. In this respect, "permeability” for solid bulk cargo means the ratio of the
floodable volume between the particles, granules or any larger pieces of the cargo, to the
gross volume of the bulk cargo.

For packed cargo conditions (such as steel mill products), the actual density of the cargo shall be
used with a permeability of zero.

20.6.3 Stress Assessment

The actual bending stress, 64, at any location is given by:
M, +0.8M,

04 =——=10° [MPa] (20.6.3-1)
.
where
Mgy - still water bending moment [KNm], in the flooded condition for the section under
consideration;
M, - wave bending moment [kNm], as specified in 15.5.1 for the section under consideration;
W, - hull section modulus [cm3], for the corresponding location.

The shear strength of the side shell and the inner hull if any, at any location of the ship, shall be
checked in accordance with the requirements specified in paragraph 15.11.1 or 15.11.2, where Q;
and Qy shall be replaced by Qsrand Quy, respectively, where:

Qs - still water shear force, [kN], in the flooded condition for the section under consideration;
wa = 0.8 Qw.
Qw - wave shear force for the section under consideration (see 15.10.1 and 15.10.2), [kN].

20.6.4 Strength Criteria
The damaged structure is assumed to remain fully effective in resisting the applied loading.

Allowable stress and axial stress buckling strength shall comply with the requirements specified
in Chapters 13 and 15.
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20.7 Evaluation of Scantlings of Corrugated Transverse Watertight Bulkheads in Bulk
Carriers Considering Hold Flooding

20.7.1 Application and Definitions

20.7.1.1 Therequirements specified in sub-chapters 20.7.2 to 20.7.6 shall be fulfilled in respect
of flooding of any cargo hold of bulk carriers of 150 m in length and above, with single deck,
topside tanks and hopper tanks, and of single side or double side skin! construction intended
to carry solid bulk cargoes having a density of 1.0 t/m3, or above, with vertically corrugated
transverse watertight bulkheads contracted for construction on 1 July 2006 or later.

The net thickness ty: is the thickness obtained by applying the strength criteria specified in 20.7.4.

The required thickness is obtained by adding the corrosion addition ti, specified in sub-chapter
20.7.6, to the net thickness tyet.

Homogeneous loading condition, referred to in sub-chapter 20.7, means a loading condition in
which the ratio between the highest and the lowest filling ratio, evaluated for each hold, does not
exceed 1.20, (to be corrected for different cargo densities).

20.7.2 Load Model
20.7.2.1 General

The loads to be considered as acting on the bulkheads are those given by the combination of the
cargo loads with those induced by the flooding of one hold adjacent to the bulkhead under
examination. In any case, the pressure due to the flooding water alone shall be considered.

This application is to be also applied to self-unloading bulk carriers (SUBC), where the unloading
system maintains the watertightness during seagoing operations.

In SUBCs, with unloading systems that do not maintain watertightness, the combination loads
acting on the bulkheads in the flooded conditions are to be considered using the extent to which
the flooding may occur.

The most severe combinations of cargo induced loads and flooding loads shall be used for the
check of the scantlings of each bulkhead, depending on the loading conditions included in the
loading manual:

— homogeneous loading conditions,

— non-homogeneous loading conditions,

considering the individual flooding of both loaded and empty holds.

The specified design load limits for the cargo holds shall be represented by loading conditions
defined by the designer in the loading manual.

Non-homogeneous part loading conditions associated with multiport loading and unloading
operations for homogeneous loading conditions need not be considered in accordance with these
requirements. Holds carrying packed cargoes shall be considered as empty holds.

Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having
bulk density equal or greater than 1.78 t/ms3, the maximum mass of cargo which may be carried
in the hold shall also be considered to fill that hold up to the upper deck level at centre plane.

I So arranged that each portion of the longitudinal bulkhead is situated within B/5 or 11.5 m (whichever is less) measured

horizontally from the ship's side inwards, perpendicularly to the centre plane, at the level of summer waterline.
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20.7.2.2 Bulkhead Corrugation Flooding Head

ht
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P = Calculation point V = Volume of cargo

Fig. 20.7.2.2

Flooding head hy (see Fig. 20.7.2.2) is the distance, in m, measured vertically with the ship in the
upright position, from the calculation point to a level located at a distance dy, in m, from the base
plane equal to:
a) in general:

— D for the foremost transverse corrugated bulkhead,

— 0.9 for the other bulkheads.

Where the ship shall carry cargoes having bulk density less than 1.78 t/m3 in non-homogeneous
loading conditions, the following values can be assumed:

— 0.95D for the foremost transverse corrugated bulkhead,

— 0.85D for the other bulkheads;
b) for ships less than 50,000 tonnes deadweight with Type B freeboard:

— 0.95D for the foremost transverse corrugated bulkhead,

— 0.85D for the other bulkheads.

Where the ship shall carry cargoes having bulk density less than 1.78 t/m3 in non-homogeneous
loading conditions, the following values can be assumed:

— 0.9D for the foremost transverse corrugated bulkhead,

— 0.8D for the other bulkheads;

D being the distance, [m], from the base plane to the freeboard deck at side amidships (see Fig.
20.7.2.2).

20.7.2.3 Pressure in the Non-Flooded Bulk Cargo Loaded Holds

At each point of the bulkhead, the pressure p. shall be determined in accordance with the
following formula:
Pe= pe g hi tan’y [kPa] (20.7.2.3-1)

where:

pc — bulk cargo density [t/m3];
g = 9.81 m/s? gravity acceleration;
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hi1 - vertical distance [m], from the calculation point to horizontal plane corresponding to the
level height of the cargo (see Fig. 20.7.2.2), located at a distance d; [m], from the base plane;

y = 45°-(9/2);
¢ - angle of repose of the cargo, in degrees, that may generally be taken as 35° for iron ore and
25° for cement.

Force F, acting on a corrugation shall be determined in accordance with the following formula:

(dl _ bDB _ bLS)Z

- tan’y [kN] (20.7.2.3-2)

F.=p.g5-

where:

P g, d1, ¥ — as given above;

s1 - spacing of corrugations [m], (see Fig. 20.7.2.3-1);

hrs - mean height of the lower stool [m], from the inner bottom;
hpp  -height of the double bottom [m].

|n

Fig.20.7.2.3-1
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J I \\ L See Note
—

"\ 3
N

Fig. 20.7.2.3-2

Note:

For the definition of I, the internal end of the upper stool shall not be taken more than a distance from the deck at the
centre plane equal to:

- 3 times the depth of corrugations, in general,

- 2 times the depth of corrugations, for rectangular stool.

20.7.2.4 Pressure in the Flooded Holds

20.7.2.4.1 Bulk Cargo Holds

Two cases shall be considered, depending on the values of di and d:

a)

de d1

At each point of the bulkhead located at a distance between d; and drfrom the base plane, the
pressure p. s shall be determined in accordance with the following formula:

Pes =pgh, [kPa] (20.7.2.4.1-1)

where:

p - seawater density, [t/m3];

g - asgivenin 20.7.2.3;

hs - flooding head as defined in 20.7.2.2.

At each point of the bulkhead located at a distance lower than di; from the base plane, the
pressure p, rshall be determined in accordance with the following formula:

Per=p&hs+[p.— p(1—perm)] gh tan’y [kPa] (20.7.2.4.1-2)

where:

p hy - asgiven above;

P g, h, y - asgivenin 20.7.2.3;

perm - permeability of cargo, to be taken as 0.3 for ore (corresponding bulk cargo density
for iron ore may generally be taken as 3.0 t/m3), coal cargoes and for cement
(corresponding bulk cargo density for cement may generally be taken as 1.3 t/m3).
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b)

The force F; racting on a corrugation shall be determined in accordance with the following
formula:

d,—d)’ d,—d Ve
(d,—d,) +,0g( 7 1)+(Pc,/)lc(dl_hDB_hLS) [kN] (20.7.2.4.1-3)

F..=s
cf 1| P& 5 5

where:

p - as given above;

s1, 9, d1, hps, his — as given in 20.7.2.3;

dr - as given in 20.7.2.2;

(per)ie — pressure, [kPa], at the lower end of the corrugation.

df < d1

At each point of the bulkhead located at a distance between drand di from the base plane, the
pressure p,, rshall be determined in accordance with the following formula:

Per=pP.ghtan’y [kPa] (20.7.2.4.1-4)

where:
P g, h1, y - as givenin 20.7.2.3.

At each point of the bulkhead located at a distance lower than dr from the base plane, the
pressure p, r shall be determined in accordance with the following formula:

Per=p&hs+[p.h—p(l- perm)bf]gtan2 7 [kPa] (20.7.2.4.1-5)

where:
hy, perm - see a) above;
P, g, h1, y—as givenin 20.7.2.3.

Force F, s acting on a corrugation shall be determined in accordance with the following
formula:

2 2
(4, _df) tan® y + p.g(d, _df)t;n 7+ (pc,f)le

For=s|P.8 (d, —hpy —hys) | [KN](20.7.2.4.1-6)

where:

S1, Po g, d1, Y, hop, his - as given in 20.7.2.3;

dr — as given in 20.7.2.2;

(per)ie — pressure, [kPa], at the lower end of the corrugation.

20.7.2.4.2 Pressure in Empty Holds Due to Flooding Water Alone

At each point of the bulkhead, the hydrostatic pressure prinduced by the flooding head hyshall be
considered.

Force Fr acting on a corrugation shall be determined in accordance with the following formula:

(df _hDB _hLS)2
2

F,=spg [kN] (20.7.2.4.2)

where:
$1,9, hog, his - as givenin 20.7.2.3;

p - asgivenin 20.7.2.4.1 a);

dr - as givenin 20.7.2.2.
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20.7.2.5 Resultant Pressure and Force

20.7.2.5.1 Homogeneous Loading Conditions

At each point of the bulkhead structures, the resultant pressure p, to be considered for the
scantlings of the bulkhead, shall be determined in accordance with the formula:

p=p., —08p, [kPa]. (20.7.2.5.1-1)

The resultant force F acting on a corrugation shall be determined in accordance with the following
formula:
F=F,, -08F, [kN]. (20.7.2.5.1-2)

20.7.2.5.2 Non-Homogeneous Loading Conditions

At each point of the bulkhead structures, the resultant pressure p, to be considered for the
scantlings of the bulkhead, shall be determined from the formula:

p=p., [kPa] (20.7.2.5.2-1)

Resultant force F acting on a corrugation shall be determined from the formula:
F=F,, [kN] (20.7.2.5.2-2)

20.7.3 Bending Moment and Shear Force in the Bulkhead Corrugations

Bending moment M and shear force @ in the bulkhead corrugations shall be obtained using the
formulae given in sub-chapters 20.7.3.1 and 20.7.3.2. The M and Q values shall be used for the
checks in accordance with 20.7.4.5.

20.7.3.1 Bending Moment

Design bending moment M for the bulkhead corrugations shall be determined in accordance with
the following formula:

F
M= ?l [KNm] (20.7.3.1)

where:
F - resultant force [kN], as in 20.7.2.5;
I - span of the corrugation [m], to be taken in accordance with Figures 20.7.2.3-1 and 20.7.2.3-2.

20.7.3.2 Shear Force

Shear force Q at the lower end of the bulkhead corrugations shall be determined in accordance
with the following formula:

0=0.8F [kN] (20.7.3.2)

where:
F - asin 20.7.2.5.

20.7.4 Strength Criteria
20.7.4.1 General

The following criteria are applicable to transverse bulkheads with vertical corrugations (see Fig.
20.7.2.3-1). For ships of length 190 m and above, these bulkheads shall be fitted with a bottom
stool, and generally, with a top stool below deck. For smaller ships, corrugations may extend from
inner bottom to deck.
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If the stool is fitted, it shall comply with the requirements specified in the present paragraph.
Corrugation angle ¢, shown in Fig. 20.7.2.3-1, shall not be less than 55°.

The requirements for local net plate thickness are specified in 20.7.4.7.

In addition, the criteria specified in sub-chapters 20.7.4.2 and 20.7.4.5 shall be complied with.

Thicknesses of the lower part of corrugations considered in the application of 20.7.4.2 and
20.7.4.3 shall be maintained for a distance from the inner bottom (if no lower stool is fitted) or the
top of the lower stool not less than 0.151

Thicknesses of the middle part of corrugations as considered in the application of 20.7.4.2 and
20.7.4.4 shall be maintained to a distance from the deck (if no upper stool is fitted) or the bottom
of the upper stool not greater than 0.31

The section modulus of the corrugation in the remaining upper part of the bulkhead shall not be
less than 75% of that required for the middle part, corrected for different yield stresses.

a) Lower stool

The height of the lower stool shall generally not be less than 3 times the depth of the corrugations.
The thickness and material of the stool plate shall not be less than those required for the bulkhead
plating above. The thickness and material of the upper portion of vertical or sloping stool side
plating within the depth equal to the corrugation flange width from the stool top shall not be less
than the required flange plate thickness and material to meet the bulkhead stiffness requirement
at lower end of corrugation. The thickness of the stool side plating and the section modulus of the
stool side stiffeners shall comply with the requirements specified in sub-chapter 9.4 for the design
loads specified in 20.7.2 and allowable stresses determined in accordance with 13.4.2.3 or
13.5.2.1. The ends of stool side vertical stiffeners shall be attached to brackets at the upper and
lower ends of the stool.

The distance from the edge of the stool top plate to the surface of the corrugation flange shall be
in accordance with Fig. 20.7.4.1-1.

The stool bottom shall be installed in line with double bottom floors and shall have a width not
less than 2.5 times the mean depth of the corrugation. The stool shall be fitted with diaphragms
in line with the longitudinal double bottom girders for effective support of the corrugated
bulkhead. Scallops in the brackets and diaphragms in way of the connections to the stool top plate
shall be avoided.

Where corrugations are cut at the lower stool, corrugated bulkhead plating shall be connected to
the stool top plate by full penetration welds.

The stool side plating shall be connected to the stool top plate and the inner bottom plating by either
full penetration or deep penetration welds, in accordance with Fig. 20.7.4.1-2. The supporting floors
shall be connected to the inner bottom by either full penetration or deep penetration welds, in
accordance with Fig. 20.7.4.1-2.
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Corrugation flange

< M Corrugation flange

Stool top plate

Stool top plate

tr — as built flange thickness
Fig. 20.7.4.1-1. Required distance, d, from the edge of stool top plate to the surface of corrugation flange

root face (f): 3 mm to t/3 mm
grove angle (o ): 400 to 60c°.

Fig. 20.7.4.1-2. Deep penetration weld
b) Upper stool

The upper stool, where fitted, shall have a height generally between 2 and 3 times the depth of
corrugations. Rectangular stools shall have a eight generally equal to 2 times the depth of
corrugations, measured from the deck level and at hatch side girder. The upper stool shall be
properly supported by girders or deep brackets between the adjacent hatch-end beams.

The width of the stool bottom plate shall generally be the same as that of the lower stool top plate.
The stool top of non-rectangular stools shall have a width not less than 2 times the depth of
corrugations. The thickness and material of the stool bottom plate shall be the same as those of the
bulkhead plating below. The thickness of the lower portion of stool side plating shall not be less than
80% of that required for the upper part of the bulkhead plating where the same material is used. The
thickness of the stool side plating and the section modulus of the stool side stiffeners shall comply with
the requirements specified in sub-chapter 9.4 for the design loads defined in 20.7.2 and allowable
stresses determined in accordance with the requirements specified in 13.4.2.3 or 13.5.2.1. The ends of
stool side stiffeners shall be attached to brackets at upper and lower end of the stool. Diaphragms shall
be fitted inside the stool in line with and effectively attached to longitudinal deck girders extending to
the hatch end coaming girders for effective support of the corrugated bulkhead. Scallops in the
brackets and diaphragms in way of the connection to the stool top plate shall be avoided.
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c) Alignment

At deck, if no stool is fitted, two transverse reinforced beams shall be fitted in line with the
corrugation flanges.

At bottom, if no stool is fitted, the corrugation flanges shall be in line with the supporting floors.

Corrugated bulkhead plating shall be connected to the inner bottom plating by full penetration
welds. The plating of the supporting floors shall be connected to the inner bottom by either full
penetration or deep penetration welds, in accordance with Fig. 20.7.4.1-2. The thickness and
material properties of the supporting floors shall be at least equal to those provided for the
corrugation flanges. Moreover, the cut-outs for connections of the inner bottom longitudinals to
double bottom floors shall be closed by collar plates. The supporting floors shall be connected to
each other by suitable shear plates of the PRS-approved design.

Stool side plating shall align with the corrugation flanges and stool side vertical stiffeners and their
brackets in lower stool shall align with the inner bottom longitudinals to provide load transmission
between these stiffening members. Stool side plating shall not be knuckled anywhere between the
inner bottom plating and the stool top.

20.7.4.2 Bending Capacity and Shear Stress t

Bending capacity shall satisfy the following relationship:

10 M <095 (20.7.42-1)

052,06, 1.+ 2,0,

where:

M - bending moment [kNm], calculated according to 20.7.3.1;

Zie - section modulus of one half pitch corrugation, (of width s; - see Fig. 20.7.2.3-1), [cm3], at
the lower end of corrugations, to be calculated in accordance with 20.7.4.3;

Zm - section modulus of one half pitch corrugation, (of width s; - see Fig. 20.7.2.3-1) [cm3], at
the mid-span of corrugations, to be calculated in accordance with 20.7.4.4;

oale — allowable stress [MPa], as required in 20.7.4.5, for the lower end of corrugations;

oam — allowable stress [MPa], as required in 20.7.4.5, for the mid-span of corrugations.

In no case Z, shall be taken greater than the lesser of 1.15Z, and 1.15Z% for calculation of the
bending capacity, Z % being defined below.

Where shedder plates are fitted which:

are not knuckled,

are welded to the corrugations and the top of the lower stool by one side penetration welds or
equivalent,

are fitted with a minimum slope of 45° and their lower edge is in line with the stool side plating,
have thicknesses not less than 75% of that provided by the corrugation flange,

have material properties at least equal to those provided by the flanges,

or gusset plates are fitted which:

— are in combination with shedder plates having thickness, material properties and welded
connections in accordance with the above requirements,

have a height not less than half of the flange width,

— are fitted in line with the stool side plating,

are generally welded to the top of the lower stool by full penetration welds, and to the
corrugations and shedder plates by one side penetration welds or equivalent,

have thickness and material properties at least equal to those provided for the flanges,
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the section modulus Z. shall be taken not larger than the value Z%, determined in accordance with
the following formula:

2
Z,=Z, 2108 L 0Py [em’] (20.7.4.2-2)
O

a

Zs - section modulus of one half pitch corrugation (of width s; - see Fig. 20.7.2.3-1), [cm3], of
the corrugations calculated as required in 20.7.4.4, in way of the upper end of shedder or
gusset plates, as applicable;

Q - shear force [kN], calculated according to 20.7.3.2;

hy; - height [m], of shedder or gusset plates, as applicable (see Figures 20.7.4.2-1 to 20.7.4.2-4);

s1 - asin20.7.2.3;

py - resultant pressure [kPa], as defined in 20.7.2.5, calculated in way of the middle of the
shedder or gusset plates, as applicable;

cq. - allowable stress [MPa], see sub-chapter 20.7.4.5.

Stresses, 7, are obtained by dividing the shear force Q by the shear area. The shear area shall be
reduced in order to account for possible non-perpendicularity between the corrugation webs and
flanges. In general, the reduced shear area may be obtained by multiplying the web sectional area
by sing (¢ being the angle between the web and the flange, as shown in Fig. 20.7.2.3-1).

When calculating the section modulus and the shear area, the net plate thicknesses shall be used.

The section modulus of corrugations shall be calculated on the basis of the requirements specified
in 20.7.4.3 and 20.7.4.4.

| \/\/7N
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7 |
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| ¢/ | _ SHEDDER | SHEDDER
hg I| — PLATE ih | PLaTE
/¢ 1 ¢ o
J |
% l 1 ! .
g 1) to 1)
LOWER LOWER
///STOOL P STOOL
Fig. 20.7.4.2-1. Fig. 20.7.4.2-2.
Symmetric shedder plates Asymmetric shedder plates
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20.7.4.3 Section Modulus at the Lower End of Corrugations

The

section modulus shall be calculated with the compression flange having an effective flange

width, bes, not larger than as specified in 20.7.4.6.

If the corrugation webs are not supported by local brackets below the stool top (or below the
inner bottom) in the lower part, the section modulus of the corrugations shall be calculated
considering the corrugation webs 30% effective.

a)

b)

Provided that effective shedder plates, as specified in 20.7.4.2, are fitted (see Figs. 20.7.4.2-1
and 20.7.4.2-2), when calculating the section modulus of corrugations at the lower end

(cross-section O in the above Figures), the area of flange plates, in cm?, may be increased by:

2.5a,t,t, (not to be taken greater than 2.5aty)

where:

a - width, [m], of the corrugation flange (see Fig. 20.7.2.3-1);
tsn - netshedder plate thickness [mm];

tr - netflange thickness [mm)].

Provided that effective gusset plates, as specified in 20.7.4.2, are fitted (see Figs. 20.7.4.2-3
and 20.7.4.2-4), when calculating the section modulus of corrugations at the lower end
(cross-section O in the above Figures), the area of flange plates, [cm2], may be increased by
(7hg ty), where:

hg - height of gusset plate [m], see Figs. 20.7.4.2-3 and 20.7.4.2-4, not to be taken greater than:

10
7Sgu
Squ — width of the gusset plates [m],
tr - net flange thickness [mm], based on the as built condition.

If the corrugation webs are welded to a sloping stool top plate which have an angle not less than
45° with the horizontal plane, the section modulus of the corrugations may be calculated
considering the corrugation webs fully effective. Where effective gusset plates are fitted, when
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calculating the section modulus of corrugations, the area of flange plates may be increased as
specified in b) above. No credit can be given where only shedder plates are applied.

For angles less than 45°, the effectiveness of the web may be obtained by linear interpolation
between 30% for 0° and 100% for 45°.

20.7.4.4 Section Modulus of Corrugations at Cross-Sections other than the Lower End

The section modulus shall be calculated with the corrugation webs considered effective and the
compression flange having an effective flange width, b.; not larger than as specified in 20.7.4.6.1.

20.7.4.5 Allowable Stress Check
Normal and shear stresses cand 7shall not exceed the allowable values o; and 7, given by:
o= R. (20.7.4.5-1)
.= 0.5R. (20.7.4.5-2)
R. - the minimum upper yield stress [MPa], of the material.

20.7.4.6 Effective Compression Flange Width and Shear Buckling Check

20.7.4.6.1 Effective Width of the Compression Flange of Corrugations

Effective width bes of the corrugation flange shall be calculated in accordance with the following
formula:
by =C,a [m] (20.7.4.6.1)

where:

C, =&_g for p>125;
BB

C,=1.0 for f<1.25;

a |R

=10° —,[=%;

p 1, VE
tr - netflange thickness [mm];
a - width [m], of the corrugation flange (see Fig. 20.7.2.3-1);
R. - minimum upper yield stress [MPa], of the material;
E - modulus of elasticity of the material [MPa], to be assumed equal to 2.06-105 for steel.

