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1� GENERAL�PRINCIPLES�

1.1� Application�

1.1.1� General�

1.1.1.1� Structural�requirements�

1.1.1.1.1� These�Rules�apply�to�ships�classed�with�the�Polish�Register�of�Ship-
ping�(called�PRS�hereafter).�

1.1.1.1.2� These�Rules�apply�to�the�hull�structures�of�single�side�skin�and�double�
side�skin�bulk�carriers�with�unrestricted�worldwide�navigation,�having�length�L�of�
90�m�or�above.��

For�the�purpose�of�these�Rules,�the�term�‘bulk�carriers’�means�sea�going�self-
propelled�ships�which�are�constructed�generally�with�single�deck,�double�bottom,�
hopper�side�tanks�and�topside�tanks�and�with�single�or�double�side�skin�construc-
tion�in�cargo�length�area�and�intended�primarily�to�carry�dry�cargoes�in�bulk,�ex-
cluding�ore�and�combination�carriers.�Hybrid�bulk�carriers,�where�at�least�one�cargo�
hold�is�constructed�with�hopper�tank�and�topside�tank,�are�covered�by�the�present�
Rules.�The�structural�strength�of�members�in�holds�constructed�without�hopper�tank�
and/or�topside�tank�is�to�comply�with�the�strength�criteria�defined�in�the�Rules.�

1.1.1.1.3� The�present�Rules�contain�the�IACS�requirements�for�hull�scantlings,�
arrangements,�welding,�structural�details,�materials�and�equipment�applicable�to�all�
types�of�bulk�carriers�having�the�following�characteristics:�
L�<�350�m,�
L/B� >�5,�
B /D� <�2.5,�
CB �≥�0.6.�

1.1.1.1.4� The�Rule�requirements�apply�to�welded�hull�structures�made�of�steel�
having�characteristics�complying�with�requirements�in�3.1.�The�requirements�apply�
also�to�welded�steel�ships�in�which�parts�of�the�hull,�such�as�superstructures�or�
small�hatch�covers,�are�built�of�material�other�than�steel,�complying�with�require-
ments�of�3.1.�

1.1.1.1.5� Ships�whose�hull�materials�are�different�than�those�given�in�1.1.1.1.4�and�
ships�with�novel�features�or�unusual�hull�design�are�to�be�individually�considered�by�
PRS,�on�the�basis�of�the�principles�and�criteria�adopted�in�the�present�Rules.�

1.1.1.1.6� The�scantling�draught�considered�when�applying�the�present�Rules�is�to�
be�not�less�than�that�corresponding�to�the�assigned�freeboard.�

1.1.1.1.7� Where� scantlings� are� obtained� from� direct� calculation� procedures�
which�are�different�from�those�specified�in�Chapter�7,�adequate�supporting�docu-
mentation�is�to�be�submitted�to�PRS,�as�detailed�in�1.2.�
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1.1.1.2� Limits�of�application�to�lifting�appliances�

1.1.1.2.1� The�fixed�parts�of�lifting�appliances,�considered�as�an�integral�part�of�
the�hull,�are�the�structures�permanently�connected�by�welding�to�the�ship’s�hull�(for�
instance�crane�pedestals,�masts,�king�posts,�derrick�heel�seatings,�etc.,�excluding�
cranes,�derrick�booms,�ropes,�rigging�accessories�and,�generally,�any�dismountable�
parts),�only�for�that�part�directly�interacting�with�the�hull�structure.�The�shrouds�of�
masts�embedded�in�the�ship’s�structure�are�considered�as�fixed�parts.�

1.1.1.2.2� The�fixed�parts�of�lifting�appliances�and�their�connections�to�the�ship’s�
structure�may�be�covered�by� the�PRS�Rules� for�Statutory�Survey�of�Sea-going�
Ships,�Part�VI�–�Lifting�Appliances �and/or�by�the�certification�(especially�the�issu-
ance�of�the�Cargo�Gear�Register)�of�lifting�appliances�when�required.�

1.1.1.2.3� The�design�of�the�structure�supporting�fixed�lifting�appliances�and�the�
structure�that�might�be�called�to�support�a�mobile�appliance�should�be�designed�
taking�into�account�the�additional�loads�that�will�be�imposed�on�them�by�the�opera-
tion�of�the�appliance�as�declared�by�the�shipbuilder�or�its�sub-contractors.�

1.1.1.3� Limits�of�application�to�welding�procedures�

1.1.1.3.1� The�requirements�of�the�present�Rules�apply�also�for�the�preparation,�
execution�and�inspection�of�welded�connections�in�hull�structures.�They�are�to�be�
complemented�by�the�general�requirements�relevant�to�fabrication�by�welding�and�
qualification�of�welding�procedures�given�by�PRS�when�deemed�appropriate�by�PRS.�

1.1.2� Rule�application�

1.1.2.1� Ship�parts�

1.1.2.1.1� For�the�purpose�of�application�of�the�present�Rules,�the�ship�is�consid-
ered�as�divided�into�the�following�three�parts:�
–� fore�part;�
–� central�part;�
–� aft�part.�

1.1.2.1.2� Fore�part�

The�fore�part�includes�the�structures�located�forward�of�the�collision�bulkhead,�i.e.:�
–� the�fore�peak�structures;�
–� the�stem;�

In�addition,�it�includes:�
–� the�reinforcements�of�the�flat�bottom�forward�area;�
–� the�reinforcements�of�the�bow�flare�area.�
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1.1.2.1.3� Central�part��

The�central�part�includes�the�structures�located�between�the�collision�bulkhead�
and�the�after�peak�bulkhead.�
Where�the�flat�bottom�forward�area�or�the�bow�flare�area�extend�aft�of�the�collision�
bulkhead,�they�are�considered�as�belonging�to�the�fore�part.�

1.1.2.1.4� Aft�part�

The�aft�part�includes�the�structures�located�aft�of�the�after�peak�bulkhead.�

1.1.2.2� Rules�applicable�to�various�ship�parts �

1.1.2.2.1� The�various�chapters�and�sections�are�to�be�applied�for�the�scantling�of�
ship�parts�according�to�Tab�1.1.2.2.1�

Table�1.1.2.2.1��
Chapters�and�sections�applicable�for�the�scantling�of�ship�parts�

Applicable�Chapters/�Sections�
Part�

General� Specific�

��Fore�part� 9.1�

Central�
part�

6�
7�
8�

Aft�part�

1�
2�
3�
4�
5�

9�(1),�excluding�9.1�and�9.2�
9.1�
9.2�
11�

9.2�

(1)�See�also�1.1.2.3�

1.1.2.3� Rules�applicable�to�other�ship�items�

1.1.2.3.1� The�various�chapters�and�sections�are�to�be�applied�for�the�scantling�of�
other�ship�items�according�to�Tab�1.1.2.3.1.�

Table�1.1.2.3.1�
Chapters�and�sections�applicable�for�the�scantling�of�other�items�

Item� Applicable�Chapters/Sections�

Machinery�spaces� 9.3�

Superstructures�and�deckhouses� 9.4�

Hatch�covers� 9.5�

Hull�and�superstructure�openings� 9.6�

Rudders� 10.1�

Bulwarks�and�guard�rails� 10.2�

Equipment� 10.3�
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1.1.3� Class�notations�

1.1.3.1� Additional�service�features�BC-A,�BC-B�and�BC-C�

1.1.3.1.1� The�following�requirements�apply�to�ships,�as�defined�in�1.1.1.1.2,�hav-
ing�length�L�of�150�m�or�above.�

1.1.3.1.2� Bulk�carriers�are�to�be�assigned�one�of�the�following�additional�service�
features:�
.1� BC-A:�for�bulk�carriers�designed�to�carry�dry�bulk�cargoes�of�cargo�density�

1.0�t/m3�and�above�with�specified�holds�empty�at�maximum�draught�in�addition�
to�BC-B�conditions.�

.2� BC-B:�for�bulk�carriers�designed�to�carry�dry�bulk�cargoes�of�cargo�density�of�
1.0�t/m3�and�above�with�all�cargo�holds�loaded�in�addition�to�BC-C�conditions.�

.3� BC-C:�for�bulk�carriers�designed�to�carry�dry�bulk�cargoes�of�cargo�density�
less�than�1.0�t/m3.�

1.1.3.1.3� The�following�additional�service�features�are�to�be�provided�giving�fur-
ther�detailed�description�of�limitations�to�be�observed�during�operation�as�a�conse-
quence�of�the�design�loading�condition�applied�during�the�design�in�the�following�
cases:�
.1� {maximum�cargo�density�(in�t/m3)}�for�additional�service�features�BC-A�and�

BC-B�if�the�maximum�cargo�density�is�less�than�3.0�t/m3(see�also�4.7.2.1).�
.2� {no�MP}� for�all�additional�service�features�when�the�ship�has�not�been�de-

signed�for�loading�and�unloading�in�multiple�ports�in�accordance�with�the�con-
ditions�specified�in�4.7.3.3.�

.3� {allowed�combination�of�specified�empty�holds}� for�additional�service�fea-
ture�BC-A�(see�also�4.7.2.1).�

1.1.3.2� Additional�class�notation�GRAB�[X] �

1.1.3.2.1� The�additional�class�notation�GRAB�[X]� is�mandatory�for�ships�having�
one�of�the�additional�service�features�BC-A�or�BC-B,�according�to�1.1.3.1.2.�For�
these�ships�the�requirements�for�the�GRAB�[X]� notation�given�in�12.1�are�to�be�
complied�with�for�an�unladen�grab�weight�X�equal�to�or�greater�than�20�tons.�

For�all�other�ships�the�additional�class�notation�GRAB�[X]� is�voluntary.�

1.1.3.3� Class�notation�CSR�

1.1.3.3.1� In�addition�to�the�class�notations�granted�by�the�assigning�Society�and�to�
the�service�features�and�additional�class�notations�defined�here�above,�ships�fully�
complying�with�the�present�Rules�will�be�assigned�the�notation�CSR.�
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1.2� Verification�of�compliance�

1.2.1� General�

1.2.1.1� New�buildings�

1.2.1.1.1� For�new�buildings,�the�plans�and�documents�submitted�for�approval,�as�
indicated�in�1.2.2,�are�to�comply�with�the�applicable�requirements�in�Chapter�1�to�
Chapter�12�of�the�present�Rules,�taking�account�of�the�relevant�criteria,�as�the�addi-
tional�service�features�and�classification�notation�assigned�to�the�ship�or�the�ship�
length.�

1.2.1.1.2� When�a�ship�is�surveyed�by�PRS�during�construction,�PRS:�
–� approves�the�plans�and�documentation�submitted�as�required�by�the�Rules;�
–� proceeds�with�the�appraisal�of�the�design�of�materials�and�equipment�used�in�the�

construction�of�the�ship�and�their�inspection�at�works;�
–� carries� out� surveys� or� obtains� appropriate� evidence� to� satisfy� itself� that� the�

scantlings�and�construction�meet� the� rule� requirements� in� relation� to� the�ap-
proved�drawings;�

–� attends�tests�and�trials�provided�for�in�the�Rules;�
–� assigns�the�construction�mark.�

1.2.1.1.3� PRS�defines�in�specific�Rules�which�materials�and�equipment�used�for�
the�construction�of�ships�built�under�survey�are,�as�a�rule,�subject�to�appraisal�of�
their�design�and�to�inspection�at�works,�and�according�to�which�particulars.�

1.2.1.1.4� As�part�of�his�interventions�during�the�ship's�construction,�the�Surveyor�
will:�
–� conduct�an�overall�examination�of�the�parts�of�the�ship�covered�by�the�Rules;�
–� examine�the�construction�methods�and�procedures�when�required�by�the�Rules;�
–� check�selected�items�covered�by�the�rule�requirements;�
–� attend�tests�and�trials�where �applicable�and�deemed�necessary.�

1.2.1.2� Ships�in�service�

1.2.1.2.1� For�ships�in�service,�the�requirements�in�Chapter�13�of�the�present�Rules�
are�to�be�complied�with.�

1.2.2� Documentation�to�be�submitted �

1.2.2.1� Ships�surveyed�by�PRS�during�the�construction �

1.2.2.1.1� Plans�and�documents�to�be�submitted�for�approval�

The�plans�and�documents�to�be�submitted�to�PRS�for�approval�are�listed�in�
Table�1.2.2.1.1.�In�addition,�PRS�may�request�for�approval�or�information,�other�
plans�and�documents�deemed�necessary�for�the�review�of�the�design.�
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Structural�plans�are�to�show�details�of�connections�of�the�various�parts�and�are�
to�specify� the�design�materials,� including,� in�general,� their�manufacturing�proc-
esses,�welding�procedures�and�heat�treatments.�See�also�11.2.1.4.�

Table�1.2.2.1.1��
Plans�and�documents�to�be�submitted�for�approval �

Plan�or�document� Containing�also�information�on�

1� 2�

Midship�section�
Transverse�sections�
Shell�expansion�
Decks�and�profiles�
Double�bottom�
Pillar�arrangements�
Framing�plan�
Deep�tank�and�ballast�tank��
bulkheads,�wash�bulkheads�

Class�characteristics�
Main�dimensions�
Minimum�ballast�draught�
Frame�spacing�
Contractual�service�speed�
Density�of�cargoes�
Design�loads�on�decks�and�double�bottom�
Steel�grades�
Corrosion�protection�
Openings�in�decks�and�shell�and�relevant�compensations�
Boundaries�of�flat�areas�in�bottom�and�sides�
Details�of�structural�reinforcements�and/or�discontinuities�
Bilge�keel�with�details�of�connections�to�hull�structures�

Watertight�subdivision�bulkheads�
Watertight�tunnels�

Openings�and�their�closing�appliances,�if�any�

Fore�part�structure� �

Aft�part�structure� �

Machinery�space�structures�
Foundations�of�propulsion�machin-
ery�and�boilers�

Type,�power�and�rpm�of�propulsion�machinery��
Mass�and�centre�of�gravity�of�machinery�and�boilers�

Superstructures�and�deckhouses�
Machinery�space�casing�

Extension�and�mechanical�properties�of�the�aluminium�alloy�
used�(where�applicable)�

Hatch�covers�and�hatch�coamings� Design�loads�on�hatch�covers�
Sealing�and�securing�arrangements,�type�and�position�of�lock-
ing�bolts�
Distance�of�hatch�covers�from�the�summer�load�waterline�and�
from�the�fore�end�

Transverse�thruster,�if�any,�general�
arrangement,�tunnel�structure,�con-
nections�of�thruster�with�tunnel�and�
hull�structures�

�

Bulwarks�and�freeing�ports� Arrangement�and�dimensions�of�bulwarks�and�freeing�ports�on�
the�freeboard�deck�and�superstructure�deck�

Windows�and�side�scuttles,��
arrangements�and�details�

�

Scuppers�and�sanitary�discharges� �

Rudder�and�rudder�horn�(1)� Maximum�ahead�service�speed�
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1� 2�

Sternframe� or� sternpost,� sterntube�
Propeller�shaft�boss�and�brackets�(1)�

�

Plan�of�watertight�doors�and�scheme�
of�relevant�manoeuvring�devices�

Manoeuvring�devices�
Electrical�diagrams�of�power�control�and�position�indication�
circuits�

Plan�of�outer�doors�and�hatchways� �

Derricks�and�cargo�gear��
Cargo�lift�structures�

Design�loads�(forces�and�moments)�
Connections�to�the�hull�structures�

Sea�chests,�stabiliser�recesses,�etc.� �

Hawse�pipes� �

Plan�of�manholes� �

Plan�of�access�to�and�escape�from��
spaces�

�

Plan�of�ventilation� Use�of�spaces�and�location�and�height�of�air�vent�outlets�of�
various�compartments�

Plan�of�tank�testing� Testing�procedures�for�the�various�compartments.��
Height�of�pipes�for�testing�

Loading�manual�and�loading�in-
struments�

Loading�conditions�as�defined�in�4.7�(see�also�4.8)�

Equipment�number�calculation� Geometrical�elements�for�calculation�
List�of�equipment�
Construction�and�breaking�load�of�steel�wires�
Material,�construction,�breaking�load�and�relevant�elongation�
of�synthetic�ropes�

(1)�Where�other�steering�or�propulsion�systems�are�adopted�(e.g.�steering�nozzles�or�azimuth�propul-
sion�systems),�the�plans�showing�the�relevant�arrangement�and�structural�scantlings�are�to�be�sub-
mitted.�For�azimuth�propulsion�systems,�see�10.1.11.�

1.2.2.1.2� Plans�and�documents�to�be�submitted�for�information�

In�addition�to�those�in�1.2.2.1.1,�the�following�plans�and�documents�are�to�be�
submitted�to�PRS�for�information:�
–� general�arrangement;�
–� capacity�plan,�indicating�the�volume�and�p osition�of�the�centre�of�gravity�of�all�

compartments�and�tanks;�
–� lines�plan;�
–� hydrostatic�curves;�
–� lightweight�distribution;�
–� docking�plan.�

In�addition,�when�direct�calculation�analyses�are�carried�out�by� the�designer��
according�to�the�rule�requirements,�they�are�to�be�submitted�to�PRS�(see�1.2.3).�
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1.2.2.2� Ships�for�which�PRS�acts�on�behalf�of�the�relevant�Administration �

1.2.2.2.1� Plans�and�documents�to�be�submitted�for�approval�

The�plans�required�by�the�national�regulations�concerned�are�to�be�submitted�to�
PRS�for�approval,�in�addition�to�those�in�1.2.2.1.�

1.2.3� Computer�programs�

1.2.3.1� General�

1.2.3.1.1� In�order�to�increase�the�flexibility�in�the�structural�design,�direct�calcu-
lations�with�computer�programs�are�acceptable�(see�Chapter�7).�The�aim�of�such�
analyses�is�to�assess�the�structure�compliance�with�the�rule�requirements.�

1.2.3.2� General�programs�

1.2.3.2.1� The� choice� of� computer� programs� according� to� currently� available�
technology�is�free.�The�programs�are�to�be�able�to�manage�the�model�and�load�cases�
as�required�in�Chapter�7�and/or�Chapter�8.�The�programs�may�be�checked�by�PRS�
through�comparative�calculations�with�predefined�test�examples.�A�generally�valid�
approval�for�a�computer�program�is,�however,�not�given�by�PRS.�

1.2.3.2.2� Direct�calculations�may�be�used�in�the�following�fields:�

–� global�strength;�
–� longitudinal�strength;�
–� beams�and�grillages;�
–� detailed�strength.�

1.2.3.2.3� For�such�calculation�the�computer�model,�the�boundary�condition�and�
load�cases�are�to�be�agreed�upon�with�PRS.�

The�calculation�documents�are�to�be�submitted�including�input�and�output.�Dur-
ing�the�examination,�it�may�prove�necessary�that�PRS�performs�independent�com-
parative�calculations.�

1.3� Functional�requirements��

1.3.1� General�

1.3.1.1� Application�

1.3.1.1.1� This�section�defines�the�set�of�requirements�relevant�to�the�functions�of�
the�ship�structures�to�be�complied�with�during�design�and�construction,�to�meet�the�
following�objectives.�
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1.3.1.2� Design�life�

1.3.1.2.1� The�ship�is�to�remain�safe�and�environment-friendly,�if�properly�oper-
ated�and�maintained,�for�her�expected�design�life,�which,�unless�otherwise�specifi-
cally�stated,�is�assumed�to�be�equal�to�25�years.�The�actual�ship�life�may�be�longer�
or�shorter�than�the�design�life,�depending�on�the�actual�conditions�and�maintenance�
of�the�ship,�taking�into�account�aging�effects,�in�particular�fatigue,�coating�deterio-
ration,�corrosion,�wear�and�tear.�

1.3.1.3� Environmental�conditions�

1.3.1.3.1� The�ship’s�structural�design�is�to�be�based�on�the�assumption�of�trading�
in�the�North�Atlantic�environment�for�the�entire�design�life.�Hence�the�respective�
wave�conditions,�i.e.�the�statistical�wave�scatter�takes�into�account�the�basic�princi-
ple�for�structural�strength�layout.�

1.3.1.4� Structural�safety�

1.3.1.4.1� The�ship�is�to�be�designed�and�constructed,�and�subsequently�operated�
and�maintained�by�its�builders�and�operators,�to�minimize�the�risk�for�the�safety�of�
life�at�sea�and�the�pollution�of�the�marine�environment�as�the�consequence�of�the�
total�loss�of�the�ship�due�to�structural�collapse�and�subsequent�flooding,�loss�of�
watertight�integrity.�

1.3.1.5� Structural�accessibility�

1.3.1.5.1� The�ship�is�to�be�designed�and�constructed�to�provide�adequate�means�
of�access�to�all�spaces�and�internal�structures�to�enable�overall�and�close-up�inspec-
tions�and�thickness�measurements.�

1.3.1.6� Quality�of�construction�

1.3.1.6.1� As�an�objective,�ships�are� to�be�built� in�accordance�with�controlled�
quality�production�standards�using�approved�materials�as�necessary.�

1.3.2� Definition�of�functional�requirements�

1.3.2.1� General�

1.3.2.1.1� The�functional�requirements�relevant�to�the�ship�structure�are�indicated�
in�1.3.2.2�to�1.3.2.6.�

1.3.2.2� Structural�strength�

1.3.2.2.1� Ships�are�to�be�designed�to�withstand,�in�the�intact�condition,�the�envi-
ronmental�conditions�during�the�design�life,�for�the�appropriate�loading�conditions.�
Structural� strength� is� to� be� determined� against� buckling� and� yielding.�Ultimate�
strength� calculations� have� to� include� ultimate� hull� girder� capacity� and� ultimate�
strength�of�plates�and�stiffeners.�
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1.3.2.2.2� Ships�are�to�be�designed�to�have�sufficient�reserve�strength�to�with-
stand�the�wave�and�internal�loads�in�damaged�conditions�that�are�reasonably�fore-
seeable,�e.g.�collision,�grounding�or�flooding�scenarios.�Residual�strength�calcula-
tions�are�to�take�into�account�the�ultimate�reserve�capacity�of�the�hull�girder,�con-
sidering�permanent�deformation�and�post-buckling�behaviour.�

1.3.2.2.3� Ships�are�to�be�assessed�according�to�the�expected�design�fatigue�life�
for�representative�structural�details.�

1.3.2.3� Coating�

1.3.2.3.1� Coating,�where�required,�is�to�be�selected�as�a�function�of�the�declared�
use�of�the�ship�spaces,�e.g.�holds,�tanks,�cofferdams,�etc.,�materials�and�application�
of�other�corrosion�prevention�systems,�e.g.�cathodic�protection�or�other�alternative�
means.�The�protective�coating�systems,�applied�and�maintained�in�accordance�with�
manufacturer’s�specifications�concerning�steel�preparation,�coating�selection,�ap-
plication�and�maintenance,�are�to�comply�with�the�SOLAS �requirements,�the�Flag�
Administration�requirements�and�the�Owner�specifications.�

1.3.2.4� Corrosion�addition�

1.3.2.4.1� The�corrosion�addition� to�be�added� to� the�net�scantling�required�by�
structural�strength�calculations�is�to�be�adequate�for�the�operating�life.�The�corro-
sion�addition�is�to�be�assigned�in�accordance�with�the�use�and�exposure�of�internal�
and�external�structure�to�corrosive�agents,�such�as�water,�cargo�or�corrosive�atmos-
phere,�in�addition�to�the�corrosion�prevention�systems,�e.g.�coating,�cathodic�pro-
tection�or�by�alternative�means.�

1.3.2.5� Means�of�access�

1.3.2.5.1� Ship�structures�subject�to�overall�and�close-up�inspection�and�thickness�
measurements�are�to�be�provided�with�means�capable�of�ensuring�safe�access�to�the�
structures.�The�means�of�access�are� to�be�described�in�a�Ship�Structure�Access�
Manual.�Reference�is�made�to�SOLAS ,�Chapter�II-1,�Regulation�3-6.�

1.3.2.6� Construction�quality�procedures�

1.3.2.6.1� Specifications� for� material� manufacturing,� assembling,� joining� and�
welding�procedures,�steel�surface�preparation�and�coating�are�to�be�included�in�the�
ship�construction�quality�procedures.�

1.3.3� Other�regulations�

1.3.3.1� International�regulations�

Attention�of�designers,�shipbuilders�and�shipowners�of�ships�covered�by�these�
Rules�is�drawn�on�the�following:�

Ships�are�designed,�constructed�and�operated�in�a�complex�regulatory�framework�
prescribed�internationally�by�IMO�and�implemented�by�flag�states�or�by�classification�



� 21

societies�on�their�behalf.�Statutory�requirements�set�the�standard�for�statutory�aspects�
of�ships�such�as�life�saving,�subdivisions,�stability,�fire�protection,�etc.�

These�requirements�influence�the�operational�and�cargo�carrying�arrangements�
of�the�ship�and�therefore�may�affect�its�structural�design.�

The�main�international�instruments�normally�to�be�applied�with�regard�to�the�
strength�of�bulk�carriers�are:�
–� International�Convention�for�Safety�of�Life�at�Sea�(SOLAS);�
–� International�Convention�on�Load�Lines.�

1.3.3.2� National�regulations�

1.3.3.2.1� Attention� is�drawn�on� the�applicable�national� flag� state� regulations.�
Compliance�with�these�regulations�of�national�administrations�is�not�conditional�for�
class�assignment.�

1.3.4� W  orkmanship �

1.3.4.1� Req uirements�to�b e�complied�with�b y�the�manufacturer �

1.3.4.1.1� The�manufacturing�plant�is�to�be�provided�with�suitable�equipment�and�
facilities� to� enable� proper� handling� of� the� materials,� manufacturing� processes,�
structural�components,�etc.�

The�manufacturing�plant�is�to�have�at�its�disposal�sufficiently�qualified�person-
nel.�PRS�is�to�be�advised�of�the�names�and�areas�of�responsibility�of�the�supervi-
sory�and�control�personnel�in�charge�of�the�project.�

1.3.4.2� Quality�control�

1.3.4.2.1� As�far�as�required�and�expedient,�the�manufacturer's�personnel�has�to�
examine�all�structural�components�both�during�manufacture�and�on�completion,�to�
ensure�that�they�are�complete,�that�the�dimensions�are�correct�and�that�workman-
ship�is�satisfactory�and�meets�the�standard�of�good�shipbuilding�practice.�

Upon� inspection� and� corrections� by� the� manufacturing� plant,� the� structural�
components�are�to�be�shown�to�the�surveyor�of�PRS�for�inspection,�in�suitable�sec-
tions,�normally�in�unpainted�condition�and�enabling�proper�access�for�inspection.�

The�Surveyor�may�reject�components�that�have�not�been�adequately�checked�by�
the�plant�and�may�demand�their�re-submission�upon�successful�completion�of�such�
checks�and�corrections�by�the�plant.�

1.3.5� Structural�details�

1.3.5.1� Details�in�manufacturing�documents�

1.3.5.1.1� Significant� details� concerning� quality� and� functional� ability� of� the�
component�concerned�are�to�be�entered�in�the�manufacturing�documents�(workshop�
drawings,�etc.).�This�includes�not�only�scantlings�but�–�where�relevant�–�such�items�
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as�surface�conditions�(e.g.�finishing�of�flame�cut�edges�and�weld�seams),�and�spe-
cial�methods�of�manufacture� involved�as�well� as� inspection�and�acceptance� re-
quirements�and�where�relevant�permissible�tolerances.�So�far�as�for�this�aim�a�stan-
dard�is�used�(works�or�national�standard�etc.)�it�is�to�be�submitted�to�PRS.�For�weld�
joint�details,�see�11.2.�

If,�due�to�missing�or�insufficient�details�in�the�manufacturing�documents,�the�
quality�or�functional�ability�of�the�component�is�doubtful,�PRS�may�require�appro-
priate�improvements�to�be�submitted�by�the�manufacturer.�

This�includes�the�provision�of�supplementary�or�additional�parts�(for�example�
reinforcements)�even�if�these�were�not�required�at�the�time�of�plan�approval.�

1.4� Symbols�and�definitions�

1.4.1� Primary�symbols�and�units�

1.4.1.1� General�

1.4.1.1.1� Unless�otherwise�specified,�the�general�symbols�and�their�units�used�in�
the�present�Rules�are�those�defined�in�Table�1.4.1.1.1.�

Table�1.4.1.1.1��
Primary�symbols �

Symbol� Meaning� Units�

1� 2� 3�

Area� m2�A �
�
�

Sectional�area�of�ordinary�stiffeners�and�primary�members� cm2�

B � Moulded�breadth�of�ship�(see�1.4.2)� m�

C� Coefficient� –�

D � Depth�of�ship�(see�1.4.2)� m�

E � Young’s�modulus� N/mm2�

F � Force�and�concentrated�loads� kN�

Hull�girder�inertia�I�
�
�

Inertia�of�ordinary�stiffeners�and�primary�members�

m4�
cm4�

L� Length�of�ship�(see�1.4.2)� m�

M� Bending�moment� kNm�

Q � Shear�force� kN�

S� Spacing�of�primary�supporting�members� m�

T � Draught�of�ship�(see�1.4.2)� m�

V � Ship’s�speed� knot�

Z � Hull�girder�section�modulus� m3�

A � Acceleration� m/s2�

Width�of�attached�plating�b�
�
�

Width�of�face�plate�of�ordinary�stiffeners�and�primary�members�

m�
mm�

�
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1� 2� 3�

G � Gravity�acceleration�(see�1.4.2)� m/s2�

Height� m�h�
�
�

Web�height�of�ordinary�stiffeners�and�primary�members� mm�

K � Material�factor�(see�1.4.2)� –�

L� Length�/�Span�of�ordinary�stiffeners�and�primary�supporting�members� m�

M� Mass� t�

N� Number�of�items� –�

P� Pressure� kN/m2�

Radius� mm�r�
�
�

Radius�of�curvature�of�plating�or�bilge�radius� m�

S� Spacing�of�ordinary�stiffeners� m�

t� Thickness� mm�

w � Section�modulus�of�ordinary�stiffeners�and�primary�supporting�members� cm3�

x � X�coordinate�along�longitudinal�axis�(see�1.4.4)� m�

y � Y�coordinate�along�transverse�axis�(see�1.4.4)� m�

z� Z�coordinate�along�vertical�axis�(see�1.4.4)� m�

γ� Safety�factor� –�

δ� Deflection�/�Displacement� mm�

θ� Angle� deg�

ξ� Weibull�shape�parameter� –�

ρ� Density� t/m3�

σ� Bending�stress� N/mm2�

τ� Shear�stress� N/mm2�

1.4.2� Symbols�

1.4.2.1� Ship’s�main�data�

1.4.2.1.1� �

L� –�� rule�length,�[m],�defined�in�1.4.3.1;�
LLL� –�� freeboard�length,�[m],�defined�in�1.4.3.2;�
LBP �� –�� �length�between�perpendiculars,�in�m,�is�the�length�of�the�ship�measured�

between�perpendiculars�taken�at�the�extremities�of�the�deepest�subdivi-
sion� load� line,� i.e.� of� the�waterline�which� corresponds� to� the� greatest�
draught�permitted�by�the�subdivision�requirements�which�are�applicable;��

FP LL� –�� forward�freeboard�perpendicular.�The�forward�freeboard�perpendicular�is�
to�be�taken�at�the�forward�end�of�the�length�LLL�and�is�to�coincide�with�the�
foreside�of�the�stem�on�the�waterline�on�which�the�length�LLL�is�measured��

AP LL� –�� after�freeboard�perpendicular.�The�after�freeboard�perpendicular�is�to�be�
taken�at�the�aft�end�of�the�length�LLL.;�
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B – moulded breadth, [m], defined in 1.4.3.4; 
D –  depth, [m], defined in 1.4.3.5; 
T –  moulded draught, [m], defined in 1.4.3.6; 
TS –  scantling draught, [m], taken equal to the maximum draught (see also 

1.1.1.1.6); 
TB –  minimum ballast draught at midship, [m], in normal ballast condition as 

defined in 4.7.2.2.1; 
TLC –  midship draught, [m], in the considered loading condition; 
� –  moulded displacement, in tonnes, at draught T, in sea water (density  

� = 1.025 t/m3); 
CB –  total block coefficient 

LBT
CB 025.1

�
� ;

 
V –  maximum ahead service speed, [knots], means the greatest speed which the 

ship is designed to maintain in service at her deepest seagoing draught at 
the maximum propeller RPM and corresponding engine MCR (Maximum 
Continuous Rating); 

x, y, z – X, Y and Z co-ordinates, in m, of the calculation point with respect to the 
reference co-ordinate system. 

1.4.2.2 Materials 

1.4.2.2.1  

E –  Young’s modulus, [N/mm2]], to be taken equal to: 
E = 2.06.105  for steels in general, 
E = 1.95.105  for stainless steels, 
E = 7.0.104  for aluminium alloys; 

ReH  –  minimum yield stress of the material, [N/mm2]; 
k –  material factor, defined in 3.1.2.2; 
v –  Poisson’s ratio. Unless otherwise specified, a value of 0.3 is to be taken 

into account; 
Rm –  ultimate minimum tensile strength of the material, [N/mm2],; 

YR  –  nominal yield stress of the material [N/mm2], to be taken equal to 235/k, 
unless otherwise specified, [N/mm2]. 

1.4.2.3 Loads 

1.4.2.3.1  

g –  gravity acceleration, taken equal to 9.81 m/s2
; 

� –  sea water density, taken equal to 1.025 t/m3 
; 

�L –  density of the liquid carried, [t/m3]; 
�C –  density of the dry bulk cargo carried, [t/m3]; 
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C� –�� wave�parameter,�taken�equal�to:�
5,1

100

300
75.10 �

�

�
�
�

� −−= L
C

�for�90�<�L�<�300m� (1.4.2.3.1a)�

C�=�10.75� for�300� <L �<�350m� (1.4.2.3.1b)�
h� –�� height�of�a�tank,�to�be�taken�as�the�vertical�distance�from�the�bottom�to�

the�top�of�the�tank,�excluding�any�small�hatchways,�[m];�
zTOP � –�� vertical�distance,�[m],�of�the�highe st�point�of�the�tank�from�the�baseline.�

For�ballast�holds,�zTOP �,�[m],�is�the�vertical�distance�of�the�top�of�the�hatch�
coaming�from�the�baseline;�

l�H � –�� length�of�the�compartment,�[m];�
MSW � –�� design�still�water�bending�moment� at�the�hull�transverse�section�consid-

ered,�[kNm]:�
MSW �= �MSW,�H � in�hogging�conditions�
MSW �= �MSW,�S � in�sagging�conditions;�

Mwv� –�� vertical�wave�bending�moment�at�the�hull�transverse�section,�[kNm],�con-
sidered:�
MWV �= �MWV,�H � in�hogging�conditions�
MWV �= �MWV,�S � in�sagging�conditions;�

MWH � –�� horizontal�wave�bending�moment�at�the�hull�transverse�section�consid-
ered,�[kNm];�

Q SW � –�� design�still�water�shear�force�at� the�hull� transverse�section�considered,�
[kNm];�

Q WV � –�� vertical�wave�shear�force�at�the�hull�transverse�section�considered,�[kN];�
pS� –�� still�water�pressure,�[kN/m 2];�
pW � –�� wave�pressure�or�dynamic�pressures,�[kN/m 2];�
pSF ,�pWF ���–��still�water�and�wave�pressure�in�flooded�conditions,�[kN/m 2];�
σX� –�� hull�girder�normal�stress,�[N/mm 2];�
aX ,�aY ,�aZ ��–��accelerations,�in�m/s 2,�along�X ,�Y �and�Z� directions,�respectively;�
T R� –�� roll�period,�[s];�
θ� – �� roll�single�amplitude,�[deg];�
T P� –�� pitch�period,�[s];�
φ� –�� single�pitch�amplitude,�[deg];�
kr� –�� roll�radius�of�gyration,�[m];�
GM� –�� metacentric�height,�[m]; �
λ� –�� wave�length,�[m].�

1.4.2.4� Scantlings�

1.4.2.4.1� Hull�girder�scantlings�

IY � –�� moment�of�inertia�of�the�hull�transverse�section�about�its�horizontal�neutral�
axis,�[m4];�
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Iz� –�� moment�of� inertia�of� the�hull� transve rse�section�about� its�vertical�neutral�
axis,�[m4];�

Z AB ,Z AD ��–��section�moduli�at�bottom�and�deck,�respectively,�[m 3],�
N� –�� vertical�distance�from�the�base�line�to �the�horizontal�neutral�axis�of�the�hull�

transverse�section,�[m].�

1.4.2.4.2� Local�scantlings�

s� –�� spacing�of�ordinary�stiffeners,�measured�at�mid-span�along�the�chord,�[m];�
S� –�� spacing�of�primary�supporting�members,�measured�at�mid-span�along�the�

chord,�[m];�
l�� –�� span�of�ordinary�stiffener�or�pri mary�supporting�member,�as�the�case�may�

be,�measured�along�the�chord,�[m];�
l b� –�� length�of�brackets,�[m];�
tC� –�� corrosion�addition,�[mm];�
hw � –�� w eb�height�of�ordinary�stiffener�or�primary�supporting�member,�as�the�case�

may�be,�[mm];�
tw � –�� net�web�thickness�of�ordinary�stiffener�or�primary�supporting�member,�as�

the�case�may�be,�[mm]�
bf� –�� face�plate�width�of�ordinary�stiffener�or�primary�supporting�member,�as�the�

case�may�be,�[mm];�
tf� – �� net�face�plate�thickness�of�ordinary�stiffener�or�primary�supporting�mem-

ber,�as�the�case�may�be,�[mm];�
tp� –�� net�thickness�of�the�plating�attached�to�an�ordinary�stiffener�or�a�primary�

supporting�member,�as�the�case�may�be,�[mm];�
bp� –�� width� of� the�plating� attached� to� the� stiffener� or� the�primary� supporting�

member,�for�the�yielding�check,�[m];�
A s� –�� net�sectional�area�of�the�stiffener�or�the�primary�supporting�member,�with�

attached�plating�of�width�s,�[cm2];�
A sh� –�� net�shear�sectional�area�of�the�sti ffener�or�the�primary�supporting�member,�

[cm2];�
I� –�� net�moment�of�inertia�of�ordinary�stiffener�or�primary�supporting�member,�

as�the�case�may�be,�without�attached�plating,�around�its�neutral�axis�parallel�
to�the�plating,�[cm4];�

Ip� –�� net�polar�moment�of� inertia�of�ordinary� stiffener�or�primary� supporting�
member,�as�the�case�may�be,�about�its�connection�to�plating,�[cm4];�

Iw � –�� net�sectional�moment�of�inertia�of� ordinary�stiffener�or�primary�supporting�
member,�as�the�case�may�be,�about�its�connection�to�plating,�[cm6];�

IS� –�� net�moment�of�inertia�of�the�stiffener�or�the�primary�supporting�member,�
with�attached�shell�plating�of�width�s,�about�its�neutral�axis�parallel�to�the�
plating,�[cm4];�

Z� –�� net�section�modulus,�in,�of�an�ordinary�stiffener�or�a�primary�supporting�
member,�as�the�case�may�be,�with�attached�plating�of�width�bp,�[cm

3].�
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1.4.3� Definitions�

1.4.3.1� Ship’s�geometric�features�

L� – � r u l e � l e n g t h , � [ m ] �–�the�distance�measured�on�the�summer�load�waterline,�
from�the�forward�side�of�the�stem�to�the�after�side�of�the�rudder�post,�or�to�the�cen-
tre�of�the�rudder�stock�where�there�is�no�rudder�post.�L�is�to�be�not�less�than�96%�
and�need�not�exceed�97%�of�the�extreme�length�on�the�summer�load�waterline.�

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�summer�load�
waterline.�

In�ships�with�unusual�stem�or�stern�arrangements,�the�rule�length�L�is�considered�
on�a�case�by�case�basis.�

LLL� – � f r e e b o a r d � l e n g t h , [ m ] � – � the�distance,�in�m,�on�the�waterline�at�85%�
of�the�least�moulded�depth�from�the�top�of�the�keel,�measured�from�the�forward�
side�of�the�stem�to�the�centre�of�the�rudder�stock.�LLL�is�to�be�not�less�than�96%�of�
the�extreme�length�on�the�same�waterline.�

Where�the�stem�contour�is�concave�above�the�water-line�at�85%�of�the�least�
moulded�depth,�both�the�forward�end�of�the�extreme�length�and�the�forward�side�of�
the�stem�are�to�be�taken�at�the�vertical�projection�to�that�waterline�of�the�aftermost�
point�of�the�stem�contour�(above�that�waterline),�(see�Fig�1.4.3.1-1).�

0.85D

length��totalthe
of��terminalForward

�

Figure�1.4.3.1-1� Concave�stem�contour�

F E � – � f o r e � e n d �o f � t h e � r u l e � l e n g t h � L �(see�Fig�1.4.3.1-2)�–�the�perpen-
dicular�to�the�summer�load�waterline�at�the�forward�side�of�the�stem.�

A E �–��a f t � e n d � o f � t h e � r u l e � l e n g t h � L �(see�Fig�1.4.3.1-2)�–�the�perpen-
dicular�to�the�waterline�at�a�distance�L�aft�of�the�fore�end.�
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Midship

�

Figure�1.4.3.1-2� Ends�and�midship�

M i d s h i p �–�the�perpendicular�to�the�waterline�at�a�distance�0.5L�aft�of�the�fore�end.�

M i d s h i p � p a r t � o f � a � s h i p �–�the�part�extending�0.4 L�amidships,�unless�other-
wise�specified.�

B � – � m o u l d e d � b r e a d t h , [ m ] � –� the� greatest� moulded� breadth,� measured�
amidships�below�the�weather�deck.�

T � – � m o u l d e d � d r a u g h t , [ m ] �-�the�distance�measured�vertically�on�the�mid-
ship�transverse�section,�from�the�moulded�base�line�to�the�summer�load�line.��

D � – � d e p t h , � [ m ] �–�the�distance�measured�vertically�on�the�midship�transverse�
section,�from�the�moulded�base�line�to�the�top�of�the�deck�beam�at�side�on�the�up-
per-most�continuous�deck.�

S t a n d a r d �h e i g h t �o f �s u p e r s t r u c t u r e �–�see�Table�1.4.3.1.�

Table�1.4.3.1��
Standard�height�of�superstructure* �

Standard�height�hS,�[m]�
Freeboard�length�LLL,�[m]�

Raised�quarter�deck*� All�other�superstructures�

90�<�LLL�<�125� 0.3�+�0.012 LLL� 1.05�+� 0.01�LLL�

LLL�>�125� 1.80� 2.30�

*�see�related�definitions�in�1.4.3.4�

1.4.3.2� Reference�co-ordinate�system�

The�ship’s�geometry,�motions,�accelerations�and�loads�are�defined�with�respect�
to�the�right-hand�co-ordinate�system�shown�in�Fig�1.4.3.2.�The�definitions�of�its�
elements�are�as�follows:�

O r i g i n � – �the�intersection�among�the�longitudinal�plane�of�symmetry�of�ship,�the�
aft�end�of�L�and�the�baseline.�

X �a x i s �–�longitudinal�axis,�positive�forwards.�
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Y �a x i s �–�transverse�axis,�positive�towards�portside.�

Z �a x i s �–�vertical�axis,�positive�upwards.�

Positive�rotations�are�oriented�in�anti-clockwise�direction�about�the�X ,�Y �and�Z �
axes.�

Y

Z

X

AE �

Figure�1.4.3.2� Reference�co-ordinate�system�

1.4.3.3� Ship’s�light-�and�deadweight�

L i g h t w e i g h t , [ t ] � – �the�displacement�without�cargo,�fuel,�lubricating�oil,�bal-
last�water,�fresh�water�and�feed�water,�consumable�stores�and�passengers�and�crew�
and�their�effects,�but�including�liquids�in�piping.�

D e a d w e i g h t , [ t ] � –� the�difference�between� the�displacement,�at� the�summer�
draught�in�sea�water�of�density�ρ�=�1.025�t/m 3,�and�the�lightweight.�

1.4.3.4� Ship’s�construction�parts�

F r e e b o a r d � d e c k �–�defined�as�in�Regulation�3�of�the� International�Load�Line�
Convention,�as�amended.�

Bulkhead� deck�–�the�uppermost�deck�to�which�the�transverse�watertight�bulk-
heads,�except�both�peak�bulkheads,�extend�and�are�made�effective.�

S t r e n g t h � d e c k � a t � a � p a r t � o f � s h i p ’ s � l e n g t h �–�the�uppermost�continu-
ous�deck�at�that�part�to�which�the�shell�plates�extend.�

S u p e r s t r u c t u r e �–�a�decked�structure�on�the�free-board�deck,�extending�from�
side�to�side�of�the�ship�or�with�the�side�plating�not�being�inboard�of�the�shell�plating�
more�than�0.04B.�A�superstructure�may�be:�
–� enclosed,�where:�

i)� it�is�enclosed�by�front,�side�and�aft�bulkheads�complying�with�the�require-
ments�of�9.4;�
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ii)�all�front,�side�and�aft�openings�are�fitted�with�efficient�weathertight�means�of�
closing�

–� open,�where�it�is�not�enclosed.�

F o r e c a s t l e � – � a�superstructure�which�extends�from�the�forward�perpendicular�
aft�to�a�point�which�is�forward�of�the�after�perpendicular.�The�forecastle�may�origi-
nate�from�a�point�forward�of�the�forward�perpendicular.�

R a i s e d � q u a r t e r d e c k � – � a�superstructure�which�extends�forward�from�the�
after�perpendicular,�generally�has�a�height�less�than�a�normal�superstructure,�and�
has�an�intact�front�bulkhead�(sidescuttles�of�the�non-opening�type�fitted�with�effi-
cient�deadlights�and�bolted�man�hole�covers),�(see�Fig�1.4.3.4).�Where�the�forward�
bulkhead�is�not�intact�due�to�doors�and�access�openings,�the�superstructure�is�to�be�
considered�as�a�poop.�

A��PRaised
Quarter
Deck

Intact
Bulkhead

Freeboard
Deck

�

Figure�1.4.3.4� Raised�quarter�deck�

Deckhouse�–� a�decked�structure�other�than�a�superstructure,�located�on�the�free-
board�deck�or�above.�

T r u n k � – � a�decked�structure�similar� to�a�dec khouse,�but�not�provided�with�a�
lower�deck.�

W a s h �b u l k h e a d �– �a�perforated�or�partial�bulkhead�in�a�tank.�

1.4.3.5� Conventional�ship�types�(with�reference�to�the�ILLC)�

1.4.3.5.1� Type�A�and�Type�B�ships�

.1� T y p e �A �s h i p �–�a�ship�which:�
–� is�designed�to�carry�only�liquid�cargoes�in�bulk;�
–� has�a�high�integrity�of�the�exposed�deck�with�only�small�access�open-

ings� to�cargo�compartments,�closed�by�watertight�gasketed�covers�of�
steel�or�equivalent�material;�
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–� has�low�permeability�of�loaded�cargo�compartments.�
A�Type�A�ship�is�to�be�assigned�a�freeboard�following�the�requirements�re-
ported�in�the�International�Load�Line�Convention�1966 ,�as�amended.�

.2� Typ e � B � s h i p �–�any�ship�which�does�not�come�within�the�provisions�re-
garding�Type�A�ships�stated�in�1.4.3.5.1.1�is�to�be�considered�as�a�Type�B�ship.�
A�Type�B�ship�is�to�be�assigned�a�freeboard�following�the�requirements�re-
ported�in�the�International�Load�Line�Convention�1966 ,�as�amended.�

1.4.3.5.2� Type�B-60�and�B-100�ships�

.1� T y p e � B - 6 0 � s h i p � – �any�Type�B�ship�of�over�100�metres�in�length�
which,�according�to�applicable�requirements�in�the�International�Load�Line�
Convention� 1966 ,� as� amended,� is� assigned� a�value�of� tabular� freeboard�
which�can�be�reduced�up�to�60�per�cent�of�the�difference�between�the�“B”�
and�“A”�tabular�values�for�the�appropriate�ship�lengths.�

.2� T y p e � B - 1 0 0 �s h i p � – �any�Type�B�ship�of�over�100�meters�in�length�
which,�according�to�applicable�requirements�of�in�the�International�Load�
Line�Convention�1966 ,�as�amended,�is�assigned�a�value�of�tabular�freeboard�
which�can�be�reduced�up�to�100�per�cent�of�the�difference�between�the�“B”�
and�“A”�tabular�values�for�the�appropriate�ship�lengths.�

1.4.3.6� Positions�1�and�2�

P o s i t i o n �1 � i n c l u d e s :�
–� exposed�freeboard�and�raised�quarter�decks,�
–� exposed�superstructure�decks�situated�forward�of�0.25�LLL�from�the�perpendicu-

lar,�at�the�forward�side�of�the�stem,�to�the�waterline�at�85%�of�the�least�moulded�
depth�measured�from�the�top�of�the�keel.�

P o s i t i o n �2 � i n c l u d e s : �
–� exposed�superstructure�decks�situated�aft�of�0.25�LLL�from�the�perpendicular,�at�

the�forward�side�of�the�stem,�to�the�waterline�at�85%�of�the�least�moulded�depth�
measured�from�the�top�of�the�keel�and�located�at�least�one�standard�height�of�su-
perstructure�above�the�freeboard�deck;�

–� exposed�superstructure�decks�situated�forward�of�0.25�LLL�from�the�perpendicu-
lar,�at�the�forward�side�of�the�stem,�to�the�waterline�at�85%�of�the�least�moulded�
depth�measured� from� the� top� of� the� keel� and� located� at� least� two� standard�
heights�of�superstructure�above�the�freeboard�deck.�
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2� GENERAL�ARRANGEMENT�DESIGN�

2.1� Subdivision�arrangement�

2.1.1� Number�and�arrangement�of�transverse�watertight�bulkheads �

2.1.1.1� Number�of�watertight�bulkheads �

2.1.1.1.1� General�

All�ships,�in�addition�to�complying�with�the�requirements�of�2.1.1.1.2,�are�to�
have�at�least�the�following�transverse�watertight�bulkheads:�
–� one�collision�bulkhead;�
–� one�after�peak�bulkhead;�
–� two�bulkheads�forming�the�boundaries�o f�the�machinery�space�in�ships�with�ma-

chinery�amidships,�and�a�bulkhead�forward�of�the�machinery�space�in�ships�with�
machinery�aft.�In�the�case�of�ships�with�an�electrical�propulsion�plant,�both�the�
generator�room�and�the�engine�room�are�to�be�enclosed�by�watertight�bulkheads.�

2.1.1.1.2� Additional�bulkheads�

For�ships�not�required�to�comply�with�subdivision�regulations,�transverse�bulk-
heads�adequately�spaced,�and�not�less�in�number�than�indicated�in�Table�2.1.1.1.2,�
are�to�be�fitted.�

Table�2.1.1.1.2��
Number�of�bulkheads �

Length�(m)�

Number�of�bulkheads�
for�ships�with�aft�

machinery�(1)�

Numbers�of�bulkheads�
for�other�ships�

90�≤�L�<�105� 4� 5�

105�≤�L�<�120� 5� 6�

120�≤�L�<�145� 6� 7�

145�≤�L�<�165� 7� 8�

165�≤�L�<�190� 8� 9�

L�≥�190� To�be�defined�on�a�case�by�case�basis�
(1)�After�peak�bulkhead�and�aft�machinery�bulkhead�are�the�same.�

2.1.2� Collision�bulkhead�

2.1.2.1� Arrangement�of�collision�bulkhead�

2.1.2.1.1� A�collision�bulkhead�is�to�be�fitted�which�is�to�be�watertight�up�to�the�
freeboard�deck.�This�bulkhead�is�to�be�located�at�a�distance�from�the�forward�per-
pendicular�FP LL�of�not�less�than�5�per�cent�of�the�length�LLL�of�the�ship�or�10�m,�
whichever�is�the�less,�and�not�more�than�8�per�cent�of�LLL.�
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2.1.2.1.2� Where�any�part�of�the�ship�below�the�waterline�extends�forward�of�the�
forward�perpendicular,�e.g.�a�bulbous�bow,�the�distances,�in�metres,�stipulated�in�
2.1.2.1.1�are�to�be�measured�from�a�point�either:�
–� at�the�mid-length�of�such�extension,�or�
–� at�a�distance�1.5�per�cent�of�the�length� LLL�of�the�ship�forward�of�the�forward�

perpendicular,�or�
–� at�a�distance�3�metres�forward�of�the�forward�perpendicular,�whichever�gives�

the�smallest�measurement.�

2.1.2.1.3� The�bulkhead�may�have�steps�or�recesses�provided�they�are�within�the�
limits�prescribed�in�2.1.2.1.1�or�2.1.2.1.2.�No�door,�manhole,�ventilation�duct�or�
any�other�opening�is�to�be�fitted�in�this�bulkhead.�

2.1.3� After�peak,�machinery�space�bulkheads�and�stern�tubes �

2.1.3.1� General�

An�after�peak�bulkhead,�and�bulkheads�dividing�the�machinery�space�from�the�
cargo�spaces�forward�and�aft,�are�also�to�be�fitted�and�made�watertight�up�to�the�
freeboard� deck.� The� after� peak� bulkhead�may,� however,� be� stepped� below� the�
bulkhead�deck,�provided�the�degree�of�safety�of�the�ship�as�regards�subdivision�is�
not�thereby�diminished.�

2.1.3.2� Sterntubes�

Sterntubes�are�to�be�enclosed�in�a�watertight�space�(or�spaces)�of�moderate�vol-
ume.�Other�measures�to�minimise�the�danger�of�water�penetrating�into�the�ship�in�
case�of�damage�to�sterntube�arrangements�may�be�taken�at�the�discretion�of�PRS.�

2.1.4� Number�and�arrangement�of�tank�bulkheads �

2.1.4.1� Bulkheads�in�compartments�intended�for�the�carriage�of�liquid�cargoes�

2.1.4.1.1� The� number� and� location� of� transverse� and� longitudinal� watertight�
bulkheads�in�compartments�intended�for�the�carriage�of�liquid�cargoes�are�to�com-
ply�with�the�subdivision�requirements�to�which�the�ship�is�subject.�

2.1.5� Arrangement�of�transverse�watertight�bulkheads �

2.1.5.1� General�

2.1.5.1.1� Where� it� is� not� practicable� to� arrange� a�watertight� bulkhead� in� one�
plane,�a�stepped�bulkhead�may�be�fitted.�In�this�case,�the�part�of�the�deck�which�
forms�the�step�is�to�be�watertight�and�equivalent�in�strength�to�the�bulkhead.�
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2.1.6� Openings�in�watertight�bulkheads�

2.1.6.1� General�

2.1.6.1.1� The� number� of� openings� in�watertight� subdivisions� is� to� be� kept� to�
a�minimum�compatible�with� the�design�and�proper�working�of� the�ship.�Where�
penetrations�of�watertight�bulkheads�and�internal�decks�are�necessary�for�access,�
piping,�ventilation,�electrical�cables,�etc.,�arrangements�are�to�be�made�to�maintain�
the�watertight�integrity.�PRS�may�permit�relaxation�in�the�watertightness�of�open-
ings�above�the�freeboard�deck,�provided�that�it�is�demonstrated�that�any�progressive�
flooding�can�be�easily�controlled�and�that�the�safety�of�the�ship�is�not�impaired.�

2.1.6.1.2� No�door,�manhole�ventilation�duct�or�any�other�opening�is�permitted�in�
the�collision�bulkhead�below�the�subdivision�deck.�

2.1.6.1.3� Lead�or�other�heat�sensitive�materials�may�not�be�used�in�systems�which�
penetrate�watertight�subdivision�bulkheads,�where�deterioration�of�such�systems�in�
the�event�of�fire�would�impair�the�watertight�integrity�of�the�bulkheads.�

2.1.6.1.4� Valves�not�forming�part�of�a�piping�system�are�not�permitted�in�water-
tight�subdivision�bulkheads.�

2.1.6.1.5� The�requirements�relevant�to�the�degree�of�tightness,�as�well�as�the�op-
erating�systems,�for�doors�or�other�closing�appliances�complying�with�the�provi-
sions�in�2.1.6.2�and�2.1.6.3�are�specified�in�Table�2.1.6.3.1.�

2.1.6.2� Openings�in�the�watertight�bulkheads�below�the�freeboard�deck �

2.1.6.2.1� Openings�used�while�at�sea�

Doors�provided�to�ensure�the�watertight�integrity�of�internal�openings�which�are�
used�while� at� sea� are� to�be� sliding�watertight�doors� capable�of�being� remotely�
closed�from�the�bridge�and�are�also�to�be�operable�locally�from�each�side�of�the�
bulkhead.�Indicators�are�to�be�provided�at�the�control�position�showing�whether�the�
doors�are�open�or�closed,�and�an�audible�alarm�is�to�be�provided�at�the�door�closure.�
The�power,�control�and�indicators�are�to�be�operable�in�the�event�of�main�power�
failure.�Particular�attention�is�to�be�paid�to�minimise�the�effect�of�control�system�
failure.�Each�power-operated�sliding�watertight�door�is�to�be�provided�with�an�indi-
vidual�hand-operated�mechanism.�The�possibility�of�opening�and�closing�the�door�
by�hand�at�the�door�itself�from�both�sides�is�to�be�assured.�

2.1.6.2.2� Openings�normally�closed�at�sea�

Access�doors�and�access�hatch�covers�normally�closed�at�sea,�intended�to�ensure�
the�watertight�integrity�of�internal�openings,�are�to�be�provided�with�means�of�indi-
cation�locally�and�on�the�bridge�showing�whether�these�doors�or�hatch�covers�are�
open�or�closed.�A�notice�is�to�be�affixed�to�each�such�door�or�hatch�cover�to�the�
effect�that�it�is�not�to�be�left�open.�The�use�of�such�doors�and�hatch�covers�is�to�be�
authorised�by�the�officer�of�the�watch.�
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2.1.6.2.3� Doors�or�ramps�in�large�cargo�spaces�

Watertight�doors�or�ramps�of�satisfactory�construction�may�be�fitted�to�inter-
nally�subdivide�large�cargo�spaces,�provided�that�PRS�is�satisfied�that�such�doors�or�
ramps�are�essential.�These�doors�or�ramps�may�be�hinged,�rolling�or�sliding�doors�
or�ramps,�but�are�not�to�be�remotely�controlled.�

Such�doors�are�to�be�closed�before�the�voyage�commences�and�are�to�be�kept�
closed�during�navigation.�Should�any�of�the�doors�or�ramps�be�accessible�during�the�
voyage,�they�are�to�be�fitted�with�a�device�which�prevents�unauthorised�opening.�

The�word�“satisfactory”�means�that�scantlings�and�sealing�requirements�for�such�
doors�or�ramps�are�to�be�sufficient�to�withstand�the�maximum�head�of�the�water�at�
the�flooded�waterline.�

2.1.6.2.4� Openings�permanently�kept�closed�at�sea�

Other�closing�appliances�which�are�kept�permanently�closed�at�sea�to�ensure�the�
watertight�integrity�of�internal�openings�are�to�be�provided�with�a�notice�which�is�to�
be�affixed�to�each�such�closing�appliance�to�the�effect�that�it�is�to�be�kept�closed.�
� Manholes�fitted�with�closely�bolted�covers�need�not�be�so�marked.�

2.1.6.3� Openings�in�the�bulkheads�above�the�freeboard�deck �

2.1.6.3.1� General�

The�openings�in�flooding�boundaries�located�below�the�waterline�at�the�equilib-
rium�of�the�final�stage�of�flooding�are�to�be�watertight.�The�openings�immersed�
within�the�range�of�the�positive�righting�lever�curve�are�only�to�be�weathertight.�

2.1.6.3.2� Doors�used�while�at�sea�

The�doors�used�while�at�sea�are�to�be�sliding�doors�capable�of�being�remotely�
closed�from�the�bridge�and�are�also�to�be�operable�locally�from�each�side�of�the�
bulkhead.�Indicators�are�to�be�provided�at�the�control�position�showing�whether�the�
doors�are�open�or�closed,�and�an�audible�alarm�is�to�be�provided�at�the�door�closure.�
The�power,�control�and�indicators�are�to�be�operable�in�the�event�of�main�power�
failure.�Particular�attention�is�to�be�paid�to�minimise�the�effect�of�control�system�
failure.�Each�power-operated�sliding�watertight�door�is�to�be�provided�with�an�indi-
vidual�hand-operated�mechanism.�It�should�be�possible�to�open�and�close�the�door�
by�hand�at�the�door�itself�from�both�sides.�

2.1.6.3.3� Doors�normally�closed�at�sea�

The�doors�normally�closed�at�sea�are�to�be�provided�with�means�of�indication�
locally�and�on�the�bridge�showing�whether�these�doors�are�open�or�closed.�A�notice�
is�to�be�affixed�to�each�door�to�the�effect�that�it�is�not�to�be�left�open.�

�
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Table�2.1.6.3.1��
Doors�

Sliding�type� Hinged�type��

Remote��
operation�
indication�

on�the�bridge�

Indicator�on�
the�bridge�

Local�
operation�

only�

Remote�
operation�
indication�

on�the�bridge�

Indicator�on�
the�bridge�

Local�
operation�

only�

Rolling�type�
(cargo�between�

deck�paces)�

Open�at�sea� X� � � � � � �

Normally�
closed�(2)� � X� � � X�(3)� � �

Watertight�
�

Below�the�
freeboard�
deck�
�

Remain�
closed�(2)� � �

X�
(4)�(5)�

� �
X�

(4)�(5)�
X�

(4)�(5)�

Open�at�
sea� X� � � � � � �

Normally�
closed�(2)� � X� � � X� � �

Weather-
tight�/�
watertight�
(1)�

Above�the�
freeboard�
deck�
�

Remain�
closed�(2)� � � � � �

X�
(4)�(5)�

�

(1)� Watertight�doors�are�required�when�they�are�located�below�the�waterline�at�the�equilibrium�of�the�final�stage�of�flooding;�otherwise�a�weathertight�
door�is�accepted.�

(2)� Notice�to�be�affixed�on�both�sides�of�the�door:�“to�be�kept�closed�at�sea”.�
(3)� Type�A�ships�of�150�m�and�upwards,�and�Type�B�ships�with�a�reduced�freeboard�may�have�a�hinged�watertight�door�between�the�engine�room�

and�the�steering�gear�space,�provided�that�the�sill�of�this�door�is�above�the�summer�load�waterline.�
(4)� The�door�is�to�be�closed�before�the�voyage�commences.�
(5)� If�the�door�is�accessible�during�the�voyage,�a�device�which�prevents�unauthorised�opening�is�to�be�fitted.�
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2.1.6.3.4� Openings�kept�permanently�closed�at�sea�

The�doors�kept�closed�at�sea�are�to�be�hinged�doors.�Such�doors�and�the�other�
closing�appliances�which�are�kept�closed�at�sea�are�to�be�provided�with�a�notice�
affixed�to�each�closing�appliance�to�the�effect�that�it�is�to�be�kept�closed.�Manholes�
fitted�with�closely�bolted�covers�need�not�be�so�marked.�

2.2� Compartment�arrangement�

2.2.1� Definitions�

2.2.1.1� Cofferdam�

2.2.1.1.1� A�cofferdam�means�an�empty�space�arranged�so�that�compartments�on�
each�side�have�no�common�boundary;�a�cofferdam�may�be� located�vertically�or�
horizontally.�As�a�rule,�a�cofferdam�is�to�be�properly�ventilated�and�of�sufficient�
size�to�allow�proper�inspection,�maintenance�and�safe�evacuation.�

2.2.1.2� Machinery�spaces�of�category�A�

2.2.1.2.1� Machinery� spaces� of� category� A� are� those� spaces� or� trunks� to� such�
spaces�which�contain:�
–� internal�combustion�machinery�used�for�main�propulsion;�or�
–� internal�combustion�machinery�used�for�purposes�other�than�propulsion�where�such�

machinery�has�in�the�aggregate�a�total�power�output�of�not�less�than�375�kW;�or�
–� any�oil�fired�boiler�or�fuel�oil�unit.�

2.2.2� Cofferdams�

2.2.2.1� Cofferdam�arrangement�

2.2.2.1.1� Cofferdams�are�to�be�provided�between�compartments�intended�for�liq-
uid� hydrocarbons� (fuel� oil,� lubricating� oil)� and� those� intended� for� fresh� water�
(drinking�water,�water�for�propelling�machinery�and�boilers)�as�well�as�tanks�in-
tended�for�the�carriage�of�liquid�foam�for�fire�extinguishing.�

2.2.2.1.2� Cofferdams�separating�fuel�oil�tanks�from�lubricating�oil�tanks�and�the�
latter�from�those�intended�for�the�carriage�of�liquid�foam�for�fire�extinguishing�or�
fresh�water�or�boiler�feed�water�may�be�waived�when�deemed�impracticable�or�un-
reasonable�by�PRS�in�relation�to�the�characteristics�and�dimensions�of�the�spaces�
containing�such�tanks,�provided�that:�
–� the�thickness�of�common�boundary�plates�of�adjacent�tanks�is�increased,�with�

respect�to�the�thickness�obtained�according�to�6.1,�by�2�mm�in�the�case�of�tanks�
carrying�fresh�water�or�boiler�feed�water,�and�by�1�mm�in�all�other�cases;�

–� the�sum�of�the�throats�of�the�weld�fillets�at�the�edges�of�these�plates�is�not�less�
than�the�thickness�of�the�plates�themselves;�

–� the�structural�test�is�carried�out�with�a�head�increased�by�1�m�with�respect�to�11.3.�



�38

2.2.2.1.3� Spaces�intended�for�the�carriage�of�flammable�liquids�are�to�be�separated�
from�accommodation�and�service�spaces�by�means�of�a�cofferdam.�

2.2.2.1.4� Cofferdams�are�only�required�between�fuel�oil�double�bottoms�and�tanks�
immediately�above�where�the�inner�bottom�plating�is�subjected�to�the�head�of�fuel�oil�
contained�therein,�as�in�the�case�of�a�double�bottom�with�its�top�raised�at�the�sides.�

Where�a�corner�to�corner�situation�occurs,�tanks�are�not�be�considered�to�be�adjacent.�
Adjacent�tanks�not�separated�by�cofferdams�are�to�have�adequate�dimensions�to�

ensure�easy�inspection.�

2.2.3� Doub le�bottoms �

2.2.3.1� General�

2.2.3.1.1� A�double�bottom�is�to�be�fitted�extending�from�the�collision�bulkhead�to�
the�after�peak�bulkhead,�as�far�as�this�is�practicable�and�compatible�with�the�design�
and�proper�working�of�the�ship.�

2.2.3.1.2� Where�a�double�bottom�is�required�to�be�fitted,�its�depth�is�to�satisfy�the�
provisions�of�3.6.6�and�the�inner�bottom�is�to�be�continued�out�to�the�ship�side�in�
such�a�manner�as�to�protect�the�bottom�to�the�turn�of�the�bilge.�

2.2.3.1.3� Small�wells�constructed�in�the�double�bottom,�in�connection�with�the�
drainage�arrangements�of�holds,�are�not�to�extend�in�depth�more�than�necessary.��
A�well�extending�to�the�outer�bottom,�may,�however,�be�permitted�at�the�after�end�
of�the�shaft�tunnel�of�the�ship.�Other�wells�may�be�permitted�by�PRS�if�it�is�satisfied�
that�the�arrangements�give�protection�equivalent�to�that�afforded�by�a�double�bottom�
complying�with�2.2.3.1.�

2.2.3.1.4� A�double�bottom�need�not�be�fitted�in�way�of�watertight�compartments�
used�exclusively�for�the�carriage�of�liquids,�provided�the�safety�of�the�ship�in�the�
event�of�bottom�damage�is�not,�in�the�opinion�of�PRS,�thereby�impaired.�

2.2.4� Compartment�forward�of�the�collision�bulkhead�

2.2.4.1� General�

2.2.4.1.1� The�fore�peak�and�other�compartments�located�forward�of�the�collision�
bulkhead�may�not�be�arranged�for�the�carriage�of�fuel�oil�or�other�flammable�products.�

2.2.5� Minimum�bow�height�

2.2.5.1� General�

2.2.5.1.1� The�bow�height,�F b,�defined�as�the�vertical�distance�at�the�forward�per-
pendicular�between�the�waterline�corresponding�to�the�assigned�summer�freeboard�
and�the�designed�trim�and�the�top�of�the�exposed�deck�at�side,�is�to�be�not�less�than:�
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F b�=�(6075(L LL/100)�–�1875(L LL/100)2�+�200(L LL/100)3)(2.08�+�0.609C B�–�1.603C wf�
–�0.0129(L/T 1))� (2.2.5.1.1-1)�
where:�
F b� –�� calculated�minimum�bow�height,�[mm];�
T 1� –�� draught�at�85%�of�the�depth�for�freeboard� D 1,�[m];�
D 1� –�� depth�for�freeboard,�is�the�moulded�depth�amidship�plus�the�freeboard�deck�

thickness�at�side.�The�depth�for�freeboard�in�a�ship�having�a�rounded�gun-
wale�with�a�radius�greater�than�4%�of�the�breadth�( B )�or�having�topsides�of�
unusual�form�is�the�depth�for�freeboard�of�a�ship�having�a�midship�section�
with�vertical�topsides�and�with�the�same�round�of�beam�and�area�of�topside�
section�equal�to�that�provided�by�the�actual�midship�section,�[m];�

Cwf � –�� waterplane�area�coefficient�forward�of�LLL/2:�

�
B

L

A
C

LL

wf

2

= � (2.2.5.1.1-2)�

A wf �� –�waterplane�area�forward�of�LLL/2�at�draught�T 1,�[m
2].�

For�ships�to�which�timber�freeboards�are�assigned,�the�summer�freeboard�(and�not�
the�timber�summer�freeboard)�is�to�be�assumed�when�applying�the�formula�above.�

2.2.5.1.2� Where� the�bow�height� required� in�paragraph�2.2.5.1.1� is�obtained�by�
sheer,�the�sheer�is�to�extend�for�at�least�15%�of�the�length�of�the�ship�measured�from�
the�forward�perpendicular.�Where�it� is�obtained�by�fitting�a�superstructure,�such�
superstructure�is�to�extend�from�the�stem�to�a�point�at�least�0.07L�abaft�the�forward�
perpendicular,�and�is�to�be�enclosed�as�defined�in�9.4.�

2.2.5.1.3� Ships�which,�to�suit�exceptional�operational�requirements,�cannot�meet�
the�requirements�in�2.2.5.1.1�and�2.2.5.1.2�will�be�considered�by�PRS�on�a�case�by�
case�basis.�

2.2.5.1.4� The�sheer�of�the�forecastle�deck�may�be�taken�into�account,�even�if�the�
length�of�the�forecastle�is�less�than�0.15L,�but�greater�than�0.07L,�provided�that�the�
forecastle�height�is�not�less�than�one�half�of�standard�height�of�superstructure�be-
tween�0.07L�and�the�forward�perpendicular.�

2.2.5.1.5� Where�the�forecastle�height�is�less�than�one�half�of�the�standard�height�of�
superstructure,�the�credited�bow�height�may�be�determined�as�follows:�

.1� Where�the�freeboard�deck�has�sheer�extending�from�abaft�0.15L,�by�a�para-
bolic� curve�having� its� origin� at� 0.15L� abaft� the� forward�perpendicular� at�
a�height�equal�to�the�midship�depth�of�the�ship,�extended�through�the�point�of�
intersection�of�forecastle�bulkhead�and�deck,�and�up�to�a�point�at�the�forward�
perpendicular�not�higher�than�the�level�of�the�forecastle�deck�(as�illustrated�
in�Fig�2.2.5.1.5.1).�However,�if�the�value�of�the�height�denoted�ht�[m]�in�Fig�
2.2.5.1.5.1�is�smaller�than�the�value�of�the�height�denoted�hb�then�ht�may�be�
replaced�by�hb�in�the�available�bow�height,�where:�
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� (2.2.5.1.5)�

Z b� –�as�defined�in�Fig�2.2.5.1.5.1,�[m];�
Z t� –�as�defined�in�Fig�2.2.5.1.5.1,�[m];�
hf� –�half�standard�height�of�superstructure,�[m].�
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Figure�2.2.5.1.5.1��

Credited�bow�height�where�the�freeboard�deck�has�sheer�extending�from�abaft�0.15L�

.2� Where�the�freeboard�deck�has�sheer�extending�for�less�than�0.15L�or�has�no�
sheer,�by�a�line�from�the�forecastle�deck�at�side�at�0.07L�extended�parallel�to�
the�base�line�to�the�forward�perpendicular�(as�illustrated�in�Fig�2.2.5.1.5.2).�
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Figure�2.2.5.1.5.2��

Credited�bow�height�where�the�freeboard�deck�has�sheer�extending�for�less�than�0.15L�
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2.2.6� Shaft�tunnels�

2.2.6.1� General�

2.2.6.1.1� Shaft�tunnels�are�to�be�watertight.�

2.2.7� W  atertight�ventilators�and�trunks �

2.2.7.1� General�

2.2.7.1.1� Watertight�ventilators�and�trunks�are�to�be�carried�at�least�up�to�the�free-
board�deck.�

2.2.8� Fuel�oil�tanks�

2.2.8.1� General�

2.2.8.1.1� The�arrangements�for�the�storage,�distribution�and�utilisation�of�the�fuel�
oil�are�to�be�such�as�to�ensure�the�safety�of�the�ship�and�persons�on�board.�

2.2.8.1.2� As�far�as�practicable,�fuel�oil�tanks�are�to�be�part�of�the�ship’s�structure�
and�are�to�be�located�outside�machinery�spaces�of�category�A.�

Where�fuel�oil�tanks,�other�than�double�bottom�tanks,�are�necessarily�located�ad-
jacent�to�or�within�machinery�spaces�of�category�A,�at�least�one�of�their�vertical�
sides�is�to�be�contiguous�to�the�machinery�space�boundaries,�they�are�preferably�to�
have�a�common�boundary�with�the�double�bottom�tanks�and�the�area�of�the�tank�
boundary�common�with�the�machinery�spaces�is�to�be�kept�to�a�minimum.�

Where� such� tanks�are� situated�within� the�boundaries�of�machinery� spaces�of�
category�A,�they�may�not�contain�fuel�oil�having�a�flashpoint�of�less�than�60°C.�

2.2.8.1.3� Fuel�oil�tanks�may�not�be�located�where�spillage�or�leakage�therefrom�
can�constitute�a�hazard�by�falling�on�heated�surfaces.�

Precautions�are�to�be�taken�to�prevent�any�oil�that�may�escape�under�pressure�
from�any�pump,�filter�or�heater�from�coming�into�contact�with�heated�surfaces.�

Fuel�oil�tanks�in�boiler�spaces�may�not�be�located�immediately�above�the�boilers�
or�in�areas�subjected�to�high�temperatures,�unless�special�arrangements�are�provided�
in�agreement�with�PRS.�

2.2.8.1.4� Where�a�compartment�intended�for�goods�or�coal�is�situated�in�proximity�
of�a�heated�liquid�container,�suitable�thermal�insulation�is�to�be�provided.�

2.3� Access�arrangement�

2.3.1� General�

2.3.1.1� Means�of�access�to�cargo�and�other�spaces�

2.3.1.1.1� Each�space�is�to�be�provided�with�means�of�access�to�enable,�throughout�
the�life�of�a�ship,�overall�and�close-up�inspections�and�thickness�measurements�of�
the�ship’s�structures.�Such�means�of�access�are�to�comply�with�2.3.1.3�and�2.3.2.�
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2.3.1.1.2� Where�a�permanent�means�of�access�may�be�susceptible�to�damage�dur-
ing�normal�cargo�loading�and�unloading�operations�or�where�it�is�impracticable�to�
fit�permanent�means�of�access,�the�Administration�may�allow,�in�lieu�thereof,�the�
provision�of�movable�or�portable�means�of�access,�as�specified�in�2.3.2,�provided�
that�the�means�of�attaching,�rigging,�suspending�or�supporting�the�portable�means�of�
access�forms�a�permanent�part�of�the�ship’s�structure.�All�portable�equipment�are�to�
be�capable�of�being�readily�erected�or�deployed�by�ship’s�personnel.�

2.3.1.1.3� The�construction�and�materials�of�all�means�of�access�and�their�attach-
ment�to�the�ship’s�structure�are�to�be�to�the�satisfaction�of�PRS.�

2.3.1.2� Safe�access�to�cargo�holds,�ballast�tanks�and�other�spaces�

2.3.1.2.1� Safe�access�to�cargo�holds,�cofferdams,�ballast�tanks�and�other�spaces�in�
the�cargo�area�are�to�be�direct�from�the�open�deck�and�such�as�to�ensure�their�com-
plete�inspection.�Safe�access�to�double�bottom�spaces�or�to�forward�ballast�tanks�
may�be�from�a�pump-room,�deep�cofferdam,�pipe�tunnel,�cargo�hold,�double�hull�
space�or�similar�compartment�not�intended�for�the�carriage�of�oil�or�hazardous�car-
goes.�Access�to�a�double�side�skin�space�may�be�either�from�a�topside�tank�or�dou-
ble�bottom�tank�or�from�both.�

2.3.1.2.2� Tanks,�and�subdivisions�of�tanks,�having�a�length�of�35�m�or�more,�are�to�
be�fitted�with�at�least�two�access�hatchways�and�ladders,�as�far�apart�as�practicable.�

Tanks�less�than�35�m�in�length�are�to�be�served�by�at�least�one�access�hatchway�
and�ladder.�

When�a�tank�is�subdivided�by�one�or�more�swash�bulkheads�or�similar�obstruc-
tions�which�do�not�allow�ready�means�of�access�to�the�other�parts�of�the�tank,�at�
least�two�hatchways�and�ladders�are�to�be�fitted.�

2.3.1.2.3� Each�cargo�hold�is�to�be�provided�with�at�least�two�means�of�access�as�
far�apart�as�practicable.�In�general,�these�accesses�are�to�be�arranged�diagonally,�for�
example�one�access�near�the�forward�bulkhead�on�the�port�side,�the�other�one�near�
the�aft�bulkhead�on�the�starboard�side�

2.3.1.3� General�technical�specifications�

2.3.1.3.1� For�access�through�horizontal�openings,�hatches�or�manholes,�the�dimen-
sions�are�to�be�sufficient�to�allow�a�person�wearing�a�self-contained�air-breathing�
apparatus�and�protective�equipment�to�ascend�or�descend�any�ladder�without�ob-
struction�and�also�provide�a�clear�opening�to�facilitate�the�hoisting�of�an�injured�
person�from�the�bottom�of�the�space.�The�minimum�clear�opening�is�to�be�not�less�
than�600�mm�×�600�mm,�with�corner�radii�up�to�100�mm�maximum.�

In�such�a�case�where�as�a�consequence�of�structural�analysis�the�stress�is�to�be�
reduced�around�the�opening,�it� is�considered�appropriate�to�take�measures�to�in-
crease�the�clear�opening,�e.g.�600�×�800�with�300�mm�radii,�in�which�a�clear�open-
ing�of�600�×�600�mm�with�corner�radii�up�to�100�mm�maximum�fits.�
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When�access�to�a�cargo�hold�is�arranged�through�the�cargo�hatch,�the�top�of�the�
ladder�is�to�be�placed�as�close�as�possible�to�the�hatch�coaming.�Access�hatch�coam-
ings�having�a�height�greater�than�900�mm�are�also�to�have�steps�on�the�outside�in�
conjunction�with�the�ladder.�

2.3.1.3.2� For�access�through�vertical�openings,�or�manholes,�in�swash�bulkheads,�
floors,�girders�and�web�frames�providing�passage�through�the�length�and�breadth�of�
the�space,�the�minimum�opening�is�to�be�not�less�than�600�mm�×�800�mm�with�cor-
ner�radii�of�300�mm�at�a�height�of�not�more�than�600�mm�from�the�bottom�shell�
plating�unless�gratings�or�other�foot�holds�are�provided.�

Subject�to�verification�of�easy�evacuation�of�injured�person�on�a�stretcher�the�
vertical�opening�850�mm�×�620�mm�with�wider�upper�half�than�600�mm,�while�the�
lower�half�may�be�less�than�600�mm�with�the�overall�height�not�less�than�850�mm�is�
considered�acceptable�alternative�to�the�opening�of�600�mm�×�800�mm�with�corner�
radii�of�300�mm�(see�Fig�2.3.1.3.2).�
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R200

R310

R300

R200

R300 620

BASE�PLATE
�

Figure�2.3.1.3.2���
Alternative�vertical�opening�

2.3.2� Technical�provisions�for�means�of�access�

2.3.2.1� Definitions�

2.3.2.1.1� Rung�

Rung�means�the�step�of�vertical�ladder�or�step�on�the�vertical�surface.�

2.3.2.1.2� Tread�

Tread�means�the�step�of�inclined�ladder,�or�step�for�the�vertical�access�opening.�

2.3.2.1.3� Flight�of�a�ladder�

Flight�of�an�inclined�ladder�means�the�actual�stringer�length�of�an�inclined�ladder.�
For�vertical�ladders,�it�is�the�distance�between�the�platforms.�
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2.3.2.1.4� Stringer�

Stringer�means:�
(i)� the�frame�of�a�ladder;�or�
(ii)� the�stiffened�horizontal�plating�structure�fitted�on�side�shell,�transverse�bulk-

heads�and/or�longitudinal�bulkheads�in�the�space.�For�the�purpose�of�ballast�
tanks�of�less�than�5�m�width�forming�double�side�spaces,�the�horizontal�plating�
structure�is�credited�as�a�stringer�and�a�longitudinal�permanent�means�of�ac-
cess,� if� it�provides�a�continuous�passage�of�600�mm�or�more�in�width�past�
frames�or�stiffeners�on�the�side�shell�or� longitudinal�bulkhead.�Openings�in�
stringer�plating�utilized�as�permanent�means�of�access�are�to�be�arranged�with�
guard�rails�or�grid�covers�to�provide�safe�passage�on�the�stringer�or�safe�access�
to�each�transverse�web.�

2.3.2.1.5� Vertical�ladder�

Vertical�ladder�means�a�ladder�of�which�the�inclined�angle�is�70º�and�over�up�to�
90º.�Vertical�ladder�is�to�be�not�skewed�by�more�than�2º.�

2.3.2.1.6� Overhead�obstructions�

Overhead�obstructions�mean�the�deck�or�stringer�structure�including�stiffeners�
above�the�means�of�access.�

2.3.2.1.7� Distance�below�deck�head�

Distance�below�deck�head�means�the�distance�below�the�plating.�

2.3.2.1.8� Cross�deck�

Cross�deck�means�the�transverse�area�of�main�deck�which�is�located�inboard�and�
between�hatch�coamings.�

2.3.2.2� Permanent�means�of�access�

2.3.2.2.1� Structural�members,� except� those� in�double�bottom�spaces,� are� to�be�
provided�with�a�permanent�means�of�access�to�the�extent�as�specified�in�2.3.2.7�to�
2.3.2.13.�

Permanent�means�of�access�are,�as�far�as�possible,�to�be�integral�to�the�structure�
of�the�ships,�thus�ensuring�that�they�are�robust�and�at�the�same�time�contributing�to�
the�overall�strength�of�the�structure�of�the�ship.�

2.3.2.2.2� Elevated�passageways�forming�sections�of�a�permanent�means�of�access,�
where� fitted,� are� to�have�a�minimum�clear�width�of�600�mm,�except� for�going�
around�vertical�webs�where�the�minimum�clear�width�may�be�reduced�to�450�mm,�
and�to�have�guard�rails�over�the�open�side�of�their�entire�length.�For�stand�alone�
passageways�guard�rails�are�to�be�fitted�on�both�sides�of�these�structures.�

Sloping�structure�providing�part�of�the�access�and�that�are�sloped�by�5�or�more�
degrees�from�horizontal�plane�when�a�ship�is�in�upright�position�at�even-keel,�is�to�
be�of�a�non-skid�construction.�
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Guard�rails�are�to�be�1000�mm�in�height�and�consist�of�a�rail�and�intermediate�
bar�500�mm�in�height�and�of�substantial�construction.�Stanchions�are�to�be�not�more�
than�3�m�apart.�

2.3.2.2.3� Access� to�permanent�means�of�access�and�vertical�openings�from�the�
ship’s�bottom�are�to�be�provided�by�means�of�easily�accessible�passageways,�lad-
ders�or�treads.�Treads�are�to�be�provided�with�lateral�support�for�the�foot.�Where�the�
rungs�of�ladders�are�fitted�against�a�vertical�surface,�the�distance�from�the�centre�of�
the�rungs�to�the�surface�is�to�be�at�least�150�mm.�Where�vertical�manholes�are�fitted�
higher�than�600�mm�above�the�walking�level,�access�is�to�be�facilitated�by�means�of�
treads�and�hand�grips�with�platform�landings�on�both�sides.�

2.3.2.3� Construction�of�ladders�

2.3.2.3.1� General�

Permanent�inclined�ladders�are�to�be�inclined�at�an�angle�of�less�than�70º.�There�
are�to�have�no�obstructions�within�750�mm�of�the�face�of�the�inclined�ladder,�except�
that�in�way�of�an�opening�this�clearance�may�be�reduced�to�600�mm.�Resting�plat-
forms�of�adequate�dimensions�are�normally�to�be�provided�at�a�maximum�of�6�m�
vertical�height.�Ladders�and�handrails�are�to�be�constructed�of�steel�or�equivalent�
material�of�adequate�strength�and�stiffness�and�securely�attached�to�the�tank�struc-
ture�by�stays.�The�method�of�support�and�length�of�stay�is�to�be�such�that�vibration�
is�reduced�to�a�practical�minimum.�In�cargo�holds,�ladders�are�to�be�designed�and�
arranged�so�that�cargo�handling�difficulties�are�not�increased�and�the�risk�of�damage�
from�cargo�handling�gear�is�minimized.�

2.3.2.3.2� Inclined�ladders��

The�width�of�inclined�ladders�between�stringers�is�to�be�not�less�than�400�mm.�
The�treads�are�to�be�equally�spaced�at�a�distance�apart,�measured�vertically,�of�be-
tween�200�mm�and�300�mm.�When�steel�is�used,�the�treads�are�to�be�formed�of�two�
square�bars�of�not�less�than�22�mm�by�22�mm�in�section,�fitted�to�form�a�horizontal�
step�with�the�edges�pointing�upward.�The�treads�are�to�be�carried�through�the�side�
stringers�and�attached�thereto�by�double�continuous�welding.�All�inclined�ladders�
are�to�be�provided�with�handrails�of�substantial�construction�on�both�sides,�fitted�at�
a�convenient�distance�above�the�treads.�

2.3.2.3.3� Vertical�or�spiral�ladders�

For�vertical�ladders�or�spiral�ladders,�the�width�and�construction�are�to�be�in�ac-
cordance�with�international�or�national�standards.�

2.3.2.4� Access�through�openings�

2.3.2.4.1� Access�through�horizontal�openings,�hatches�or�manholes�

For�access�through�horizontal�openings,�hatches�or�manholes,�the�minimum�clear�
opening�is�to�be�not�less�than�600�mm�×�6 00�mm.�When�access�to�a�cargo�hold�is�
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arranged�through�the�cargo�hatch,�the�top�of�the�ladder�is�to�be�placed�as�close�as�
possible�to�the�hatch�coaming.�

Access�hatch�coamings�having�a�height�greater�than�900�mm�are�also�to�have�
steps�on�the�outside�in�conjunction�with�the�ladder.�

2.3.2.4.2� Access�through�vertical�openings,�or�manholes�

For�access�through�vertical�openings,�or�manholes,�in�swash�bulkheads,�floors,�gird-
ers�and�web�frames�providing�passage�through�the�length�and�breadth�of�the�space,�the�
minimum�opening�is�to�be�not�less�than�600�mm�×�800�mm�at�a�height�of�not�more�than�
600�mm�from�the�passage�unless�gratings�or�other�foot�holds�are�provided.�

2.3.2.5� Access�ladders�to�cargo�holds�and�other�spaces�

2.3.2.5.1� General�

Access�ladders�to�cargo�holds�and�other�spaces�are�to�be:�
–� where�the�vertical�distance�between�the�upper�surface�of�adjacent�decks�or�be-

tween�deck�and�the�bottom�of�the�cargo�space�is�not�more�than�6�m,�either�a�ver-
tical�ladder�or�an�inclined�ladder;�

–� where�the�vertical�distance�between�the�upper�surface�of�adjacent�decks�or�be-
tween�deck�and�the�bottom�of�the�cargo�space�is�more�than�6�m,�an�inclined�lad-
der�or�series�of�inclined�ladders�at�one�end�of�the�cargo�hold,�except�the�upper-
most�2.5�m�of�a�cargo�space�measured�clear�of�overhead�obstructions�and�the�
lowest�6�m�may�have�vertical�ladders,�provided�that�the�vertical�extent�of�the�in-
clined�ladder�or�ladders�connecting�the�vertical�ladders�is�not�less�than�2.5�m.�

2.3.2.5.2� The�second�means�of�access�at�the�other�end�of�the�cargo�hold�may�be�
formed�of�a�series�of�staggered�vertical� ladders,�which�have�to�comprise�one�or�
more�ladder�linking�platforms�spaced�not�more�than�6�m�apart�vertically�and�dis-
placed�to�one�side�of�the�ladder.�Adjacent�sections�of�ladder�are�to�be�laterally�offset�
from�each�other�by�at�least�the�width�of�the�ladder.�The�uppermost,�entrance�section,�
of�the�ladder�directly�exposed�to�a�cargo�hold�is�to�be�vertical�for�a�distance�of�2.5�m�
measured�clear�of�overhead�obstructions�and�connected�to�a�ladder-linking�platform.�

2.3.2.5.3� A�vertical�ladder�may�be�used�as�a�means�of�access�to�topside�tanks,�
where�the�vertical�distance�is�6�m�or�less�between�the�deck�and�the�longitudinal�
means�of�access�in�the�tank�or�the�stringer�or�the�bottom�of�the�space�immediately�
below�the�entrance.�The�uppermost,�entrance�section�from�deck,�of�the�vertical�lad-
der�of�the�tank�is�to�be�vertical�for�a�distance�of�2.5�m�measured�clear�of�the�over-
head�obstructions�and�comprises�a�ladder�linking�platform�unless�landing�on�the�
longitudinal�means�of�access,�the�stringer�or�the�bottom�within�the�vertical�distance,�
it�should�be�displaced�to�one�side�of�a�vertical�ladder.�
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2.3.2.5.4� Unless�allowed�in�2.3.2.5.3,�an�inclined�ladder�or�combination�of�ladders�
are�to�be�used�for�access�to�a�tank�or�a�space�where�the�vertical�distance�is�greater�
than�6�m�between�the�deck�and�a�stringer�immediately�below�the�entrance,�between�
stringers,�or�between�the�deck�or�a�stringer�and�the�bottom�of�the�space�immediately�
below�the�entrance.�

2.3.2.5.5� In�case�of�2.3.2.5.4,�the�uppermost,�entrance�section�from�deck,�of�the�
ladder�is�to�be�vertical�for�a�distance�of�2.5�m�clear�of�the�overhead�obstructions�and�
connected�to�a�landing�platform�and�continued�with�an�inclined�ladder.�The�flights�
of�inclined�ladders�are�to�be�not�more�than�9�m�in�actual�length�and�the�vertical�
height�is�normally�to�be�not�more�than�6�m.�The�lowermost�section�of�the�ladders�
may�be�vertical�for�a�vertical�distance�of�not�less�than�2.5�m.�

2.3.2.5.6� In�double�side�skin�spaces�of�less�than�2.5�m�width,�the�access�to�the�
space�may�be�by�means�of�vertical�ladders�that�comprises�one�or�more�ladder�link-
ing�platforms�spaced�not�more�than�6�m�apart�vertically�and�displace�to�one�side�of�
the�ladder.�Adjacent�sections�of�ladder�are�to�be�laterally�offset�from�each�other�by�
at�least�the�width�of�the�ladder.�

2.3.2.5.7� A�spiral� ladder�is�considered�acceptable�as�an�alternative�for� inclined�
ladders.�In�this�regard,�the�uppermost�2.5�m�can�continue�to�be�comprised�of�the�
spiral�ladder�and�need�not�change�over�to�vertical�ladders.�

2.3.2.6� Access�ladders�to�tanks�

2.3.2.6.1� The�uppermost,�entrance�section�from�deck,�of�the�vertical�ladder�pro-
viding�access�to�a�tank�should�be�vertical�for�a�distance�of�2.5�m�measured�clear�of�
the�overhead�obstructions�and�comprises�a� ladder� linking�platform.� It� should�be�
displaced�to�one�side�of�a�vertical�ladder.�The�vertical�ladder�can�be�between�1.6�m�
and�3�m�below�deck�structure�if�it�lands�on�a�longitudinal�or�athwartship�permanent�
means�of�access�fitted�within�that�range.�

2.3.2.7� Access�to�underdeck�structure�of�cargo�holds�

2.3.2.7.1� Permanent�means�of�access�are�to�be�fitted�to�provide�access�to�the�over-
head�structure�at�both�sides�of�the�cross�deck�and�in�the�vicinity�of�the�centerline.�

Each�means�of�access�is�to�be�accessible�from�the�cargo�hold�access�or�directly�
from�the�main�deck�and�installed�at�a�minimum�of�1.6�m�to�a�maximum�of�3�m�be-
low�the�deck.�

2.3.2.7.2� An�athwartship�permanent�means�of�access�fitted�on�the�transverse�bulk-
head�at�a�minimum�1.6�m�to�a�maximum�3�m�below�the�cross-deck�head�is�accepted�
as�equivalent�to�2.3.2.7.1.�

2.3.2.7.3� Access�to�the�permanent�means�of�access�to�overhead�structure�of�the�
cross�deck�may�also�be�via�the�upper�stool.�
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2.3.2.7.4� Ships�having�transverse�bulkheads�with�full�upper�stools,�i.e.�stools�with�
a�full�extension�between�top�side�tanks�and�between�hatch�end�beams,�with�access�
from�the�main�deck�which�allows�monitoring�of�all�framing�and�plates�from�inside,�
do�not�require�permanent�means�of�access�of�the�cross�deck.�

2.3.2.7.5� Alternatively,�movable�means�of�access�may�be�utilized�for�access�to�the�
overhead�structure�of�cross�deck�if�its�vertical�distance�is�17�m�or�less�above�the�
tank�top.�

2.3.2.8� Access�to�double�side�skin�tanks�in�double�side�bulk�carriers �

2.3.2.8.1� For�double�side�spaces�above�the�upper�knuckle�point�of�the�bilge�hop-
per�sections,�permanent�means�of�access�are�to�be�provided�in�accordance�with�the�
following�requirements:�
–� where�the�vertical�distance�between�horizontal�uppermost�stringer�and�deck�head�

is�6�m�or�more,�one�continuous�longitudinal�permanent�means�of�access�is�to�be�
provided�for�the�full�length�of�the�tank�with�a�means�to�allow�passing�through�
transverse�webs�installed�at�a�minimum�of�1.6�m�to�a�maximum�of�3�m�below�the�
deck�head�with�a�vertical�access�ladder�at�each�end�of�the�tank;�

–� continuous�longitudinal�permanent�means�of�access,�which�are�integrated�in�the�
structure,�at�a�vertical�distance�not�exceeding�6�m�apart;�and�

–� plated�stringers�are�to�be,�as�far�as�possible,�in�alignment�with�horizontal�girders�
of�transverse�bulkheads.�

2.3.2.9� Access�to�vertical�structures�of�cargo�holds�in�single�side�bulk�carriers �

2.3.2.9.1� Permanent�means�of�vertical�access�are�to�be�provided�in�all�cargo�holds�
and�built�into�the�structure�to�allow�for�an�inspection�of�a�minimum�of�25�%�of�the�
total�number�of�hold�frames�port�and�starboard�equally�distributed�throughout�the�
hold�including�at�each�end�in�way�of�transverse�bulkheads.�But�in�no�circumstance�
is�this�arrangement�to�be�less�than�3�permanent�means�of�vertical�access�fitted�to�
each�side�(fore�and�aft�ends�of�hold�and�mid-span).�

Permanent�means�of� vertical� access� fitted�between� two� adjacent� hold� frames� is�
counted�for�an�access�for�the�inspection�of�both�hold�frames.�A�means�of�portable�ac-
cess�may�be�used�to�gain�access�over�the�sloping�plating�of�lower�hopper�ballast�tanks.�

2.3.2.9.2� In�addition,�portable�or�movable�means�of�access�are�to�be�utilized�for�ac-
cess�to�the�remaining�hold�frames�up�to�their�upper�brackets�and�transverse�bulkheads.�

2.3.2.9.3� Portable�or�movable�means�of�access�may�be�utilized�for�access�to�hold�
frames� up� to� their� upper� bracket� in� place� of� the� permanent� means� required� in�
2.3.2.9.1.�These�means�of�access�are�to�be�carried�on�board�the�ship�and�readily�
available�for�use.�

2.3.2.9.4� The�width�of�vertical�ladders�for�access�to�hold�frames�is�to�be�at�least�
300�mm,�measured�between�stringers.�



� 49

2.3.2.9.5� A�single�vertical�ladder�over�6�m�in�length�is�acceptable�for�the�inspec-
tion�of�the�hold�side�frames�in�a�single�skin�construction.�

2.3.2.10� Access�to�vertical�structures�of�cargo�holds�in�double�side�bulk�carriers �

2.3.2.10.1� For�double�side�skin�construction�no�vertical�ladders�for�the�inspection�
of�the�cargo�hold�surfaces�are�required.�Inspection�of�this�structure�should�be�pro-
vided�from�within�the�double�hull�space.�

2.3.2.11� Access�to�top�side�ballast�tanks�in�single�side�bulk�carriers �

2.3.2.11.1� For�each�topside�tank�of�which�the�height�is�6�m�and�over,�one�longitu-
dinal�continuous�permanent�means�of�access�is�to�be�provided�along�the�side�shell�
webs�and�installed�at�a�minimum�of�1.6�m�to�a�maximum�of�3�m�below�deck�with�
a�vertical�access�ladder�in�the�vicinity�of�each�access�to�that�tank.�

2.3.2.11.2� If�no�access�holes� are�provided� through� the� transverse�webs�within�
600�mm�of�the�tank�base�and�the�web�frame�rings�have�a�web�height�greater�than�
1�m�in�way�of�side�shell�and�sloping�plating,�then�step�rungs/grab�rails�are�to�be�
provided�to�allow�safe�access�over�each�transverse�web�frame�ring.�

2.3.2.11.3� Three�permanent�means�of�access,�fitted�at�the�end�bay�and�middle�bay�
of�each�tank,�are�to�be�provided�spanning�from�tank�base�up�to�the�intersection�of�
the�sloping�plate�with�the�hatch�side�girder.�The�existing�longitudinal�structure,�if�
fitted�on�the�sloping�plate�in�the�space�may�be�used�as�part�of�this�means�of�access.�

2.3.2.11.4� For�topside�tanks�of�which�the�height�is�less�than�6�m,�alternative�or�
a�portable�means�may�be�utilized�in�lieu�of�the�permanent�means�of�access.�

2.3.2.12� Access�to�bilge�hopper�ballast�tanks �

2.3.2.12.1� For�each�bilge�hopper�tank�of�which�the�height�is�6�m�and�over,�one�
longitudinal�continuous�permanent�means�of�access�is�to�be�provided�along�the�side�
shell�webs�and�installed�at�a�minimum�of�1.2�m�below�the�top�of�the�clear�opening�of�
the�web�ring�with�a�vertical�access�ladder�in�the�vicinity�of�each�access�to�the�tank.�

An�access�ladder�between�the�longitudinal�continuous�permanent�means�of�ac-
cess�and�the�bottom�of�the�space�is�to�be�provided�at�each�end�of�the�tank.�

Alternatively,�the�longitudinal�continuous�permanent�means�of�access�can�be�lo-
cated�through�the�upper�web�plating�above�the�clear�opening�of�the�web�ring,�at�
a�minimum�of�1.6�m�below�the�deck�head,�when�this�arrangement�facilitates�more�
suitable�inspection�of�identified�structurally�critical�areas.�An�enlarged�longitudinal�
frame,�of�at�least�600�mm�clear�width�can�be�used�for�the�purpose�of�the�walkway.�

For�double�side�skin�bulk�carriers�the�longitudinal�continuous�permanent�means�
of�access�may�be�installed�within�6�m�from�the�knuckle�point�of�the�bilge,�if�used�in�
combination�with�alternative�methods�to�gain�access�to�the�knuckle�point.�
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2.3.2.12.2� If�no�access�holes�are�provided�through�the�transverse�ring�webs�within�
600�mm�of�the�tank�base�and�the�web�frame�rings�have�a�web�height�greater�than�
1�m�in�way�of�side�shell�and�sloping�plating,�then�step�rungs/grab�rails�are�to�be�
provided�to�allow�safe�access�over�each�transverse�web�frame�ring.�

2.3.2.12.3� For�bilge�hopper�tanks�of�which�the�height�is�less�than�6�m,�alternative�
or�a�portable�means�may�be�utilized�in�lieu�of�the�permanent�means�of�access.�Such�
means�of�access�are�to�be�demonstrated�that�they�can�be�deployed�and�made�readily�
available�in�the�areas�where�needed.�

2.3.2.13� Access�to�fore�peak�tanks�

2.3.2.13.1� For�fore�peak�tanks�with�a�depth�of�6�m�or�more�at�the�centreline�of�the�
collision�bulkhead,�a�suitable�means�of�access�is�to�be�provided�for�access�to�critical�
areas�such�as�the�underdeck�structure,�stringers,�collision�bulkhead�and�side�shell�
structure.�

2.3.2.13.2� Stringers�of�less�than�6�m�in�vertical�distance�from�the�deck�head�or�
a�stringer�immediately�above�are�considered�to�provide�suitable�access�in�combina-
tion�with�portable�means�of�access.�

2.3.2.13.3� In� case� the� vertical� distance� between� the� deck� head� and� stringers,�
stringers�or� the� lowest�stringer�and� the� tank�bottom�is�6�m�or�more,�alternative�
means�of�access�are�to�be�provided.�

2.3.3� Shaft�tunnels�

2.3.3.1� General�

2.3.3.1.1� Tunnels�are�to�be�large�enough�to�ensure�easy�access�to�shafting.�

2.3.3.1.2� Access�to�the�tunnel�is�to�be�provided�by�a�watertight�door�fitted�on�the�
aft�bulkhead�of� the�engine�room�in�compliance�with�2.1.6,�and�an�escape� trunk�
which�can�also�act�as�watertight�ventilator�is�to�be�fitted�up�to�the�subdivision�deck,�
for�tunnels�greater�than�7�m�in�length.�

2.3.4� Access�to�steering�gear�compartment�

2.3.4.1� General�

2.3.4.1.1� The�steering�gear�compartment�is�to�be�readily�accessible�and,�as�far�as�
practicable,�separated�from�machinery�spaces.�

2.3.4.1.2� Suitable�arrangements�to�ensure�working�access�to�steering�gear�machin-
ery�and�controls�are�to�be�provided.�These�arrangements�are�to�include�handrails�
and�gratings�or�other�non-slip�surfaces�to�ensure�suitable�working�conditions�in�the�
event�of�hydraulic�fluid�leakage.�
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3� STRUCTURAL�DESIGN�PRINCIPLES�

3.1� Material�

3.1.1� General�

3.1.1.1� Standard�of�material�

3.1.1.1.1� The�requirements�in�3.1�are�intended�for�ships�of�welded�construction�
using�steels�having�characteristics�complying�with�PRS�Rules�for�the�Classification�
and�Construction�of�Sea-going�Ships,�Part�IX�–�Materials�and�Welding .�

3.1.1.1.2� Materials�with�different�characteristics�may�be�accepted,�provided�their�
specification�(manufacture,�chemical�composition,�mechanical�properties,�welding,�
etc.)�is�submitted�to�PRS�for�approval.�

3.1.1.2� Testing�of�materials�

3.1.1.2.1� Materials� are� to�be� tested� in� compliance�with� the� applicable� require-
ments�of�PRS�Rules�for�the�Classification�and�Construction�of�Sea-going�Ships,�
Part�IX�–�Materials�and�Welding .�

3.1.1.3� Manufacturing�processes�

3.1.1.3.1� The� requirements�of�3.1�presume� that�welding�and�other� cold�or�hot�
manufacturing�processes�are�carried�out�in�compliance�with�current�sound�working�
practice�defined�in�IACS�UR�W�and�the�applicable�requirements�of�PRS�Rules�for�
the�Classification�and�Construction�of�Sea-going�Ships,�Part�IX�–�Materials�and�
Welding .�In�particular:�
–� parent�material�and�welding�processes�are�to�be�within�the�limits�stated�for�the�

specified�type�of�material�for�which�they�are�intended,�
–� specific�preheating�may�be�required�before�welding,�
–� welding�or�other�cold�or�hot�manufactu ring�processes�may�need�to�be�followed�

by�an�adequate�heat�treatment.�

3.1.2� Hull�structural�steel�

3.1.2.1� General�

3.1.2.1.1� Table�3.1.2.1.1�gives�the�mechanical�characteristics�of�steels�currently�
used�in�the�construction�of�ships.�
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Table�3.1.2.1.1��
Mechanical�properties�of�hull�steels�

Steel�grades�for�plates�with�
t�≤�100�mm�

Minimum�yield�stress�ReH ,�
[N/mm2]�

Ultimate�tensile�strength�Rm,�
[N/mm2]�

A-B-D-E� 235� 400�–�520�

AH32-DH32-EH32-FH32� 315� 440�–�570�

AH36-DH36-EH36-FH36� 355� 490�–�630�

AH40-DH40-EH40-FH40� 390� 510�–�660�

3.1.2.1.2� Where�higher�strength�steels�are� to�be�used�for�hull�construction,� the�
drawings�showing�the�scope�and�locations�of�the�used�place�together�with�the�type�
and�scantlings�are�to�be�submitted�for�the�approval�of�PRS.�

3.1.2.1.3� Higher� strength� steels�other� than� those� indicated� in�Tab�3.1.2.1.1�are�
considered�by�PRS�on�a�case�by�case�basis.�

3.1.2.1.4� When�steels�with�a�minimum�guaranteed�yield�stress�ReH �other�than�235�
N/mm2�are�used�on�a�ship,�hull�scantlings�are�to�be�determined�by�taking�into�ac-
count�the�material�factor�k�defined�in�3.1.2.2.�

3.1.2.1.5� It� is� required� to�keep�on�board� a�plan� indicating� the� steel� types� and�
grades�adopted�for�the�hull�structures.�Where�steels�other�than�those�indicated�in�
Tab�1�are�used,�their�mechanical�and�chemical�properties,�as�well�as�any�workman-
ship�requirements�or�recommendations,�are�to�be�available�on�board�together�with�
the�above�plan.�

3.1.2.2� Material�factor�k�

3.1.2.2.1� Unless�otherwise�specified,�the�material�factor�k�of�normal�and�higher�
strength�steel�for�scantling�purposes�is�to�be�taken�as�defined�in�Table�3.1.2.2.1,�as�a�
function�of�the�minimum�yield�stress�ReH .�For�intermediate�values�of�ReH ,�k�may�be�
obtained�by�linear�interpolation.�Steels�with�a�yield�stress�greater�than�390�N/mm2�
are�considered�by�PRS�on�a�case�by�case�basis.�

Table�3.1.2.2.1��
Material�factor�k�

Minimum�yield�stress��
ReH �,�[N/mm2]�

k�

235� 1.0�

315� 0.78�

355� 0.72�

390� 0.68�
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3.1.2.3� Grades�of�steel�

3.1.2.3.1� Steel�materials�in�the�various�strength�members�are�not�to�be�of�lower�
grade�than�those�corresponding�to�classes�I,�II�and�III,�as�given�in�Table�3.1.2.3.5-1�
for�the�material�classes�given�in�Table�3.1.2.3.5-2.�For�strength�members�not�men-
tioned�in�Table�3.1.2.3.5-1,�grade�A /AH �may�be�used.�

3.1.2.3.2� Plating�materials�for�stern�frames,�rudders,�rudder�horns�and�shaft�brack-
ets�are�in�general�not�to�be�of�lower�grades�than�corresponding�to�class�II.�For�rud-
der�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�is�to�be�
applied.�

3.1.2.3.3� Bedplates�of�seats�for�propulsion�and�auxiliary�engines�inserted�in�the�
inner�bottom�are�to�be�of�class�I.�In�other�cases,�the�steel�is�to�be�at�least�of�grade�A .�

3.1.2.3.4� Plating�at�corners�of� large�hatch�openings�on�decks� located�below� the�
strength�deck,�in�the�case�of�hatches�of�holds�for�refrigerated�cargoes,�and�insert�plates�
at�corners�of�large�openings�on�side�shell�plating�are�generally�to�be�of�class�III.�

3.1.2.3.5� The�steel�grade�is�to�correspond�to�the�as-built�thickness.�

Table�3.1.2.3.5-1��
Material�grade�requirements�for�classes�I,�II�and�III �

Class� I� II� III�

As-built�thickness�(mm)� NSS� HSS� NSS� HSS� NSS� HSS�

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 �

Notes:�NSS�:�Normal�strength�steel�
HSS�:�Higher�strength�steel�

�
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Table�3.1.2.3.5-2��
Application�of�material�classes�and�grades�

Material�class�

Structural�member�category� Within�0.4L�
amidship�

Outside�0.4L�
amidship�

SECONDARY�

Longitudinal�bulkhead�strakes,�other�than�that�belonging�to�the�Primary�category�

Deck�Plating�exposed�to�weather,�other�than�that�belonging�to�the�Primary�or�
Special�category�

Side�plating�(7)�

I� A/AH �

PRIMARY�

Bottom�plating,�including�keel�plate�

Strength�deck�plating,�excluding�that�belonging�to�the�Special�category�

Continuous�longitudinal�members�above�strength�deck,�excluding�hatch�
coamings�

Uppermost�strake�in�longitudinal�bulkhead�

Vertical�strake�(hatch�side�girder)�and�uppermost�sloped�strake�in�top�wing�tank�

II� A/AH �

SPECIAL�

Sheer�strake�at�strength�deck�(1),�(6)�

Stringer�plate�in�strength�deck�(1),�(6)�

Deck�strake�at�longitudinal�bulkhead�(6)�

Strength�deck�plating�at�corners�of�cargo�hatch�openings�in�bulk�carriers,�ore�
carriers,�combination�carriers�and�other�ships�with�similar�hatch�openings�
configuration�(2)�

Bilge�strake�(3),�(4),�(6)�

Longitudinal�hatch�coamings�of�length�greater�than�0.15L�(5)�

Web�of�lower�bracket�of�side�frame�of�single�side�bulk�carriers�having�addi-
tional�service�feature�BC-A�or�BC-B�(5)�

End�brackets�and�deck�house�transition�of�longitudinal�cargo�hatch�coamings�(5)�

III� II�
(I�outside�

0.6L�
amidships)�

Notes:�
(1)� Not�to�be�less�than�grade�E /EH� within�0.4L�amidships�in�ships�with�length�exceeding�250�m.�
(2)� Not�to�be�less�than�class�III�within�0.6L�amidships�and�class�II�within�the�remaining�length�of�the�cargo�

region.�
(3)� May�be�of�class�II�in�ships�with�a�double�bottom�over�the�full�breadth�and�with�length�less�than�

150�m.�
(4)� Not�to�be�less�than�grade�D/DH� within�0.4L�amidships�in�ships�with�length�exceeding�250�m.�
(5)� Not�to�be�less�than�grade�D /DH .�
(6)� Single�strakes�required�to�be�of�class�III�or�of�grade�E /EH� and�within�0.4L�amidships�are�to�have�

breadths,�[m],�not�less�than�0.8�+�0.005 L,�need�not�be�greater�than�1.8�m,�unless�limited�by�the�ge-
ometry�of�the�ship's�design.�

(7)� For�BC-A�and�BC-B�ships�with�single�side�skin�structures,�side�shell�strakes�included�totally�or�

partially�between�the�two�points�located�to�0.125 λ�above�and�below�the�intersection�of�side�shell�

and�bilge�hopper�sloping�plate�are�not�to�be�less�than�grade�D /DH ,�λ�being�the�frame�span.�
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3.1.2.3.6� Steel�grades�of�plates�or�sections�of�as-built�thickness�greater�than�the�
limiting�thicknesses�in�Tab�3.1.2.3.5-1��are�considered�by�PRS�on�a�case�by�case�
basis.�

3.1.2.3.7� In� specific� cases,� such� as� 3.1.2.3.8,�with� regard� to� stress� distribution�
along�the�hull�girder,�the�classes�required�within�0.4L�amidships�may�be�extended�
beyond�that�zone,�on�a�case�by�case�basis.�

3.1.2.3.8� The�material�classes�required�for�the�strength�deck�plating,�the�sheer-
strake�and�the�upper�strake�of�longitudinal�bulkheads�within�0.4L�amidships�are�to�
be�maintained�for�an�adequate�length�across�the�poop�front�and�at�the�ends�of�the�
bridge,�where�fitted.�

3.1.2.3.9� Rolled�products�used�for�welded�attachments�on�hull�plating,�such�as�
gutter�bars,�are�to�be�of�the�same�grade�as�that�used�for�the�hull�plating�in�way.�

3.1.2.3.10� In�the�case�of�full�penetration�welded�joints�located�in�positions�where�
high�local�stresses�may�occur�perpendicular�to�the�continuous�plating,�PRS�may,�on�
a�case�by�case�basis,�require�the�use�of�rolled�products�having�adequate�ductility�
properties�in�the�through�thickness�direction,�such�as�to�prevent�the�risk�of�lamellar�
tearing�(Z�type�steel).�

3.1.2.3.11� In�highly�stressed�areas,�PRS�may�require�that�plates�of�gross�thickness�
greater�than�20�mm�are�of�grade�D/DH �or�E/EH .�

3.1.2.4� Structures�exposed�to�low�air�temperature�

3.1.2.4.1� The�application�of�steels�for�ships�designed�to�operate�in�area�with�low�
air�temperatures�is�to�comply�with�3.1.2.4.2�to�3.1.2.4.6.�

3.1.2.4.2� For�ships�intended�to�operate�in�areas�with�low�air�temperatures�(below�
and�including�–20�°C),�e.g.�regular�service�during�winter�seasons�to�Arctic�or�Ant-
arctic�waters,�the�materials�in�exposed�structures�are�to�be�selected�based�on�the�
design�temperature�tD ,�to�be�taken�as�defined�in�3.1.2.4.3.�

3.1.2.4.3� The�design�temperature�tD �is�to�be�taken�as�the�lowest�mean�daily�aver-
age�air�temperature�in�the�area�of�operation,�where:�
Mean:�Statistical�mean�over�observation�period�(at�least�20�years).�
Average :�Average�during�one�day�and�night.�
Lowest:�Lowest�during�year.�

Fig�3.1.2.4.3�illustrates�the�temperature�definition�for�Arctic�waters.�
For�seasonally�restricted�service�the�lowest�value�within�the�period�of�operation�

applies.�
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Figure 3.1.2.4.3  

Commonly used definitions of temperatures 

3.1.2.4.4 Materials in the various strength members above the lowest ballast water 
line (BWL) exposed to air are not to be of lower grades than those corresponding to 
classes I, II and III as given in Table 3.1.2.4.6-1 depending on the categories of 
structural members (SECONDARY, PRIMARY and SPECIAL). For non-exposed 
structures and structures below the lowest ballast water line, see 3.1.2.3. 

3.1.2.4.5 The material grade requirements for hull members of each class depend-
ing on thickness and design temperature are defined in Table 3.1.2.4.6-2, Table 
3.1.2.4.6-3 and Table 3.1.2.4.6-4. For design temperatures tD < �55 °C, materials 
are to be specially considered by PRS. 

3.1.2.4.6 Single strakes required to be of class III or of grade E/EH and FH are to 
have breadths not less than the values, in m, given by the following formula, but 
need not to be greater than 1.8 m: 
b = 0.005L + 0.8                                                                                           (3.1.2.4.6) 
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Table 3.1.2.4.6-1  
Application of material classes and grades – Structures exposed  

at low temperature 

Material class 
Structural member category 

 
Within 0.4L 

amidship 
Outside 0.4L 

amidship 
SECONDARY 
Deck plating exposed to weather, in general 
Side plating above BWL 
Transverse bulkheads above BWL 

I I 

PRIMARY 
Strength deck plating (1) 
Continuous longitudinal members above strength deck, 
excluding longitudinal hatch coamings 

Longitudinal bulkhead above BWL 

Top wing tank bulkhead above BWL 

II I 

SPECIAL 
Sheer strake at strength deck (2) 
Stringer plate in strength deck (2) 
Deck strake at longitudinal bulkhead (3) 
Continuous longitudinal hatch coamings (4) 

III II 

Notes: 
(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) Not to be less than grade E/EH within 0.4L amidships in ships with length exceeding 250 m. 
(3) In ships with a breadth exceeding 70 m at least three deck strakes to be class III. 
(4) Not to be less than grade D/DH. 

Table 3.1.2.4.6-2  
Material grade requirements for class I at low temperature 

-20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C As-built 
thickness 

[mm] NSS HSS NSS HSS NSS HSS NSS HSS 
t � 10 A AH B AH D DH D DH 

10 < t � 15 B AH D DH D DH D DH 
15 < t �20 B AH D DH D DH E EH 
20 < t � 25 D DH D DH D DH E EH 
25 <t � 30 D DH D DH E EH E EH 
30 < t � 35 D DH D DH E EH E EH 
35 < t � 45 D DH E EH E EH - FH 
45 < t � 50 E EH E EH - FH - FH 

Note: ”NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength Steel” 
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Table 3.1.2.4.6-3  
Material grade requirements for class II at low temperature 

-20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C As-built 
thickness 
[mm] NSS HSS NSS HSS NSS HSS NSS HSS 
t � 10 B AH D DH D DH E EH 

10 < t � 20 D DH D DH E EH E EH 
20 <t � 30 D DH E EH E EH - FH 
30 < t � 40 E EH E EH - FH - FH 
40 <t � 45 E EH - FH - FH - - 
45 <t � 50 E EH - FH - FH - - 

Note: ”NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength Steel” 

Table 3.1.2.4.6-4  
Material grade requirements for class III at low temperature 

-20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C As-built 
thickness 

        [mm] NSS HSS NSS HSS NSS HSS NSS HSS 
t � 10 D DH D DH E EH E EH 

10 < t � 15 D DH E EH E EH - FH 
15 < t �20 E EH E EH - FH - FH 
20 < t � 25 E EH E EH - FH - FH 
25 <t � 30 E EH - FH - FH - - 
30 < t � 35 E EH - FH - FH - - 
35 < t � 45 - FH - FH - - - - 

Note: “NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength Steel” 

3.1.3 Steels for forging and casting 

3.1.3.1 General 

3.1.3.1.1 Mechanical and chemical properties of steels for forging and casting to 
be used for structural members are to comply with the applicable requirements of 
PRS Rules for the Classification and Construction of Sea-going Ships, Part IX – 
Materials and Welding. 

3.1.3.1.2 Steels of structural members intended to be welded are to have mechani-
cal and chemical properties deemed appropriate for this purpose by PRS on a case 
by case basis. 

3.1.3.1.3  The steels used are to be tested in accordance with the applicable re-
quirements of PRS Rules for the Classification and Construction of Sea-going 
Ships, Part IX – Materials and Welding. 
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3.1.3.2� Steels�for�forging�

3.1.3.2.1� Rolled�bars�may�be�accepted�in�lieu�of�forged�products,�after�considera-
tion�by�PRS�on�a�case�by�case�basis.�

In�such�case,�compliance�with�the�applicable�requirements�of�PRS�Rules�for�the�
Classification�and�Construction�of�Sea-going�Ships,�Part�IX�–�Materials�and�Weld-
ing,�relevant�to�the�quality�and�testing�of�rolled�parts�accepted�in�lieu�of�forged�
parts,�may�be�required.�

3.1.3.3� Steels�for�casting�

3.1.3.3.1� Cast�parts� intended�for�stems,�stern�frames,� rudders,�parts�of�steering�
gear�and�deck�machinery�in�general�may�be�made�of�C�and�C-Mn�weldable�steels,�
having�specified�minimum�tensile�strength�Rm�=�400�N/mm 2�or�440�N/mm2,�in�ac-
cordance�with�the�applicable�requirements�of�PRS�Rules�for�the�Classification�and�
Construction�of�Sea-going�Ships,�Part�IX�–�Materials�and�Welding .�

3.1.3.3.2� The�welding�of�cast�parts�to�main�plating�contributing�to�hull�strength�
members�is�considered�by�PRS�on�a�case�by�case�basis.�PRS�may�require�additional�
properties�and�tests�for�such�casting,�in�particular�impact�properties�which�are�ap-
propriate�to�those�of�the�steel�plating�on�which�the�cast�parts�are�to�be�welded�and�
non-destructive�examinations.�

3.1.3.3.3� Heavily�stressed�cast�parts�of�steering�gear,�particularly�those�intended�to�
form�a�welded�assembly�and�tillers�or�rotors�mounted�without�key,�are�to�be�sub-
jected�to�surface�and�volumetric�non-destructive�examination�to�check�their�internal�
structure.�

3.1.4� Aluminium�alloy�structures�

3.1.4.1� General�

3.1.4.1.1� The�characteristics�of�aluminium�alloys�are�to�comply�with�the�require-
ments�of�PRS�Rules�for�the�Classification�and�Construction�of�Sea-going�Ships,�
Part�IX�–�Materials�and�W elding .�

Series�5xxx�aluminium-magnesium�alloys�or�series�6xxx�aluminium-magnesium-
silicon�alloys�are�to�be�used.�

3.1.4.1.2� In�the�case�of�structures�subjected�to�low�service�temperatures�or�intended�
for�other�specific�applications,�the�alloys�to�be�employed�are�to�be�agreed�by�PRS.�

3.1.4.1.3� Unless�otherwise�agreed,�the�Young’s�modulus�for�aluminium�alloys�is�
equal�to�70�000�N/mm2�and�the�Poisson’s�ratio�equal�to�0.33.�

3.1.4.2� Extruded�plating�

3.1.4.2.1� Extrusions�with�built-in�plating�and�stiffeners,�referred�to�as�extruded�
plating,�may�be�used.�
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3.1.4.2.2� In�general,�the�application�is�limited�to�decks,�bulkheads,�superstructures�
and�deckhouses.�Other�uses�may�be�permitted�by�PRS�on�a�case�by�case�basis.�

3.1.4.2.3� Extruded�plating�is�to�be�oriented�so�that�the�stiffeners�are�parallel�to�the�
direction�of�main�stresses.�

3.1.4.2.4� Connections�between�extruded�plating�and�primary�members�are�to�be�
given�special�attention.�

3.1.4.3� Mechanical�properties�of�weld�joints�

3.1.4.3.1� Welding�heat�input�lowers�locally�the�mechanical�strength�of�aluminium�
alloys�hardened�by�work�hardening�(series�5xxx�other�than�condition�O�or�H111)�or�
by�heat�treatment�(series�6xxx).�

3.1.4.3.2� The�as-welded�properties�of�aluminium�alloys�of�series�5xxx�are�in�gen-
eral�those�of�condition�O�or�H111.�

Higher�mechanical�characteristics�may�be�taken�into�account,�provided�they�are�
duly�justified.�

3.1.4.3.3� The�as-welded�properties�of�aluminium�alloys�of�series�6xxx�are�to�be�
agreed�by�PRS.�

3.1.4.4� Material�factor�k�

3.1.4.4.1� The�material�factor�k�for�aluminium�alloys�is�to�be�obtained�from�the�
following�formula:�

�
lim

235

R
k

′
= � (3.1.4.4.1)�

where:�
R′lim�–�� minimum�guaranteed�yield�stress�of�the�parent�metal�in�welded�condition�

R′p0.2,�but�not�to�be�taken�greater�than�70%�of�the�minimum�guaranteed�ten-
sile�strength�of�the�parent�metal�in�welded�condition�R'm,�[N/mm2];�

2.012.0 pp RR η=′ ,�[N/mm2];�

mm RR 2η=′ ,�[N/mm2];�
Rp0.2�–�� minimum�guaranteed�yield�stress�of�t he�parent�metal�in�delivery�condition,�

[N/mm2];�
Rm� –�� minimum�guaranteed�tensile�strength�of�the�parent�metal�in�delivery�condi-

tion,�[N/mm2];�
η1,�η2�–�specified�in�Table�3.1.4.4.2-1.�

3.1.4.4.2� In�the�case�of�welding�of�two�different�aluminium�alloys,�the�material�
factor�k�to�be�considered�for�the�scantlings�is�the�greater�material�factor�of�the�alu-
minium�alloys�of�the�assembly.�
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Table�3.1.4.4.2-1��
Aluminium�alloys�for�welded�construction�

Aluminium�alloy� η1� η2�

Alloys�without�work-hardening�treatment�(series�5xxx�in�annealed�
condition�O�or�annealed�flattened�condition�H111)�

1� 1�

Alloys�hardened�by�work�hardening�(series�5xxx�other�than�condition��
O�or�H111)�

2.0pR′
/Rp0.2�

R'm/Rm�

Alloys�hardened�by�heat�treatment�(series�6xxx)�(1)� 2.0pR′
/Rp0.2�

0.6�

Notes:�
(1)�When�no�information�is�available,�coefficient�η1�is�to�be�taken�equal�to�the�metallurgical�efficiency�

coefficient�β�defined�in�Table�3.1.4.4.2-2.�
R'p02�–�minimum�guaranteed�yield�stress�of�material�in�welded�condition,�[N/mm 2�];�
R'm�–�minimum�guaranteed�tensile�strength�of�material�in�welded�condition,�[N/mm2�].�

Table�3.1.4.4.2-2�
Aluminium�alloys�–�Metallurgical�efficiency�coefficient�β�

Aluminium�alloy�
Temper��

condition�
Gross�thickness,�

in�mm� β�

t�≤�6� 0.45�
6005�A�(Open�sections)� T5�or�T6�

t�>�6� 0.40�

6005�A�(Closed�sections)� T5�or�T6� All� 0.50�

6061�(Sections)� T6� All� 0.53�

6082�(Sections)� T6� All� 0.45�

3.1.5� Other�materials�and�products�

3.1.5.1� General�

3.1.5.1.1� Other�materials�and�products�such�as�parts�made�of�iron�castings,�where�
allowed,�products�made�of�copper�and�copper�alloys,�rivets,�anchors,�chain�cables,�
cranes,�masts,�derrick�posts,�derricks,�accessories�and�wire�ropes�are�to�comply�with�
the�applicable�requirements�of�PRS�Rules�for�the�Classification�and�Construction�of�
Sea-going�Ships,�Part�IX�–�Materials�and�Welding .�

3.1.5.1.2� The�use�of�plastics�or�other�special�materials�not�covered�by�these�Rules�
is�to�be�considered�by�PRS�on�a�case�by�case�basis.�In�such�cases,�the�requirements�
for�the�acceptance�of�the�materials�concerned�are�to�be�agreed�by�PRS.�

3.1.5.1.3� Materials�used�in�welding�processes�are�to�comply�with�the�applicable�
requirements�of�PRS�Rules�for�the�Classification�and�Construction�of�Sea-going�
Ships,�Part�IX�–�Materials�and�Welding .�
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3.1.5.2� Iron�cast�parts�

3.1.5.2.1� As�a�rule,�the�use�of�grey�iron,�malleable�iron�or�spheroidal�graphite�iron�
cast�parts�with�combined�ferritic/perlitic�structure�is�allowed�only�to�manufacture�
low�stressed�elements�of�secondary�importance.�

3.1.5.2.2� Ordinary�iron�cast�parts�may�not�be�used�for�windows�or�sidescuttles;�the�
use�of�high�grade�iron�cast�parts�of�a�suitable�type�will�be�considered�by�PRS�on�
a�case�by�case�basis.�

3.2� Net�scantling�approach�

3.2.0� Symbols�

tas_built �–�� a s-built�Thickness :�the�actual�thickness�provided�at�the�newbuilding�stage,�
including�tvoluntary_addition ,�if�any,�[mm];�

tC� –�� c orrosion�Addition�Thickness :�as�defined�in�3.3,�[mm];�
tgross_offered �–� Gross�Thickness�Offered :�the�actual�gross�(full)�thickness�provided�at�

the�newbuilding�stage,�excluding�tvoluntary_addition ,�the�owner’s�extra�mar-
gin�for�corrosion�wastage,�if�any,�[mm];�

tgross_required �–� Gross�Thickness�Required :�the�gross�(full)�thickness�obtained�by�add-
ing�tC�to�the�Net�Thickness�Required,�[mm];�

tnet_offered �� �–��Net� Thickness� Offered :� the� net� thickness� obtained� by� subtracting� tC�
from�the�Gross�Thickness�Offered,�[mm];�

tnet_required ��–�� Net�Thickness�Required :�the�net�thickness�as�required�by�the�Rules�that�
satisfy�all�the�structural�strength�requirements,�rounded�to�the�closest�
half�millimeter,�[mm];�

tvoluntary_addition �–�� Thickness�for�Voluntary�Addition :�the�thickness�voluntarily�added�as�
the�owner’s�extra�margin�for�corrosion�wastage�in�addition�to�tC,�[mm].�

3.2.1� General�philosophy�

3.2.1.1� Net�Scantling�Approach�is�to�clearly�specify�the�“net�scantling”�that�is�to�
be�maintained�right�from�the�newbuilding�stage�throughout�the�ship’s�design�life�to�
satisfy�the�structural�strength�requirements.�This�approach�clearly�separates�the�net�
thickness�from�the�thickness�added�for�corrosion�that�is�likely�to�occur�during�the�
ship-in-operation�phase.�

3.2.2� Application�criteria�

3.2.2.1� General�

The� scantlings�obtained�by�applying� the�criteria� specified� in� this�Rule�are�net�
scantlings�as�specified�in�3.2.3.1�to�3.2.3.3;�i.e.�those�which�provide�the�strength�char-
acteristics�required�to�sustain�the�loads,�excluding�any�addition�for�corrosion�and�vol-
untarily�added�thickness�such�as�the�owner’s�extra�margin,�if�any.�The�following�gross�
offered�scantlings�are�exceptions;�i.e.�they�already�include�additions�for�corrosion�but�
without�voluntarily�added�values�such�as�the�owner’s�extra�margin:�
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–� scantlings�of�superstructures�and�deckhouses,�according�to�9.4;�
–� scantlings�of�rudder�structures,�according�to�10.1;�
–� scantlings�of�massive�pieces�made�of�steel�forgings,�steel�castings.�

3.2.2.1.1� The�required�strength�characteristics�are:�
–� thickness,�for�plating�including�that�whi ch�constitutes�primary�supporting�members;�
–� section�modulus,�shear�area,�moments�of�inertia�and�local�thickness�for�ordinary�

stiffeners�and,�as�the�case�may�be,�primary�supporting�members;�
–� section�modulus,�moments�of�inertia�and�first�moment�for�the�hull�girder.�

3.2.2.1.2� The�ship�is�to�be�built�at�least�with�the�gross�scantlings�obtained�by�add-
ing�the�corrosion�additions,�specified�in�3.3,�to�the�net�scantlings.�The�thickness�for�
voluntary�addition�is�to�be�added�as�an�extra.�

3.2.3� Net�scantling�approach�

3.2.3.1� Net�scantling�definition�

3.2.3.1.1� Required�thickness�

The�gross� thickness� required,� tgross_required ,� is�not� less� than� the�gross� thickness�
which�is�obtained�by�adding�the�corrosion�addition�tC�as�defined�in�3.3�to�net�thick-
ness�required,�as�follows:�

� tgross�_�required�=� tnet�_�required�+� tC�
,�[mm]� (3.2.3.1.1)�

3.2.3.1.2� Offered�thickness�

The�gross� thickness�offered,� tgross_offered ,� is� the�gross� thickness�provided�at� the�
newbuilding�stage,�which�is�obtained�by�deducting�the�thickness�for�voluntary�addi-
tion�from�the�as-built�thickness,�as�follows:�

� tgross�_�offered�=� tas�_�built�–�t voluntary�_�addition� (3.2.3.1.2)�

3.2.3.1.3� Net�thickness�for�plate�

Net� thickness� offered,� tnet_offered ,� is� obtained� by� subtracting� tC� from� the� gross�
thickness�offered,�as�follows:�

� tnet�_�offered�=� tgross�_�offered�–� tC�=� tas�_�built�–� tvoluntary�_�addition�–� tC�� (3.2.3.1.3)�

3.2.3.1.4� Net�section�modulus�for�stiffener�

The�net�transverse�section�scantling�is�to�be�obtained�by�deducting�tC�from�the�
gross� thickness� offered� of� the� elements�which� constitute� the� stiffener� profile� as�
shown�in�Fig�3.2.3.1.4.�

For�bulb�profiles,�an�equivalent�angle�profile,�as�specified�in�3.6.4.1.1,�may�be�
considered.�

The�net�strength�characteristics�are�to�be�calculated�for�the�net�transverse�section.�
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In�assessing�the�net�strength�characteristics�of�stiffeners�reflecting�the�hull�girder�
stress�and�stress�due�to�local�bending�of�the�local�structure�such�as�double�bottom�
structure,�the�section�modulus�of�hull�girder�or�rigidity�of�structure�is�obtained�by�
deducting�0.5tC�from�the�gross�thickness�offered�of�the�related�elements.�
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�
Shadow�area�is�corrosion�addition.�For�attached�plate,�the�half�of�the�considered�corrosion�addition�
specified�in�3.2�is�deducted�from�both�sides�of�attached�plate.�

Figure�3.2.3.1.4� Net�scantling�of�stiffener�

3.2.3.2� Considered�net�scantling�

3.2.3.2.1� Yielding�check�of�the�hull�girder�

The�net�thickness�of�structural�members�to�be�considered�for�the�yielding�check�
of�the�hull�girder,�according�to�5.1,�is�to�be�obtained�by�deducting�0.5tC�from�the�
gross�thickness�offered.�

3.2.3.2.2� Global�stress�such�as�stress�due�to�hull�girder�bending�moment��
and�shear�force�

The�net�thickness�of�structural�members�to�be�considered�for�stress�due�to�hull�
girder�bending�moment�and�shear�force�according�to�5.1,�is�to�be�obtained�by�de-
ducting�0.5tC�from�the�gross�thickness�offered.�

3.2.3.2.3� Buckling�check�of�the�hull�girder�

The�net�thickness�of�structural�members�to�be�considered�for�the�buckling�check,�
according�to�6.3,�is�to�be�obtained�by�deducting�tC�from�the�gross�thickness�offered.�

3.2.3.2.4� Ultimate�strength�check�of�the�hull�girder�

The� net� thickness� of� structural� members� to� be� considered� for� the� ultimate�
strength�check�of�the�hull�girder,�according�to�5.2,�is�to�be�obtained�by�deducting�
0.5tC�from�the�gross�thickness�offered.�
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3.2.3.2.5� Direct�strength�analysis�

The�net�thickness�of�plating�which�constitutes�primary�supporting�members�to�be�
checked�stresses�according�to�Chapter�7�is�to�be�obtained�by�deducting�0.5tC�from�
the�gross�thickness�offered.�

The�net�thickness�of�plating�members�to�be�considered�for�the�buckling�check�
according�to�6.3,�using�the�stresses�obtained�from�direct�strength�analysis,�is�to�be�
obtained�by�deducting�tC�from�the�gross�thickness�offered.�

3.2.3.2.6� Fatigue�check�

The�net�thickness�of�structural�members�to�be�checked�for�fatigue�according�to�
Ch�8�is�to�be�obtained�by�deducting�0.5tC�from�the�gross�thickness�offered.�

3.2.3.2.7� Check�of�primary�supporting�members�for�ships�less�than�150�m��
in�length�L�

The�net�thickness�of�plating�which�constitutes�primary�supporting�members�for�
ships�less�than�150�m�in�length�L,�to�be�checked�according�to�6.4.2,�is�to�be�obtained�
by�deducting�tC�from�the�gross�thickness.�

3.2.3.3� Available�information�on�structural�drawings �

3.2.3.3.1� The�structural�drawings�are�to�indicate�for�each�structural�element�the�
gross�scantling�and�the�renewal�thickness�as�specified�in�13.2.�If�thickness�for�vol-
untary�addition�is�included�in�the�as-built� thicknesses,�this�is�to�be�clearly�men-
tioned�and�identified�on�the�drawings.�

3.3� Corrosion�additions�

3.3.1� Corrosion�additions�

3.3.1.0� Symbols�

tC� �–��total�corrosion�addition,�in�mm,�defined�in�3.3.1.2;�
tC1,�tC2��–��corrosion�addition,�in�mm,�on�one�side�of�the�considered�structural�mem-

ber,�defined�in�Table�3.3.1.2.1;�
treserve� �–��reserve�thickness,�in�mm,�defined�in�13.2�and�taken�equal�to: �treserve�=�0.5.�

3.3.1.1� General�

3.3.1.1.1� The�values�of�the�corrosion�additions�specified�in�this�section�are�to�be�
applied�in�relation�with�the�relevant�protective�coatings�required�by�3.5.�For�materi-
als�different�from�carbon�steel,�special�consideration�is�to�be�given�to�the�corrosion�
addition.�
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3.3.1.2� Corrosion�addition�determination�

3.3.1.2.1� Corrosion�additions�for�steel�

The�corrosion�addition�for�each�of�the�two�sides�of�a�structural�member,�tC1�or�
tC2,�is�specified�in�Tab�3.3.1.2.1.�

The�total�corrosion�addition�tC�for�both�sides�of�the�structural�member�is�obtain-
ed�by�the�following�formula:�

� tC�=�Roundup0.5�(tC1�+� tC2)�+� t,�[mm]� (3.3.1.2.1-1)�

For�an�internal�member�within�a�given�compartment,�the�total�corrosion�addition�
tC�is�obtained�from�the�following�formula:�

� tC�=�Roundup0.5�(2tC1�)�+� treserve�,�[mm]� (3.3.1.2.1-2)�

where�tC1�is�the�value�specified�in�Tab�3.3.1.2.1�for�one�side�exposure�to�that�com-
partment.�

When�a�structural�member�is�affected�by�more�than�one�value�of�corrosion�addi-
tion�(e.g.�a�plate�in�a�dry�bulk�cargo�hold�extending�above�the�lower�zone),�the�
scantling�criteria�are�generally�to�be�applied�considering�the�severest�value�of�corro-
sion�addition�applicable�to�the�member.�

In�addition,�the�total�corrosion�addition�tC�is�not�to�be�taken�less�than�2�mm,�ex-
cept�for�web�and�face�plate�of�ordinary�stiffeners.�

Table�3.3.1.2.1��
Corrosion�addition�on�one�side�of�structural�members �

Corrosion�addition,��
tC1�or�tC2�,�[mm]�Compartment�

Type�
�

Structural�member� BC-A�or�BC-B�
ships�with�
L�≥�150�m�

Other�

1� 2� 3� 4�

Within�3m�below�the�top�of�tank�(3)� 2.0�Face�plate�of�
primary�members� Elsewhere� 1.5�

Within�3�m�below�the�top�of�tank�(3)� 1.7�

Ballast�water�
tank�(2)�
� Other�members�

Elsewhere� 1.2�

Upper�part�(4)� 2.4� 1.0�

Lower�stool:�sloping�plate,�vertical�
plate�and�top�plate�

5.2� 2.6�
Transverse��
bulkhead�

Other�parts� 3.0� 1.5�

Upper�part�(4)�
Dry�bulk��
cargo�hold�(1)�
�

Other�members� Webs�and�flanges�of�the�upper�end�
brackets�of�side�frames�of�single�side�
bulk�carriers�

1.8� 1.0�
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Webs�and�flanges�of�lower�brackets�of�
side�frames�of�single�side�bulk�carriers�

2.2� 1.2�
�

Other�parts� 2.0� 1.2�

Continuous�wooden�ceiling� 2.0� 1.2�

�

Sloped�plating�of�
hopper�tank,�inner�
bottom�plating� No�continuous�wooden�ceiling� 3.7� 2.4�

Horizontal�member�and�weather�deck�(5)� 1.7�Exposed�to�
atmosphere� Non�horizontal�member� 1.0�

Exposed�to�sea�water�(7)� 1.0�

Fuel�oil�tanks�and�lubricating�oil�tanks�(2)� 0.7�

Fresh�water�tanks� 0.7�

Void�spaces�(6)� Spaces�not�normally�accessed,�e.g.�access�only�through�
bolted�manholes�openings,�pipe�tunnels,�etc.� 0.7�

Dry�spaces� Internal�of�deck�houses,�machinery�spaces,�stores�spaces,�
pump�rooms,�steering�spaces,�etc.� 0.5�

Other�compartments�than�above� 0.5�

Notes�
(1)� Dry�bulk�cargo�hold�includes�holds,�intended�for�the�carriage�of�dry�bulk�cargoes,�which�may�

carry�water�ballast.�
(2)� The�corrosion�addition�of�a�plating�between�water�ballast�and�heated�fuel�oil�tanks�is�to�be�in-

creased�by�0.7�mm.�
(3)� This�is�only�applicable�to�ballast�tanks�with�weather�deck�as�the�tank�top.�
(4)� Upper�part�of�the�cargo�holds�corresponds�to�an�area�above�the�connection�between�the�top�side�

and�the�inner�hull�or�side�shell.�If�there�is�no�top�side,�the�upper�part�corresponds�to�the�upper�
one�third�of�the�cargo�hold�height.�

(5)� Horizontal�member�means�a�member�making�an�angle�up�to�20°�as�regard�as�a�horizontal�line.�
(6)� The�corrosion�addition�on�the�outer�shell�plating�in�way�of�pipe�tunnel�is�to�be�considered�as�

water�ballast�tank.�
(7)� Outer�side�shell�between�normal�ballast�draught�and�scantling�draught�is�to�be�increased�by�0.5�mm.�

3.3.1.2.2� Corrosion�additions�for�aluminium�alloys�

For�structural�members�made�of�aluminium�alloys,�the�corrosion�addition�tC�is�to�
be�taken�equal�to�0.�

3.4� Limit�states�

3.4.1� General�

3.4.1.1� General�principle�

3.4.1.1.1� The�structural�strength�assessments�indicated�in�Table�3.4.1.1.1�are�cov-
ered�by�the�requirements�of�the�present�Rules.�

�
�
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Table�3.4.1.1.1��
Structural�strength�assessment�

�
Yielding�check� Buckling�check�

Ultimate�
strength�check�

Fatigue�check�

Ordinary�stiffeners� �� �� ��(1)� ��(2)�Local��
Structures� Plating�subjected�

to�lateral�pres-
�� �� ��(3)� – �

Primary�supporting�members� �� �� �� ��(2)�

Hull�girder� �� �
�(4)� �� – �

Note:���indicates�that�the�structural�assessment�is�to�be�carried�out.�
(1)� The�ultimate�strength�check�of�stiffeners�is�included�in�the�buckling�check�of�stiffeners.�
(2)� The�fatigue�check�of�stiffeners�and�primary�supporting�members�is�the�fatigue�check�of�connec-

tion�details�of�these�members.�
(3)� The�ultimate�strength�check�of�plating�is�included�in�the�yielding�check�formula�of�plating.��
(4)� The�buckling�check�of�stiffeners�and�plating�taking�part�in�hull�girder�strength�is�performed�

against�stress�due�to�hull�girder�bending�moment�and�hull�girder�shear�force.�

3.4.1.1.2� Strength�of�hull�structures�in�flooded�condition�is�to�be�assessed.�

3.4.1.2� Limit�States�

3.4.1.2.1� Serviceability�limit�state�

Serviceability�limit�state,�which�concerns�the�normal�use,�includes:�
–� local�damage�which�may�reduce�the�working�life�of�the�structure�or�affect�the�

efficiency�or�appearance�of�structural�members,�
–� unacceptable� deformations� which� affec t� the� efficient� use� and� appearance� of�

structural�members�or�the�functioning�of�equipment.�

3.4.1.2.2� Ultimate�Limit�State�

Ultimate�limit�state,�which�corresponds�to�the�maximum�load-carrying�capacity,�
or�in�some�cases,�the�maximum�applicable�strain�or�deformation,�includes:�
–� attainment�of�the�maximum�resistance�c apacity�of�sections,�members�or�connec-

tions�by�rupture�or�excessive�deformations,�
–� instability�of�the�whole�structure�or�part�of�it.�

3.4.1.2.3� Fatigue�limit�state�

Fatigue�limit�state�relate�to�the�possibility�of�failure�due�to�cyclic�loads.�

3.4.1.2.4� Accidental�limit�state�

Accidental�limit�state�considers�the�flooding�of�any�one�cargo�hold�without�pro-
gression�of�the�flooding�to�the�other�compartments�and�includes:�
–� the�maximum�load-carrying�capacity�of�hull�girder,�
–� the�maximum�load-carrying�capacity�of�double�bottom�structure,�
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–� the�maximum�load-carrying�capacity�of�bulkhead�structure.�
Accidental�single�failure�of�one�structural�member�of�any�one�cargo�hold�is�con-

sidered�in�the�assessment�of�the�ultimate�strength�of�the�entire�stiffened�panel.�

3.4.2� Strength�criteria�

3.4.2.1� Serviceability�limit�states �

3.4.2.1.1� Hull�girder�

For�the�yielding�check�of�the�hull�girder,�the�stress�corresponds�to�a�load�at�10-8�
probability�level.�

3.4.2.1.2� Plating�

For�the�yielding�check�and�buckling�check�of�platings�constituting�a�primary�
supporting�member,�the�stress�corresponds�to�a�load�at�10–8 �probability�level.�

3.4.2.1.3� Ordinary�stiffener�

For�the�yielding�check�of�an�ordinary�stiffener,�the�stress�corresponds�to�a�load�at�
10–8 �probability�level.�

3.4.2.2� Ultimate�limit�states�

3.4.2.2.1� Hull�girder�

The�ultimate�strength�of�the�hull�girder�is�to�withstand�the�maximum�vertical�
longitudinal�bending�moment�obtained�by�multiplying�the�partial�safety�factor�and�
the�vertical�longitudinal�bending�moment�at�10-8�probability�level.�

3.4.2.2.2� Plating�

The�ultimate� strength�of� the�plating�between�ordinary� stiffeners� and�primary�
supporting�members�is�to�withstand�the�load�at�10-8�probability�level.�

3.4.2.2.3� Ordinary�stiffener�

The�ultimate�strength�of�the�ordinary�stiffener�is�to�withstand�the�load�at�10-8�
probability�level.�

3.4.2.3� Fatigue�limit�state�

3.4.2.3.1� Structural�details�

The�fatigue�life�of�representative�structural�details�such�as�connections�of�ordi-
nary�stiffeners�and�primary�supporting�members�is�obtained�from�reference�pres-
sures�at�10–4 .�
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3.4.2.4� Accidental�limit�state�

3.4.2.4.1� Hull�girder�

Longitudinal�strength�of�hull�girder�in�cargo�hold�flooded�condition�is�to�be�as-
sessed�in�accordance�with�5.2.�

3.4.2.4.2� Double�bottom�structure�

Double�bottom�structure�in�cargo�hold�flooded�condition�is�to�be�assessed�in�ac-
cordance�with�6.4.�

3.4.2.4.3� Bulkhead�structure�

Bulkhead�structure�in�cargo�hold�flooded�condition�is�to�be�assessed�in�accor-
dance�with�6.1,�6.2�and�6.3.�

3.4.3� Strength�check�against�impact�loads�

3.4.3.1� General�

3.4.3.1.1� Structural�response�against�impact�loads�such�as�forward�bottom�slam-
ming,�bow�flare�slamming�and�grab�falling�depends�on�the�loaded�area,�magnitude�
of�loads�and�structural�grillage.�

3.4.3.1.2� The�ultimate�strength�of�structural�members�that�constitute�the�grillage,�
i.e.�platings�between�ordinary�stiffeners�and�primary�supporting�members�and�ordi-
nary�stiffeners�with�attached�plating,� is� to�withstand� the�maximum�impact� loads�
acting�on�them.�

3.5� Corrosion�protection�

3.5.1� General�

3.5.1.1� Structures�to�be�protected�

3.5.1.1.1� All� seawater�ballast� tanks,� cargo�holds� and�ballast� holds� are� to�have�
a�corrosion�protective�system�fitted�in�accordance�with�3.5.1.2,�3.5.1.3�and�3.5.1.4�
respectively.�

3.5.1.1.2� Void�double�side�skin�spaces� in�cargo� length�area�for�vessels�having�
a�length�(LLL)�of�not�less�than�150�m�are�to�be�coated�in�accordance�with�3.5.1.2.�

3.5.1.1.3� Corrosion� protective� coating� is� not� required� for� internal� surfaces� of�
spaces�intended�for�the�carriage�of�fuel�oil.�

3.5.1.1.4� Narrow�spaces�are�generally�to�be�filled�by�an�efficient�protective�prod-
uct,�particularly�at�the�ends�of�the�ship�where�inspections�and�maintenance�are�not�
easily�practicable�due�to�their�inaccessibility.�
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3.5.1.2� Protection�of�seawater�ballast�tanks�and�void�double�side�skin�spaces �

3.5.1.2.1� All�dedicated�seawater�ballast� tanks�anywhere�on� the�ship�(excluding�
ballast�hold)�for�vessels�having�a�length�(L)of�not�less�than�90�m�and�void�double�
side�skin�spaces�in�the�cargo�length�area�for�vessels�having�a�length�(LLL)�of�not�less�
than�150�m�are�to�have�an�efficient�corrosion�prevention�system,�such�as�hard�pro-
tective�coatings�or�equivalent,�applied�in�accordance�with�the�manufacturer’s�rec-
ommendation.�The�coatings�are�to�be�of�a�light�colour,�i.e.�a�colour�easily�distin-
guishable�from�rust�which�facilitates�inspection.�Where�appropriate,�sacrificial�an-
odes,�fitted�in�accordance�with�3.5.2,�may�also�be�used.�

3.5.1.2.2� For�ships�contracted�for�construction�on�or�after�the�date�of�IMO�adop-
tion�of�the�amended�SOLAS �regulation�II-1/3-2,�by�which�an�IMO�“Performance�
standard�for�protective�coatings�for�ballast� tanks�and�void�spaces”�will�be�made�
mandatory,�the�coatings�of�internal�spaces�subject�to�the�amended�SOLAS �regulation�
are�to�satisfy�the�requirements�of�the�IMO�performance�standard.�

Consistent�with�IMO�Resolution�A.798(19)�and�IACS�UI�SC�122,�the�selection�
of� the� coating� system,� including� coating� selection,� specification,� and� inspection�
plan,�are� to�be�agreed�between� the�shipbuilder,�coating�system�supplier�and� the�
owner,� in� consultation� with� PRS,� prior� to� commencement� of� construction.� The�
specification�for�the�coating�system�for�these�spaces�is�to�be�documented�and�this�
documentation�is�to�be�verified�by�PRS�and�is�to�be�in�full�compliance�with�the�
coating�performance�standard.�

The�shipbuilder�is�to�demonstrate�that�the�selected�coating�system�with�associ-
ated�surface�preparation�and�application�methods�is�compatible�with�the�manufac-
turing�processes�and�methods.�

The�attending�surveyor�of�PRS�will�not�verify�the�application�of�the�coatings�but�
will�review�the�reports�of�the�coating�inspectors�to�verify�that�the�specified�shipyard�
coating�procedures�have�been�followed.�

3.5.1.3� Protection�of�cargo�hold�spaces�

3.5.1.3.1� Coating�

It�is�the�responsibility�of�the�shipbuilder�and�of�the�owner�to�choose�coatings�
suitable�for�the�intended�cargoes,�in�particular�for�the�compatibility�with�the�cargo.�

3.5.1.3.2� Application�

All�internal�and�external�surfaces�of�hatch�coamings�and�hatch�covers,�and�all�in-
ternal�surfaces�of�cargo�holds�(side�and�transverse�bulkheads),�excluding�the�inner�
bottom�area�and�part�of�the�hopper�tank�sloping�plate�and�lower�stool�sloping�plate,�
are�to�have�an�efficient�protective�coating,�of�an�epoxy�type�or�equivalent,�applied�
in�accordance�with�the�manufacturer’s�recommendation.�The�side�and�transverse�
bulkhead�areas�to�be�coated�are�specified�in�3.5.1.3.3�and�3.5.1.3.4�respectively.�
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3.5.1.3.3� Side�areas�to�be�coated�

The�areas�to�be�coated�are�the�internal�surfaces�of:�
–� the�inner�side�plating;�
–� the�internal�surfaces�of�the�topside�tank�sloping�plates;�
–� the�internal�surfaces�of�the�hopper�tank�sloping�plates�for�a�distance;�
–� of�300�mm�below�the�frame�end�bracket�for�single�side�bulk�carriers�or�below�the�

hopper�tank�upper�end�for�double�side�bulk�carriers.�
These�areas�are�shown�in�Fig�3.5.1.3.3.�

Area�to�be
coated

Topside
tank

Area�to�be
coated

Topside
tank

�

Figure�3.5.1.3.3�Side�areas�to�be�coated�

3.5.1.3.4� Transverse�bulkhead�areas�to�be�coated�

The�areas�of�transverse�bulkheads�to�be�coated�are�all�the�areas�located�above�an�
horizontal�level�located�at�a�distance�of�300�mm�below�the�frame�end�bracket�for�
single�side�bulk�carriers�or�below�the�hopper�tank�upper�end�for�double�side�bulk�
carriers.�

3.5.1.4� Protection�of�ballast�hold�spaces�

3.5.1.4.1� Application�

All�internal�and�external�surfaces�of�hatch�coamings�and�hatch�covers,�and�all�in-
ternal�surfaces�of�ballast�holds�are�to�have�an�effective�protective�coating,�of�an�
epoxy�type�or�equivalent,�applied�in�accordance�with� the�manufacturer’s�recom-
mendation.�
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3.5.2� Sacrificial�anodes�

3.5.2.1� General�

3.5.2.1.1� Anodes�are�to�have�steel�cores�and�are�to�be�fitted�sufficiently�rigid�by�
the�anode�support�designed�so�that�they�retain�the�anode�even�when�it�is�wasted.�

The�steel�inserts�are�to�be�attached�to�the�structure�by�means�of�a�continuous�
weld.�Alternatively,�they�may�be�attached�to�separate�supports�by�bolting,�provided�
a�minimum�of�two�bolts�with�lock�nuts�are�used.�However,�other�mechanical�means�
of�clamping�may�be�accepted.�

3.5.2.1.2� The�supports�at�each�end�of�an�anode�may�not�be�attached�to�separate�
items�which�are�likely�to�move�independently.�

3.5.2.1.3� Where�anode�inserts�or�supports�are�welded�to�the�structure,�the�welds�
are�to�be�smooth.�

3.5.3� Protection�of�inner�bottom�by�ceiling�

3.5.3.1� General�

3.5.3.1.1� Ceiling� on� the� inner� bottom,� if� any,� is� to� comply� with� 3.5.3.2� and�
3.5.3.3.�

3.5.3.2� Arrangement�

3.5.3.2.1� Planks�forming�ceiling�over�the�bilges�and�on�the�inner�bottom�are�to�be�
easily�removable�to�permit�access�for�maintenance.�

3.5.3.2.2� Where�the�double�bottom�is� intended�to�carry�fuel�oil,�ceiling�on�the�
inner�bottom�is�to�be�separated�from�the�plating�by�means�of�battens�30�mm�high,�in�
order�to�facilitate�the�drainage�of�oil�leakages�to�the�bilges.�

3.5.3.2.3� Where�the�double�bottom�is�intended�to�carry�water,�ceiling�on�the�inner�
bottom�may�lie�next�to�the�plating,�provided�a�suitable�protective�composition�is�
applied�beforehand.�

3.5.3.2.4� The�shipyard�is�to�take�care�that�the�attachment�of�ceiling�does�not�affect�
the�tightness�of�the�inner�bottom.�

3.5.3.3� Scantlings�

3.5.3.3.1� The�thickness�of�ceiling�boards,�when�made�of�pine,�is�to�be�not�less�
than�60�mm.�Under�cargo�hatchways,�the�thickness�of�ceiling�is�to�be�increased�by�
15�mm.�

Where�the�floor�spacing�is�large,�the�thicknesses�may�be�considered�by�PRS�on�
a�case�by�case�basis.�
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3.6� Structural�arrangement�principles�

3.6.0�� Symbols�

bh� –�� breadth�of�cargo�hatch�opening,�[m];�
l�b� –�� length�of�the�free�edge�of�the�end�bracket,�[m];�

For�symbols�not�defined�in�3.6,�refer�to�the�list�defined�in�1.4.�

3.6.1� Application�

The�requirements�of�this�section�apply�to�the�cargo�hold�area.�For�other�areas,�
the�requirements�of�9.1�to�9.4�are�to�be�applied.�

3.6.2� General�principles�

3.6.2.1� Definition�

3.6.2.1.1� Primary�frame�spacing�

Primary�frame�spacing,� in�m,� is�defined�as� the�distance�between�the�primary�
supporting�members.�

3.6.2.1.2� Secondary�frame�spacing�

Secondary�frame�spacing,�in�m,�is�defined�as�the�distance�between�ordinary�stiff-
eners.�

3.6.2.2� Structural�continuity�

3.6.2.2.1� General�

The�reduction�in�scantling�from�the�midship�part�to�the�end�parts�is�to�be�effected�
as�gradually�as�practicable.�

Attention�is�to�be�paid�to�the�structural�continuity�in�way�of�changes�in�the�fram-
ing�system,�at�the�connections�of�primary�supporting�members�or�ordinary�stiffeners�
and�in�way�of�the�ends�of�the�fore�and�aft�parts�and�machinery�space�and�in�way�of�
the�ends�of�superstructures.�

3.6.2.2.2� Longitudinal�members�

Longitudinal�members�are� to�be�so�arranged�as� to�maintain�the�continuity�of�
strength.�

Longitudinal�members�contributing�to�the�hull�girder�longitudinal�strength�are�to�
extend�continuously�for�a�sufficient�distance�towards�the�end�of�ship.�

In�particular,�the�continuity�of�the�longitudinal�bulkheads,�including�vertical�and�
horizontal�primary�supporting�members,�extended�over�the�cargo�hold�area�is�to�be�
ensured�beyond�the�cargo�hold�area.�Scarfing�brackets�are�a�possible�means.�
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3.6.2.2.3� Primary�supporting�members�

Primary�supporting�members�are�to�be�arranged�in�such�a�way�that�they�ensure�
adequate�continuity�of�strength.�

Abrupt�changes�in�height�or�cross�section�are�to�be�avoided.�

3.6.2.2.4� Ordinary�stiffeners�

Ordinary�stiffeners�contributing�to�the�hull�girder�longitudinal�strength�are�gen-
erally�to�be�continuous�when�crossing�primary�supporting�members.�

3.6.2.2.5� Platings�

A�change�in�plating�thickness�in�as-built�is�not�to�exceed�50%�of�thicker�plate�
thickness�for�load�carrying�direction.�The�butt�weld�preparation�is�to�be�in�accor-
dance�with�the�requirements�of�11.2.2.2.�

3.6.2.2.6� Stress�concentrations�

Where�stress�concentration�may�occur�in�way�of�structural�discontinuity,�suffi-
cient�consideration�is�to�be�paid�to�reduce�the�stress�concentration�and�adequate�
compensation�and�reinforcements�are�to�be�provided.�

Openings�are�to�be�avoided,�as�far�as�practicable,�in�way�of�highly�stressed�areas.�
Where�openings�are�arranged,�the�shape�of�openings�is�to�be�such�that�the�stress�

concentration�remains�within�acceptable�limits.�
Openings�are�to�be�well�rounded�with�smooth�edges.�
Weld�joints�are�to�be�properly�shifted�from�places�where�the�stress�may�highly�

concentrate.�

3.6.2.3� Connections�with�higher�tensile�steel�

3.6.2.3.1� Connections�with�higher�tensile�steel�

Where�steels�of�different�strengths�are�mixed�in�a�hull�structure,�due�considera-
tion�is�to�be�given�to�the�stress�in�the�lower�tensile�steel�adjacent�to�higher�tensile�
steel.�

Where� stiffeners� of� lower� tensile� steel� are� supported� by� primary� supporting�
members�of�higher�tensile�steel,�due�consideration�is�to�be�given�to�the�stiffness�of�
primary�supporting�members�and�scantlings�to�avoid�excessive�stress�in�the�stiffen-
ers�due�to�the�deformation�of�primary�supporting�members.�

Where�higher�tensile�steel�is�used�at�deck�structures�and�bottom�structure,�longitu-
dinal�members�not�contributing�to�the�hull�girder�longitudinal�strength�and�welded�to�
the�strength�deck�or�bottom�plating�and�bilge�strake,�such�as�longitudinal�hatch�coam-
ings,�gutter�bars,�strengthening�of�deck�openings,�bilge�keel,�etc.,�are�to�be�made�of�
the�same�higher�tensile�steel.�The�same�requirement�is�applicable�for�non�continuous�
longitudinal�stiffeners�welded�on�the�web�of�a�primary�member�contributing�to�the�
hull�girder�longitudinal�strength�as�hatch�coamings,�stringers�and�girders.�
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3.6.3 Plating 

3.6.3.1 Structural continuity of plating 

3.6.3.1.1 Insert plate 

Where a local increase in plating thickness is generally to be achieved to through 
insert plates, an insert plate is to be made of the materials of a quality (yield & 
grade) at least equal to that of the plates on which they are welded. 