20.7.4.6.2 Shear
Buckling check shall be performed for the web plates at the corrugation ends.

Shear stress zshall not exceed the critical value . [MPa], obtained by the following:

T

r =7, when 7, ‘TF (20.7.4.6.1.1-1)

T
. =1, 1= | when 7> (20.7.4.6.1.1-2)

4t 2

where:
Re
Tp =

V3
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R. - minimum upper yield stress, [MPa], of the material;

2
t
=09k E| ——| [MPa] = (20.7.46.1. -
7, , (10000) [MPa] (20.7.4.6.1.1-3)

ks E, t and c are given by:
k: = 6.34,

E - modulus of elasticity of material, determined in 20.7.4.6.1;
t - netthickness [mm)], of corrugation web;
¢ - width [m], of corrugation web (see Fig. 20.7.2.3-1).

20.7.4.7 Local Net Plate Thickness
Bulkhead local net plate thickness ¢t shall not be less than:

i=1495 [LO5P

[mm] (20.7.4.7-1)

e

where:

sw — plate width, [m], to be taken equal to the width of the corrugation flange or web, whichever
is the greater (see Fig. 20.7.2.3-1);

p - resultant pressure [kPa], as specified in 20.7.2.5, at the bottom of each strake of plating; in
all cases, the net thickness of the lowest strake shall be determined using the resultant
pressure at the top of the lower stool, or at the inner bottom, if no lower stool is fitted or at
the top of shedders, if shedder or gusset/shedder plates are fitted;

R. - minimum upper yield stress [MPa], of the material.

For built-up corrugation bulkheads, when the thicknesses of the flange and web are different, the
net thickness of the narrower plating shall be not less than:

¢ —14.95 |1H0P

[mm] (20.7.4.7-2)

e

S» - being the width, [m], of the narrower plating.

The net thickness of the wider plating shall not be taken less than the maximum of the following
values:

1.05
t,=149s, ==L [mm] (20.7.4.7-3)
and
2
t, = \/‘msxﬂ—z; [mm] (20.7.4.7-4)

1.05
where ;, < actual net thickness of the narrower plating and not to be greater than 14.9s,, Tp .

e

20.7.5 Local Details

As applicable, the design of local details shall comply with the relevant requirements specified in
this Part of the Rules for the purpose of transferring the corrugated bulkhead forces and moments
to the boundary structures, in particular to the double bottom and cross-deck structures.

242 Polish Register of Shipping



RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 20 - Bulk Carriers July 2024

In particular, the thickness and stiffening of effective gusset and shedder plates, as defined in
20.7.4.3, shall comply with the requirements specified in sub-chapter 9.4 with the use of the
design loads determined according to 20.7.2 and allowable stresses determined in accordance
with the requirements of 13.4.2.3 or 13.5.2.1.

Unless otherwise stated, weld connections and materials shall meet the relevant requirements
specified in the present Part of the Rules (Chapters 2 and 4).

20.7.6 Corrosion Addition and Steel Renewal
Corrosion addition ¢, shall be taken equal to 3.5 mm.

Steel renewal is required where the gauged thickness is less than ¢, + 0.5 mm.

Where the gauged thickness is within the range ¢, +0.5mm and ¢, +1.0mm, coating (applied in

net
accordance with the coating manufacturer’s requirements) or annual gauging may be adopted as
an alternative to steel renewal.

20.8 Evaluation of Allowable Hold Loading for Bulk Carriers Considering Hold Flooding
20.8.1 Application and Definitions

20.8.1.1 Bulk carriers of Lo> 150 m in length and above, with single deck, topside tanks and

hopper tanks, and of single side or double side skin! construction intended to carry solid bulk

cargoes having a density of 1.0 t/m3, or above, contracted for construction on 1 July 2006 or later,

shall comply with the following requirements in respect of the flooding of any cargo hold:

— the loading in each hold shall not exceed the allowable hold loading in flooded condition,
calculated in accordance with 20.8.4, using the loads as defined in 20.8.2 and the shear capacity
of the double bottom as defined in 20.8.3;

— in no case is the allowable hold loading, considering flooding, to be taken greater than the
design hold loading in intact condition.

20.8.2 Loading Model
20.8.2.1 General

Loads to be considered as acting on the double bottom are those given by the external sea
pressures and the combination of the cargo loads with those induced by the flooding of the hold
to which the double bottom belongs.

The most severe combinations of cargo induced loads and flooding loads shall be used, depending
on the loading conditions included in the loading manual:

— homogeneous loading conditions;

— non-homogeneous loading conditions;

— packed cargo conditions (such as steel mill products. etc).

For each loading condition, the maximum bulk cargo density to be carried shall be considered in
calculating the allowable hold loading limit.

20.8.2.2 Inner Bottom Flooding Head

1

So arranged that each portion of the longitudinal bulkhead is situated within B/5 or 11.5 m (whichever is less) measured
horizontally from the ship's side inwards, perpendicularly to the centre plane, at the level of summer waterline.
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V-volume of cargo

Fig. 20.8.2.2

The flooding head h¢ (see Fig. 20.8.2.2) is the distance, in m, measured vertically with the ship in the
upright position, from the inner bottom to a level located at a distance dj, in m, from the base plane
equal to:
a) in general:

- D for the foremost hold,

- 0.9D for the other holds;
b) for ships less than 50,000 tonnes deadweight with Type B freeboard:

- 0.95D for the foremost hold,

- 0.85D for the other holds,

D being the distance [m], from the base plane to the freeboard deck at side amidships (see
Fig. 20.8.2.2).

20.8.3 Shear Capacity of Double Bottom

Shear capacity of the double bottom is defined as the sum of the shear strength at each end of:

— all floors adjacent to both hoppers, less one half of the strength of the two floors adjacent to each
stool, or transverse bulkhead if no stool is fitted (see Fig. 20.8.3).

— all double bottom girders adjacent to both stools, or transverse bulkheads if no stool is fitted.

Where in the end holds, girders or floors run out and are not directly attached to the boundary
stool or hopper girder, their strength shall be evaluated for the one end only.
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Fig. 20.8.3

Note that the floors and girders to be considered are those inside the hold boundaries formed by
the hoppers and stools (or transverse bulkheads if no stool is fitted). The hopper side girders and
the floors directly below the connection of the bulkhead stools (or transverse bulkheads if no stool
is fitted) to the inner bottom shall not be included.

When the geometry and/or the structural arrangement of the double bottom are such as to make
the above assumptions inadequate, the shear capacity of double bottom is subject to PRS
consideration in each particular case.

In calculating the shear strength, the net thickness of floors and girders shall be used. The net
thickness tn.; shall be determined in accordance with the following formula:

L =t—2.5 [mm] (20.8.3)

where:
t-thickness [mm)], of floors and girders.

20.8.3.1 Floor Shear Strength

Floor shear strength in way of the floor panel adjacent to hoppers Sr1 and the floor shear strength
in way of the openings in the outmost bay (i.e. that bay which is closer to hopper) Sy, are given by
the following expressions:

S; =107, 2 [kN] (20.8.3.1-1)
) T m
Sy =107 A, , 22 [kN] (20.8.3.1-2)
m
where:
Ar - sectional area [mm?2], of the floor panel adjacent to hoppers;

Arn - netsectional area [mm?], of the floor panels in way of the openings in the outmost bay (i.e.
that bay which is closer to hopper);
7 - allowable shear stress [MPa], to be taken equal to the lesser of:
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162R"¢ .
=< d — 20.8.3.1-3
e ™ R

For floors adjacent to the stools or transverse bulkheads, as indicated in Fig. 20.8.3, 7, may

be taken R, /3.

R. - minimum upper yield stress [MPa], of the material;

s - spacing of stiffening members [mm], of panel under consideration;
m = 1.10;
. = 1.20;

1. may be reduced, upon PRS’ agreement, down to 1.10 where appropriate reinforcements are
fitted.

20.8.3.2 Girder Shear Strength

The girder shear strength in way of the girder panel adjacent to stools (or transverse bulkheads, if
no stool is fitted) Sy1 and the girder shear strength in way of the largest opening in the outmost bay
(i.e. that bay which is closer to stool, or transverse bulkhead, if no stool is fitted) S,. are given by the
following expressions:

3, T,
Sa=10"4,~% [kN] (20.8.3.2-1)

Ui

-3 7,
S =1074,, = [kN] (20.8.3.2-2)

m

where:

A; - minimum sectional area [mm?] of the girder panel adjacent to stools (or transverse

bulkheads, if no stool is fitted);
Agn - netsectional area [mm?] of the girder panel in way of the largest opening in the outmost
bay (i.e. that bay which is closer to stool, or transverse bulkhead, if no stool is fitted);

7, - allowable shear stress [MPa], determined according to 20.8.3.1;
m = 1.10;
. = 1.15;

r>, may be reduced, upon PRS’ agreement, down to 1.10 where appropriate reinforcements are
fitted.

20.8.4 Allowable Hold Loading

The allowable hold loading W shall be determined in accordance with the following formula:
1
W=p, VE [t] (20.8.4-1)

where:

F = 1.11in general,
1.05 for steel mill products;

pc — cargo density [t/m3]; for bulk cargoes determined in accordance with 20.8.2.1; for steel
products, p. shall be taken as the density of steel;

V - volume [m3], occupied by cargo at a level h; (Fig. 20.8.2.2);
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X
h=— (20.8.4-2)
P8
X - for bulk cargoes, the lesser of X1 and X; given by the below formula shall be taken:
Z+pg(E-hy)
X, = g (20.8.4-3)
1+ ﬁ(perm -1)
X, =Z + ph(E — h perm) (20.8.4-4)
X - for steel products, X may be taken as Xi, using perm = 0;
p - seawater density [t/m3];
g = 9.81m/s? gravity acceleration;
E - ship immersion, [m], for flooded hold condition = df- 0.1D;
dr, D - asin20.8.2.2;
hs - flooding head [m], determined in accordance with 20.8.2.2;
perm - cargo permeability (i.e. the ratio between the voids within the cargo mass and the

volume occupied by the cargo); it need not be taken greater than 0.3;
Z - thelesser of Z; and Z; given by:

C

Z =—1 (20.8.4-5)
ADB,]J
C

Zy=—=* (20.8.4-6)
ADB,@

Cn - shear capacity of the double bottom [kN], calculated in accordance with 20.8.3,
considering, for each floor, the lesser of the shear strengths Sr1 and Sy» (see 20.8.3.1) and,
for each girder, the lesser of the shear strengths Sy1 and Sy2 (see 20.8.3.2);

C. - shear capacity of the double bottom [kN], as determined in 20.8.3, considering, for each
floor, the shear strength S; (see 20.8.3.1) and, for each girder, the lesser of the shear
strengths Sg1 and Sy (see 20.8.3.2);

J=n

Appn= 2 S; Bpp, i (20.8.4-7)
=1
App =8, (Bps—S)) (20.8.4-8)
=1

n - number of floors between stools (or transverse bulkheads, if no stool is fitted);
Si - space of it-floor [m];
Bpsi = Bpp-s for floors whose shear strength is given by Sy (see 20.8.3.1);
Bpsi = Bpgn for floors whose shear strength is given by Sy, (see 20.8.3.1);

Bps - breadth of double bottom, [m], between hoppers (see Fig. 20.8.4);
Bppn — distance, [m], between the two considered openings (see Fig. 20.8.4);
S| - spacing, [m], of double bottom longitudinals adjacent to hoppers.
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20.9 Design Loading Conditions and Corresponding Descriptive Information
20.9.1 Application

20.9.1.1 The present requirements apply to bulk carriers specified in sub-chapter 20.1.2
of the length Lo > 150 m-

20.9.1.2 The loading conditions specified in sub-chapter 20.9.3 shall be used for the checking
of Rules criteria regarding longitudinal strength?, local strength, capacity and disposition of ballast
tanks and stability. The loading conditions specified in sub-chapter 20.9.4 shall be used for the
checking of Rules criteria regarding local strength.

20.9.1.3 For the purpose of applying the conditions specified in the present sub-chapter,
maximum draught shall be taken as moulded summer load line draught.

20.9.1.4 The presentrequirements are not intended to prevent any other loading conditions to
be included in the loading manual for which calculations shall be submitted as required by Chapter
15, nor are they intended to replace in any way the required loading manual/instrument.

20.9.1.5 A bulk carrier may in actual operation be loaded differently from the design loading
conditions specified in the loading manual, provided limitations for longitudinal and local strength
as defined in the loading manual and loading instrument on board and applicable stability
requirements are not exceeded.

20.9.2 Additional Descriptive Information

20.9.2.1 For the purpose of determining detailed limitations of service resulting from the

design loading conditions, the following descriptive information is entered in the Certificate of

Class:

— {maximum allowable mass density of cargo x.y [t/m3] } - for the maximum allowable mass
density of cargo less than 3.0 t/m3;

— ,no MP”, where a ships has not been designed for cargo handling operations in several ports
in accordance with the requirements specified in 20.9.4.3;

— {cargo holds a, b, .... may be empty} - allowable combinations of empty holds are specified.

20.9.2.2 Additional Notations and Annotations

The following additional notations and annotations shall be provided in the Certificate of Class
giving detailed description of limitations to be observed during operation as a consequence of the
design loading condition applied during the design in the following cases:

.1 additional notations:

' As required by Chapter 15 and sub-chapter 20.6.
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— {maximum cargo density [ t/m3]} for notations BC-A and BC-B if the maximum cargo
density is less than 3.0 tonnes/ms3;
— {no MP} for all notations when the vessel has not been designed for loading and
unloading in multiple ports in accordance with the conditions specified in 20.9.4.3.
.2 annotations:
— {allowed combination of specified empty holds} for notation BC-A.

20.9.3 Design Loading Conditions (General Requirements)
20.9.3.1 Ballast Conditions

20.9.3.1.1 Ballast Tank Capacity and Disposition

All bulk carriers shall have ballast tanks of sufficient capacity and so disposed as to at least fulfil
the following requirements.

Normal Ballast Condition

Normal ballast condition for the purpose of these requirements is a ballast (no cargo) condition
where:
.1 the ballast tanks may be full, partially full or empty. Where partially full option is exercised,
the conditions specified in paragraph 15.4.1.1 shall be complied with;
.2 any cargo hold or holds adapted for the carriage of water ballast at sea shall be empty;
.3 the propeller shall be fully immersed, and
.4 the trim shall be by the stern and shall not exceed 0.015L,p, where L,, is the length between
perpendiculars of the ship.

In the assessment of the propeller immersion and trim, the draughts at the forward and after
perpendiculars may be used.

Heavy Ballast Condition

Heavy ballast condition for the purpose of these requirements is a ballast (no cargo) condition
where:
.1 the ballast tanks may be full, partially full or empty. Where partially full option is exercised,
the conditions specified in paragraph 15.4.1.1 shall be complied with;
.2 atleast one cargo hold adapted for the carriage of water ballast at sea, where required or
provided, shall be full;
.3 the propeller immersion I/D shall be at least 60% where:

I = the distance from propeller centerline to the waterline

D = propeller diameter, and

4 the trim shall be by the stern and shall not exceed 0.015L,,, where Ly, is the length between
perpendiculars of the ship;

.5 the moulded forward draught in the heavy ballast condition shall not be less than the
smaller of 0.03Lo or 8 m.

20.9.3.1.2 Strength Requirements
All bulk carriers shall meet the following strength requirements:

Normal Ballast Condition

.1 the structure of bottom forward shall be strengthened in accordance with the PRS Rules
against slamming for the condition at the lightest forward draught,
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.2 the longitudinal strength requirements shall be met for the condition specified in
paragraph 20.9.3.1.1 for normal ballast, and

.3 in addition, the longitudinal strength requirements shall be met with all ballast tanks 100
% full.

Heavy Ballast Condition

.1 the longitudinal strength requirements shall be met for the condition specified in
paragraph 20.9.3.1.1 for heavy ballast,

.2 in addition, the longitudinal strength requirements shall be met under a condition with all
ballast tanks 100 % full and one cargo hold adapted and designated for the carriage of
water ballast at sea, where provided, 100 % full, and

.3 where more than one hold is adapted and designated for the carriage of water ballast at
sea, it will not be required that two or more holds be assumed 100 % full simultaneously
in the longitudinal strength assessment, unless such conditions are expected in the heavy
ballast condition. Unless each hold is individually investigated, the designated heavy
ballast hold and any/all restrictions for the use of other ballast hold(s) shall be indicated
in the loading manual.

20.9.3.2 Departure and Arrival Conditions

Unless otherwise specified, each of the design loading conditions specified in paragraphs 20.9.3.1
to 20.9.3.4 shall be investigated for the arrival and departure conditions as defined below.

Departure condition: with bunker tanks not less than 95 % full and other consumables 100 %.

Arrival condition: with 10% of consumables.
20.9.4 Design Loading Conditions (for local strength)
20.9.4.1 Definitions

The maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacently
loaded holds, is related to the net load on the double bottom. The net load on the double bottom
is a function of draft, cargo mass in the cargo hold, as well as the mass of fuel oil and ballast water
contained in double bottom tanks.

The following definitions apply:

My - the actual cargo mass in a cargo hold corresponding to a homogeneously loaded
condition at maximum draught.
Mpa - the cargo mass in a cargo hold corresponding to cargo with virtual density

(homogeneous mass/hold cubic capacity, minimum 1.0 tonne/m3) filled to the top of the
hatch coaming. M, shall in no case be less than My.

Mup - the maximum cargo mass allowed to be carried in a cargo hold in accordance with the
design loading condition(s) with specified holds empty at maximum draft.

20.9.4.2 General Conditions Applicable for All Notations

20.9.4.2.1 Any cargo hold shall be capable of carrying M. with fuel oil tanks in double bottom
in way of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in
way of the cargo hold being empty, at maximum draught.

20.9.4.2.2 Any cargo hold shall be capable of carrying minimum 50% of My, with all double
bottom tanks in way of the cargo hold being empty, at maximum draught.
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20.9.4.2.3 Any cargo hold shall be capable of being empty, with all double bottom tanks in way
of the cargo hold being empty, at the deepest ballast draught.

20.9.4.3 Conditions Applicable to all Ships

20.9.4.3.1 Any cargo hold shall be capable of carrying Mr.; with fuel oil tanks in double bottom
in way of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in
way of the cargo hold being empty, at 67% of maximum draught.

20.9.4.3.2 Any cargo hold shall be capable of being empty with all double bottom tanks in way
of the cargo hold being empty, at 83% of maximum draught.

20.9.4.3.3 Any two adjacent cargo holds shall be capable of carrying Mr.; with fuel oil tanks in
double bottom in way of the cargo hold, if any, being 100% full and ballast water tanks in the
double bottom in way of the cargo hold being empty, at 67% of the maximum draught. This
requirement for the mass of cargo and fuel oil in double bottom tanks in way of the cargo hold
applies also to the condition where the adjacent hold is filled with ballast, if applicable.

20.9.4.3.4 Any two adjacent cargo holds shall be capable of being empty with all double bottom
tanks in way of the cargo hold being empty, at 75% of maximum draught.

20.9.4.4 Additional Conditions for Cargo Holds

20.9.4.4.1 Cargo holds, which are intended to be empty at maximum draught, shall be capable
of being empty with all double bottom tanks in way of the cargo hold also being empty.

20.9.4.4.2 Cargo holds, which are intended to be loaded with high density cargo, shall be
capable of carrying Mpup plus 10% of My, with fuel oil tanks in the double bottom in way of the
cargo hold, if any, being 100% full and ballast water tanks in the double bottom being empty in
way of the cargo hold, at maximum draught. In operation the maximum allowable cargo mass shall
be limited to Mpup.

20.9.4.4.3 Any two adjacent cargo holds which in accordance with the design loading condition
may be loaded with the next holds being empty, shall be capable of carrying 10% of My in each
hold in addition to the maximum cargo load in accordance with that design loading condition, with
fuel oil tanks in the double bottom in way of the cargo hold, if any, being 100% full and ballast
water tanks in the double bottom in way of the cargo hold being empty, at maximum draught.

In operation the maximum allowable mass shall be limited to the maximum cargo load in
accordance with the design loading conditions.

20.9.4.5 Additional Conditions Applicable for Ballast Hold(s) Only

20.9.4.5.1 Cargo holds, which are designed as ballast water holds, shall be capable of being
100% full of ballast water including hatchways, with all double bottom tanks in way of the cargo
hold being 100% full, at any heavy ballast draught. For ballast holds adjacent to topside wing,
hopper and double bottom tanks, it shall be strengthwise acceptable that the ballast holds are
filled when the topside wing, hopper and double bottom tanks are empty.

20.9.4.6 Additional Conditions Applicable During Loading and Unloading in Harbour Only

20.9.4.6.1 Any single cargo hold shall be capable of holding the maximum allowable sea-going
mass at 67% of maximum draught, in harbour condition.
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20.9.4.6.2 Any two adjacent cargo holds shall be capable of carrying Mr.;, with fuel oil tanks in
the double bottom in way of the cargo hold, if any, being 100% full and ballast water tanks in the
double bottom in way of the cargo hold being empty, at 67% of maximum draught, in harbour
condition.

20.9.4.6.3 At reduced draught during loading and unloading in harbour, the maximum
allowable mass in a cargo hold may be increased by 15% of the maximum mass allowed at the
maximum draught in sea-going condition, but shall not exceed the mass allowed at maximum
draught in the sea-going condition. The minimum required mass may be reduced by the same
amount,

20.9.4.7 Hold Mass Curves

Based on the design loading criteria for local strength, as specified in paragraphs 20.9.4.2 to
20.9.4.6 (except paragraph 20.9.4.5.1) above, hold mass curves shall be included in the loading
manual and the loading instrument, showing maximum allowable and minimum required mass as
a function of draught, in sea-going condition, as well as during loading and unloading in harbour
(see Publication 16/P - Loading Guidance Information).

At draughts other than those specified in the design loading conditions above, the maximum
allowable and minimum required mass shall be adjusted for the change in buoyancy acting on the
bottom. Change in buoyancy shall be calculated using water plane area at each draught.

Hold mass curves for each single hold, as well as for any two adjacent holds, shall be included.
20.10 Requirements for Forecastle

20.10.1 Application and Definitions

All ships, ore carriers and combination carriers shall be fitted with an enclosed forecastle on the
freeboard deck. The required dimensions of the forecastle are defined in sub-chapter 20.10.2.

Structural arrangements and scantlings of the forecastle shall comply with the requirements
specified in Chapter 10.

20.10.2 Dimensions

Forecastle shall be located on the freeboard deck with its aft bulkhead fitted in way or aft of the
forward bulkhead of the foremost hold, as shown in Fig. 20.10.2.

However, if this requirement hinders hatch cover operation, the aft bulkhead of the forecastle may
be fitted forward of the forward bulkhead of the foremost cargo hold, provided the forecastle
length is not less than 0.07L of the ship’s length abaft the forward perpendicular.

Forecastle height, Hr, above the main deck shall be not less than:

— the standard height of a superstructure as specified in the International Convention on Load
Lines, 1966 and its Protocol of 1988, or

— Hc¢+ 0.5 m, where Hcis the height of the forward transverse hatch coaming of hold No. 1,

whichever is the greater.
All points of the aft edge of the forecastle deck shall be located at a distance Ir:
ln<5|Hp-H_

from the hatch coaming plate in order to apply the reduced loading to the No.1 forward transverse
hatch coaming and No.1 hatch cover in accordance with the requirements specified in paragraphs
12.3.4.1 and 12.3.5.2, respectively, Part III - Hull Equipment.
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A breakwater shall not be fitted on the forecastle deck for the purpose of protecting the hatch
coaming or hatch covers. If fitted for other purposes, it shall be located such that its upper edge at
centre line is not less than Hg/tan 20° forward of the aft edge of the forecastle deck, where Hp is
the height of the breakwater above the forecastle (see Fig. 20.10.2).

o,

— 9
T'op of the hatch coamine
}‘—ﬁ — | H
H | !
. / ‘
R
| Forward
| bulkhead
Fig. 20.10.2

20.11 Requirements for Ships with Double-side Skin Construction

20.11.1 Application

The requirements specified in sub-chapter 20.11 are consistent with the requirements of SOLAS-
XI1/6 and apply to bulk carriers with double-side skin:

20.11.2 Structure and Dimensions

20.11.2.1 Primary stiffening structures of the double-side skin shall not be placed inside the
cargo hold space.

20.11.2.2 The distance between the outer shell and the inner shell at any transverse section
shall not be less than 1,000 mm measured perpendicular to the side shell (see A in Fig. 20.11.2.2)
and shall be maintained throughout the whole double-side skin construction, i.e. from inner
bottom to main deck.

a)

Outer shell

To main
deck

Extent
of DSS

Inner bottom
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b) Outer shell

Extent

Inner bottom of DSS

5

Fig. 20.11.2.2. Interpretation of the distance between outer and inner shell

20.11.2.3 Double-side skin construction shall be such as to allow access for inspection as
provided in SOLAS 1I-1/3-6 and the requirements specified in .1 to .3:

.1 the minimum width of the clear passage through the double-side skin space in way of
obstructions such as piping or vertical ladders shall not be less than 600 mm;

.2 where the inner and/or outer skins are transversely framed, the minimum clearance between
the inner surfaces of the frames shall not be less than 600 mm;

.3 where the inner and outer skins are longitudinally framed, the minimum clearance
between the inner surfaces of the frames shall not be less than 800 mm. Outside the
parallel part of the cargo hold length, this clearance may be reduced where necessitated
by the structural configuration, but, in no case, shall be less than 600 mm.

The minimum clearances, referred in .1 to .3, shall be the shortest distance measured between the
assumed lines connecting the inner surfaces of the frames on the inner and outer skins.

The above clearances need not be maintained in way of cross-ties, upper and -lower end brackets
of transverse framing or end brackets of longitudinal framing.

20.11.3 Corrosion Protection and Use of Double-side Skin Spaces

20.11.3.1 All dedicated seawater ballast tanks arranged in bulk carries and double-side skin
spaces arranged in bulk carriers of 150 m in length and upwards shall be coated during
construction in accordance with the requirements specified in SOLAS II-1, Regulation 3-2 (detailed
requirements are specified in IMO Resolution MSC.215(82) as amended by MSC.341(91)) and the
requirements specified in Publication 55/P - Survey of Corrosion Protection and Anti-fouling
Systems (see also 2.4.1 and 2.4.2).

20.11.3.2 The double-side skin spaces, with the exception of top-side wing tanks, if fitted, shall
not be used for the carriage of cargo.

20.12 Requirements for Cargo Area Structure of Hull

20.12.1 Application

The requirements specified in sub-chapter 20.12 apply to bulk carriers of 150 m in length and
upwards, carrying solid bulk cargoes having a density of 1.0 t/m3 and above. These requirements
are conformant to those specified in SOLAS XI1/6.
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20.12.2 Hull Structure in Cargo Area

20.12.2.1 Effective continuity between the side shell structure and the rest of the hull structure
shall be ensured.

20.12.2.2 The structure of cargo holds shall be such that all contemplated cargoes can be loaded
and discharged by standard loading/discharge equipment and procedures without damage which
may compromise the safety of the structure.

It can be assumed that a ship with CG in the symbol of class and fulfilling the requirements specified
in sub-chapter 26.4 complies with the requirements listed above.

The protection of hatchways and coamings from grab wire damage is required by fitting
protection bars (e.g. half-round bar) on the hatch-side girder in way of deck, hatch-end beams and
the upper portion of hatch coamings.

20.12.2.3 The hull structure in the cargo area shall be such that a single failure of one stiffener
of plating will not cause immediate damage to other structural members which may lead to
complete collapse of stiffened panels (see also 20.12.2.4 to 20.12.2.6). The meaning of the terms
used in this requirement is explained below.

Cargo area includes hatchway coamings, top-side tanks, side shells, longitudinal bulkheads of
double-side skin construction, bilge hopper tanks and double bottom, but excludes hatchway
covers.

Stiffening structural member means a stiffener (rolled or prefabricated) attached to a structural
plating panel.

Structural members of a cargo hold are the hatchway coamings, transverse bulkheads, panel plates
of the top-side tanks and bilge hopper tanks facing, inner bottom, side shell of single-side skin
construction or longitudinal bulkhead of double-side skin construction.

Single failure of one stiffening structural member means localised mechanical damage such as local
permanent deformation, cracking or weld failure that might result from accidental damage within
the cargo hold.

20.12.2.4 The design considerations for paragraph 20.12.2.3 shall be such that a single localised
damage, which is of a size that is likely to be detected, shall not lead to complete collapse of the
stiffened panel under a load equal to the maximum allowable design still water plus 80% of the
maximum allowable lifetime dynamic load, i.e. of the values exceeded with the probability of 108,

20.12.2.5 Ifthe damage is a crack or welding damage, immediate fracture propagation shall be
avoided. This shall be achieved by appropriate design and selection of materials.

It can be assumed that the conditions listed above will be met by bulk carriers with single side

skin construction if the following parts of hull structure shall not be of lower steel grade than

D/DH:

a) lower brackets of side frames;

b) side shell plate between two points located to 0.125/ above and 0.125/ below the intersection
of side shell and bilge hopper sloping plate (see Fig. 20.12.2.5).
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20.12.2.6 The assumption can be accepted that complete collapse of stiffened panels (see
20.12.2.3 and 20.12.2.4) will not occur if their stiffeners comply with the following condition with
respect to lateral buckling:

o, >1270, (20.12.2.6)

where:

o. - critical stress calculated in accordance with 13.3.2.2 for ideal elastic buckling stress oz value
calculated in accordance with 13.5.3.2;

o- — compressive stress at neutral axis of the stiffener, calculated in accordance with 13.3.2.7 or
while performing zone strength analysis.

The requirements given above are applicable, in particular, to the following areas:
— hatchway coamings;

— inner bottom;

— sloped stiffened panel of topside tanks and hopper tanks;

— inner side (in double-side skin bulk carriers);

— top stool and bottom stool of transverse bulkhead;

— stiffened transverse bulkhead (if any);

— side shell (in single-side skin bulk carriers).
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21 TANKERS
21.1 General
21.1.1 Application

21.1.1.1 For double hull oil tankers of 150 in length and above, the requirements of Common
Structural Rules (CSR) shall apply in lieu of the requirements specified in sub-chapters 21.2 and
21.3.

The requirements of the present Chapter apply to the remaining ships intended for the carriage
of liquid bulk cargoes.

The requirements specified below shall be regarded as supplementary to the basic requirements
specified in Chapters 1+17.

21.1.1.2 The requirements specified in the present Chapter apply also, within appropriate
scope, to ships for alternate carriage of liquid cargo in bulk and dry bulk cargoes. These ships shall
also comply with the requirements of Chapter 20.

21.1.2 Structural Arrangement

21.1.2.1 A basic type of oil tanker is a sea-going self-propelled ship having integral tanks and
intended primarily to carry oil in bulk.

It is, generally, a single deck ship with the machinery space aft, transverse bulkheads, double hull
construction, double bottom and one or more longitudinal bulkheads. The hull in way of cargo
tanks is longitudinally stiffened.

Alternative structural arrangements - e.g. single hull construction (ships constructed before the
entry into force of MARPOL 73/78) or mid-deck designs are also applied.

Typical midship sections of oil tankers are given in Fig. 21.1.2.1.

/] )

)
duo
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A

Fig. 21.1.2.1. Typical midship sections of oil tankers

21.1.2.2 Other structural arrangements may be applied in tankers intended for the carriage of
liquid cargoes other than crude oil and oil products if they meet the appropriate requirements
and are considered equivalent in respect of the hull strength.

21.1.2.3 Abasictype of chemical tanker is a sea-going self-propelled ship having integral tanks,
intended primarily to carry chemicals in bulk, of single or double hull construction. Alternative
structural arrangements are also applied.
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Typical midship sections of chemical tankers are shown in Fig. 21.1.2.3.
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Fig. 21.1.2.3. Typical midship sections of chemical tankers

21.1.3 Classification

Ships complying with the requirements specified in this Chapter (or applicable requirements
given in CSR) may be affixed with the following additional marks in the symbol of class:

CRUDE OIL TANKER - for crude oil carriers,

PRODUCT CARRIER A or

PRODUCT CARRIER B - oil tankers other than crude oil carriers,

TANKER FOR ... - for tankers other than crude oil carriers, oil tankers, chemical or

gas carriers.

The requirements, which the ships shall fulfil to be affixed with additional marks in the symbol of
class: CHEMICAL TANKER - chemical carriers, or LIQUEFIED GAS TANKER - gas carriers are
specified in paragraphs 1.1.6 and 1.1.7, Part1- Classification Regulations.

21.1.4 Documentation

21.1.4.1 Technical documentation, specified in 1.4.2, shall be submitted to PRS for consideration
and approval.

21.2 General Arrangement

21.2.1 Ship Arrangement

The arrangement of ship spaces shall comply with the requirements specified in the present sub-
chapter and the applicable requirements specified in Part IIl - Hull Equipment, Part IV - Stability and
Subdivision, Part V - Fire Protection and in Part IX - Environmental Protection of the Rules for
Statutory Survey of Sea-going Ships.

On oil and chemical tankers, carrying liquid cargoes having a flashpoint not exceeding 60°C
and/or toxic liquid cargoes?, fuel tanks located with a common boundary to cargo or slop tanks
shall not be situated within nor extend partly into the cargo tank block. Such tanks may, however,
be situated aft and/or forward of the cargo tank block. They may be accepted when located as
independent tanks on open deck in the cargo area subject to spill and fire safety considerations.

The arrangement of independent fuel tanks and associated fuel piping systems, including the
pumps, can be as for fuel tanks and associated fuel piping systems located in the machinery spaces.
For electrical equipment, requirements to hazardous area classification must however be met.

I For the purpose of these requirements, toxic liquid cargoes include those for which toxic vapour detection is specified in

column “k” of the table of chapter 17 of the IBC Code.
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Cargo tank block is the part of the ship extending from the aft bulkhead of the aftmost cargo or
slop tank to the forward bulkhead of the forward most cargo or slop tank, extending to the full
depth and beam of the ship, but not including the area above the deck of the cargo or slop tank.

Irrespective of the requirements of sub-chapter 21.2.4, cargo, slop and oil fuel tanks in oil tankers,
situated within cargo area, shall be arranged so that the requirements concerning accidental oil
outflow, specified in Regulation 23 of Annex [ to MARPOL Convention 73/78, are complied with.

When calculating the mean oil outflow parameter, the assumptions and requirements, specified
in regulations 23.4 + 23.11, shall apply. When calculating the cargo level after damage in
accordance with Regulation 23.7.3.2, the normal overpressure p is to be taken as 5 kPa if any inert
gas system is fitted; the overpressure may be taken as 0 if an inert gas system is not fitted.

21.2.2 Protective Compartments

21.2.2.1 Therequirements specified in the present sub-chapter apply to oil tankers of 600 tons
deadweight and above.

21.2.2.2 The oil tankers of 5,000 tons deadweight and above shall have the entire cargo tank
length protected by ballast tanks or spaces other than cargo and fuel oil tanks, as follows:

.1 Wing tanks or spaces. They shall extend either for the full depth of the ship’s side or from the
top of the double bottom to the uppermost deck, disregarding a rounded gunwale, where
fitted. They shall be arranged such that the cargo tanks are located inboard of the moulded
line of the side shell plating, nowhere less than the distance w which (see Fig. 21.2.2.2) is
measured at any cross-section at right angles to the side shell, as specified below:

DWT
20.000

w=0.5+

[m] (21.2.2.2-1)

or w = 2.0 m, whichever is the lesser.

The minimum value of w=1.0 m.

.2 Double bottom tanks or spaces. At any cross-section the depth of each double bottom tank
or space shall be such that the distance h between the bottom of the cargo tanks and the
moulded line of the bottom shell plating measured at right angles to the bottom shell
plating (see Fig. 21.2.2.2) is not less than that specified below:

B

=13 [m] (21.2.2.2-2)

or h = 2.0 m, whichever is the lesser.

The minimum value of h = 1.0 m.
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Fig. 21.2.2.2

21.2.2.3 On oil tankers of 5,000 tons deadweight and above, within turn of the bilge area or at
locations without a clearly defined turn of bilge, where the distances w and h are different, the
distance w shall have preference at levels exceeding 1.5 h above the base plane - see Fig. 21.2.2.2.

This requirement is applicable throughout the entire tank length.

21.2.2.4 On crude oil carriers of 20,000 tons deadweight and above and product carriers of
30,000 tons deadweight and above, the aggregate capacity of wing tanks, double bottom tanks,
forepeak and afterpeak tanks shall not be less than the capacity of segregated ballast tanks
necessary to meet the requirements specified in 21.2.3. Wing tanks or spaces and double bottom
tanks used to meet the requirements specified in 21.2.3 shall be located as uniformly as
practicable along the cargo tank length. Additional segregated ballast capacity provided for
reducing longitudinal hull girder bending stress, trim, etc. may be located anywhere within the
ship.

21.2.2.5 Suction wells in cargo tanks may protrude into the double bottom below the boundary
line defined by the distance h, provided that such wells are as small as practicable and the distance
between the well bottom and bottom shell plating is not less than 0.5h.

Additionally, the size of suction wells shall be appropriate to the size of the suction pipe and area
covered.

The above requirements apply also to valves or other appliances cutting off the pipelines
connected to the suction well.

21.2.2.6 Double bottom tanks or spaces, as required in 21.2.2.2.2, may be dispensed with,
provided that the design of the tanker is such that the cargo and vapours pressure acting on the
bottom shell plating forming a single boundary between the cargo and the sea does not exceed the
external hydrostatic water pressure, expressed by the following formula:

Sh.p.g+1005, <d,p.g (21.2.2.6)

h. - height of cargo in contact with the bottom shell plating, [m];

pc - maximum cargo density, [t/m3];

dn - minimum operating draught under any expected loading condition, [m];

ps — density of sea water, [t/m3];

& - maximum set pressure of the pressure/vacuum valve provided for the cargo tank, [bars];
f - safety factor =1.1;

g - acceleration of gravity, [m/s?].

21.2.2.7 Any horizontal partition necessary to fulfill the requirements specified in 21.2.2.6 shall
be located at a height of not less than B/6 or 6 m, whichever is the lesser, but not more than 0.6H
above the base plane. H is the moulded depth amidships.
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21.2.2.8 For the space arrangement in accordance with the requirements specified in 21.2.2.6,
the location of wing tanks or spaces shall be in accordance with the requirements set forth in
21.2.2.2.1, except that, below a level 1.5 h above the base plane where h is as defined in 21.2.2.2.2,
the cargo tank boundary line may be vertical down to the bottom plating, as shown in Fig. 21.2.2.8.
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Fig. 21.2.2.8

21.2.2.9 Other methods of design and construction of oil tankers may be also accepted as
alternatives to the requirements, specified in 21.2.2.2 to 21.2.2.5, provided that such methods
ensure at least the same level of protection against oil pollution in the event of damage/collision
or stranding.

In the evaluation of alternative designs, recommendations given in IMO Res. MEPC.110(49), Res.
MEPC.64(36) shall be taken into account.

21.2.2.10 Oil tankers of less than 5,000 tons deadweight shall comply with the following

requirements:

— they shall be fitted with at least double bottom tanks or spaces having such a depth that the
distance h, determined in accordance with 21.2.2.2.2, complies with the following: h = B/15, [m],
with a minimum value of h = 0.76 m.

In the turn of the bilge area and atlocations without a clearly defined turn of the bilge, the cargo
tank boundary line shall run parallel to the line of the midship flat bottom as shown in Fig.
21.2.2.10;

— they shall be provided with cargo tanks so arranged that the capacity of each cargo tank does
not exceed 700 m3 unless wing tanks or spaces are arranged in accordance with paragraph
21.2.2.2.1 complying with the following:

w=0.4 +M [m], and wis notless than 0.76 m.
20.000
!
|
|
|
i
;. // Base plane
Fig. 21.2.2.10
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21.2.2.11 No cargo tanks shall be provided in front of the collision bulkhead.
21.2.3 Segregated Ballast Tanks

21.2.3.1 The requirements specified in the present sub-chapter apply to crude oil tankers of
20,000 tons deadweight and above and product carriers of 30,000 tons deadweight and above.

21.2.3.2 Oil tankers specified in 21.2.3.1 shall have the segregated ballast tanks which capacity
shall be so determined that the ship may operate safely on ballast voyages without recourse to the
use of cargo tanks for water ballast except as provided for in MARPOL 73/78, Annex I, Regulation
18.3 and 18.4. In all cases, however, the capacity of segregated ballast tanks shall be at least such
that, in any ballast condition at any part of the voyage, including the conditions consisting of
lightweight plus segregated ballast only, the ship’s draughts and trim can meet each of the
following requirements:

— the moulded draught amidships (without taking into account any deformation of the ship) shall

not be less than:

7,=2.0+0.02L [m] (21.2.3.2)

— the draughts at forward and after perpendiculars shall correspond to those determined in
accordance with formula 21.2.3.2, with the trim by the stern of not greater than 0.015L;

— in any case the draught at the after perpendicular shall not be less than that necessary for full
immersion of the propeller.

The above specified segregated ballast tanks shall be arranged in accordance with the
requirements specified in Regulation 18.12 + 18.15 of Annex I to MARPOL 73/78.

When determining the shell area of double bottom tanks/spaces necessary to comply with the
requirements of Regulation 18.13, as well the minimum height of such tanks/spaces to comply
with the requirements of Regulation 18.15, suction wells meeting the requirements of 21.2.2.5
may be neglected.

It is recommended that oil tankers of the length L < 150 m, irrespective of the requirements
specified in paragraph 21.2.3.2, should meet also the requirements included in Unified
Interpretations of Regulation 18.5 of Annex [ to MARPOL 73/78.

21.2.3.3 In calculating the aggregate capacity of tanks in accordance with the requirements

specified in paragraph 21.2.3.2, the following shall be taken into account:

— the capacity of engine-room ballast tanks shall be excluded from the aggregate capacity of ballast
tanks,

— the capacity of ballast tank located inboard of double hull shall be excluded from the aggregate
capacity of ballast tanks, as shown in Fig. 21.2.3.3-1,

— any ballast carried in localized inboard extensions, indentations or recesses of the double hull,
such as bulkhead stools, shall be excess ballast above the minimum requirement for segregated
ballast capacity.

262 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

Part II - Hull, Chapter 21 - Tankers July 2024
A
- NITANNNETN NGRS ANKETAN
SBT
ER PIR FPT
SBT
SBT NSEARNRN AR SERITUSETY
SBT LyA
SBT7% cot cot SBT
/| Assumed double hull line
/ %
Y VLAY, Y,

— SECTION A-A
—Fig. 21.2.3.3-1
Spaces such as void spaces located in the double hull within the cargo tank length may be included
in the aggregate capacity of ballast tanks, as shown in Fig. 21.2.3.3-2.
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Fig. 21.2.3.3-2

The symbols used in Figures 21.2.3.3-1 and 21.2.3.3-2 are defined as follows:
— APT - after peaktank,

— FPT - forepeaktank,

— E/R - engineroom,

- P/R - pump-room,

— SBT - segregated ballast tank,

— COT - cargooil tank.

21.2.4 Cargo Tanks of Oil Tankers

21.2.4.1 The length of each cargo tank shall not exceed 10 m or one of the following values,
whichever is the greater:
— where no longitudinal bulkhead is provided inside the cargo tanks:
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I = [0.5%+0.1)L [m] (21.2.4.1-1)

but not more than 0.2L;
— where a centre plane longitudinal bulkhead is provided inside the cargo tanks:

b.
I= (0.253j+0.15jL [m] (21.2.4.1-2)

— where two or more longitudinal bulkheads are provided inside the cargo tanks:
a) for wing cargo tanks:

[=0.2L [m] (21.2.4.1-3)
b) for centre cargo tanks:
ifb; /B>0.2, [=02L [m]; (21.2.4.1-4)
if bi / B<0.2:
bi
1) [= (O-SE + O.IJL [m] (21.2.4.1-5)

where no centre plane longitudinal bulkhead is provided,
b
2) [= O'2SE+O'15 L [m] (21.2.4.1-6)

where a centre plane longitudinal bulkhead is provided.

In the above formulae, b; is the minimum distance from the ship’s side to the outer longitudinal
bulkhead of the tank in question measured inboard at right angles to the centre plane at the level
corresponding to the assigned summer freeboard.

21.2.4.2 Inthe case of oil tankers delivered before 1 August 2010, irrespective of provisions set
forth in 21.2.4.1, the size and arrangement of cargo tanks shall comply with the requirements
specified in Regulations 26.2 and 26.3 of Annex [ to MARPOL 73/78.

21.2.5 Pump-Rooms of Oil Tankers

21.2.5.1 The requirements specified in sub-chapter 21.2.5 apply to oil tankers of 5,000 tons
deadweight and above. They are equivalent to the requirements specified in Regulation 22 of
Annex I to MARPOL 73/78, introduced by IMO by Resolution MEPC. 117(52).

21.2.5.2 The pump-room shall be provided with a double bottom - except for the cases
specified in 21.2.5.3.

The height of the double bottom shall be such that distance h between the bottom of the pump-
room and the ship’s base plane measured at right angles to the base plane at any cross-section
will not be less than:

h=— [m] (21.2.5.2)

or h = 2.0 m, whichever is the lesser.

The value of h, however, shall not be less than 1.0 m.
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The double bottom protecting the pump-room can be a void tank, a ballast tank or, unless
prohibited by other regulations, a fuel oil tank.

Ballast piping is permitted to be located within the pump-room double bottom, provided any
damage to that piping does not render the ship’s pumps located in the pump-room ineffective.

In the double bottom, bilge wells may be located, but they shall be as small as practicable.

The distance between the bilge well bottom and the bottom plating, measured at right angle to the
base plane shall not be less than 0.5h.

21.2.5.3 Double bottom in way of the pump-room will not be required if:

a) the bottom plate of the pump room is located above the base plane at the distance greater than
the height h required in 21.2.5.2 (e.g. gondola stern designs);

b) flooding of the pump-room would not render the ballast or cargo system inoperative.

Where a part of the pump-room is situated at the distance from the ship’s base plane less than
thatrequired in 21.2.5.2, application of a double bottom is required only in this part of the pump-
room.

21.3 Materials and the Scantlings of Structural Members

21.3.1 Materials

Materials shall comply with the requirements specified in Chapter 2. The requirements regarding
quality and strength of materials different from hull structural steel will be specially considered
by PRS in each particular case.

21.3.2 Design Loads

The design pressure in tanks for crude oil, fuel oil and high density liquids shall be determined in
accordance with the requirements specified in 16.3.

21.3.3 Plating and Stiffeners

The thickness of plating and the scantlings of stiffeners shall be calculated in accordance with the
requirements specified in Chapter 13.

21.3.4 Bulwarks and Guard Rails

Within the tank area, guard rails meeting the requirements specified in Part Il - Hull Equipment
shall be arranged. After considering the deck arrangement and the possibility of gas accumulation,
PRS may accept arrangement of plate bulwarks complying with the requirements specified in sub-
chapter 10.5 of the present Part of higher extent than that determined in 9.5, Part III - Hull
Equipment.

21.3.5 Primary Supporting Members

21.3.5.1 The scantlings of primary supporting members shall be based on the requirements
specified in Chapter 13. The zone strength analysis, in accordance with the requirements specified
in Chapter 14, shall be conducted for complex primary supporting member system, when deemed
necessary by PRS.

Such analysis shall be conducted, in particular, for:
— transverse and longitudinal primary supporting members in cargo tanks in ships with Lo > 120 m,
— transverse bulkhead primary supporting members,
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— primary supporting members in double bottom tanks where the tank breadth is equal to that
of ship and ship’s length Lo > 120 m.

Recommended calculation methods are given in Publication 19/P - Zone Strength Analysis of Hull
Structure in Tankers.

21.3.5.2 The direct stress analysis for primary supporting member systems shall be conducted
for the load condition (LC) given in the above-mentioned Publication.

The scantlings of the transverse primary supporting members of tank bulkheads shall be
determined for the most severe combination of loading.

21.3.6 Strengthening of Bottom Forward

21.3.6.1 General

For oil tankers subject to the requirements specified in sub-chapter 21.2.3, the strengthening of
the bottom forward shall be based on the draught using the segregated ballast tanks only.

21.3.6.2 Scantlings

Determination of scantlings meeting the above requirements shall be conducted in accordance
with the requirements specified in 6.4.

21.3.7 Fatigue Strength of Hull Structure

Fatigue strength of hull structural elements made of higher strength structural steel shall be
checked in accordance with the requirements specified in Publication 45/P - Fatigue Strength
Analysis of Ship Steel Hull Structure.

In special cases PRS may require checking the fatigue strength of hull structural elements made
of normal strength steel.

21.3.8 Coating Standard for cargo oil tanks of crude oil tankers!

21.3.8.1 Coating Standard is based on specifications and requirements to provide a target
useful coating life of 15 years, which is considered to be the time period, from initial application,
over which the coating system is intended to remain in ,,GOOD” condition2. The actual useful life3
will vary, depending on numerous variables including actual conditions encountered in service.

21.3.8.2 Protective coatings for cargo oil tanks applied during the construction of new crude oil
tankers shall at least comply with the requirements in this Coating Standard.

21.3.8.3 An epoxy-based system meeting test and physical properties (see Table 1 in Annex to
Resolution MSC.288(87), as amended) shall be documented, and a Type Approval Certificate or
Statement of Compliance shall be provided.

21.3.8.4 The following areas are the minimum areas that shall be protected according to this

Coating Standard:
.1 Deckhead with complete internal structure, including brackets connecting to longitudinal
and transverse bulkheads. In tanks with ring frame girder construction, the underdeck

' Crude oil tanker is as defined in regulation 1 of Annex I of MARPOL 73/78.

“GOOD” condition is the condition with minor spot rusting as defined in Resolution A.1049(27) for assessing the ballast
tank coatings for tankers.

Target useful life is the target value, in years, of the durability for which the coating system is designed.
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transverse framing to be coated down to level of the first tripping bracket below the upper
faceplate.

.2 Longitudinal and transverse bulkheads to be coated to the uppermost means of access
level. The uppermost means of access and its supporting brackets to be fully coated.

.3 On cargo tank bulkheads without an uppermost means of access, the coating shall extend
to 10% of the tanks height at centerline but need not extend more than 3 m down from the
deck.

4 Flatinner bottom and all structure to a height of 0.3 m above inner bottom to be coated.
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Fig. 21.3.8.4

21.3.8.5 Special Application

.1 This Coating Standard covers protective coating requirements for steel structure within
cargo oil tanks. It is noted that there are other independent items that are fitted within the
cargo oil tanks and to which coatings are applied to provide protection against corrosion.

.2 Itis recommended that this Coating Standard is applied, to the extent practicable, to those
portions of means of access provided for inspection within the areas specified in paragraph
21.3.8.4 that are not integral to the ship structure, such as rails, independent platforms,
ladders, etc. Other equivalent methods of providing corrosion protection for non-integral
items may also be used, provided they do not impair the performance of the coatings of the
surrounding structure. Access arrangements that are integral to the ship structure, such as
stiffener depths for walkways, stringers, etc., shall fully comply with this Coating Standard
when located within the coated areas.

.3 It is also recommended that supports for piping, measuring devices, etc., be coated as a
minimum in accordance with the non-integral items indicated in paragraph 21.3.8.5.2.

21.3.8.6 Therequirements for protective coating systems to be applied at ship construction for
the cargo oil tanks of crude oil tankers meeting the Performance Standard specified in paragraph
21.3.8.1 are listed in table 1 in Annex to Resolution MSC.288(87), as amended.
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21.3.9 Corrosion Resistant Steel Standard for Alternative Means of Corrosion Protection?

for Cargo 0il Tanks of Crude Oil Tankers?

21.3.9.1 Corrosion Resistant Steel Standard is based on specifications and requirements which
intend to provide a target useful life of 25 years, which is considered to be the time period, from
initial application, over which the thickness diminution of the steel is intended to be maintained
in cargo oil tanks and watertight integrity is intended to be maintained. The actual useful life3 will
vary, depending on numerous variables including actual conditions encountered in service.

21.3.9.2 Corrosion resistant steel* for cargo oil tanks applied to the area specified in 21.3.9.4
during the construction of crude oil tankers shall at least comply with the requirements for
corrosion resistant steel given in PRS Rules for the Classification and Construction of Sea-going
Ships, Part IX - Material and Welding, sub-chapter 8.5 and this should be considered as a minimum.

21.3.9.3 Special Application

.1 Corrosion Resistant Steel Standard covers corrosion resistant steel requirements for ship’s
steel structures. It is noted that other independent items are fitted within the tanks to
which measures are applied to provide protection against corrosion.

.2 It is recommended that Corrosion Resistant Steel Standard or the Coating Standard for
protective coating for cargo oil tanks is applied, to the extent possible, to those portions of
permanent means of access provided for inspection within the area specified in 21.3.9.4
that are not integral to the ship’s structure, such as rails, independent platforms, ladders,
etc. Other equivalent methods of providing corrosion protection for the non-integral items
may also be used, provided they do not impair the performance of the corrosion resistant
steel of the surrounding structure. Access arrangements that are integral to the ship
structure, such as increased stiffener depths for walkways, stringers, etc., shall fully
comply with this Corrosion Resistant Steel Standard or the Coating Standard for protective
coating for cargo oil tanks, when located within the areas specified in 21.3.9.4.

.3 Itisalso recommended that supports for piping, measuring devices, etc., be provided with
corrosion protection in accordance with the non-integral items indicated in 21.3.9.3.2.

21.3.9.4 The following areas are the minimum areas that shall be protected according to this
Corrosion Resistant Steel Standard:

.1 Deckhead with complete internal structure, including brackets connecting to longitudinal
and transverse bulkheads. In tanks with ring frame girder construction, the underdeck
transverse framing to be protected down to level of the first tripping bracket below the
upper faceplate.

.2 Longitudinal and transverse bulkheads to be protected to the uppermost means of access
level. The uppermost means of access and its supporting brackets to be fully protected.

.3 On cargo tank bulkheads without an uppermost means of access the protection shall
extend to 10% of the tanks height at centerline but need not extend more than 3 m down
from the deck.

I Alternative means is a means that is not utilization of protective coating applied according to the Coating Standard
for protective coating for cargo oil tanks of crude oil tankers (Resolution MSC.288(87), as amended). The standard
described in 21.3.9 is based on Resolution MSC.289(87).

2 See footnote 1 on p. 285.

See footnote 3 on p. 285.

4 Corrosion resistant steel is steel whose corrosion resistance performance in the bottom or top of the internal cargo
oil tank is tested and approved to satisfy the requirements in the Corrosion Resistant Steel Standard in addition to
other relevant requirements for ship material, structure strength and construction.
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4 Flatinner bottom and all structure to a height of 0.3 m above inner bottom to be protected.
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21.3.9.5 The requirements for corrosion resistant steel to be applied at the ship construction
for cargo tanks in crude oil tankers meeting the Performance Standard specified in 21.3.9.1 shall
use approved corrosion resistant steels according to the conditions specified in the Type Approval
Certificate and the Technical File! to protect the area of application indicated in 21.3.9.4.

TYPICAL SECTION OF V.L.C.C,

/ Marked part only to be protected @

UPPER DECK
|
first tripping bracket |
- : !
W.B.TKS- | SIDE C.0.TANK b CENTERC.O.TANK |
. i
9 2 !
o o i
4 2 ] ‘
w (<] =
- z 5 . ,
g ] p= = Detail(typ. ) for B'HD <
T .
@ w =
E
> H .
=)
f \\\
\
\ ! -
| \ R i S Trans. Web.
. ) [ X
\ W.B.TKS . Bulkhead

* Note
1) Dimension “A” to be from upper most PMA height to upper deck height

Fig. 21.3.9.4

I Technical file - as required by Res. MSC.289 (87), in Annex ‘Performance Standard for Corrosion Resistant Steel’ -
shall be verified by the Administration and be kept aboard and maintained throughout the life of the ship.
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22 FISHING VESSELS

22.1 General

22.1.1 Application

22.1.1.1 Therequirements specified in the present Chapter apply to fishing vessels.

The requirements shall be regarded as complementary to the basic requirements given in Chapters

1+17.

22.1.1.2 In addition to the requirements specified in the present Part of the Rules, fishing
vessels shall comply with the provisions of Council Directive 97/70/EC of 11 December 1997 of
European Communities, as amended by Commission Directive 2002 /35/EC of 25 April 2002.

22.1.2 Classification

Vessels built in accordance with the requirements specified in the present Chapter may be affixed
with the additional mark in the symbol of class: FISHING VESSEL.

A vessel complying with the requirements specified in paragraph 22.1.3.2 may be affixed with the
additional mark MS.

22.1.3 General Requirements

22.1.3.1 The presentrequirements apply to all vessels specified in 22.1.1, irrespective of fishing
or catching arrangement.

Stern trawlers shall comply with the requirements specified in sub-chapter 22.3. Side trawlers
shall comply with the requirements specified in sub-chapter 22.4.

22.1.3.2 The construction of vessels which may be secured alongside other vessels at sea (and
especially the extent and size of side strengthenings) shall comply with the requirements specified in
Publication 20/P - Ship Side Strengthening of Fishing Vessels Mooring at Sea Alongside Other Vessels.

22.1.4 Documentation

22.1.4.1 Technical documentation, specified in 1.4.2, shall be submitted to PRS for consideration
and approval.

22.2 Structural Design and Scantlings of Structural Members

22.2.1 Bow Height

The minimum bow height shall not be less than that required by Regulation 39 and the sheer of
the upper deck shall not be less than that required by Regulation 38 in Annex I of the International
Convention on Load Lines, 1966.

22.2.2 Holds

22.2.2.1 Inholds in which salted fish or salt in bulk is stored, the thickness of the inner bottom
plating and of the bottom plates of the transverse watertight bulkheads forming the hold
boundaries shall be increased by 1 mm, while the thickness of the bottom plates of watertight
bulkheads between such holds shall be increased by 2 mm as compared with the basic
requirements (see Chapters 6 and 9, respectively).
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22.2.2.2 Where there is no inner bottom in holds under consideration, the thickness of webs
and face plates of the centre girder, side girders and floors shall be increased by 1.5 mm, and that
of the bottom plating by 1 mm as compared with the basic requirements (see Chapters 6 and 7,
respectively).

22.2.3 Processing Spaces

22.2.3.1 Where, in a processing space located above the bulkhead deck, the number of
bulkheads is less than that required by 9.2 and the distance between the bulkheads forming
boundaries of that space exceeds 30 m, the structure of sides and transverse bulkheads within
this area will be specially considered by PRS in each particular case.

22.2.3.2 In processing spaces where the deck plating is subject to the effect of refuse of
processed fish and water, the thickness of the plating shall be increased by 1 mm as compared
with the basic requirements (see Chapter 8).

The thickness of deck plating in places where salted fish or salt in bulk is stored shall be increased
in the same way.

In way of decks, the plating of transverse bulkheads forming boundaries of the processing spaces
shall be increased in thickness by 1 mm to a height of at least 500 mm above the deck plating.

22.2.3.3 The section modulus of beams and longitudinals of the deck, on which the processing
gear is located, shall be determined for design load taken as specified in Chapter 16, but not less
than that determined in accordance with the following formula:

p= 15% [kPa] (22.2.3.3)

M - mass of processing gear, [t];
F - deckarea in way of the processing gear, [m?].

22.2.4 Double Bottom
Watertight double bottom shall be applied in ships of length not less than 75 m.

If possible, the double bottom should extend from the fore peak bulkhead to the after peak
bulkhead.

22.2.5 Bulwarks

The bulwark stays in fishing vessels shall be fitted at least at every second frame. The thickness of
bulwark plating shall not be less than 80% of the Rule thickness of the shell plating.

22.3 Stern Trawlers
22.3.1 Stern Ramp Structure

22.3.1.1 Side walls of the ramp shall be extended downwards to the shell plating and forwards
to the after peak bulkhead. Ramp sides shall pass smoothly into the deck primary supporting
members.

22.3.1.2 Where there is a ramp, a flat form of the lower part of the stern counter shall be avoided.
The connection of the side walls of the ramp with transom plating, deck plating and bottom part of
stern counter plating shall be rounded with a radius not less than 200 mm. The connection by means
of around rod of not less than 70 mm in diameter may be permitted. Where the trawl shall be brought
on board by means of a ramp, it is recommended to apply the longitudinal framing of the ramp deck.
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In this case, the deck transverses shall be spaced not more than 4 frame spaces apart. Distances
between deck longitudinals of the ramp shall not exceed 600 mm.

On whale vessels and where the trawl shall be brought on board on special trucks or by other
means of transportation, transverse framing shall be applied in the construction of ramps.

22.3.2 Design Loads

22.3.2.1 Where the trawl shall be pulled on board, the design load for the side walls and the
ramp shall be determined by the formula:

p=6.5b  [kPa] (22.3.2.1)

b - width of the ramp, [m].
If the width of the ramp is changed within its length, the least width shall be taken for calculations.

22.3.2.2 The design loads for the structural members of the ramp on ships where special
wheeled transport vehicles are used, shall be taken as:

M +M,

n

p =27 [kPa] (22.3.2.2)

M; - maximum rated mass of the catch which the vehicle is capable of transporting, [t];
M, - mass of the movable part of the vehicle, [t];

n - number of the vehicle axles.

22.3.2.3 Design load for the walls of the ramp on a ship where special wheeled transport
vehicles are used shall be determined in accordance with formula 22.3.2.1.

22.3.2.4 The assumed design loads for the ramp and its walls shall not be less than those
calculated from Chapter 16.

22.3.3 Ramp Plating

22.3.3.1 The thickness of the ramp plating on ships with trawl to be pulled on board shall not
be less than:

)4
t=KOS,/—+tk1 [m] (22.3.3.1)
o
p - design pressure determined in accordance with formula 22.3.2.1, [kPa];

s - spacing of beams, [m];
Ko, tin - parameters determined in accordance with Table 22.3.3.1;
o = 0.8 R. - allowable stress, [MPa].
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Table 22.3.3.1
Factors Ky and &x;

Ship type
Type Special purpose ships
Item yp Area in way of ramp Fishing vessels (except whale mother Whale mother ships
of structure .
ships)
Ko tr1 Ko tr1 Ko tk1
Lower roundings
and shell plating of 10.0 10.0
1 | Ramp the counter 335 335 See 22.3.3.3
Mid portion 5.5 5.5
Upper roundings 9.5 5.5
Wall In way of rope 5.5 5.5 10.0
2 alls friction 324 27.4 32.4
of ramp —
In the remaining area 4.5 4.5 5.5

22.3.3.2 The length of the thickened regions of plating along the ramp shall be:

— in way of the lower rounding - not less than the ramp width measured from the front of the
ramp forwards;

— in way of the upper rounding - not less than twice the ramp width.

The plates of the stern counter shell plating shall be thickened along the distance not less than 1 m
measured from the front of the ramp forwards and along the width not less than the ramp width.

22.3.3.3 Itisrecommended to use an adequate arrangement to protect the ramp plating against
wear by ropes when pulling in the fish. If the pull in a single rope exceeds 30 kN, the use of such
equipment is obligatory. Where such arrangement is used, the plating thickness in the upper
portion may be determined in accordance with paragraph 22.3.3.1 for the mid portion of the ramp
deck. Instead of the wear protecting equipment, double plates may be used in way of
strengthenings of the lower and upper roundings along the whole width of the ramp and double
strakes of not less than 400 mm in width by the ramp walls along the remaining length of the
ramp. In this case, the plating thickness along the ramp length may be taken as for the mid portion
of the ramp in accordance with the requirements specified in paragraph 22.3.5.1.

22.3.3.4 Irrespective of the mode of fish transport through the ramp, the ramp plating thickness
shall be by 2 mm greater than that required in sub-chapter 13.2.

22.3.3.5 The thickness of the walls of recesses in the ramp shall not be less than that required
in sub-chapter 13.2 for the shell plating.

22.3.4 Deck Framing of Ramp

22.3.4.1 The section modulus of deck longitudinals, deck beams and deck transverses of the
ramp in ships pulling in the trawl shall not be less than:

10°spl?
w=—" [cm3] (22.3.4.1)
K, o
s - spacing of members under consideration measured in ramp deck plane, [m];

K, - seetable 22.3.4.1;

p - design pressure, see paragraph 22.3.2.1, [kPa];

I - span of the considered member measured between supports, [m];
o - 140k [MPa].
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Table 22.3.4.1

Factor K,
Ship type
Item Framing of the ramp deck Fishing Special purpose ships Whale mother
vessels (except whale mother ships) ships
Deck longitudinals 11.3 7.9 23.5
Deck transverses 12.6 8.8 211
3 Stiffeners of ramp walls 13.8 18.5 5.2

22.3.4.2 The section modulus of the ramp beams on ships where special wheeled means of
transport are used shall not be less than that determined in accordance with formula 22.3.4.1,

N
assuming K,=93 ]2\/; and the pressure p calculated in accordance with paragraph 22.3.2.2.

22.3.5 Plating of Ramp Walls

22.3.5.1 In vessels not engaged in pelagic fishing, the strakes of the wall plating shall be
thickened in way of connection with transom and along the ramp. The thickness of these strakes
shall not be less than that determined in accordance with formula 22.3.3.1. The thickened strakes
of the wall plating along the ramp shall have a width not less than 0.4 of the ramp width or 1 m,
whichever is the greater. Where the trawl is pulled in, the lower edges of the strakes shall extend
to the ramp or where special wheeled means of transport or similar means are used, they shall
extend to the level the fish is put on. The thickened part of the wall plating in way of transom
forward from the point where flat portion of the wall and the rounding meet, shall not be less than
0.5 the ramp width. In way of a rounded transition of the wall plating into transom plating, the
thickness of the plating strake of not less than 700 mm in width, measured from the ramp plating,
shall not be less than 20 mm. Doubling plates may be used alternatively.

Along the transition line of the flat portion of the wall into the rounded one, at a distance not
greater than 200 mm from the transom, semicircular rods 70 mm in diameter shall be welded on.

22.3.5.2 In vessels engaged in pelagic fishing, the ramp walls shall be strengthened by
longitudinal semicircular rods of not less than 70 mm in diameter, at spacings not exceeding 200
mm. The edge of the upper rod shall be located at a distance not greater than 650 mm from the
ramp. The thickness of the lower strake of wall plating in the area extending from the ramp to the
level of at least 100 mm above the upper semicircular rod shall not be less than:

t:%ﬁ [mm] (22.3.5.2)

s1 - spacing between the edges of adjacent semicircular rods, [m].

In each case, the thickness of wall plating and wall recesses to the level of the upper deck level
shall not be less than that required in sub-chapter 13.2 for the shell plating and, above that level
- not less than that required in sub-chapter 13.4.

22.3.6 Framing of Ramp Walls

The section modulus of the ramp wall stiffeners shall not be less than that determined in accordance
with formula 22.3.4.1, assuming the maximum span of the stiffener, measured from the deck to the
nearest deck or between the two decks adjacent to the wall, not less, however, than 2.6 m. For vessels
engaged in pelagic fishing, the section modulus of the stiffener shall not be less than:
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W [-05(170 51
== 5 cm3 22.3.6
) [ (22.36)
I - span of stiffener in accordance with the above requirement, [m];
s - spacing of stiffeners, [m].

In each case, the section modulus of ramp wall stiffeners shall not be less than that required in
sub-chapter 13.5.

22.3.7 Strengthenings of After End

The thickness of the transom plating shall be by 1 mm greater than that required in 13.2 for ship’s
ends. The transom plating shall be protected against wear by means of diagonally welded
halfround steel rods of at least 70 mm in diameter.

22.4 Side Trawlers
22.4.1 Forecastle

[t is recommended that side trawlers with length L > 30 m be fitted with a forecastle.

22.4.1.1 Strengthenings in Way of Gallows

In way of each gallow, including area between the cross-section situated at 3 frame spaces

forward and abaft from the ends of the gallows, the following strengthening shall be provided:

— intermediate frames extending from the upper deck to the level not less than 0.5 m below the
ballast waterline, having the section modulus not less than 75% of that required by 13.5. The
upper and lower ends of intermediate frames shall be attached to longitudinal intercostal
members fitted between the main frames. These members shall be of the same cross-sectional
area as intermediate frames and shall be fitted in one line. The upper intercostal members shall
be fitted at a distance not exceeding 350 mm from the upper deck;

— the bulwark stays fitted at every frame;

— the thickness of the structural members shall be increased as follows:

— sheer strake - by 2 mm as compared with that required in 22.4.3,

— the strake of plating adjacent to the sheer strake shall have the same thickness as the sheer
strake,

— deck stringer - by 3 mm as compared with that required in 13.2 and in Chapter 8,

— bulwark - by 2 mm as compared with that required by Chapter 10;

— steel bars of semicircular section welded diagonally to bulwark, sheer strake and side plating
above the ballast waterline level.

22.4.2 Side Plating between Gallows

In way between forward and after gallows, the thickness of the side plating and sheer strake shall
be increased by 1 mm as compared with that required in 13.2.
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23 TUGS AND SUPPLY VESSELS
23.1 General

23.1.1 Application

The requirements specified in the present Chapter apply to vessels intended for towing
operations and to vessels specially designed for services to offshore installations.

The requirements shall be regarded as complementary to the basic ones given in Chapters 1+17.

23.1.2 Classification

Vessels built in accordance with the requirements specified in the present Chapter may be affixed
with the additional mark in the symbol of class:

TUG
SUPPLY VESSEL.

23.1.3 Definitions
ss — standard frame spacing determined in accordance with the following formula:

s, =048+0002Z, [m] (23.1.3)

but not more than 0.6 m within the areas forward of the collision bulkhead and aft of the after
peak bulkhead;

s - spacing of stiffeners, measured along plating, [m];
I - span of stiffener or primary supporting member, [m].

23.1.4 Documentation

23.1.4.1 Technical documentation, specified in 1.4.2, shall be submitted to PRS for
consideration and approval.

23.2 Tugs
23.2.1 Scantling of Structural Members

23.2.1.1 For determining the scantlings of structural members in tug, the design draught 7= Ty
> 0.9H, [m] shall be taken.

23.2.2 Side Stringers in Fore Peak

23.2.2.1 Forward of the collision bulkhead, horizontal side stringers shall be arranged on the
ship’s sides not more than 2 m apart. The stringers shall be connected to the collision bulkhead
by brackets.

23.2.2.2 The dimensions of stringers shall not be less than:
— web height: h; = 250 + 5Ly [mm];

— web thickness: t;= 6.5 + 0.02Ly [mm];

— flange cross-sectional area A, = 5 cm2.

23.2.2.3 Stringers shall be supported by panting beams not more than 2 frame spaces apart.
The sectional area of beams shall not be less than:

A,=5+2B [cm?] (23.2.2.3)
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For beams not supported by a longitudinal partition at the ship’s centre line, the sectional area
shall be increased by 50%.

23.2.2.4 Beams shall extend to the frames and shall be connected to stringers and frames by a
weld with an area not less than 40% of the beam sectional area.

23.2.2.5 Intermediate frames shall be connected to the stringer by a stiffener, the weld area
being not less than 40% of the sectional area of the intermediate frame.

23.2.3 Side Fenders

Fenders of adequate strength shall be fitted at deck level along the whole length of the ship (loose
fenders may be approved if the upper part of the ship’s side is additionally stiffened).

It is recommended that the design of sides in tug provide for the pressure caused by external
objects being distributed within the largest possible area.

23.2.4 Machinery Casings

23.2.4.1 Plating thickness and stiffener scantlings of engine and boiler room casings, not
protected by deckhouses, shall be at least 20% in excess to the basic requirements.

23.2.4.2 The scantlings of skylight coamings shall be as in exposed casings.

23.2.4.3 When the length of casing is greater than the ship’s breadth, a continuous transverse
deck primary supporting member is recommended to be fitted in the mid-length of the casing.

23.2.5 Strengthening in Way of Towing Arrangement

Seatings of the towing hook, winch and bollards shall be adequately connected to hull or
superstructure structural members.

The thickness of the plating in way of the seating of the said arrangements shall be increased by
at least 60% in excess of the basic requirements.

23.3 Supply Vessels
23.3.1 Ship’s Sides and Stern

23.3.1.1 Longitudinal fenders shall be fitted within areas exposed to possible damage on the
ship’s sides at upper and forecastle deck. Additional diagonal fenders shall be fitted in the
forebody between the said longitudinal fenders.

23.3.1.2 The thickness of the side plating, including bilge strake, shall not be less than:
t=(65+005L))~ [mm] (23.3.1.2)
N

s

however, not less than 9 mm; 5 >1 shall be taken.
s

s

Where fenders are omitted, within areas exposed to possible damage, the thickness of the side
plating at upper and forecastle deck shall not be less than twice that required above. The plating
of increased thickness shall extend to a level of not less than 0.01 Lo below the deck.

23.3.1.3 Within the areas exposed to possible damage and protected by fenders the section
modulus of the main and ‘tween deck frames shall not be less than:
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W=15L,1s [cm3] (23.3.1.3-1)
W =125W [cm3] (23.3.1.3-2)

whichever is the greater.
W - section modulus determined in accordance with the basic requirements.

If fenders are omitted within areas exposed to possible damage, the section modulus of the main
and ‘tween deck frames shall not be less than:

W=25IL1s [cm?] (23.3.1.3-3)

All frames shall be provided with end brackets. Scallop welds shall not be used in connections
between side frames and shell plating.

23.3.1.4 Flat part of bottom in way of stern shall be efficiently stiffened.

23.3.1.5 The areas of stern structure subjected to heavy loads when handling anchors or other
arrangements for drilling rigs shall be strengthened. The plate thickness shall not be less than
twice the basic requirement determined in accordance with formula 23.3.1.2. The adjacent deck
structure shall be strengthened accordingly.

23.3.2 Weather Deck for Cargo

23.3.2.1 The scantlings of the deck structural members shall be based on a minimum cargo load of
1.5t/m?, in combination with 80% of the design sea pressure determined in accordance with 16.2.
Cargo loads exceeding 4 t/m? need not be combined with sea pressure. For intermediate loads,
the percentage of the design sea pressure to be added shall be determined by linear interpolation.

23.3.2.2 Deck plating thickness shall not be less than 8 mm.

23.3.2.3 In deck areas for heavy cargo units, the deck structure shall be adequately
strengthened.

23.3.2.4 Stowracks for deck cargo shall be provided. The stowracks shall be efficiently attached
and supported. The scantlings of stowracks shall be based on aload not less than 6F, [kN],
assumed to be evenly distributed on the stowrack on one side of the vessel. F, — total deck area
between stowracks, [mZ2].

23.3.2.5 Bulwark plating thickness shall not be less than 7 mm. Bulwark stay depth shall not be
less than 350 mm at deck. The spacing of bulwark stays shall not exceed 1.3 m.

23.3.2.6 The scantlings of the foundations and supports of towing equipment shall be based on
the breaking strength of the towline.

23.3.3 Construction of Foundations

Pillars and primary supporting members supporting deck cargo and towing winches, foundations
for separate cargo tanks, as well as supports of other heavy components shall have scantlings
based on the supported mass, including dynamic loads due to the vessel’s motion twice the values
determined in Chapter 13.

23.3.4 Superstructure End Bulkheads and Deckhouse Walls and Decks

23.3.4.1 The plating thickness of the deckhouse sides, superstructure and deckhouse end
bulkheads, as well as deckhouse deck shall not be less than:
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t=1,+002L, [mm] (23.3.4.1)

to = 6 for front bulkhead,

to = 5 forside and aft end bulkheads,

to = 4.5 for decks in deckhouses.

For stiffener or beam spacing exceeding 0.6 m, the required thickness shall be increased in
proportion to the increased spacing.

23.3.4.2 The section modulus of the stiffeners and beams shall not be less than:
W=07/ sp [cm3] (23.3.4.2)

p - design sea pressure determined in accordance with sub-chapter 16.2; at least the following
values shall be taken:
p>20KkPa for front bulkhead,
p>13 kPa for side and aft end bulkhead,
p>10KkPa for exposed deck,
p>=8kPa for accommodation deck.

23.3.4.3 Stiffeners of sides and end bulkheads shall have welded end connections. Beams shall
be connected to wall stiffeners by brackets. Stiffeners on front bulkheads shall have brackets at
their both ends.

23.3.5 Requirements for Tanks Containing Hazardous Liquids

23.3.5.1 Therequirements of sub-chapter 23.3.5 are consistent with IMO Resolution A.673(16),
as amended by Resolution MSC.236(82). These requirements are applicable to integral or
independent tanks containing hazardous liquids. A detailed list of such liquids is given in
Appendix 1 to the above-mentioned Resolution (sulphuric acid, hydrochloric acid, etc.).

23.3.5.2 Cargo tanks containing liquids, as specified in 23.3.5.1, shall be located at a distance
not less than 760 mm measured inboard from the side of the vessel perpendicular to CP at the
level of the summer load waterline.

23.3.5.3 Tanks containing liquids, as specified in 23.3.5.1, shall be segregated from machinery
spaces, propeller shaft tunnels, dry cargo spaces, accommodation and service spaces, the crew
food store-rooms - by means of cofferdams, void spaces, cargo pump-rooms, empty tanks, the
tanks containing other liquids (except fresh water tanks and lubricating oil tanks).

The above-mentioned tanks may extend to the vessel bottom, but they cannot be located in the
fore and aft peaks.

The spacing between the remaining boundaries of the tanks and the adjacent ship’s structures
shall not be less than 600 mm.

Cargo tanks may extend to the deck plating, provided dry cargo is not handled in that area or
unless a continuous permanent deck sheathing of wood or other suitable material of appropriate
thickness is fitted.

23.3.5.4 On-deck stowage of independent tanks or installing independent tanks in a cargo hold
is considered as satisfying the requirements set forth in 23.3.5.3.

23.3.5.5 The type of cargo tanks used for the carriage of liquids, as specified in 23.3.5.1, shall
comply with the requirements of the International Code for the Construction and Equipment of

280 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part II - Hull, Chapter 23 - Tugs and Supply Vessels July 2024

Ships carrying Dangerous Chemicals in Bulk (IBC Code) or the International Code for the
Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code), as applicable.

23.3.5.6 Instead of the use of permanently attached deck-tanks, portable tanks complying with
the requirements of the International Code for the Construction and Equipment of Ships carrying
Dangerous Chemicals in Bulk (IBC Code) or tanks specifically approved by the Administration may
be used, provided they are properly located and secured to the ship.

23.3.5.7 Construction material for the tanks shall comply with the requirements specified in
the IBC Code or the IGC Code, as applicable.
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24 DREDGERS, HOPPER BARGES AND FLOATING CRANES
24.1 General

24.1.1 Application

The requirements specified in this Chapter apply to vessels specially intended for dredging and
carriage of spoil and vessels intended for lifting operations.

The requirements shall be regarded as supplementary to the basic ones specified in Chapters 1+17.

24.1.2 Classification

Vessels built in accordance with the requirements specified in this Chapter may be affixed with
the additional mark in the symbol of class:

DREDGER - dredger,
HOPPER BARGE - hopper barge,
FLOATING CRANE - floating crane.

24.1.3 Documentation

Technical documentation, specified in sub-chapter 1.4.2, shall be submitted to PRS for
consideration and approval

24.2 Structural Design and Scantlings of Structural Members of Dredgers and Hopper Barges

24.2.1 Corrosion Additions

Areas in way of spoil holds shall be regarded as unprotected against corrosion and the assumed
corrosion additions shall be in accordance with the requirements specified in sub-chapter 2.5.

Where quick wear in the plating caused by stone or other material carried in the spoil holds may
be expected, corrosion additions are subject to PRS acceptance in each particular case.

24.2.2 Longitudinal Strength

Hull section modulus, as well as sectional area of sides and longitudinal bulkheads shall fulfil the
requirements specified in Chapter 15, regarding the most severe loading conditions corresponding to
sea voyages, dredging operations and spoil discharging. The density of spoil not less than 1.2 t/m3 shall
be taken for calculations.

24.2.3 Structure Scantlings

Scantlings of the structural members shall fulfil the requirements specified in Chapter 13, special
consideration being paid to the local loads due to the specialised dredging equipment. Allowable
stresses in hull supporting structures for fastening the dredging equipment and the extent of other
local strengthenings corresponding to the operations carried out is subject to PRS acceptance in
each particular case.

24.3 Structural Design and Scantlings of Structural Members of Floating Cranes

24.3.1 Hull structure shall comply with the basic requirements, taking into account
strengthening necessary for supporting the crane during operation and in the parked position.

24.3.2 Transverse and longitudinal bulkheads receiving forces transferred onto the hull by the
crane foundation shall be fitted in the hull.
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25 CATAMARANS
25.1 General
25.1.1 Application

25.1.1.1 Therequirements specified in this Chapter apply to catamarans of 24 m < Lo <90 m in
length which are not high speed craft. The definition of high speed craft is provided in sub-chapter
1.2 of Part I - Classification Regulations.

Hull construction of catamarans of a length Lo > 90 m is subject to PRS consideration in each
particular case.

25.1.1.2 The requirements specified in this Chapter apply to unrestricted service catamarans
with steel or aluminium-alloy hulls of the construction specified in sub-chapter 25.4, which are
passenger ships, cargo ships, fishing vessels, etc.

For restricted service catamarans, the values of dynamic general loads (bending moments,
torques, etc.) and local loads (external pressure induced by sea water, pressure induced by cargo,
stores, etc.) may be reduced as follows:

— for operating area Il by 10%,

— for operating area III by 30%.

25.1.2 Symbols

Fig. 25.1.2. Definition of some dimensions of catamaran hull

L, Lo- length of catamaran and design length of catamaran, respectively [m], determined
for an individual hull considered as a ship, like in 1.2.2;

B - breadth of catamaran [m] - maximum breadth of catamaran, measured between
the outer edges of frames of the individual hull outer sides;

B1 - breadth of individual hull [m] - maximum breadth measured between the outer
edges of frames of the individual hull outer side and inner side (i.e. the side closer to the
catamaran centre plane);

By, = B - 2B; - breadth of cross-deck structure [m];
Bs = 2B - combined breadth of individual hulls [m];
D - catamaran displacement [t] - measured atdraught T;

T - catamaran draught [m] - vertical distance from the base plane to the summer load
waterline measured amidships;

Polish Register of Shipping 283




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part II - Hull, Chapter 25- Catamarans

V - volume of moulded displacement [m3] - combined volume of individual hulls
defined by the outer edges of frames at draught T;

H, - vertical distance from the summer load waterline to the midheight of catamaran cross-deck
structure measured at the centre plane [m];

z, — vertical distance from the base plane to the cross-deck structure deck at the side amidships
[m];
0 - moulded block coefficient calculated in accordance with the following formula:

v
L,B,T

N

25.1.3 Documentation

Technical documentation shall be submitted to PRS for consideration and approval. The
documentation scope in accordance with 1.4.2 shall be adjusted to the specific construction of
catamaran hulls.

Particularly, drawings showing the construction of cross-deck structure connecting the
catamaran individual hulls shall be submitted.

25.2 Materials and Welding

25.2.1 Materials

While selecting the grade of steel, the requirements specified in sub-chapter 2.2 shall be taken
into account considering each individual hull as the hull of single-hull ship and the cross-deck
structure as the bottom of the ship.

Plates of deck plating and of the cross-deck structure bottom as well as fore and after walls of the
cross-deck structure in way of the cross-deck structure connection to the individual hulls located
at the distance at least double frame spacing from the cross-deck structure connection to the
individual hulls belong to class III of structural members.

25.2.2 Welding

While determining the characteristics of welds connecting structural members of catamaran hulls, the
principles specified in Chapter 4 shall be applied considering each individual hull as a hull of single-
hull ship.

The requirements for welds connecting structural members of the cross-deck structure are the
same as for welds connecting structural members of single-hull ship bottom.

25.3 Subdivision
25.3.1 General Requirements

25.3.1.1 Individual hulls and the cross-deck structure shall be divided by transverse bulkheads
into watertight compartments.

The following bulkheads are required:
— collision bulkhead,
— bulkheads forming the boundaries of machinery spaces.
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25.3.1.2 Each passenger catamaran as well as catamarans of other types intended for various
functions having a length more than 80 m shall fulfil the requirements for subdivision and stability
index specified in sub-chapter 5.3 of Part IV - Stability and Subdivision.

25.3.2 Position and Vertical Extent of Collision Bulkheads

Collision bulkheads in individual hulls shall fulfil the requirements specified in sub-chapters 9.2.2
and 9.2.3.

25.4 Construction

25.4.1 Constructional Types of Individual Hull Connections

The requirements specified in sub-chapter 25.4 apply to individual hull connections effected by

either of the following methods:

— over individual hulls, a deckhouse or superstructure of a length not less than half of the length
of catamaran and including not less than 3 transverse bulkheads or divisions situated in the
fore, midship and aft portions is applied.

— a special platform which forms the system transverse members covered with plating on both
(top and bottom) sides or only on one (top) side is applied.

Other construction types applied to connections of individual hulls (e.g. platform which consist
of several segments) are subject to PRS consideration in each particular case.

25.4.2 Construction of Individual Hull Connection

25.4.2.1 It is recommended that the cross-deck structure have a transverse framing system.
Transverse members and transverse stiffeners of platings/plating of the cross-deck structure
shall be coplanar with the corresponding members of individual hulls.

The construction of cross-deck structure shall be accessible for inspection and maintenance.

It is recommended that the cross-deck structure, including the top and bottom plating, be not
less than 800 mm.

25.4.2.2 Where an opening (hatch) of a breadth exceeding 60% of that of the relevant deck is
applied in the individual hull deck, adequate strengthening shall be provided to the cross-deck
structure deck in way of such an opening. This strengthening shall extend fore and aft over the
length approximately equal to the half of opening breadth.

25.4.2.3 If the connection of individual hulls is in the form of superstructure/deckhouse
provided with bulkheads/divisions ensuring the strength of catamaran subjected to general
transverse bending and torsion, then the individual hulls shall be provided by means of coplanar
transverse bulkheads, divisions or sturdy frames.

In the superstructure/deckhouse divisions connecting individual hulls, openings of a height or
breadth exceeding half the height of such a division shall not be applied. The possibility for making
such openings is subject to PRS consent in each particular case.

25.4.2.4 It is recommended that the cross-deck structure with top and bottom platings be
connected to the inner sides of individual hulls as shown in Fig. 25.4.2.4-1 and Fig. 25.4.2.4-2.
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cross-deck structure

/

rounded termination of side
stringer face plate segment

Fig. 25.4.2.4-1

Individual hull transverse girder depth at the inner side is equal to the cross-deck structure height.
The depth may be reduced gradually along the distance from the inner side.

In the individual hulls, side stringer (Fig. 25.4.2.4-1) or rounded-edge brackets (Fig. 25.4.2.4-
2) shall be provided at the level of cross-deck structure bottom plating.

3

A-A

N WE!

S, - spacing of transverse girders

Fig. 25.4.2.4-2

25.4.2.5 For cross-deck structure with rounded bottom plating at the individual hull sides, the
method of its connection to the individual hull sides is subject to PRS consideration in each
particular case.
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25.4.2.6 It is recommended that transverse girders of cross-deck structure without bottom
plating be connected to the individual hull sides as shown in Fig. 25.4.2.6.

Other design solutions are subject to PRS consideration in each particular case.

Fig. 25.42.6

25.4.2.7 In the cross-deck structure with transverse framing system, transverse stiffeners of
plating/ platings of the spacing equal to the frame spacing shall be applied between transverse
girders.

Stiffeners of top and bottom platings shall be connected to each other with brackets at the individual
hull inner sides and at the cross-deck structure longitudinals.

The width of such brackets (measured perpendicularly to the centre plane) shall not be less than
0.3 the cross-deck structure height and thickness - not less than that of the transverse girders.

If the bracket height to its thickness ratio exceeds 35, then the free edge shall be stiffened by face
plate or flange.

25.4.2.8 Stiffeners of the cross-deck structure top and bottom platings may be connected by
vertical cross-ties situated at their midspan.

Cross-tie sectional area and moment of inertia shall not be less than the corresponding
parameters of the lesser section of the connected stiffeners.

Application of cross-ties allows for the reduction by 40% of sectional moduli of the stiffeners of the
cross-deck structure required in sub-chapter 25.5.

25.4.2.9 For longitudinal framing system of the cross-deck structure deck and individual hull
inner side, brackets shall be used in the transverse planes of the cross-deck structure stiffeners,
for the connection of those deck stiffeners which are the closest to the inner side, to the inner side
stiffener which is the closest to the deck.
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25.4.2.10 The strength of cross-deck structure without bottom plating subjected to transverse
bending or torsion of catamaran may be ensured by means of several reinforced transverse
girders.

In that case, bulkheads, divisions or reinforced frames shall be arranged in the individual hulls
coplanarly with such girders.

In way of connection of the reinforced girder face plates to the individual hull sides, horizontal
brackets shall be fitted as shown in Fig. 25.4.2.6.

25.5 Hull Structure Strength
25.5.1 Minimum Thicknesses of Structural Members

25.5.1.1 Minimum thicknesses of structural members shall be determined in accordance with
the requirements specified in sub-chapter 13.2 considering each individual hull as the hull of
single-hull ship and the cross-deck structure as the double bottom of the ship.

25.5.2 Strength and Buckling Strength of Plating and Plating Stiffeners

25.5.2.1 Todetermine the required plating thickness and the required sectional modulus of the
plating stiffeners and to assess their buckling stability, the requirements specified in Chapter 13
shall be applied.

For this purpose, coefficient fshall determined in accordance with formula 13.1.2 using the values
of M5, M\, and W; determined in accordance with 25.6.8.

Design loads shall be assumed in accordance with sub-chapter 25.6.

Corrosion additions shall be taken in accordance with sub-chapter 2.5.

25.5.2.2 The plating and stiffeners of bottom and sides of individual hulls in the forebody shall
also be checked in the conditions of slamming pressure p, determined in accordance with 25.6.3
and 25.6.4 and in compliance with the requirements specified in paragraphs 6.7.2, 6.7.3, 7.4.2
and 7.4.3.

25.5.2.3 Scantlings of the cross-deck structure bottom plating and stiffeners shall be
determined in accordance with the requirements specified in paragraphs 6.7.2 and 6.7.3 assuming
slamming pressure p, determined in accordance with 25.6.5.

25.5.3 Strength of Primary Supporting Members’ System

25.5.3.1 The strength of the system of primary supporting members in individual hulls and
cross-deck structure shall be assessed in accordance with the requirements specified in sub-
chapters from 14.1 to 14.5, for local loads determined in accordance with 25.6.2, 25.6.6 and 25.6.7,
taking into account the general bending stress in the vertical plane determined in accordance
with the requirements specified in paragraphs 25.5.4 and 15.1.1.2.

Additionally, the requirements specified in paragraphs 6.7.4 - for individual hull members and cross-
deck structure primary supporting members, as well as 7.4.4 - for side structural primary supporting
members shall be applied assuming the slamming pressure p, determined in accordance with
paragraphs 25.6.3, 25.6.5 and 25.6.4.

25.5.3.2 The strength of the system of primary supporting members in individual hulls and
cross-deck structure is also to be checked in accordance with the requirements specified in
paragraphs 25.5.5 to 25.5.7.
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25.5.4 Longitudinal Strength

25.5.4.1 The strength of each individual hull in the conditions of general bending is subject to
assessment in accordance with the requirements specified in Chapter 15 where the bending
moment and shear force shall be taken in accordance with 25.6.8.

25.5.4.2 Each individual hull shall be considered as a single-hull ship.

While determining the single hull sectional modulus, continuous members of the cross-deck
structure in the area shown in Fig. 25.5.4.2 may be considered.

upper deck

PS

the area considered while determining
the sectional modulus

Fig. 25.5.4.2. Cross-deck structure area considered while determining the sectional modulus

25.5.4.3 Application of shell-and-beam FEM model for the entire hull of catamaran (including
the superstructure or deckhouse) is subject to PRS consideration in each particular case.

25.5.5 Cross-deck Structure Transverse Bending

25.5.5.1 The strength of cross-deck structure members, deck, sides and bulkheads of individual
hulls in way of the cross-deck structure as well as superstructure or deckhouse covering the cross-
deck structure is subject to assessment.

25.5.5.2 It is recommended that strength analysis FEM model covering the entire catamaran
hull including the superstructure or deckhouse be applied. The FEM model shall be developed in
accordance with the general principles specified in sub-chapter 14.4.

25.5.5.3 Bending moment M, = Mps + My (Mps, Mpw — are defined in 25.6.9) may be applied to
the FEM model as continuous loads acting horizontally coplanar with the decks and at the level of
individual hulls’ bottom so that the load of each individual hull be equivalent to the load by a force
couple of moment M,.

The stress in the region adjacent to the loads so applied is not subject to assessment.

25.5.5.4 Allowable stress values specified in 14.5.3 with neglected stress due to general
bending of ship apply.

25.5.6 Cross-deck Structure Torsion around Transverse Axis

25.5.6.1 The scope of structure to be assessed is as specified in 25.5.5.1. It is recommended that
a FEM model developed in accordance with 25.5.5.2 be applied.
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25.5.6.2 Torque M of the value determined in accordance with 25.6.10 may be applied in the
form of the system of vertical force couples coplanar with the centre planes of individual hulls
(see Fig. 25.5.6.2).

The above mentioned forces shall be so taken that the maximum value of the moment causing
torsion of catamaran around its longitudinal axis does not exceed the value M;defined in 25.6.11.1.

The stress in the region where the above mentioned loads are applied is not subject to assessment.

Fig. 25.5.6.2. Force couple system for application of torque M

25.5.6.3 Allowable stress values are the same as specified in 25.5.5.4.
25.5.7 Cross-deck Structure Torsion around Longitudinal Axis

25.5.7.1 The scope of assessment, recommendations regarding the FEM model and allowable
stress values are as specified in 25.5.6.

25.5.7.2 Torque M, of the value in the transverse section amidships determined in accordance
with 25.6.11.1 may be applied as a system of vertical force couples coplanar with individual hull
centre planes. The vertical force couples are roughly evenly distributed along the individual hulls.

The values of such forces shall be so taken that the value of torque M; in the midship section
of catamaran is obtained and the moment causing the cross-deck structure torsion around the
transverse axis does not exceed the value of My defined in 25.6.10.1

25.5.8 Cross-deck Structure Shearing

25.5.8.1 The values of average shear stress in transverse divisions and bulkheads of the cross-
deck structure (see 25.6.9.3) and the associated normal stress and equivalent stress shall not
exceed the allowable stress values specified in 14.5.3.1. The method of calculation of the above
mentioned stresses is specified in 25.5.8.2.

25.5.8.2 Average shear stress (see 25.5.8.1) shall be determined in accordance with the
following formula:

w
="

oot [MPa] (25.5.8.2-1)

where:
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Oyw — transverse shear force determined using formula 25.6.9.3-1, [kN],

A,-the total of effective cross-section areas of transverse divisions and bulkheads in
cross-deck structure (see 3.2.3) situated in any plane parallel with the centre plane,
[cmz2].

Normal stress shall be determined in accordance with the following formula:

1000M° |
oc=—""[MPa] (25.5.8.2-2)
w
where:
M7, — bending moment determined in accordance with formula 25.6.9.3-2, [kNm],
W — sectional modulus of the cross-deck structure cross-section made in a plane parallel with

the centre plane in way of the connection to the individual hull side, [cm?].
Equivalent stress shall be determined in accordance with the following formula:
o, =\o’ +3cr° [MPa] (25.5.8.2-3)
where:

7 - shear stress to be determined in accordance with formula 25.5.8.2-1, [MPa],
o - normal stress to be determined in accordance with formula 25.5.8.2-2, [MPa].

25.5.9 Strength of Cross-deck Structure Subjected to Load Combination

25.5.9.1 The strength of the system of primary supporting members of the cross-deck
structure, individual hulls in way of the cross-deck structure as well as superstructure /deckhouse
shall be checked for the following simultaneous loads:

—  80% of the bending moment required in 25.5.4 and 60% of torque M, defined in 25.5.7,

—  60% of the bending moment required in 25.5.4 and 80% of torque M; defined in 25.5.7,

—  70% of the bending moment defined in 25.5.5 and 100% of moment M, defined in 25.5.6,

—  100% of the bending moment M, defined in 25.5.5 and 70% of moment My defined in 25.5.6.

25.5.9.2 The same FEM model as that mentioned in paragraphs 25.5.4 to 25.5.7 may be applied.

The same allowable stress values as those determined in paragraph 25.5.5.4 shall be taken.
25.5.10 Strength of Cross-deck Structure in Dry-docking Conditions

25.5.10.1 The strength of primary supporting members shall be determined in accordance with
25.5.6 in the scope as specified in paragraph 25.5.5.1.

The moment causing cross-deck structure torsion around the transverse axis shall be determined
in accordance with the following formula (see also Fig. 25.5.10.2):

M, = % gD,e [kNm](25.5.10.1)

where:

Dg—displacement of catamaran ready for dry-docking, [t],

e-dimension defined in Fig. 25.5.10.1, [m].
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- pcross-deck structure

Fig. 25.5.10.1. Ms in dry-docking conditions

In Fig. 25.5.10.1, I, represents the length of cross-deck structure while I; - the length of
individual hull keel segment supported by keel blocks.

25.5.10.2 Equivalent stress in the primary supporting members determined by means of FEM
model developed in accordance with the general principles defined in paragraph 14.4.2 shall not
exceed the material yield point.

25.6 Design Loads
25.6.1 General

25.6.1.1 In sub-chapter 25.6, local loads are determined acting on the construction to be used
for the assessment of the strength of plating, plating stiffeners and primary supporting members
in accordance with the requirements specified in paragraphs 25.5.2 and 25.5.3 as well as general
loads to be used in the construction strength calculation in accordance with the requirements
specified in paragraphs from 25.5.4 to 25.5.8.

25.6.2 External Pressures

25.6.2.1 Amplitudes of ship motions and accelerations shall be determined in accordance with
the requirements specified in sub-chapters 17.3 and 17.4 - except for pitch amplitude 6, and roll
amplitude ¢4 whose values are as follows:

®,=0.15rad (25.6.2.1-1)
@, =0.25rad (25.6.2.1-2)

The values of Lo, B and T for an individual hull shall be taken for calculations.

25.6.2.2 The values of pressure acting on outer and inner sides of individual hulls as well as on
the upper deck shall be determined in accordance with paragraph 16.2.2.

The values of pressure acting on the cross-deck structure bottom shall be assumed the same as for the
inner side in way of its connection to the cross-deck structure.

The values of slamming pressure due to slamming determined in accordance with 25.6.5 also
apply to the cross-deck structure.

The design load of superstructure walls shall be determined in accordance with the requirements
specified in sub-chapter 10.4.

25.6.2.3 For catamarans of restricted service, loads may be reduced in accordance with
25.1.1.2.
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25.6.3 Slamming Loads on Individual Hull Bottoms

25.6.3.1 Design slamming load acting on the individual hull bottom in the forebody shall be
determined in accordance with the following formula:

P, = ﬂ(1 - 20T—’”] [kPa] (25.6.3.1)
1ga 0
where:
T» — minimum value of draught at FP in the expected loading conditions, [m].
T shall be determined as a vertical distance from the waterline to the lowest point of frame
section;
a — rake angle related to the bottom in the relevant frame section; where flat portions of bottom do

not exist, « shall be determined in accordance with Fig. 25.6.3.1.
The value of « taken for calculations need not be lesser than 10° and shall not exceed 30°.

If pu determined in accordance with formula 25.6.3.1 takes a negative value, then p, = 0 shall be
taken.

wirame

0,157,

Jjhorizontal

Fig. 25.6.3.1. Determining rake angle o

25.6.3.2 Pressure p, determined in accordance with formula 25.6.3.1 exerts load on the bottom
in the region below the upper point of the bilge turn or below the hull chine and not higher than
0.25T, above the level of the lowest frame point in the centre plane.

25.6.3.3 Pressure p, determined in accordance with 25.6.3.1 shall be applied in the bottom
region 0.35L aft of FP.

In the region from 0.35L¢ to 0.5L aft of FP, the slamming pressure reduces linearly versus x, from
the value determined above to zero.

25.6.4 Slamming Load on Individual Hull Sides

25.6.4.1 Slamming pressure on the shell plating in the individual hull forebody, in the region
0.3Lo aft of FP, shall be determined in accordance with paragraph 7.4.5 considering each
individual hull as the hull of single-hull ship.

This slamming pressure exerts the load on the shell plating above the region subjected to pressure
on the bottom p.. defined in 25.6.3.2, up to the level of upper deck (or cross-deck structure) or
the lower boundary of the region where the sides are vertical.
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25.6.5 Slamming Load on Cross-deck Structure Bottom

25.6.5.1 Slamming pressure on the cross-deck structure bottom shall be determined in
accordance with the following formula:

p, = c(x)~750[1—Z—0] [kPa] (25.6.5.1)
L
where:
c(x) — coefficient depending on coordinate x whose diagram is shown in Fig. 25.6.5.1;
ho — vertical distance between the cross-deck structure bottom point where p, is determined and the
maximum waterline of individual hulls, [m];
h; — the minimum value of the distance between the cross-deck structure bottom and the waterline

at which no slamming occurs, [m]; the values of /; versus Lo are specified in Table 25.6.5.1; for
intermediate values of Lo, linear interpolation shall be applied.

If p, determined in accordance with formula 25.6.5.1 takes a negative value, then p, = 0 shall be

taken.

A
1,0 1 c(x)

0,5

Fig. 25.6.5.1. Values of ¢(x)

Table 25.6.5.1
Values of 4
Lo [m] hL [m]
25 1.54
30 1.82
40 2.36
50 2.86
60 3.32
70 3.75
80 4.15
90 4.51

25.6.6 Pressure of Liquid in Tanks

25.6.6.1 In the strength analysis of catamaran hull construction, pressures ps, p7 and ps
determined in accordance with the requirements specified in sub-chapter 16.3.2 shall be taken
into account.
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For this purpose, acceleration a, shall be determined in accordance with the requirements
specified in paragraph 25.6.2.1.

25.6.7 Cargo Loads

25.6.7.1 Cargo loads acting on the catamaran hull construction shall be determined in
accordance with the requirements specified in sub-chapter 16.4 and also those specified in
paragraph 25.6.2.1.

25.6.8 Bending Moments and Shear Forces in Conditions of Catamaran Bending in
Vertical Plane

25.6.8.1 Moment, M, bending the catamaran hull in still water shall be determined in
accordance with the principles specified in sub-chapter 15.4.4, substituting total breadth of both
individual hulls B; for B.

25.6.8.2 The value of vertical wave bending moment in the entire hull of catamaran, M,, in
the region -0.1Lo < x < 0.15L¢, to be taken for calculations shall be determined in accordance with
the following formulae:

— in sagging
M, =M,, ==0.11C,I2(B~cB, 5 +0.7) [kNm] (25.6.8.2-1)
— in hogging
M, =M,, =019C,I}(B~cB,)s [Nm] (25.6.8.2-2)
where:
Lo, B, By, & — as defined in 25.1.2,
C, — to be determined in accordance with 17.2.2,
¢ — coefficient taking values specified in Table 25.6.8.2, depending on z,, T'and C,, (see 25.1.2).
Table 25.6.8.2
Values of coefficient ¢
z
_r
Cu T
T <15 1.75 2.0 2.25 2.5 >3.0
<15 0.29 0.36 0.43 0.50 0.57 0.71
2.0 0.22 0.28 0.33 0.39 0.44 0.56
2.5 0.18 0.23 0.27 0.32 0.36 0.45
3.0 0.15 0.19 0.23 0.27 0.31 0.38
35 0.13 0.17 0.20 0.23 0.27 0.33
4.0 0.12 0.15 0.18 0.21 0.24 0.29
>4.5 0.11 0.13 0.16 0.18 0.21 0.26

For intermediate values of ratios C,/T and z,/ T, coefficient ¢ shall be determined by linear interpolation.

25.6.8.3 Distribution of M,, along the catamaran shall be taken in accordance with 15.5.2.1.

For catamarans of considerably bevelled frames in the forebody above the design waterline, PRS
may require to increase M, by 20%. In that case, the distribution of M, along the catamaran is
as shown in the diagram of k. in Fig. 15.5.2.2.

25.6.8.4 The value of shear force in the catamaran hull to be taken for calculations shall be
determined in accordance with the following formula:
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0=k, -5M /Ly [KN] (25.6.8.4)

where:
M — combined bending moment taking the greater value of Az + |az,,, | and M; + My, [KNm],

ko — coefficient taking the following values:
ko=0for x=—0.5Loand x=0.5L¢
ko=1.0 for —0.35Ly<x<0.35Lg
The values of kg in the regions — 0.5Lo <x <—0.35Lp and 0.35Ly <x < 0.5L¢ vary linearly.

25.6.9 Transverse Bending Moment

25.6.9.1 Transverse moment bending of the cross-deck structure in still water M, (see Fig.
25.6.9.1) shall be determined in accordance with the transverse distribution of catamaran mass
and the maximum value shall be taken for calculations.

The value of My, taken for the cross-deck structure strength calculations shall not be less than:

M, =0.125gDB, [kKNm] (25.6.9.1)

where:
D, B, —see 25.1.2.

|
3w,

N

Fig. 25.6.9.1. Transverse bending moment in still water

25.6.9.2 Transverse wave bending moment in still water My, (see Fig. 25.6.9.2) shall be
determined in accordance with the following formula:

2
MPW =84L,T Hp [kNm] (25.6.9.2)
where:
Lo, T, H, —see 25.1.2.
'PS
pw ST pw A

A
.
I R
I
v
=
BN

N | NI ‘

Fig. 25.6.9.2

25.6.9.3 Transverse force shearing the cross-deck structure in the waving conditions Qpw (see
Fig. 25.6.9.3) shall be determined in accordance with the following formula:

0, =2L,T* [kN] (25.6.9.3-1)
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Bending moments, 7! , associated with force Qpw (see Fig. 25.6.9.3) shall be determined in

accordance with the following formula:

M, =050, -B, [kKNm] (25.6.9.3-2)
o P 0
M, [ 3 M,
1 \v4
| r
- / N
B
P
Fig. 25.6.9.3

25.6.10 Moment Causing Cross-deck Structure Torsion around Transverse Axis

25.6.10.1 Moment My causing the cross-deck structure torsion around the transverse axis (see
Fig. 25.6.10.1) shall be determined in accordance with the following formula:

Msk =Msw +Mss [kNm] (256101—1)
where:
M,, — wave torque to be determined in accordance with the following formula:
M, =2.505B, [kKNm] (25.6.10.1-2)
M, — torque in still water [kKNm].

The maximum value of My determined for the practicable methods of distribution of the mass of
cargoes, stores and ballast, however not less than 0.5Ms,, shall be taken for the cross-deck
structure strength calculations.

Fig. 25.6.10.1

25.6.11 Moment Causing Cross-deck Structure Torsion around Longitudinal Axis

25.6.11.1 The midship value of moment M; causing the cross-deck structure torsion around the
longitudinal axis (see Fig. 25.6.10.1) shall be determined in accordance with the following formula:
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M, =0.25gD(B—B,) [kNm] (25.6.11.1)

25.6.11.2 Linear distribution M(x) shall be assumed in the segments between the midship
section and the fore and after perpendiculars where M.(x) = 0.
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26 ICE AND SPECIAL STRENGTHENINGS
26.1 General

26.1.1 Application

The requirements for additional class notation are given in Publication 122/P - Requirements for
ice Baltic class and Polar class for ships under PRS supervision. Additionally ships operating in Polar
Waters shall fulfil the requirements specified in Chapter 3 — Ship Structure and Chapter 4 of Part I-B -
Additional guidance to Chapter 3 (Ship Structure) of International Code for Ships Operating in Polar
Waters (Polar Code) (resolution MSC.385(94)).

26.1.1.1 The requirements specified in sub-chapter 26.2 apply to ships with cargo holds
adapted for cargo handling operations with the use of grabs.

26.1.1.2 The requirements specified in sub-chapter 26.3 apply to ships lying aground during
loading operations.

26.1.1.3 Therequirements specified in the present Chapter shall be regarded as supplementary
to the basic requirements set forth in Chapters 1,17.

26.2 Strengthenings in Ships Unloaded with Grabs

26.2.1 The thickness of the inner bottom plating and of sloped bulkhead plating in holds, as well
as the plating of vertical bulkhead at least 1.5 m above the inner bottom shall not be less than that
determined in accordance with the following formula:

tzll.S(HO'Sij [mm] (26.2.1)

Vi

26.2.2 The thickness of the cargo hatch coamings in the upper deck shall not be less than 15
mm.

26.3 Strengthenings in Ships Lying Aground during Loading Operations

26.3.1 Double bottom stiffened transversely shall be provided with plate floors at each frame
and additional side stringers over the full length of the double bottom. The spacing between those
stringers shall not exceed 2 m. Side stringers in longitudinally stiffened double bottom shall be
fitted instead of bottom longitudinals. Floors in such double bottom shall be arranged over its full
length at half spacings as compared with those determined in 6.2.6.

26.3.2 Inasingle bottom, the plating thickness of side stringers and floors shall be increased by
10%.

The location of side stringers and floors shall comply with the requirements for the double
bottom.
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27 ADDITIONAL REQUIREMENTS FOR SHIPS WHICH OCCASIONALLY CARRY DRY
CARGOES IN BULK AND ARE NOT CLASSIFIED AS BULK CARRIERS

27.1 Application

The requirements specified in Chapter 27 apply to ships assigned an additional mark DRY CARGO
SHIP in the symbol of class, which satisfy the following conditions:

— structural arrangement is different form that described in sub-chapter 20.1.2;

— the ships occasionally carry dry cargoes in bulk (other than those specified in 20.1.1.2).

The requirements for ships of double-side skin construction are specified in sub-chapter 27.2 and
for ships of single-side skin - in sub-chapter 27.3.

27.2 Ship of Double-side Skin Construction

The ship is permitted to occasionally carry dry cargoes in bulk, provided:

.1 the freeboard assigned is type B (without reduced freeboard);

.2 double-side skin construction is according to 20.11.2 and 20.11.3;

.3 the ship is provided with loading instrument being in compliance with the requirements
for bulk carriers (see 15.13 and SOLAS-X11/11);

4 dedicated seawater-ballast tanks in ships and double skin spaces arranged in ship of 150
m in length and upwards have been coated with protective coating according to 2.4.1;

.5 water level detectors with warning devices and dewatering/pumping arrangements
according to the requirements specified in 22.9, Part VI - Machinery Installations and
Refrigerating Plants have been applied.

27.3 Ship of Single-side Skin Construction

The ship is permitted to occasionally carry dry cargoes in bulk, provided:

.1 the length of the ship is less than 100 m;

.2 the freeboard assigned is type B (without reduced freeboard);

.3 the ship is provided with loading instrument being in compliance with the requirements
for bulk carriers (see 15.13 and SOLAS-X11/11);

4 dedicated seawater-ballast tanks have been coated with protective coating;

.5 water level detectors with warning devices and dewatering/pumping arrangements
according to the requirements specified in 22.9, Part VI - Machinery Installations and
Refrigerating Plants have been applied.
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28 ADDITIONAL REQUIREMENTS FOR ENERGY EFFICIENT SHIPS

28.1 Application

The requirements of this chapter apply to new ships and those subjected to a major conversion,
of 400 GT and more, engaged in the international trade, described in Regulation 21 of Annex VI to
the MARPOL Convention, according to definitions given in Regulation 2.23 and 2.24 of Annex VI to
the MARPOL Convention.

28.2 Required Documentation

The scope of documentation at each stage and the requirements are described in Guidelines on
Survey and Certification of the Energy Efficiency Design Index (EEDI) and in First Industry
Guidelines for Calculation and Verification of the Energy Efficiency Design Index (EEDI), both
contained in Publication 103/P.

Prior to the commencement of a hull construction or conversion and in their course,
documentation required at subsequent stages of designing, including that elaborated after sea
trials, shall be submitted to the PRS HQ for review and approval.

28.3 Additional Mark in the Symbol of Class

Ships whose attained energy efficiency design index proves to be smaller than the required EEDI
(calculated for that specific period of time) can be given an additional mark in the symbol of class:
ECO EF according to Part I - Classification Regulations and Publication 106/P - Eco Class Rules.
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29 OIL RECOVERY VESSELS
29.1 General

29.1.1 Application

The requirements of this Chapter apply to the oil recovery vessels (ships intended for fighting
chemical pollution). The below requirements shall be considered as supplementary to basic
requirements contained in Chapters 1 to 17.

29.1.2 Classification

The ship complying with requirements of this Chapter may be assigned the following marks in the
symbol of class:
.1 shipsintended for fighting oil spillage:

OIL RECOVERY VESSEL
.2 ships intended for fighting chemical pollution:
CHEMICAL RECOVERY VESSEL.

29.1.3 General Provisions

29.1.3.1 The ship structure shall be such as to permit navigation in oily waters and in hazardous
atmospheres. It shall be resistant to dangerous or corrosive substances or those with a flash point
not exceeding 60°C.

29.1.3.2 The ship’s hull shall be generally constructed of steel. Hull of vessels designed with
restricted function of spillage removal may be constructed of materials other than steel, which
shall be each time approved by PRS. For restrictions as regards carriage of some hazardous
substances or operation in hazardous atmosphere, the ship shall receive the list of substances
permitted to be carried onboard as an Appendix to Certificate of Class.

29.2 Definitions

29.2.1 Additionally to the definitions of hazardous zone, contained in subchapter 1.2 of Part |
of the Rules, for the purpose of this Chapter the specification of ship’s areas, normally covered by
the considered zone (see Table 29.2.1) applies.

Table 29.2.1

Zone 0

1 cargo tanks for the storage of hazardous substances and the interiors of pipelines and vessels belonging to the
cargo containment system;

2 spaces extending to a height of 1 m above the load waterline in ballast condition.
Note: For ships defined in 29.1.2.2, all space surrounding the ship up to the height of upper navigation lights shall
be considered zone 0.

Zone 1

1 cofferdams and other spaces adjacent to cargo tanks;
2 cargo pump rooms;

3 enclosed or semi-enclosed spaces directly above cargo tanks or with boundaries coplanar with cargo tank
bulkheads;

4  stowage spaces for cargo hoses and oil recovery equipment;
5  holds for hazardous substances;
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6  spaces on the open deck including semi-enclosed spaces within a spherical radius of 3 m of tank openings and
openings to pump rooms, holds or cofferdams (e.g. cargo tank hatches, inspection holes, ventilation openings,
access openings);

Note: For ships defined in 29.1.2.2, all space of the open deck shall be considered zone 1.

7  spaces on the open deck above the zone 0 over the full width and length of the ship up to 3.0 m above the
uppermost continuous deck. On ships whose uppermost continuous deck is Zone 0, Zone 1 extends up to 3.0 m
above Zone 0 (it does not apply to the ships defined in 29.1.2.2);

8  spaces without overpressure ventilation which can be entered directly (without air lock) from Zone 1 hazardous
area or which have openings to Zone 1;
9 enclosed or semi-enclosed spaces containing pipelines belonging to the cargo containment system.

Zone 2

1 spaces above Zone 1 over the full width and length of the ship;
2 spaces without overpressure ventilation which can be entered directly (without air lock) from Zone 2 hazardous
area or which have openings to Zone 2

29.2.2 C(Cargo space- that part of the ship which contains all compartments and tanks, including
slop tanks, intended for the carriage of packaged liquid or solid substances or of bulk cargo.
Additionally, the cargo space includes cargo pump rooms, ballast pump rooms, cofferdams, cargo
tanks or voids adjacent to cargo tanks or slop tanks and also deck areas throughout the entire
length and breadth of the ship, over the above-mentioned spaces.

In accordance with the definition, all tanks used for timely storage of substances, such as settling
tanks, shall be considered cargo/slop tanks.

29.3 Space Division

29.3.1 Design of division into holds shall take into account their intended cargo, maximum
expected mass of cargo and the kind of packaging required for those substances, in accordance
with Chapter 4 of IMDG Code.

29.3.2 Arrangement of tanks for hazardous substances within the ship’s hull shall be in
accordance with requirements for chemical carriers of type 1, as given in paragraph 2.6.1 of IBC
Code. Additional requirements for segregation of substances, determining the number of types
and purpose of tanks are contained in subchapter 3.1 and Chapters 4 and 15 of IBC Code.

29.3.3 The accommodation spaces, service spaces, machinery compartment and control
stations shall be so located in relation to cargo space and tanks as to comply with requirements of
3.2.1 of IBC Code.

29.3.4 A dedicated operations center (definition see subchapter 1.2 of the Rules, PartI) shall be
provided onboard ship.

29.3.5 All entries to ship citadel shall be provided with an air lock.
29.4 Tank Structure

29.4.1 Materials to be used for the structure of hazardous substances tanks shall comply with
requirements of Chapter 6 of IBC Code.

29.4.2 The structure of independent tanks and their supports in the hull shall comply with the
requirements of Chapter 6.7 of IMDG Code.
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30 BALLAST WATER EXCHANGE AT SEA
30.1 General

The following methods of ballast water exchange at sea have been evaluated and are recognized

by IMO:

— sequential method, process by which a ballast tank intended for the carriage of water ballast is
first emptied and then refilled with replacement, ballast water to achieve at least a 96%
volumetric exchange;

— flow-through method, a process by which replacement ballast water is pumped into a ballast
tank intended for the carriage of water ballast, allowing water to flow through overflow or
other arrangements. At least three times the tank volume shall be pumped through the tank.

30.2 Ballast Water Management

After the ballast water exchange methods for a ship have been determined, the relevant
sequencing or pump-through operational information shall be documented, together with safety
conditions, in the Ballast Water Management Plan.

The ship’s loading conditions for the ballast water exchange methods shall be developed and
results of calculations submitted to PRS to show that the loading conditions satisfy the applicable
requirements for ballast capacity, trim stability, longitudinal strength and local strength. These
conditions shall be submitted for approval.

Resolution MEPC.149(55) as well as Resolution MEPC.288(71) shall be fulfilled.
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SUPPLEMENT
RETROACTIVE REQUIREMENTS
1 GENERAL

1.1 Application

1.1.1 The requirements specified in the present Supplement apply to existing ships as
described, in detail, in subchapters 2.1 to 2.6, below.

1.1.2 The scope of documentation subject to PRS consideration and approval shall be specified
by PRS in each particular case.

1.2 Implementation Timetable for Existing Bulk Carriers

1.2.1 The requirements, specified in 2.1 and 2.2 below, shall be applied in conjunction with the
damage stability requirements specified in 5.3.4.2 of Part IV of the Rules for the Classification and
Construction of Sea-going Ships.

1.2.2 Compliance with the above-mentioned requirements is required:

a) for ships which were 20 years of age or more on 1 July 1998, by the due date of the first
intermediate, or the due date of the first special survey to be held after 1 July 1998, whichever
comes first;

b) for ships which were 15 years of age or more but less than 20 years of age on 1 July 1998, by the
due date of the first special survey to be held after 1 July 1998, but not later than 1 July 2002;

c) for ships which were 10 years of age or more but less than 15 years of age on 1 July 1998, by
the due date of the first intermediate, or the due date of the first special survey to be held
after the date on which the ship reaches 15 years of age but not later than the date on which
the ship reaches 17 years of age;

d) for ships which were 5 years of age or more but less than 10 years of age on 1 July 1998, by
the due date, after 1 July 2003, of the first intermediate or the first special survey after the
date on which the ship reaches 10 years of age, whichever occurs first;

e) for ships which were less than 5 years of age on 1 July 1998, by the date on which the ship
reaches 10 years of age.

1.3 Requirements for bulk carriers not being capable of complying with strength criteria
for bulkheads between cargo holds Nos. 1 and 2 and for double bottom in cargo hold No.
1, in flooding conditions

In accordance with the requirements of SOLAS XII/9, for bulk carriers constructed before 1 July

1999 which have been constructed with an insufficient number of transverse watertight

bulkheads to satisfy the stability criteria for hold No.1 in flooding condition, given in SOLAS XII

regulation 4.3, the relaxation may be allowed from the requirements concerning strength of

corrugated bulkhead between holds No. 1 and No.2 (acc. to 2.1) and the strength of double bottom

in hold No. 1 (acc. to 2.2), on condition that they shall comply with the following requirements:

a) for cargo hold No. 1, the inspections prescribed for the annual survey in the enhanced programme
of inspections;

b) provision of detection and alarm systems for the water in cargo hold and in cargo conveyor
tunnel, in damage flooding conditions of the spaces;

c) provision of a document with detailed information on specific cargo hold flooding scenarios and
detailed instructions on evacuation preparedness in emergency.

Detailed requirements for the method of fulfilling the above requirements (a) to (c) are specified
in SOLAS XII/9 and in the interpretation of IACS SC154,
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2 REQUIREMENTS FOR EXISTING BULK CARRIERS

2.1 Evaluation of Scantlings of Transverse Watertight Corrugated Bulkhead
between Cargo Holds No. 1 and No. 2 with Cargo Hold No. 1 Flooded

2.1.1 Application and Definitions

The requirements specified in the present Section apply to all bulk carriers of length Lo > 150 m,
in the foremost hold, intended to carry solid bulk cargoes having a density of 1.78 t/m3, or above,
with single deck, topside tanks and hopper tanks, fitted with vertically corrugated transverse
watertight bulkheads between cargo holds No. 1 and 2 where:

.1 the foremost hold is bounded by the side shell only for ships which were contracted for
construction prior to 1 July 1998, and have not been constructed in accordance with the
requirements specified in sub-chapter 20.7.

.2 the foremost hold is double side skin construction of less than 760 mm breadth measured
perpendicular to the side shell in ships, the keels of which were laid, or which were at a
similar stage of construction, before 1July 1999 and have not been constructed in
accordance with the requirements specified in sub-chapter 20.7.

The net scantlings of the transverse bulkhead between cargo holds No. 1 and No. 2 shall be
calculated using the loads given in sub-chapter 2.1.2, the bending moment and shear force given
in sub-chapter 2.1.3 and the strength criteria given in sub-chapter 2.1.4.

Where necessary, steel renewal and/or reinforcements are required as per sub-chapter 2.1.6.

In these requirements, homogeneous loading condition means a loading condition in which the
ratio between the highest and the lowest filling ratio, evaluated for the two foremost cargo holds,
does not exceed 1.20, to be corrected for different cargo densities.

2.1.2 Load Model
2.1.2.1 General

The loads to be considered as acting on the bulkhead are those given by the combination of the
cargo loads with those induced by the flooding of cargo hold No.1.

The most severe combinations of cargo induced loads and flooding loads shall be used for the
check of the scantlings of the bulkhead, depending on the loading conditions included in the
loading manual:

— homogeneous loading conditions;

— non homogeneous loading conditions.

Non homogeneous part loading conditions associated with multiport loading and unloading
operations for homogeneous loading conditions need not to be considered in accordance with
these requirements.

2.1.2.2 Bulkhead Corrugation Flooding Head

The flooding head h¢ (see Fig. 2.1.2.2) is the distance, [m], measured vertically with the ship in the
upright position, from the calculation point to a level located at a distance dy [m], from the baseline
equal to:

a) in general:

— D;

b) for ships less than 50,000 tonnes deadweight with Type B freeboard:

-0.95D,
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D being the distance, [m], from the base plane to the freeboard deck at side amidships (see Fig.
2.1.2.2);

c) for ships to be operated at an assigned load line draught T, less than the permissible load line
draught T, the flooding head defined in a) and b) above may be reduced by T - T;.

dy

d

N /

V = Volume of cargo P = Calculation point

Fig. 2.1.2.2
2.1.2.3 Pressure in the Flooded Hold
2.1.2.3.1 Bulk Cargo Loaded Hold

Two cases shall be considered, depending on the values of d; and dy (see Fig.2.1.2.2), where d; is
the distance from the baseline, [m], calculated from the formula:
M v b
dy = ——+-L 4 (hyyp —hpp) 2+ h
1 ol B B Hr s ) g DB

where:

M: - mass of cargo [t], in hold No. 1,

pc. - bulk cargo density [t/m3],

I. - length of hold No. 1 [m],

B - ship’s breadth amidships [m],

vis — volume, [m3], of the bottom stool above the inner bottom,
hyr - height of the hopper tanks amidships [m], from the baseline,
hps - height of the double bottom [m],

bur - breadth of the hopper tanks amidships [m].

a) d, =4,

At each point of the bulkhead located at a distance between d; and dffrom the baseline, the
pressure p, s, [kPa], is given by:

Py =P8N
where:
p - seawater density [t/m3],
g = 9.81 m/s? gravity acceleration,

hs - flooding head, see sub-chapter 2.1.2.2.
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At each point of the bulkhead located at a distance lower than d; from the baseline, the pressure
p. s [kPa], is given by:

Pe.r = P&hy +[p, — p(1-perm)] g tan® y
where:
p, g, hy — as given above,
pc — bulk cargo density [t/m3],

perm - permeability of cargo, to be taken as 0.3 for ore (corresponding bulk cargo density for
iron ore may generally be taken as 3.0 t/m3),

h; - vertical distance, [m], from the calculation point to a level located at a distance d, as
defined above, from the base plane (see Fig. 2.1.2.2),

g = 45°-(4/2),

¢ - angle of repose of the cargo, in degrees, and may generally be taken as 35° for iron ore.

The force F, s [kN], acting on a corrugation is given by:

(d,—d))’ L P8, —d)+ (Pes)ee

Fop=s1|pg——7 > (dy —hpy —hLS)}
where:
s1 - spacing of corrugations [m] (see Fig. 2.1.2.3.1-1),
g,di, hpg - as given above,

dr - seesub-chapter 2.1.2.2,
(pef)ie - pressure, [kPa], at the lower end of the corrugation,
his - height of the lower stool [m] from the inner bottom.

b) df <d1

At each point of the bulkhead located at a distance between drand d; from the baseline, the
pressure p. s [kPa], is given by:

Def=pcg hitang?y
where:

P, g, h1, y- as given in a) above.

308 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

Part II - Hull, Supplement - Retroactive Requirements

July 2024

fn

Shedder Plates
Where 9<50°

n=neutral axis of the
corrugations

Fig. 2.1.2.3.1-1

At each point of the bulkhead located at a distance lower than dr from the baseline, the pressure

pes [kPa], is given by:

Doy =pghy+[p.h - p(1 —perm)hf]gtan2 4

where:

£ 9, h, o, h1, perm, y - as given in a) above.

The force F, s [kN], acting on a corrugation is given by:

F,=5p8

where:

(d, —df)2 an? 7+ p.g(d, —df)tan2 7+ (P

2

S1, P 9, Y, (Do fie, his — as given in a) above,

di, hps - see paragraph 2.1.2.3.1,

(df - hDB - th)
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dr - see sub-chapter 2.1.2.2.

— . —

| \T\

\ !

Fig. 2.1.2.3.1-2

See Note

Note:For the definition of /, the internal end of the upper stool shall not be taken more than a distance from the deck at

the centre line equal to:
- 3 times the depth of corrugations, in general,

- 2 times the depth of corrugations, for rectangular stool.

2.1.2.3.2 Empty Hold

At each point of the bulkhead, the hydrostatic pressure ps induced by the flooding head A shall be

considered.
The force Fr [kN], acting on a corrugation is given by:
2
(df_ bDB B ]]LS)
2

Fr=spg
where:
s1, P, g, his - see paragraph 2.1.2.3.1 a),
hpp - see paragraph 2.1.2.3.1,
dr - seesub-chapter 2.1.2.2.
2.1.2.4 Pressure in the Non-Flooded Bulk Cargo Loaded Hold
At each point of the bulkhead, the pressure p. [kPa], is given by:

Pe=p.ghtan’ y
where:

re, g, h1, ¥ - see paragraph 2.1.2.3.1 a).
The force F. [kN], acting on a corrugation is given by:

(dl — bDB _ bLS)Z
2

F.=p.gs tan” y

where:

Po g, S1, his, ¥ — see paragraph 2.1.2.3.1 a),
di, hpp - see paragraph 2.1.2.3.1.
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2.1.2.5 Resultant Pressure

2.1.2.5.1 Homogeneous Loading Conditions

At each point of the bulkhead structures, the resultant pressure p [kPa], to be considered for the
scantlings of the bulkhead is given by:

P="Pcr—08p.

The resultant force F [kN], acting on a corrugation is given by:
F=F,,—08F,

2.1.2.5.2 Non Homogeneous Loading Conditions

At each point of the bulkhead structures, the resultant pressure p [kPa], to be considered for the
scantlings of the bulkhead is given by:

p = pc, 'a
The resultant force F [kN], acting on a corrugation is given by:
F=F ,

In case hold No.1, in non homogeneous loading conditions, is not allowed to be loaded, the
resultant pressure p [kPa], to be considered for the scantlings of the bulkhead is given by:

P=Pr
and the resultant force F [kN], acting on a corrugation is given by:
F=F,
2.1.3 Bending Moment and Shear Force in the Bulkhead Corrugations

The bending moment M and the shear force Q in the bulkhead corrugations are obtained using the
formulae specified in sub-chapter 2.1.3.1 and sub-chapter 2.1.3.2. The M and Q values shall be
used for the checks in sub-chapter 2.1.4.

2.1.3.1 Bending Moment

The design bending moment M [kNm], for the bulkhead corrugations is given by:

m=L
8

where:

F - resultant force, [KN], see sub-chapter 2.1.2.5,
| - span of the corrugation, [m], to be taken in accordance with Fig. 2.1.2.3.1-1 and Fig. 2.1.2.3.1-2.

2.1.3.2 Shear Force

The shear force Q, [kN], at the lower end of the bulkhead corrugations is given by:
0=0.8F

where:
F - see sub-chapter 2.1.2.5.

2.1.4 Strength Criteria
2.1.4.1 General

Polish Register of Shipping 311




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part Il - Hull, Supplement - Retroactive Requirements

The following criteria are applicable to transverse bulkheads with vertical corrugations (see Fig.
2.1.2.3.1-1).

The requirements for local net plate thickness are specified in sub-chapter 2.1.4.7.
In addition, the criteria specified in 2.1.4.2 and 2.1.4.5 shall be fulfilled.

Where the corrugation angle ¢ shown in Fig. 2.1.2.3.1-1 is less than 50°, an horizontal row of
staggered shedder plates shall be fitted at approximately mid depth of the corrugations (see Fig.
2.1.2.3.1-1) to help preserve dimensional stability of the bulkhead under flooding loads. The
shedder plates shall be welded to the corrugations by double continuous welding, but they shall not
be welded to the side shell.

The thicknesses of the lower part of corrugations considered in the application of sub-chapters
2.1.4.2 and 2.1.4.3 shall be maintained for a distance from the inner bottom (if no lower stool is
fitted) or the top of the lower stool not less than 0.151.

The thicknesses of the middle part of corrugations considered in the application of sub-chapters
2.1.4.2 and 2.1.4.4 shall be maintained to a distance from the deck (if no upper stool is fitted) or
the bottom of the upper stool not greater than 0.31.

2.1.4.2 Bending Capacity and Shear Stress

Bending capacity shall fulfil the following relationship:
M

10° <1.0
O‘SZleGa,le + Zmaa,m
where:
M - bending moment [KNm], see sub-chapter 2.1.3.1,
Zie - section modulus of one half pitch corrugation, [cm3], at the lower end of corrugations, to
be calculated in accordance with sub-chapter 2.1.4.3,
Zm - section modulus of one half pitch corrugation [cm3], at the mid-span of corrugations, to be

calculated in accordance with sub-chapter 2.1.4.4,

oale — allowable stress [MPa], as specified in sub-chapter 2.1.4.5, for the lower end of
corrugations,

oum — allowable stress [MPa], as specified in sub-chapter 2.1.4.5, for the mid-span of
corrugations.

In no case Z, shall be taken greater than the lesser of 1.15Z, and 1.15Z% for calculation of the
bending capacity, Z % being defined below.

In case effective shedder plates are fitted which:

— are not knuckled;

— are welded to the corrugations and the top of the lower stool by one side penetration welds or
equivalent;

— are fitted with a minimum slope of 45° and their lower edge is in line with the stool side plating;

or effective gusset plates are fitted which:
— are fitted in line with the stool side plating;
— have material properties at least equal to those provided for the flanges,

the section modulus Z, [cm3], shall be taken not larger than the value Z%, [cm3], given by:

2
+10° th - O.Shgslpg
£ o

a

Z,=7
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where:

Zy - section modulus of one half pitch corrugation [cm3] of the corrugations calculated in
accordance with 2.1.4.4, in way of the upper end of shedder or gusset plates, as applicable,

Q - shear force [kN], see sub-chapter 2.1.3.2,

hy - height, [m], of shedder or gusset plates, as applicable (see Fig. 2.1.4-1, Fig. 2.1.4-2, Fig. 2.1.4-

3 and Fig. 2.1.4-4),
s1 - see paragraph 2.1.2.3.1 a),

pg — resultant pressure [kPa], as defined in sub-chapter 2.1.2.5, calculated in way of the middle

of the shedder or gusset plates, as applicable,
o, — allowable stress [MPa], see sub-chapter 2.1.4.5.

Stresses 7 are obtained by dividing the shear force Q by the shear area. The shear area shall be
reduced in order to account for possible non-perpendicularity between the corrugation webs and
flanges. In general, the reduced shear area may be obtained by multiplying the web sectional area
by sing (¢ being the angle between the web and the flange, shown in Fig. 2.1.2.3.1-1).

When calculating the section moduli and the shear area, the net plate thicknesses shall be used.

The section moduli of corrugations shall be calculated on the basis of the requirements specified

in sub-chapters 2.1.4.3 and 2.1.4.4.
_-\/\/‘r—
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Fig. 2.1.4-1
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Fig. 2.1.4-3 Fig. 2.1.4-4
Symmetric gusset/shedder plates Asymmetric gusset/shedder plates

2.1.4.3 Section Modulus at Lower End of Corrugations

The section modulus shall be calculated with the compression flange having an effective flange
width, be;, not larger than specified in paragraph 2.1.4.6.1.

If the corrugation webs are not supported by local brackets below the stool top (or below the

inner bottom) in the lower part, the section modulus of the corrugations shall be calculated

considering the corrugation webs 30% effective.

a) Provided that effective shedder plates, as specified in paragraph 2.1.4.2, are fitted (see Fig. 2.1.4-
1 and Fig. 2.1.4-2), when calculating the section modulus of corrugations at the lower end (cross-

section @ in Fig. 2.1.4-1 and Fig. 21.4-2), the area of flange plates, [cm?], may be increased by:

{2.5(1 /f_/'fm f{sh J not to be taken greater than 2.5 at; where:
efl

a -
tsn -
tr -
Resn -
R -

width, [m], of the corrugation flange (see Fig. 2.1.2.3-1),

net shedder plate thickness, [mm],

net flange thickness, [mm)],

minimum upper yield stress, [MPa], of the material used for the shedder plates,
minimum upper yield stress, [MPa], of the material used for the corrugation flanges.

b) Provided that effective gusset plates, as defined in sub-chapter 2.1.4.2, are fitted (see Fig. 2.1.4-3
and Fig. 2.1.4-4), when calculating the section modulus of corrugations at the lower end (cross-

section @ in Fig. 2.1.4-3 and Fig. 2.1.4-4), the area of flange plates, [cm2], may be increased by
(7-hg-tgu ) where:

hy, - height of gusset plate, [m], see Fig. 2.1.4-3 and Fig. 2.1.4-4, not to be taken greater than

10
7

Squ — width of the gusset plate, [m],
tsu — net gusset plate thickness, [mm], not to be taken greater than ¢,
tr - netflange thickness, [mm].
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c) If the corrugation webs are welded to a sloping stool top plate, which are at an angle not less
than 45° with the horizontal plane, the section modulus of the corrugations may be calculated
considering the corrugation webs fully effective. In case effective gusset plates are fitted, when
calculating the section modulus of corrugations the area of flange plates may be increased as
specified in b) above. No credit can be given to shedder plates only.

For angles less than 45°, the effectiveness of the web may be obtained by linear interpolation
between 30% for 0° and 100% for 45°.

2.1.4.4 Section Modulus of Corrugations at Cross-Sections other than the Lower End

The section modulus shall be calculated with the corrugation webs considered effective and the
compression flange having an effective flange width, b;, not larger than as specified in paragraph
2.1.4.6.1.

2.1.4.5 Allowable Stress Check

The normal and shear stresses o and zshall not exceed the allowable values o, and 7, [MPa],
given by:
O-a = Re
7, =0.5R,
R. — minimum upper yield stress, [MPa], of the material.

2.1.4.6 Effective Compression Flange Width and Shear Buckling Check

2.1.4.6.1 Effective Width of the Compression Flange of Corrugations
The effective width b.s [m], of the corrugation flange is given by:

b, =C,a
where:
ce_z’?S_lzsfor B>1.25;

C,=1.0 for f<1.25;

—1031‘/

tr - net flange thickness, [mm],
a - width, [m], of the corrugation flange (see Fig. 2.1.2.3.1-1),
R. - minimum upper yield stress, [MPa], of the material,

E - modulus of elasticity, [MPa], to be assumed equal to 2.06 -10° MPa, for steel.

2.1.4.6.2 Shear
The buckling check shall be performed for the web plates at the corrugation ends.

The shear stress 7 shall not exceed the critical value 7. [MPa], obtained by the following:

T
.
7.=17, when 7, SN
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T
r, = rF[1—4F j when 7, >TTF;
Tk

e

V3

Tp =

where:

R. = minimum upper yield stress, [MPa], of the material;

2
t
— 0.9k E| ——1 mp
fe = (moocj [MPa]

ks E, t and c are given by:

ke = 6.34,

E - modulus of elasticity of material as specified in paragraph 2.1.4.6.1,
t net thickness [mm] of corrugation web,

c width [m] of corrugation web (see Fig. 2.1.2.3.1-1).

2.1.4.7 Local Net Plate Thickness
The bulkhead local net plate thickness, ¢, [mm], is given by:

t=14.9s, |2
R

e

where:

sw — plate width [m] to be taken equal to the width of the corrugation flange or web, whichever
is the greater;

p - resultant pressure [kPa], as specified in sub-chapter 2.1.2.5, at the bottom of each strake of
plating; in all cases, the net thickness of the lowest strake shall be determined using the
resultant pressure at the top of the lower stool, or at the inner bottom if no lower stool is
fitted or at the top of shedders; if shedder or gusset/shedder plates are fitted;

R - minimum upper yield stress [MPa] of the material.

For built-up corrugation bulkheads, when the thicknesses of the flange and web are different, the
net thickness of the narrower plating shall be not less than t,, [mm], given by:

t, = 14.9s, Rﬁ [mm]

sn — being the width, [m], of the narrower plating.

The net thickness of the wider plating [mm] shall not be taken less than the maximum of the
following values:

t, = 14,95, Rﬂ
e

2
tw = 44(1)3J - t/fp

where t,, < actual net thickness of the narrower plating and not to be greater than:
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t=149s, |2
R@

As applicable, the design of local details shall fulfil the requirements specified in this Part of the
Rules for the purpose of transferring the corrugated bulkhead forces and moments to the
boundary structures, in particular to the double bottom and cross-deck structures.

2.1.5 Local Details

The thickness and stiffening of gusset and shedder plates, installed for strengthening purposes,
shall fulfil the requirements specified in sub-chapter 9.4 for the allowable stresses determined in
accordance with paragraph 13.4.2.3 or 13.5.2.1 of the Rules and for the design loads specified in
sub-chapter 2.1.2 of the Supplement.

Unless otherwise stated, weld connections and materials shall be dimensioned and selected in
accordance with the requirements specified in this Part of the Rules (Chapters 2 and 4).

2.1.6 Corrosion Addition and Steel Renewal

Renewal/reinforcement shall be done in accordance with the following requirements and the

guidelines contained in the Annex 1.

a) Steel renewal is required where the gauged thickness is less than tn.: + 0.5 mm, t,.: being the
thickness used for the calculation of bending capacity and shear stresses as specified in sub-
chapter 2.1.4.2 or the local net plate thickness as specified in sub-chapter 2.1.4.7. Alternatively,
reinforcing doubling strips may be used, providing the net thickness is not dictated by shear
strength requirements for web plates (see sub-chapter 2.1.4.5 and paragraph 2.1.4.6.2) or by
local pressure requirements for web and flange plates (see sub-chapter 2.1.4.7).

Where the gauged thickness is within the range tpe: + 0.5 mm and tye: + 1.0 mm, coating (applied
in accordance with the coating manufacturer’s requirements) or annual gauging may be
adopted as an alternative to steel renewal.

b) Where steel renewal or reinforcement is required, a minimum thickness of tpe: + 2.5 mm shall
be replenished for the renewed or reinforced parts.

c) When:
0'8(Reﬂ tﬂ) 2 Res Zst
where:
Res - minimum upper yield stress [MPa] of the material used for the corrugation flanges,
Re - minimum upper yield stress [MPa] of the material used for the lower stool side plating

or floors (if no stool is fitted),

tn - flange thickness [mm], which is found to be acceptable on the basis of the criteria specified
in a) above or, when steel renewal is required, the replenished thickness in accordance
with the criteria specified in b) above.

The above flange thickness dictated by local pressure requirements (see sub-chapter 2.1.4.7)
need not be considered for this purpose,

ts« —  as built thickness [mm] of the lower stool side plating or floors (if no stool is fitted)
gussets with shedder plates, (Fig. 2.1.4-3, 2.1.4-4) extending from the lower end of
corrugations up to 0.1] or reinforcing doubling strips (on bulkhead corrugations and
stool side plating) shall be fitted.
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If gusset plates are fitted, the material of such gusset plates shall be the same as that of the
corrugation flanges. The gusset plates shall be connected to the lower stool shelf plate or inner
bottom (if no lower stool is fitted) by deep penetration welds (see Fig. 2.1.6).

d) Where steel renewal is required, the bulkhead connections to the lower stool shelf plate or
inner bottom (if no stool is fitted) shall be at least made by deep penetration welds (see Fig.
2.1.6).

e) Where gusset plates are to be fitted or renewed, their connections with the corrugations and
the lower stool shelf plate or inner bottom (if no stool is fitted) shall be at least made by deep
penetration welds (see Fig. 2.1.6).

Root face (f): 3 mm to T/3 mm Groove angle (a): 40° to 60°

Fig. 2.1.6

2.2 Evaluation of Allowable Hold Loading of Cargo Hold No. 1 with Cargo Hold No. 1
Flooded, for Existing Bulk Carriers

2.2.1 Application and Definitions

The requirements specified in this sub-chapter apply to all bulk carriers of length Lo > 150 m in the
foremost hold, intended to carry solid bulk cargoes having a density of 1.78 t/m3, or above, with
single deck, topside tanks and hopper tanks, where:

.1 the foremost hold is bounded by the side shell only for ships which were contracted for
construction prior to 1 July 1998, and have not been constructed in accordance with the
requirements specified in sub-chapter 20.8;

.2 the foremost hold is double side skin construction of less than 760 mm breadth measured
perpendicular to the side shell in ships, the keels of which were laid, or which were at a
similar stage of construction, before 1 July 1999 and have not been constructed in
accordance with the requirements specified in sub-chapter 20.8.

Early completion of a special survey coming due after 1 July 1998 to postpone compliance is not
allowed.

The loading in cargo hold No. 1 shall not exceed the allowable hold loading in the flooded condition,
calculated as per sub-chapter 2.2.4, using the loads given in sub-chapter 2.2.2 and the shear capacity
of the double bottom given in sub-chapter 2.2.3.

In no case the allowable hold loading in flooding condition shall be taken greater than the design
hold loading in intact condition.

2.2.2 Load Model

2.2.2.1 General

The loads to be considered as acting on the double bottom of hold No. 1 are those given by the
external sea pressures and the combination of the cargo loads with those induced by the flooding of
hold No. 1.
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The most severe combinations of cargo induced loads and flooding loads shall be used, depending
on the loading conditions included in the loading manual:

— homogeneous loading conditions;

— non homogeneous loading conditions;

— packed cargo conditions (such as steel mill products).

For each loading condition, the maximum bulk cargo density to be carried shall be considered in
calculating the allowable hold limit.

2.2.2.2 Inner Bottom Flooding Head

The flooding head hy (see Fig. 2.2.2.2) is the distance, [m], measured vertically with the ship in the
upright position, from the inner bottom to a level located at a distance dr [m], from the base plane
equal to:

— Din general,

— 0.95D for ships less than 50,000 tonnes deadweight with Type B freeboard,

D being the distance, [m], from the base plane to the freeboard deck at side amidship (see Fig.
2.2.2.2).

h1. @

N o

V = Volume of cargo

Fig. 2.2.2.2

2.2.3 Shear Capacity of the Double Bottom of Hold No. 1

The shear capacity of the double bottom of hold No. 1 is defined as the sum of the shear strength

at each end of:

— all floors adjacent to both hoppers, less one half of the strength of the two floors adjacent to each
stool, or transverse bulkhead if no stool is fitted (see Fig. 2.2.3-1),

— all double bottom girders adjacent to both stools, or transverse bulkheads if no stool is fitted.

The strength of girders or floors which run out and are not directly attached to the boundary stool
or hopper girder shall be evaluated for the one end only.

Note that the floors and girders to be considered are those inside the hold boundaries formed by
the hoppers and stools (or transverse bulkheads if no stool is fitted). The hopper side girders and
the floors directly below the connection of the bulkhead stools (or transverse bulkheads if no stool
is fitted) to the inner bottom shall not be included.

When the geometry and/or the structural arrangement of the double bottom are such to make the
above assumptions inadequate, the shear capacity of the double bottom is subject to special
consideration by PRS.
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In calculating the shear strength, the net thicknesses of floors and girders shall be used. The net
thickness tq.: [mm], shall be determined in accordance with the following formula:

where: e =L~ L,

t - as built thickness [mm] of floors and girders,
t. - corrosion diminution, equal to 2 mm, in general; a lower value of t. may be adopted,
provided that measures are taken, to the PRS satisfaction, to justify the assumption made.
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Fig. 2.2.3-2

2.2.3.1 Floor Shear Strength

The floor shear strength in way of the floor panel adjacent to hoppers Sr1 [kN], and the floor shear
strength in way of the openings in the “outermost” bay (i.e. that bay which is closest to hopper) S¢
2 [kN], are given by the following expressions:

S, =104, 24

1 S/ m
S = 107 Af,hi
h

where:
Ar - sectional area [mm?] of the floor panel adjacent to hoppers,

Arn — netsectional area [mm?] of the floor panels in way of the openings in the “outermost” bay
(i.e. that bay which is closest to hopper),
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7, — allowable shear stress [MPa] to be taken equal to:
RC
NE)
R. - minimum upper yield stress [MPa] of the material;
m = 1.10;
. = 1.20;

r, may be reduced, upon PRS’ agreement, down to 1.10 where appropriate reinforcements are
fitted.

2.2.3.2 Girder Shear Strength

The girder shear strength in way of the girder panel adjacent to stools (or transverse bulkheads,
if no stool is fitted) Sg1 [kN], and the girder shear strength in way of the largest opening in the
“outermost” bay (i.e. that bay which is closest to stool, or transverse bulkhead, if no stool is fitted)
Sq2 [kN], are given by the following expressions:

S =107 4, =2
m

T
S,=1074,, <
8 0,

where:

A; - minimum sectional area [mm?] of the girder panel adjacent to stools (or transverse
bulkheads, if no stool is fitted);

Agr — net sectional area [mm?] of the girder panel in way of the largest opening in the
“outermost” bay (i.e. that bay which is closest to stool, or transverse bulkhead, if no stool

is fitted);
7, — allowable shear stress [MPa] as given in sub-chapter 2.2.3.1;
m = 1.10;
m = 1.15;

1. may be reduced, upon PRS’ agreement, down to 1.10 where appropriate reinforcements are
fitted.

2.2.4 Allowable Hold Loading

Allowable hold loading W [t], is given by:

1
W= pCVE
where:

F = 1.05in general,
1.00 for steel mill products,

pc — cargo density [t/m3]; for bulk cargoes see sub-chapter 2.2.2.1; for steel products, p. shall be
taken as the density of steel,

V - volume [m3] occupied by cargo at a level h: (see Fig. 2.2.2.2),

B =——
P&
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X - for bulk cargoes, the lesser of X and X> given by:

Z+ E-h,
X, = pg( f)

1+£(perm—1)

X, =72+ pg(E —h,perm)

- for steel products, X may be taken as Xi, using perm = 0;
- seawater density [t/m3];

= 9,81 m/s?, gravity acceleration;

= dr-0,1D;

dr, D - seesub-chapter 2.2.2.2;

hs - flooding head, [m], see sub-chapter 2.2.2.2;

perm - permeability of cargo, to be taken as 0.3 for ore (corresponding bulk cargo density for
iron ore may generally be taken as 3.0 t/m3);

Z - thelesser of Z; and Z, given by:

me v X

(&
Z = - ;
ADB,h
C
Z=—
DB, e

Cn — shear capacity of the double bottom, [kN], as specified in sub-chapter 2.2.3, considering, for
each floor, the lesser of the shear strengths Sr1 and Sy» (see sub-chapter 2.2.3.1) and, for each
girder, the lesser of the shear strengths Sy1 and Sy (see sub-chapter 2.2.3.2);

C. - shear capacity of the double bottom, [kN], as specified in sub-chapter 2.2.3, considering, for
each floor, the shear strength Sr1 (see sub-chapter 2.2.3.1) and, for each girder, the lesser of
the shear strengths S;1 and Sy (see sub-chapter 2.2.3.2);

I=n
ADB,h = zsi BDB,[ H
i=1

ADB,e = ;'S}(BDB - 9)

n - number of floors between stools (or transverse bulkheads, if no stool is fitted),

Si - space of ith-floor [m];

Bpgi = Bpg-s; for floors whose shear strength is given by Sy1 (see sub-chapter 2.2.3.1);
Bpsi = Bpgnfor floors whose shear strength is given by Sy (see sub-chapter 2.2.3.1);

Bpp - breadth of double bottom [m] between hoppers (see Fig. 2.2.3-2);

Bpsn — distance [m] between the two considered openings (see Fig. 2.2.3-2);
s - spacing [m] of double bottom longitudinals adjacent to hoppers.

2.3 Corrosion protection coatings for cargo hold spaces on bulk carriers

For existing bulk carriers, where owners decide to coat or recoat cargo hold surfaces, i.e. all
internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of the
cargo holds, excluding the flat tank top areas and the hopper tanks sloping plating approximately
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300 mm below the side shell frame and brackets, the extent of the close-up and thickness
measurement surveys is subject to special consideration by PRS.

2.4 Ship loading control

2.4.1 Bulk carriers, ore carriers and combination carriers of Lo > 150 m, which are contracted
for construction before 1st July 1998 shall be provided with an approved loading instrument of a
type to the satisfaction of PRS, not later than their entry into service or 1st January 1999,
whichever occurs later.

2.4.2 In addition, single side skin bulk carriers of Lo > 150 m, which are contracted for
construction before 1st July 1998 shall be provided, before 1st July 1999 or their entry into
service, whichever occurs later, with approved loading manual with typical loading sequences
where the vessel is loaded from commencement of cargo loading to reaching full deadweight
capacity, for homogeneous conditions, relevant partial loading conditions and alternate loading
conditions where applicable. Typical unloading sequences for these conditions are also to be
included.

2.4.3 Conditions to be fulfilled by the loading instrument and loading manual are specified in
Publication 16/P - Loading Guidance Information.

2.5 Restrictions on Sailing with any Hold Empty

Bulk carriers of 150 m in length and upwards of single-side skin construction, constructed before
1 July 1999, carrying cargoes having a density of 1.78 t/m3 and above, if not meeting the
requirements specified in sub-chapters 20.5, 20.6, 20.7 or 20.8 shall not sail with any hold loaded
less than 10% of the hold’s maximum allowable cargo weight when in the full load condition, after
reaching 10 years of age.

The applicable full load condition for this requirement is a load equal to or greater than 90% of
the ship’s deadweight at the relevant assigned freeboard.

2.6 Retroactive Requirements for Sides of Bulk Carriers and Oil-Bulk-Ore Carriers

Bulk carriers and oil-bulk-ore carriers with single-side skin construction shall fulfil the
requirements specified in Publication 63/P - Renewal Criteria for Side Shell Frames and Brackets
in Single Side Skin Bulk Carriers and Oil-Bulk-Ore Carriers, in accordance with the schedule given
in the above-mentioned document.
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ANNEX 1
GUIDELINES ON RENEWAL/REINFORCEMENT
OF VERTICALLY CORRUGATED TRANSVERSE WATERTIGHT BULKHEAD
BETWEEN CARGO HOLDS NO. 1 AND NO. 2

1. The need for renewal or reinforcement of the vertically corrugated transverse watertight
bulkhead between cargo holds Nos. 1 and 2 will be determined by PRS on a case by case basis
using the criteria specified in sub-chapter 2.1 in association with the most recent gaugings and
findings from survey.

2. In addition to class requirements, the 2.1 assessment of the transverse corrugated bulkhead
shall take into account the following:

a) Scantlings of individual vertical corrugations shall be assessed for reinforcement/renewal
based on thickness measurements obtained in accordance with Annex 2 at their lower end,
at mid-depth and in way of plate thickness changes in the lower 70%. These considerations
will take into account the provision of gussets and shedder plates and the benefits they
offer, provided that they fulfil the requirements specified in sub-chapters 2.1.4.2 and 2.1.6.

b) Taking into account the scantlings and arrangements for each case, permissible levels of
diminution shall be determined and appropriate measures taken in accordance with sub-
chapter 2.1.6.

3. Where renewal is required, the extent of renewal shall be shown clearly in plans. The vertical
distance of each renewal zone shall be determined by considering the requirements specified
in sub-chapter 2.1 and in general shall be not less than 15% of the vertical distance between
the upper and lower end of the corrugation - measured at the ship’s centre plane.

4. Where the reinforcement is accepted by adding strips, the length of the reinforcing strips shall
be sufficient to allow it to extend over the whole depth of the diminished plating. In general,
the width and thickness of strips should be sufficient to fulfil the requirements specified in
sub-chapter 2.1. The material of the strips shall be the same as that of the corrugation plating.
The strips shall be attached to the existing bulkhead plating by continuous fillet welds. The
strips shall be suitably tapered or connected at ends in the way accepted by PRS.

5. Where reinforcing strips are connected to the inner bottom or lower stool shelf plates, one side
full penetration welding shall be used. When reinforcing strips are fitted to the corrugation
flange and are connected to the lower stool shelf plate, they are normally to be aligned with
strips of the same scantlings welded to the stool side plating and having a minimum length
equal to the breadth of the corrugation flange.

6. Fig. 1 gives a general arrangement of structural reinforcement.
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% Lowershelf plate

Lower stool
side plating

Reinforcement strips with shedder and gusset plates
Fig. 1
Notes to Fig. 1 on reinforcement:
1. Square or trapezoidal corrugations shall be reinforced with plate strips fitted to each corrugation flange sufficient
to fulfil the requirements specified in sub-chapter 2.1.

2. The number of strips fitted to each corrugation flange shall be sufficient to fulfil the requirements specified in sub-
chapter 2.1.

Polish Register of Shipping 325



RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
July 2024 Part Il - Hull, Annex 1

3. The shedder plate may be fitted in one piece or prefabricated with a welded knuckle (gusset plate).

4. Gusset plates, where fitted, shall be welded to the shelf plate in line with the flange of the corrugation, to reduce the
stress concentrations at the corrugation corners. Ensure good alignment between gusset plate, corrugation flange
and lower stool sloping plate. Use deep penetration welding at all connections. Ensure start and stop of welding is
as far away as practically possible from corners of corrugation.

5. Shedder plates shall be attached by one side full penetration welds onto backing bars.

6. Shedder and gusset plates shall have a thickness equal to or greater than the original bulkhead thickness. Gusset
plate shall have a minimum height (on the vertical part) equal to the half of the width of the corrugation flange.
Shedders and gussets shall be of the same material as flange material.
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ANNEX 2
GUIDELINES FOR GAUGING OF VERTICALLY CORRUGATED TRANSVERSE WATERTIGHT
BULKHEAD BETWEEN HOLDS NO. 1 AND NO. 2

1. Gauging is necessary to determine the general condition of the structure and to define the
extent of possible repairs and/or reinforcements of the vertically corrugated transverse
watertight bulkhead for verification of the compliance with 2.1 of the Supplement.

2. Taking into account the buckling model applied in sub-chapter 2.1 in the evaluation of strength
of the bulkhead, it is essential to determine the thickness diminution at the critical levels shown
in Fig. 1 and Fig. 2.

3. The gauging shall be carried out at the three levels as described below. To adequately assess
the scantlings of each individual vertical corrugation, each corrugation flange web, shedder
plate and gusset plate within each of the levels given below shall be gauged.

Level (a) - ships without lower stool (see Fig. 1):

Locations:

— the mid-breadth of the corrugation flanges at approximately 200 mm above the line of shedder
plates;

— the middle of gusset plates between corrugation flanges, where fitted;

— the middle of the shedder plates;

— the mid-breadth of the corrugation webs at approximately 200 mm above the line of shedder
plates.

Level (b) - ships with lower stool (see Fig. 2):

Locations:

— the mid-breadth of the corrugation flanges at approximately 200 mm above the line of
shedder plates;

— the middle of gusset plates between corrugation flanges, where fitted;

— the middle of the shedder plates;

— the mid-breadth of the corrugation webs at approximately 200 mm above the line of shedder
plates.

Level (c) - ships with or without lower stool (see Fig. 1 and 2):

Locations:
— the mid-breadth of the corrugation flanges and webs at about the mid-height of the
corrugation.

4. Where the thickness changes within the horizontal levels, the thinner plate shall be gauged.

5. Steel renewal and/or reinforcement shall fulfil the requirements specified in sub-chapter 2.1.

—— T
] ™~

=T )

level ¢

level a

Fig. 1
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level b

Fig. 2
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ANNEX 3
GUIDELINES FOR ASSESSMENT OF CAPABILITY OF CARRIAGE OF HIGH DENSITY CARGOES
ON EXISTING BULK CARRIERS ACCORDING TO STRENGTH OF TRANSVERSE BULKHEAD
BETWEEN CARGO HOLDS NO. 1 AND NO. 2

Carriage of
cargoesiaving NO _ ["No need for further
p,>1.78 t/m? assessment
=1
Check for
p. = 1.78 t/m3
Reinforce Calculate
) - allowable density
pc1
Only cargoes
Check f No having
1668 t(/jr ’ p. £1.78 t/m3
" : ) can be carried
. Yes

Cargoes having

pc < pc1
can be carried

All cargoes can
be carried

A

NOTES:

Calculate allowable
density p_,

1) p, typical of cargoes to be carried; in any case a value of
3.0 /m?3, corresponding to ore cargo, is to be considered.

Cargoes having

Pe < P2
can be carried

2) In deciding the reinforcement needed, consideration will be
given to the effects of restricting the cargo distribution

(homogeneous loading condition or reduction in the ship
deadweight).
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List of amendments effective on the 1 April 2024

Item Title/Subject Source
In the whole text of Part Il (except the Supplement), requirements
hapt for existing ships have been removed, leaving requirements for | PRS
Chaplers newly built ships.
6.1.2 Requirements for double bottom have been updated SOLAS II-1/9; MSC.429(98) /Rev.2
9 Requirements for watertight bulkheads have been updated SOLAS II-1/10; MSC.429(98) /Rev.2

List of amendments effective on the 1 July 2024

Item Title/Subject Source
IACS UR S10 (Rev.7 Feb 2023) and
113 Sternframe (Corr.1 June 2023)
15.14 Buckling strength of hull structure subject to hull girder stresses IACS UR S35
10.3.1.2 Thickness of plating IACS UR S3 Rev.2 June 2023
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