3.6.4 Ordinary stiffener 

3.6.4.1 Profile of stiffeners 

3.6.4.1.1 Stiffener profile with a bulb section 

A bulb section may be taken as equivalent to a built-up section. The dimensions 
of the equivalent angle section are to be obtained from the following formulae. 
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where: 
h'w, t'w   – height and net thickness of a bulb section as shown in Fig 3.6.4.1.1, [mm]; 

 t'w  = tw; (3.6.4.1.1-4) 
� – coefficient equal to: 
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Figure 3.6.4.1.1 Dimensions of stiffeners 
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3.6.4.2� Span�of�ordinary�stiffeners�

3.6.4.2.1� Ordinary�stiffener�
The�span�l�of�ordinary�stiffeners�is�to�be�measured�as�shown�in�Fig�3.6.4.2.1.�For�

curved�stiffeners,�the�span�is�measured�along�the�chord.�

Primary
supporting
member

Stiffener

llllll

ll

d/2
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d/2

l

�

Figure�3.6.4.2.1� Span�of�ordinary�stiffeners�

l

Primary
supporting
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Stiffener
ll l

d

d/2 d/2
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Figure�3.6.4.2.2� Span�of�ordinary�stiffeners�within�a�double�hull�

3.6.4.2.2� Ordinary�stiffener�within�a�double�hull�

The�span�l�of�ordinary�stiffeners�fitted�inside�a�double�hull,�i.e.�when�the�web�of�
the�primary�supporting�members�is�connected�with�the�inner�hull�and�the�outer�shell�
acting�as�its�flanges,�is�to�be�measured�as�shown�in�Fig�3.6.4.2.2.�

3.6.4.2.3� Ordinary�stiffeners�supported�by�struts�

The�arrangement�of�ordinary�stiffeners�supported�by�struts�is�not�allowed�for�
ships�over�120�m�in�length.��

The�span�l�of�ordinary�stiffeners�supported�by�one�strut�fitted�at�mid�distance�of�
the�primary�supporting�members�is�to�be�taken�as�0.7l�2.�
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member�
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In�case�where�two�struts�are�fitted�between�primary�supporting�members,�the�
span�l�of�ordinary�stiffeners�is�to�be�taken�as�the�greater�of�1.4l�1�and�0.7l�2.�

l�1�and�l�2�are�the�spans�defined�in�Figs�3.6.4.2.3-1�and�3.6.4.2.3-2.�

Attached�plating

}

}
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supporting
member

l1

l2
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Ordinary�stiffener

Ordinary�stiffener

Primary
supporting
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�

Figure�3.6.4.2.3-1� Span�of�ordinary�stiffeners�with�one�strut�
�
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Figure�3.6.4.2.3-2� Span�of�ordinary�stiffeners�with�two�struts�

3.6.4.3� Attached�plating�

3.6.4.3.1� Effective�breadth�for�yielding�check�

The�effective�width�bp�of�the�attached�plating�to�be�considered�in�the�actual�net�
section�modulus�for�the�yielding�check�of�ordinary�stiffeners�is�to�be�obtained�from�
the�following�formulae:�

.1�where�the�plating�extends�on�both�sides�of�the�ordinary�stiffener:�
� bp�=�0.2 l,�[m]� (3.6.4.3.1.1-1a)�

� or�bp�=� s,�[m]� (3.6.4.3.1.1-1b)�

whichever�is�lesser.�
.2�where�the�plating�extends�on�one�side�of�the�ordinary�stiffener�(i.e.�ordinary�

stiffeners�bounding�openings):�
� bp�=�0.5 s,�[m]� (3.6.4.3.1.2-1a)�
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� or�bp�=�0.1 l,�[m]� (3.6.4.3.1.2-1b)�
whichever�is�lesser.�

3.6.4.3.2� Effective�width�for�buckling�check�

The�effective�width�of�the�attached�plating�of�ordinary�stiffeners�for�checking�the�
buckling�of�ordinary�stiffeners�is�defined�in�6.3.5.�

3.6.4.4� Geometric�property�of�ordinary�stiffeners�

3.6.4.4.1� General�

Geometric�properties�of�stiffeners�such�as�moment�of�inertia,�section�modulus,�
shear�sectional�area,�slenderness�ratio�of�web�plating,�etc.,�are�to�be�calculated�based�
on�the�net�thickness�as�defined�in�3.2.�

3.6.4.4.2� Stiffener�not�perpendicular�to�the�attached�plating�

The�actual�stiffener’s�net�section�modulus�is�to�be�calculated�about�an�axis�paral-
lel�to�the�attached�plating.�

Where�the�stiffener�is�not�perpendicular�to�the�attached�plating,�the�actual�net�
section�modulus�can�be�obtained�from�the�following�formula:�

� w �=� w 0�sinα,�[cm3]� (3.6.4.4.2)�
where:�
w 0� –�� actual�net�section�modulus�of�the�stiffener�assumed�to�be�perpendicular�to�

the�attached�plating,�[cm3];�
α� –�� angle,�[deg],��between�the�stiffener�web�and�the�attached�plating,�as�shown�

in�Fig�3.6.4.4.2-1,�but�not�to�be�taken�less�than�50.�
The�correction�is�to�be�applied�when�α�is�between�50�and�75�degrees.�

α

�

Figure�3.6.4.4.2-1� Angle�between�stiffener�web�and�attached�plating�

Where�the�angle�between�the�web�plate�of�stiffener�and�the�attached�plating�is�
less�than�50�degrees,�tripping�bracket�is�to�be�fitted�at�suitable�spacing.�If�the�angle�
between�the�web�plate�of�an�unsymmetrical�stiffener�and�the�attached�plating�is�less�
than�50�degrees,�the�face�plate�of�the�stiffener�is�to�be�fitted�on�the�side�of�open�
bevel,�as�shown�in�Fig�3.6.4.4.2-2.�
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α

�

Figure�3.6.4.4.2-2� �
Orientation�of�stiffener�when�the�angle�is�less�than�50�degrees�

3.6.4.5� End�connections�of�ordinary�stiffeners�

3.6.4.5.1� General�

Where� ordinary� stiffeners� are� to� be� continuous� through� primary� supporting�
members,� they�are� to�be�properly�connected� to� the�web�plating�so�as� to�ensure�
proper�transmission�of�loads.�Some�sample�connections�are�shown�in�Fig�3.6.4.5.1-1�
to�Fig�3.6.4.5.1-4.�

(b)(a) �
(a)�Connection�without�collar�plate�
(b)�Connection�with�stiffener�at�side�of�longitudinal�

Figure�3.6.4.5.1-1�
�

�

Figure�3.6.4.5.1-2� Connection�with�collar�plate�
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�

Figure�3.6.4.5.1-3� Connection�with�one�large�collar�plate�

�

Figure�3.6.4.5.1-4� Connection�with�two�large�collar�plates�

3.6.4.5.2� Structural�continuity�of�stiffeners�

Where�ordinary�stiffeners�are�cut�at�primary�supporting�members,�brackets�are�to�
be�fitted�to�ensure�structural�continuity.�In�this�case,�the�net�section�modulus�and�net�
sectional�area�of�the�brackets�are�to�be�not�less�than�those�of�the�ordinary�stiffener.�
The�minimum�net�thickness�of�brackets�is�to�be�not�less�than�that�required�for�web�
plate�of�ordinary�stiffeners.�The�brackets�are�to�be�flanged�or�stiffened�by�a�welded�
face�plate�where:�
–� the�net�thickness�of�the�bracket,�[mm],�is�less�than�15l�b,�where�l�b�is�the�length,�

[m],�of�the�free�edge�of�the�end�bracket�or�brackets;�or�
–� the�longer�arm�of�the�bracket�is�greater�than�800�mm.�

The�net�sectional�area�of�the�flanged�edge�or�faceplate,�[cm2],�is�to�be�at�least�
equal�to�10l�b.�

3.6.4.5.3� End�connections�

End�connection�of�stiffeners�is�to�be�sufficiently�supported�by�the�primary�sup-
porting�members.�Generally,�a�stiffener�or�a�bracket�to�support�the�ordinary�stiffener�
is�to�be�provided.�

Where�slots�for�penetration�of�stiffeners�are�reinforced�with�collars,�they�are�to�
be�of�the�same�materials�as�the�primary�supporting�members.�

Brackets�or�stiffeners�to�support�the�ordinary�stiffeners�are�to�be�of�sufficient�
sectional�area�and�moment�of�inertia�with�respect�to�structural�continuity,�and�are�to�
have�appropriate�shape�with�respect�to�fatigue�strength.�If�brackets�or�stiffeners�to�
support�the�ordinary�stiffeners�are�not�fitted,�or�special�slot�configurations�consider-
ing�the�fatigue�strength�are�provided,�fatigue�strength�assessment�for�slots�are�re-
quired�by�PRS.�
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3.6.5� Primary�supporting�members�

3.6.5.1� General�

3.6.5.1.1� Primary�supporting�members�are�to�be�arranged�in�such�a�way�that�they�
ensure�adequate�continuity�of�strength.�
Abrupt�changes�in�height�or�in�cross-section�are�to�be�avoided.�

3.6.5.1.2� Where�arrangements�of�primary�supporting�members�are�ensured�ade-
quate�based�on�the�results�of�FE�analysis,�fatigue�assessment�and�ultimate�strength�
assessment,�primary�supporting�members�are�to�be�arranged�in�accordance�with�the�
result�of�such�assessment.�

3.6.5.2� Stiffening�arrangement�

3.6.5.2.1� Webs� of� primary� supporting� members� are� to� be� stiffened� where� the�
height,�in�mm,�is�greater�than�100t,�where�t�is�the�net�web�thickness,�in�mm,�of�the�
primary�supporting�member.�

In�general,�the�web�stiffeners�of�primary�supporting�members�are�to�be�spaced�
not�more�than�110t.�

The�net�thickness�of�web�stiffeners�and�brackets�are�not�to�be�less�than�the�mini-
mum�net�thickness�of�the�primary�members�on�which�they�are�fitted.�

Additional�stiffeners�are�to�be�fitted�in�way�of�end�brackets,�at�the�connection�
with�cross�ties,�etc.�of�transverse�primary�supporting�members�where�shearing�stress�
and/or�compressive�stress�is�expected�to�be�high.�These�parts�are�not�to�have�holes.�
� Cut�outs�for�penetration�of�ordinary�stiffeners�in�these�parts�are�to�be�reinforced�
with�collar�plates.�

Depth�of�stiffener�is�to�be�more�than�1/12�of�stiffener�length.�

3.6.5.2.2� Tripping�brackets�(see�Fig�3.6.5.2.2)�welded�to�the�face�plate�are�gener-
ally�to�be�fitted:�
–� at�every�fourth�spacing�of�ordinary�stiffeners,�without�exceeding�4�m;�
–� at�the�toe�of�end�brackets;�
–� at�rounded�face�plates;�
–� in�way�of�concentrated�loads;�
–� near�the�change�of�section.�

Where�the�width�of�the�symmetrical�face�plate�is�greater�than�400�mm,�backing�
brackets�are�to�be�fitted�in�way�of�the�tripping�brackets.�

Where�the�face�plate�of�the�primary�supporting�member�exceeds�180�mm�on�ei-
ther�side�of�the�web,�tripping�bracket�is�to�support�the�face�plate�as�well.�
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�

Figure�3.6.5.2.2��
Primary�supporting�member:�web�stiffener�in�way�of�ordinary�stiffener�

3.6.5.2.3� The�width�of�face�plate�of�the�primary�supporting�member�except�ring�
shape�such�as�transverse�ring�in�bilge�hopper�tanks�and�top�side�tank�is�to�be�not�less�
than�one�tenth�of�the�depth�of�the�web,�where�tripping�brackets�are�spaced�as�speci-
fied�in�3.6.5.2.2.�

3.6.5.2.4� The�arm�length�of�tripping�brackets�is�to�be�not�less�than�the�greater�of�
the�following�values:�

� d�=�0.38b,�[m]� (3.6.5.2.4-1)�

�
t

s
d t85.0= ,�[m]� (3.6.5.2.4-2)�

where:�
b� –�� height�of�tripping�brackets,�shown�in�Fig�3.6.5.2.2,�[m];�
st� –�� spacing�of�tripping�brackets,�[m];�
t� –�� net�thickness�of�tripping�brackets,�[mm].�

3.6.5.2.5� Tripping�brackets�with�a�net�thickness,�in�mm,�less�than�10l�b�are�to�be�
flanged�or�stiffened�by�a�welded�face�plate.�
The�net�sectional�area,�[cm2],�of�the�flanged�edge�or�the�face�plate�is�to�be�not�less�
than�7l�b,�where�l�b�is�the�length,�in�m,�of�the�free�edge�of�the�bracket.�

Where�the�height�or�breadth�of�tripping�brackets�is�greater�than�3�m,�an�addi-
tional�stiffener�is�to�be�fitted�parallel�to�the�bracket�free�edge.�

3.6.5.3� Span�of�primary�supporting�members�

3.6.5.3.1� Definitions�
The�span�l�b�of�a�primary�supporting�member�without�end�bracket,�[m],�is�to�be�

taken�as�the�length�of�the�member�between�supports.�
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The�span�l�b,�in�m,�of�a�primary�supporting�member�with�end�brackets�is�taken�
between�points�where�the�depth�of�the�bracket�is�equal�to�half�the�depth�of�the�pri-
mary�supporting�member�as�shown�in�Fig�3.6.5.3.1(a).�

However,�in�case�of�curved�brackets�where�the�face�plate�of�the�member�is�con-
tinuous�along�the�face�of�the�bracket,�as�shown�in�Fig�3.6.5.3.1�(b),�the�span�is�taken�
between�points�where�the�depth�of�the�bracket�is�equal�to�one�quarter�the�depth�of�
the�primary�supporting�member.�

d/4d
d/2

l

d

l

(a) (b) �

Figure�3.6.5.3.1� Span�of�primary�supporting�member�

3.6.5.4� Effective�breadth�of�primary�supporting�member �

3.6.5.4.1� General�

The�effective�breadth�of�the�attached�plating�of�a�primary�supporting�member�to�
be�considered�in�the�actual�net�section�modulus�for�the�yielding�check�is�to�be�taken�
as�the�mean�spacing�between�adjacent�primary�supporting�members.�

3.6.5.5� Geometric�properties�

3.6.5.5.1� General�

Geometric�properties�of�primary�supporting�members�such�as�moment�of�inertia,�
section�modulus,�shear�sectional�area,�slenderness�ratio�of�web�plating,�etc.,�are�to�
be�calculated�based�on�the�net�thickness�as�specified�in�3.2.�

3.6.5.6� Bracketed�end�connection�

3.6.5.6.1� General�

Where�the�ends�of�the�primary�supporting�members�are�connected�to�bulkheads,�
inner�bottom,�etc.,�the�end�connections�of�all�primary�supporting�members�are�to�be�
balanced�by�effective�supporting�members�on�the�opposite�side�of�bulkheads,�inner�
bottoms,�etc.�
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Tripping�brackets�are�to�be�provided�on�the�web�plate�of�the�primary�supporting�
members�at�the�inner�edge�of�end�brackets�and�connection�parts�of�the�other�primary�
supporting�members�and�also�at�the�proper�intervals�to�support�the�primary�support-
ing�members�effectively.�

3.6.5.6.2� Dimensions�of�brackets�

Arm�length�of�bracket�is�generally�not�to�be�less�than�one-eighth�of�span�length�
of�the�primary�member,�unless�otherwise�specified.�Arm�lengths�of�brackets�at�both�
ends�are�to�be�equal,�as�far�as�practicable.�

The�height�of�end�brackets�is�to�be�not�less�than�that�of�the�primary�supporting�
member.�The�net�thickness�of�the�end�bracket�web�is�not�to�be�less�than�that�of�the�
web�plate�of�the�primary�supporting�member.�

The�scantlings�of�end�brackets�are�to�be�such�that�the�section�modulus�of�the�pri-
mary�supporting�member�with�end�brackets�is�not�less�than�that�of�the�primary�sup-
porting�member�at�mid-span�point.�

The�width,�[mm],�of�the�face�plate�of�end�brackets�is�to�be�not�less�than�50(l�b+1)�
(see�Fig�3.6.5.6.2).�

Moreover,�the�net�thickness�of�the�face�plate�is�to�be�not�less�than�that�of�the�
bracket�web.�

Stiffening�of�end�brackets�is�to�be�designed�such�that�it�provides�adequate�buck-
ling�web�stability.�

The�following�prescriptions�are�to�be�applied:�
• where�the�length�l�b�is�greater�than�1.5�m,�the�web�of�the�bracket�is�to�be�stiffened�
• the�net�sectional�area,�[cm2],�of�web�stiffeners�is�to�be�not�less�than�16.5l,�where�l��is�
the�span,�in�m,�of�the�stiffener�

• tripping�flat�bars�are� to�be� fitted� to�prevent� lateral�buckling�of�web�stiffeners.�
Where�the�width�of�the�symmetrical�face�plate�is�greater�than�400�mm,�additional�
backing�brackets�are�to�be�fitted.�

Arm�length

Arm�length
(Bracket�height)

lb

�

Figure�3.6.5.6.2� Dimension�of�brackets��
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3.6.5.7� Cut-outs�and�holes�

3.6.5.7.1� Cut-outs�for�the�passage�of�ordinary�stiffeners�are�to�be�as�small�as�pos-
sible�and�well�rounded�with�smooth�edges.�

The�depth�of�cut-outs�is�to�be�not�greater�than�50%�of�the�depth�of�the�primary�
supporting�member.�

3.6.5.7.2� Where�openings�such�as�lightening�holes�are�cut�in�primary�supporting�
members,�they�are�to�be�equidistant�from�the�face�plate�and�corners�of�cut-outs�and,�
in�general,�their�height�is�to�be�not�greater�than�20%�of�the�web�height.�Where�light-
ening�holes�with�free�edges�are�provided,�the�dimensions�and�locations�of�lightening�
holes�are�generally�to�be�as�shown�in�Fig�3.6.5.7.2.�

a a
d dh h

ϕϕ

ϕϕ ≥≤≤ adhd �� ,2/,4/ 2/,3/ dhd ≤≤ �ϕ
without�collar�plate �

Figure�3.6.5.7.2� Location�and�dimensions�of�lightening�holes�

Where�lightening�holes�are�cut�in�the�brackets,�the�distance�from�the�circumfer-
ence�of�the�hole�to�the�free�flange�of�brackets�is�not�to�be�less�than�the�diameter�of�
the�lightening�hole.�

3.6.5.7.3� Openings�are�not�be�fitted�in�way�of�toes�of�end�brackets.�

3.6.5.7.4� At� the� mid-part� within� 0.5� times� of� the� span� of� primary� supporting�
members,�the�length�of�openings�is�to�be�not�greater�than�the�distance�between�adja-
cent�openings.�At�the�ends�of�the�span,�the�length�of�openings�is�to�be�not�greater�
than�25%�of�the�distance�between�adjacent�openings.�

3.6.5.7.5� In�the�case�of�large�openings�in�the�web�of�primary�supporting�members�
(e.g.�where�a�pipe�tunnel�is�fitted�in�the�double�bottom),�the�secondary�stresses�in�pri-
mary�supporting�members�are�to�be�considered�for�the�reinforcement�of�the�openings.�

This�may�be�carried�out�by�assigning�an�equivalent�net�shear�sectional�area�to�the�
primary�supporting�member�obtained�from�the�following�formula:�

�
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�

where�(see�Fig�3.6.5.7.5):�
I1,�I2� –�� net�moments�of�inertia�of�deep�webs�(1)�and�(2),�respectively,�with�at-

tached��plating�around�their�neutral�axes�parallel�to�the�plating,�[cm4];��
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A sh1,�A sh2�–�� net�shear�sectional�areas�of�deep�webs�(1)�and�(2),�respectively,�taking�
account�of�the�web�height�reduction�by�the�depth�of�the�cut�out�for�the�
passage�of�the�ordinary�stiffeners,�if�any,�[cm2�];�

l� –�span�of�deep�webs�(1)�and�(2),�[cm].�

( ) 11,1 shAI

( ) 22 ,2 shAI

l
�

Figure�3.6.5.7.5� Large�openings�in�the�web�of�primary�supporting�members�

3.6.6� Double�bottom �

3.6.6.1� General�

3.6.6.1.1� Double�bottom�extend�

A�double�bottom�is�to�be�fitted�extending�from�the�collision�bulkhead�to�the�af-
terpeak�bulkhead.�

3.6.6.1.2� Framing�system�

For�ships�greater�than�120�m�in�length,�the�bottom,�the�double�bottom�and�the�
sloped�bulkheads�of�hopper� tanks�are� to�be�of� longitudinal� system�of� frame�ar-
rangement�at�least�within�the�cargo�hold�area.�The�spacing�of�the�floors�and�bottom�
girders�is�not�only�governed�by�frame�spaces�but�requirement�in�absolute�value,�in�
metres,�is�also�indicated�in�3.6.6.3.3�and�3.6.6.4.1.�

3.6.6.1.3� Height�of�double�bottom�

Unless�otherwise�specified,�the�height�of�double�bottom�is�not�to�be�less�than�
B /20�or�2�m�whichever�is�the�lesser.�

Where�the�height�of�the�double�bottom�varies,�the�variation�is�generally�to�be�
made�gradually�and�over�an�adequate�length;�the�knuckles�of�inner�bottom�plating�
are�to�be�located�in�way�of�plate�floors.�Where�this�is�impossible,�suitable�longitudi-
nal�structures�such�as�partial�girders,� longitudinal�brackets�etc.,� fitted�across� the�
knuckle�are�to�be�arranged.�
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3.6.6.1.4� Dimensions�of�double�bottom�

The�breadth�of�double�bottom�is�taken�as�shown�in�Fig�3.6.6.1.4.�

Ships�with�inclined�sides

B DB

LL

B DB

B

�

Figure�3.6.6.1.4�� Breadth�of�double�bottom�

3.6.6.1.5� Docking�

The�bottom�is�to�have�sufficient�strength�to�withstand�the�loads�resulting�from�
the�dry-docking�of�the�ship.�

Where�docking�brackets�are�provided�between�solid�floors�and�connecting�the�
centreline�girder�to�the�bottom�shell�plating,�the�docking�brackets�are�to�be�con-
nected�to�the�adjacent�bottom�longitudinals.�

3.6.6.1.6� Continuity�of�strength�

Where�the�framing�system�changes�from�longitudinal�to�transverse,�special�atten-
tion�is�to�be�paid�to�the�continuity�of�strength�by�means�of�additional�girders�or�
floors.�Where�this�variation�occurs�within�0.6L�amidships,�the�inner�bottom�is�gen-
erally�to�be�maintained�continuous�by�means�of�inclined�plating.�Bottom�and�inner�
bottom�longitudinal�ordinary�stiffeners�are�generally�to�be�continuous�through�the�
floors.�The�actual�net�thickness�and�the�yield�stress�of�the�lower�strake�of�the�sloped�
bulkhead�of�hopper�tanks,�if�any,�are�not�to�be�less�than�these�ones�of�the�inner�bot-
tom�with�which�the�connection�is�made.�

3.6.6.1.7� Reinforcement�

The�bottom�is�to�be�locally�stiffened�where�concentrated�loads�are�envisaged�
such�as�under�the�main�engine�and�thrust�seat.�

Girders�and�floors�are�to�be�fitted�under�each�line�of�pillars,�toes�of�end�brackets�
of�bulkhead�stiffeners�and�slant�plate�of�lower�stool�of�bulkhead.�In�case�girders�and�
floors�are�not�fitted,�suitable�reinforcement�is�to�be�provided�by�means�of�additional�
primary�supporting�members�or�supporting�brackets.�

When�solid�ballast�is�fitted,�it�is�to�be�securely�positioned.�If�necessary,�interme-
diate�floors�may�be�required�for�this�purpose.�
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3.6.6.1.8� Manholes�and�lightening�holes�

Manholes�and�lightening�holes�are�to�be�provided�in�floors�and�girders�to�ensure�
accessibility�and�ventilation�as�a�rule.�

The�number�of�manholes�in�tank�tops�is�to�be�kept�to�the�minimum�compatible�
with�securing�free�ventilation�and�ready�access�to�all�parts�of�the�double�bottom.�

3.6.6.1.9� Air�holes�and�drain�holes�

Air�and�drain�holes�are�to�be�provided�in�floors�and�girders.�
Air�holes�are�to�be�cut�as�near�to�the�inner�bottom�and�draining�holes�as�near�to�

the�bottom�shell�as�practicable.�Air�holes�and�drain�holes�are�to�be�designed�to�aid�
full� ballast�water� and� sediment� removal� to� allow� for� effective�ballast�water� ex-
change.�

3.6.6.1.10� Drainage�of�tank�top�

Effective�arrangements�are�to�be�provided�for�draining�water�from�the�tank�top.�
Where�wells�are�provided�for�the�drainage,�such�wells�are�not�to�extend�for�more�
than�one-half�depth�of�the�height�of�double�bottom�

3.6.6.1.11� Striking�plate�

Striking�plates�of�adequate�thickness�or�other�equivalent�arrangements�are�to�be�
provided�under�sounding�pipes�to�prevent�the�sounding�rod�from�damaging�the�bot-
tom�plating.�

3.6.6.1.12� Duct�keel�

Where�a�duct�keel�is�arranged,�the�centre�girder�may�be�replaced�by�two�girders�
generally�spaced,�no�more�than�3�m�apart.�

The�structures�in�way�of�the�floors�are�to�ensure�sufficient�continuity�of�the�latter.�

3.6.6.2� Keel�

3.6.6.2.1� The�width�of�the�keel�is�to�be�not�less�than�the�value�obtained�from�the�
following�formula:�
� b�=�0.8�+� L/200,�[m]� (3.6.6.2.1)�

3.6.6.3� Girders�

3.6.6.3.1� Centre�girder�

The�centre�girder�is�to�extend�within�the�cargo�hold�area�and�is�to�extend�forward�
and� aft� as� far� as� practicable,� and� structural� continuity� thereof� to� be� continuous�
within�the�full�length�of�the�ship.�

Where�double�bottom�compartments�are�used�for�the�carriage�of�fuel�oil,�fresh�
water�or�ballast�water,�the�centre�girder�is�to�be�watertight,�except�for�the�case�such�
as� narrow� tanks� at� the� end�parts� or�when�other�watertight� girders� are� provided�
within�0.25B �from�the�centreline,�etc.�
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3.6.6.3.2� Side�girders�

The�side�girders�are�to�extend�within�the�parallel�part�of�cargo�hold�area�and�are�
to�extend�forward�and�aft�of�cargo�hold�area�as�far�as�practicable.�

3.6.6.3.3� Spacing�

The�spacing�of�adjacent�girders�is�generally�to�be�not�greater�than�4.6�m�or�5�
times�the�spacing�of�bottom�or�inner�bottom�ordinary�stiffeners,�whichever�is�the�
smaller.�Greater�spacing�may�be�accepted�depending�on�the�result�of�the�analysis�
carried�out�according�to�Chapter�7.�

3.6.6.4� Floors�

3.6.6.4.1� Spacing�

The�spacing�of�floors�is�generally�to�be�not�greater�than�3.5�m�or�4�frame�spaces�
as�specified�by�the�designer,�whichever�is�the�smaller.�Greater�spacing�may�be�ac-
cepted�depending�on�the�result�of�the�analysis�carried�out�according�to�Chapter�7.�

3.6.6.4.2� Floors�in�way�of�transverse�bulkheads�

Where�transverse�bulkhead�is�provided�with�lower�stool,�solid�floors�are�to�be�
fitted�in�line�with�both�sides�of�lower�stool.�Where�transverse�bulkhead�is�not�pro-
vided�with�lower�stool,�solid�floors�are�to�be�fitted�in�line�with�both�flanges�of�the�
vertically�corrugated�transverse�bulkhead�or�in�line�of�plane�transverse�bulkhead.��

3.6.6.4.3� Web�stiffeners�

Floors�are�to�be�provided�with�web�stiffeners�in�way�of�longitudinal�ordinary�
stiffeners.�Where�the�web�stiffeners�are�not�provided,�fatigue�strength�assessment�
for�the�cut�out�and�connection�of�longitudinal�stiffener�is�to�be�carried�out.�

3.6.6.5� Bilge�strake�and�bilge�keel�

3.6.6.5.1� Bilge�strake�

Where�some�of�the�longitudinal�stiffeners�at�the�bilge�part�are�omitted,�longitu-
dinal�stiffeners�are�to�be�provided�as�near�to�the�turns�of�bilge�as�practicable.�

3.6.6.5.2� Bilge�keel�

Bilge�keels�are�not�be�welded�directly�to�the�shell�plating.�An�intermediate�flat�is�
required�on�the�shell�plating.�

The�ends�of�the�bilge�keel�are�to�be�sniped�as�shown�in�Fig.3.6.6.5.2�or�rounded�
with�large�radius.�The�ends�are�to�be�located�in�way�of�transverse�bilge�stiffeners�
inside�the�shell�plating�and�the�ends�of�intermediate�flat�are�not�to�be�located�at�the�
block�joints.�
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The�bilge�keel�and�the�intermediate�flat�are�to�be�made�of�steel�with�the�same�
yield�stress�as�the�one�of�the�bilge�strake.�The�bilge�keel�with�a�length�greater�than�
0.15L�is�to�be�made�with�the�same�grade�of�steel�as�the�one�of�bilge�strake.�

The�net�thickness�of�the�intermediate�flat�is�to�be�equal�to�that�of�the�bilge�strake.�
However,�this�thickness�may�generally�not�be�greater�than�15�mm.�

Scallops�in�the�bilge�keels�are�to�be�avoided.�
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Figure�3.6.6.5.2�� Example�of�bilge�keel�arrangement�

3.6.7� Doub le�side�structure�

3.6.7.1� Application�

3.6.7.1.1� The�requirement�of�this�article�applies�to�longitudinally�or�transversely�
framed�side�structure.�The�transversely�framed�side�structures�are�built�with�trans-
verse�frames�possibly�supported�by�horizontal�side�girders.�

The� longitudinally� framed�side�structures�are�built�with� longitudinal�ordinary�
stiffeners�supported�by�vertical�primary�supporting�members.�

The�side�within�the�hopper�and�topside�tanks�is,�in�general,�to�be�longitudinally�
framed.�It�may�be�transversely�framed�when�this�is�accepted�for�the�double�bottom�
and�the�deck�according�to�3.6.6.1.2�and�3.6.9.1.1,�respectively.�
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3.6.7.2� Design�principles�

3.6.7.2.1� Where�the�double�side�space�is�void,�the�structural�members�bounding�
this�space�are�to�be�structurally�designed�as�a�water�ballast�tank�according�to�Chap-
ter�6.�In�such�case�the�corresponding�air�pipe�is�considered�as�extending�0.76�m�
above�the�freeboard�deck�at�side.�

For�corrosion�addition,�the�space�is�still�considered�as�void�space.�

3.6.7.3� Structural�arrangement�

3.6.7.3.1� General�

Double�side�structures�are�to�be�thoroughly�stiffened�by�providing�web�frames�
and�side�stringers�within�the�double�hull.�

Continuity� of� the� inner� side� structures,� including� stringers,� is� to� be� ensured�
within�and�beyond�the�cargo�area.�Scarfing�brackets�are�a�possible�means.�

3.6.7.3.2� Primary�supporting�member�spacing�

For�transverse�framing�system,�the�spacing�of�transverse�side�primary�supporting�
members�is,�in�general,�to�be�not�greater�than�3�frame�spaces.�

Greater�spacing�may�be�accepted�depending�on�the�results�of�the�analysis�carried�
out�according�to�Chapter�7�for�the�primary�supporting�members�in�the�cargo�holds.�

The�vertical�distance�between�horizontal�primary�members�of�the�double�side�is�
not�to�exceed�6�m,�unless�the�appropriate�structural�members�complying�with�the�
requirements�for�safe�access�are�provided.�

3.6.7.3.3� Primary�supporting�member�fitting�

Transverse�side�primary�supporting�members�are�to�be�fitted�in�line�with�web�
frames�in�topside�and�hopper�tanks.�However�where�it�is�not�practicable�for�top�side�
web�frames,�large�brackets�are�to�be�fitted�in�the�topside�space�in�line�with�double�
side�web�frames�

Transverse�bulkheads�in�double�side�space�are�to�be�arranged�in�line�with�the�
cargo�hold�transverse�bulkheads.�

Vertical�primary�supporting�members�are�to�be�fitted�in�way�of�hatch�end�beams.�
Unless�otherwise�specified,�horizontal�side�girders�are�to�be�fitted�aft�of�the�col-

lision�bulkhead�up�to�0.2L�aft�of�the�fore�end,�in�line�with�fore�peak�girders.�

3.6.7.3.4� Transverse�ordinary�stiffeners�

The�transverse�ordinary�stiffeners�of�the�shell�and�the�inner�side�are�to�be�con-
tinuous�or�fitted�with�bracket�end�connections�within�the�height�of�the�double�side.�
The�transverse�ordinary�stiffeners�are�to�be�effectively�connected�to�stringers.�At�
their�upper�and�lower�ends,�opposing�shell�and�inner�side�transverse�ordinary�stiff-
eners�and�supporting�stringer�plates�are�to�be�connected�by�brackets.�
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3.6.7.3.5� Longitudinal�ordinary�stiffeners�

The�longitudinal�side�shell�and�inner�side�ordinary�stiffeners,�where�fitted,�are�to�be�
continuous�within�the�length�of�the�parallel�part�of�cargo�hold�area�and�are�to�be�fitted�
with�brackets�in�way�of�transverse�bulkheads�aligned�with�cargo�hold�bulkheads.�They�
are�to�be�effectively�connected�to�transverse�web�frames�of�the�double�side�structure.�
For�the�side�longitudinal�and�ordinary�stiffeners�of�inner�skin�out�of�parallel�part�of�
cargo�hold�area,�special�attention�is�to�be�paid�for�a�structural�continuity.�

3.6.7.3.6� Sheer�strake�

The�width�of�the�sheer�strake�is�to�be�not�less�than�the�value�obtained�from�the�
following�formula:�

� b�=�0.715+�0.425� L/100,�[m]� (3.6.7.3.6)�

The�sheer�strake�may�be�either�welded�to�the�stringer�plate�or�rounded.�
If�the�shear�strake�is�rounded,�its�radius,�in�mm,�is�to�be�not�less�than�17ts,�where�

ts�is�the�net�thickness,�in�mm,�of�the�sheer�strake.�
The�fillet�weld�at�the�connection�of�the�welded�sheer�strake�and�deck�plate�may�

be�either�full�penetration�or�deep�penetration�weld.�
The�upper�edge�of�the�welded�sheer�strake�is�to�be�rounded�smooth�and�free�of�

notches.�Fixtures�such�as�bulwarks,�eye�plates�are�not�to�be�directly�welded�on�the�
upper�edge�of�sheer�strake,�except�in�fore�and�aft�parts.�

Longitudinal�seam�welds�of�rounded�sheer�strake�are�to�be�located�outside�the�
bent�area�at�a�distance�not�less�than�5�times�the�maximum�net�thicknesses�of�the�
sheer�strake.�

The�transition�from�a�rounded�sheer�strake�to�an�angled�sheer�strake�associated�
with�the�arrangement�of�superstructures�at�the�ends�of�the�ship�is�to�be�carefully�
designed�so�as�to�avoid�any�discontinuities.�

3.6.7.3.7� Plating�connection�

At�the�locations�where�the�inner�hull�plating�and�the�inner�bottom�plating�are�
connected,�attention�is�to�be�paid�to�the�structural�arrangement�so�as�not�to�cause�
stress�concentration.�

Knuckles�of�the�inner�side�are�to�be�adequately�stiffened�by�ordinary�stiffeners�or�
equivalent�means,�fitted�in�line�with�the�knuckle.�

The�connections�of�hopper�tank�plating�with�inner�hull�and�with�inner�bottom�are�
to�be�supported�by�a�primary�supporting�member.�

3.6.7.4� Longitudinally�framed�double�side�

3.6.7.4.1� General�

Adequate�continuity�of�strength�is�to�be�ensured�in�way�of�breaks�or�changes�in�
the�width�of�the�double�side.�
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3.6.7.5 Transversely framed double side 

3.6.7.5.1 General 

Transverse frames of side and inner side may be connected by means of struts. 
Struts are generally to be connected to transverse frames by means of vertical 
brackets. 

3.6.8 Single side structure 

3.6.8.1 Application 

3.6.8.1.1 This article applies to the single side structure with transverse framing. 
If single side structure is supported by transverse or longitudinal primary supporting 
members, the requirements in 3.6.7 above apply to these primary supporting mem-
bers as regarded to ones in double side skin. 

3.6.8.2 General arrangement 

3.6.8.2.1 Side frames are to be arranged at every frame space. 
If air pipes are passing through the cargo hold, they are to be protected by ap-

propriate measures to avoid a mechanical damage. 

3.6.8.3 Side frames 

3.6.8.3.1 General 

Frames are to be built-up symmetrical sections with integral upper and lower 
brackets and are to be arranged with soft toes. 

The side frame flange is to be curved (not knuckled) at the connection with the 
end brackets. The radius of curvature is not to be less than r given by: 

 
Cf

f

tt
b

r
�

�

24.0
 (3.6.8.3.1) 

where: 
tC – corrosion addition, in mm, specified in 3.3. 
bf  and tf   –  flange width and net thickness of the curved flange, in mm. The end of 

the flange is to be sniped. 
In ships less than 190 m in length, mild steel frames may be asymmetric and fit-

ted with separate brackets. The face plate or flange of the bracket is to be sniped at 
both ends. Brackets are to be arranged with soft toes. 

The dimensions of side frames are defined in Fig 3.6.8.3.1. 
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Figure�3.6.8.3.1� Dimensions�of�side�frames�

3.6.8.4� Upper�and�lower�brackets �

3.6.8.4.1� The�face�plates�or�flange�of�the�brackets�is�to�be�sniped�at�both�ends.�
Brackets�are�to�be�arranged�with�soft�toes.�
The�as-built�thickness�of�the�brackets�is�to�be�not�less�than�the�as-built�thickness�

of�the�side�frame�webs�to�which�they�are�connected.�
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3.6.8.4.2� The�dimensions�(in�particular�the�height�and�length)�of�the�lower�brack-
ets�and�upper�brackets�are�to�be�not�less�than�those�shown�in�Fig�3.6.8.4.2�

(in�general)
d5.0≥

125.0≥

WEB�HEIGHT

d

l

�

Figure�3.6.8.4.2� Dimensions�of�lower�and�upper�brackets�

3.6.8.5� Tripping�brackets �

3.6.8.5.1� In�way� of� the� foremost� hold� and� in� the� holds� of�BC-A� ships,� side�
frames�of�asymmetrical�section�are�to�be�fitted�with�tripping�brackets�at�every�two�
frames,�as�shown�in�Fig�3.6.8.5.1.�

The�as-built�thickness�of�the�tripping�brackets�is�to�be�not�less�than�the�as-built�
thickness�of�the�side�frame�webs�to�which�they�are�connected.�

Double� continuous�welding� is� to� be� adopted� for� the� connections� of� tripping�
brackets�with�side�shell�frames�and�plating.�

�
Figure�3.6.8.5.1� Tripping�brackets�to�be�fitted�in�way�of�foremost�hold�
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3.6.8.6� Support�structure�

3.6.8.6.1� Structural�continuity�with�the�lower�and�upper�end�connections�of�side�
frames�is�to�be�ensured�within�hopper�and�topside�tanks�by�connecting�brackets�as�
shown�in�Fig�3.6.8.6.1.�The�brackets�are�to�be�stiffened�against�buckling�according�
to�3.6.5.6.2.�

SOFT�TOE

LOWER�BRACKET
WEB�DEPTH°90

�

Figure�3.6.8.6.1� Example�of�support�structure�for�lower�end�

3.6.9� Deck�structure�

3.6.9.1� Application�

3.6.9.1.1� The�deck�outside�the�line�of�hatches�and�the�topside�tank�sloping�plates�
are�to�be�longitudinally�framed.�Within�the�line�of�hatches,�other�arrangement�than�
longitudinal�framing�may�be�considered�provided�that�adequate�structural�continuity�
is�ensured.�

3.6.9.2� General�arrangement�

3.6.9.2.1� The�spacing�of�web�frames�in�topside�tanks�is�generally�to�be�not�greater�
than�6�frame�spaces.�Greater�spacing�may�be�accepted�by�PRS,�on�a�case-by-case�
basis,�depending�on�the�results�of�the�analysis�carried�out�according�to�Chapter�7.�

3.6.9.2.2� The�deck�supporting�structure�is�to�be�made�of�ordinary�stiffeners�lon-
gitudinally�or�transversely�arranged,�supported�by�primary�supporting�members.�

3.6.9.2.3� Deck�between�hatches�

Inside�the�line�of�openings,�a�transverse�structure�is�to�be�generally�adopted�for�the�
cross�deck�structures,�beams�are�to�be�adequately�supported�by�girders�and�extended�
up�to�the�second�longitudinal�from�the�hatch�side�girders�towards�the�bulwark.�Where�

Lower�bracket��

web�depth�

Soft�toe�
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this� is� impracticable,� intercostal� stiffeners�are� to�be� fitted�between� the�hatch� side�
girder�and�the�second�longitudinal.�Smooth�connection�of�the�strength�deck�at�side�
with�the�deck�between�hatches�is�to�be�ensured�by�a�plate�of�intermediate�thickness.�

3.6.9.2.4� Topside�tank�structures�

Topside�tank�structures�are�to�extend�as�far�as�possible�within�the�machinery�
space�and�are�to�be�adequately�tapered.�

Where�a�double�side�primary�supporting�member�is�fitted�outside�the�plane�of�
the�topside�tank�web�frame,�a�large�bracket�is�to�be�fitted�in�line�with.�

3.6.9.2.5� Stringer�plate�

The�width�of�the�stringer�plate�is�to�be�not�less�than�the�value�obtained�from�the�
following�formula:�

� b�=�0.35+�0.5 L�/100,�[m]� (3.6.9.2.5)�

Rounded�stringer�plate,�where�adopted,�are�to�have�a�radius�complying�with�the�
requirements�in�3.6.7.3.6.�

3.6.9.2.6� Adequate� continuity� of� strength� by� providing� proper� overlapping� of�
structures�and�adequate�scarfing�members�is�to�be�ensured�in�way�of:�
–� stepped�strength�deck;�
–� changes�in�the�framing�system.�

3.6.9.2.7� Deck�supporting�structures�under�deck�machinery,�cranes,�king�post�and�
equipment�such�as�towing�equipment,�mooring�equipment,�etc.,�are�to�be�adequately�
stiffened.�

3.6.9.2.8� Pillars� or� other� supporting� structures� are� to� be� generally� fitted� under�
heavy�concentrated�loads.�

3.6.9.2.9� A�suitable�stiffening�arrangement�is�considered�in�way�of�the�ends�and�
corners�of�deckhouses�and�partial�superstructures.�

3.6.9.2.10� Connection�of�hatch�end�beams�with�deck�structures�

The�connection�of�hatch�end�beams�with�deck�structures�is�to�be�properly�en-
sured�by�fitting�inside�the�topside�tanks�additional�web�frames�or�brackets.�

3.6.9.2.11� Construction�of�deck�plating�

Hatchways�or�other�openings�on�decks�are�to�have�rounded�corners,�and�com-
pensation�is�to�be�suitably�provided.�
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3.6.9.3� Longitudinally�framed�deck�

3.6.9.3.1� General�

Deck�longitudinals�within�the�parallel�part�of�cargo�hold�area�except�within�the�
line�of�hatch�openings�are�to�be�continuous�in�way�of�deck�transverses�and�trans-
verse�bulkheads.�For�the�deck�longitudinals�out�of�parallel�part�of�cargo�hold�area,�
other�arrangements�may�be�considered,�provided�adequate�continuity�of�longitudi-
nal�strength�is�ensured.�

Connections�at�ends�of�longitudinal�stiffeners�are�to�ensure�a�sufficient�strength�
to�bending�and�shear.�

3.6.9.4� Transversely�framed�deck�

3.6.9.4.1� General�

Where�the�deck�structure�is�transversely�framed,�deck�beams�or�deck�transverse�
stiffeners�are�to�be�fitted�at�each�frame.�

Transverse�beams�or�deck�transverse�stiffeners�are�to�be�connected�to�side�struc-
ture�or�frames�by�brackets.�

3.6.9.5� Hatch�supporting�structures�

3.6.9.5.1� Hatch�side�girders�and�hatch�end�beams�of�reinforced�scantlings�are�to�
be�fitted�in�way�of�cargo�hold�openings.�

3.6.9.5.2� The�connection�of�hatch�end�beams� to�web� frames� is� to�be�ensured.�
Hatch�end�beams�are�to�be�aligned�with�transverse�web�frames�in�topside�tanks.�

3.6.9.5.3� Clear�of�openings,�adequate�continuity�of�strength�of�longitudinal�hatch�
coamings�is�to�be�ensured�by�under�deck�girders.�At�hatchway�corners,�deck�girders�
or�their�extension�parts�provided�under�deck�in�line�with�hatch�coamings�and�hatch�
end� beams� are� to� be� effectively� connected� so� as� to� maintain� the� continuity� in�
strength.�

3.6.9.5.4� Wire�rope�grooving�in�way�of�cargo�holds�openings�is�to�be�prevented�by�
fitting�suitable�protection�such�as�half-round�bar�on�the�hatch�side�girders�(i.e.�upper�
portion�of�top�side�tank�plates)/hatch�end�beams�in�cargo�hold�or�upper�portion�of�
hatch�coamings.�

3.6.9.6� Openings�in�the�strength�deck�

3.6.9.6.1� General�

Openings�in�the�strength�deck�are�to�be�kept�to�a�minimum�and�spaced�as�far�as�
practicable� from� one� another� and� from� the� breaks� of� effective� superstructures.�
Openings� are� to�be� cut� as� far� as�practicable� from�hatchway�corners,� hatch� side�
coamings�and�side�shell�platings.�
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3.6.9.6.2� Small�opening�location�

Openings�are�generally�to�be�cut�outside�the�limits�as�shown�in�Fig�3.6.9.6.2.1�in�
dashed�area,�defined�by:�
i)� the�bent�area�of�a�rounded�sheer�strake,�if�any,�or�the�side�shell,�
ii)� e�=�0.25�( B �–�b)�from�the�edge�of�opening,�
iii)� c�=�0.07 l�+�0.1 b�or�0.25b,�whichever�is�greater.��
where:�
b� –�� width�of�the�hatchway�considered,�measured�in�the�transverse�direction�(see�

Fig�3.6.9.6.2.1),�[m]�;�
λ� –�� width�in�way�of�the�corner�considered,�of�the�cross�deck�strip�between�two�

consecutive� hatchways,� measured� in� the� longitudinal� direction� (see� Fig�
3.6.9.6.2.1),�[m].�

e
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of�curvature

c
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Figure�3.6.9.6.2.1� Position�of�openings�in�strength�deck�
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Figure�3.6.9.6.2.2� Elliptical�and�circular�openings�in�strength�deck�
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Moreover�the�transverse�distance�between�these�limits�and�openings�or�between�
openings�together�is�not�to�be�less�than�the�following:�
i)� transverse�distance�between�the�above�limits�and�openings�or�between�hatch-

ways�and�openings�as�shown�in�Fig�3.6.9.6.2.1:�
g2�=�2 a2� for�circular�openings;�
g1�=� a1� for�elliptical�openings.�

ii)� transverse�distance�between�openings�as�shown�in�Fig�3.6.9.6.2.2:�
2(a1�+� a2�)� for�circular�openings;�
1.5(a1�+� a2�)� for�elliptical�openings.�
where�
a1� –�transverse�dimension�of�elliptical�openings,�or�diameter�of�circular�open-

ings,�as�the�case�may�be;�
a2� –�transverse�dimension�of�elliptical�openings,�or�diameter�of�circular�open-

ings,�as�the�case�may�be;�
a3� –� longitudinal� dimension� of� elliptical� openings,� or� diameter� of� circular�

openings,�as�the�case�may�be.�
iii)� longitudinal�distance�between�openings�is�not�to�be�less�than�the�following:�

(a1�+� a3)� for�circular�openings;�
0.75(a1�+� a3)� for�elliptical�openings�and�for�an�elliptical�opening�in�line�with�

a�circular�one.�
If�the�opening�arrangements�do�not�comply�with�these�requirements,�the�longitu-

dinal�strength�assessment�in�accordance�with�Chapter�5�is�to�be�carried�out�by�sub-
tracting�such�opening�areas.�

3.6.9.6.3� Corner�of�hatchways�

3.6.9.6.3.1� For�hatchways�located�within�the�cargo�area,�insert�plates,�whose�thick-
ness�is�to�be�determined�according�to�the�formula�given�below,�are�generally�to�be�
fitted�in�way�of�corners�where�the�plating�cut-out�has�a�circular�profile.�

The�radius�of�circular�corners�is�to�be�not�less�than�5%�of�the�hatch�width,�where�
a�continuous�longitudinal�deck�girder�is�fitted�below�the�hatch�coaming.�

Corner�radius,�in�the�case�of�the�arrangement�of�two�or�more�hatchways�athwart-
ship,�is�considered�by�PRS�on�a�case�by�case�basis.�

3.6.9.6.3.2� For�hatchways�located�within�the�cargo�area,�insert�plates�are,�in�gen-
eral,�not�required�in�way�of�corners�where�the�plating�cut-out�has�an�elliptical�or�
parabolic�profile�and�the�half�axes�of�elliptical�openings,�or�the�half�lengths�of�the�
parabolic�arch,�are�not�less�than:�
i)� 1/20�of�the�hatchway�width�or�600�mm,�whichever�is�the�lesser,�in�the�trans-

verse�direction,�
ii)� twice�the�transverse�dimension,�in�the�fore�and�aft�direction.�
Where�insert�plates�are�required,�their�net�thickness�is�to�be�obtained�from�the�fol-
lowing�formula:��
� tINS�=�(0.8+�0.4 l�/b)�t,�[mm]� (3.6.9.6.3.2)�
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without�being�taken�less�than�t�or�greater�than�1.6t�
where:�
l� –�� width�in�way�of�the�corner�considered,�of�the�cross�deck�strip�between�two�

consecutive�hatchways,�measured�in�the�longitudinal�direction,�[m]�(see�Fig�
3.6.9.6.2.1);�

b� –�� width�of�the�hatchway�considered,�measured�in�the�transverse�direction,�[m]�
(see�Fig�3.6.9.6.2.1);�

t� –�� actual�net�thickness�of�the�deck�at�the�side�of�the�hatchways,�[mm].�

3.6.9.6.3.3� For�the�extreme�corners�of�end�hatchways,�the�thickness�of�insert�plates�
is�to�be�60%�greater�than�the�actual�thickness�of�the�adjacent�deck�plating.�A�lower�
thickness�may�be�accepted�by�PRS�on�the�basis�of�calculations�showing�that�stresses�
at�hatch�corners�are�lower�than�permissible�values.�

Where�insert�plates�are�required,�the�arrangement�is�shown�in�Fig�3.6.9.6.3.3,�in�
which�d1,�d2,�d3�and�d4�are�to�be�greater�than�the�ordinary�stiffener�spacing.�

d4

d2

R
d3

d1

Insert�plate

�

Figure�3.6.9.6.3.3� Hatch�corner�insert�plate�

3.6.9.6.3.4� For�hatchways�located�outside�the�cargo�area,�a�reduction�in�the�thick-
ness�of�the�insert�plates�in�way�of�corners�may�be�considered�by�PRS�on�a�case�by�
case�basis.�

3.6.9.6.3.5� For�ships�having�length�L�of�150�m�or�above,�the�corner�radius,�the�
thickness�and�the�extent�of�insert�plate�may�be�determined�by�the�results�of�a�direct�
strength�assessment�according�to�7.2�and�7.3,�including�buckling�check�and�fatigue�
strength�assessment�of�hatch�corners�according�to�8.5.�

3.6.10� Bulkhead�structure�

3.6.10.1� Application�

3.6.10.1.1� The� requirements�of� this�article�apply� to� longitudinal�and� transverse�
bulkhead�structures�which�may�be�plane�or�corrugated.�
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3.6.10.1.2� Plane�bulkheads�

Plane�bulkheads�may�be�horizontally�or�vertically�stiffened.�
Horizontally�framed�bulkheads�are�made�of�horizontal�ordinary�stiffeners�sup-

ported�by�vertical�primary�supporting�members.�
Vertically�framed�bulkheads�are�made�of�vertical�ordinary�stiffeners�which�may�

be�supported�by�horizontal�girders�

3.6.10.2� General�

3.6.10.2.1� The�web�height�of�vertical�primary�supporting�members�of�bulkheads�
may�be�gradually�tapered�from�bottom�to�deck.�

3.6.10.2.2� The�net�thickness�of�the�after�peak�bulkhead�plating�in�way�of�the�stern�
tube�is�to�be�increased�by�at�least�60%�of�other�part�of�after�peak�bulkhead�plating.�

3.6.10.3� Plane�bulkheads�

3.6.10.3.1� General�

Where�a�bulkhead�does�not�extend�up�to�the�uppermost�continuous�deck,�suitable�
strengthening�is�to�be�provided�in�the�extension�of�the�bulkhead.�

Bulkheads�are�to�be�stiffened�in�way�of�the�deck�girders.�
The�bulkhead�stiffener�webs�of�hopper�and�topside�tank�watertight�bulkheads�are�

required�to�be�aligned�with�the�webs�of�longitudinal�stiffeners�of�sloping�plates�of�
inner�hull.�

A�primary�supporting�member�is�to�be�provided�in�way�of�any�vertical�knuckle�
in�longitudinal�bulkheads.�The�distance�between�the�knuckle�and�the�primary�sup-
porting�member�is�to�be�taken�not�greater�than�70�mm.�When�the�knuckle�is�not�
vertical,�it�is�to�be�adequately�stiffened�by�ordinary�stiffeners�or�equivalent�means,�
fitted�in�line�with�the�knuckle.�

Plate�floors�are�to�be�fitted�in�the�double�bottom�in�line�with�the�plate�transverse�
bulkhead.�

3.6.10.3.2� End�connection�of�ordinary�stiffeners�

The�crossing�of�ordinary�stiffeners�through�a�watertight�bulkhead�is�to�be�watertight.�
In�general,�end�connections�of�ordinary�stiffeners�are�to�be�bracketed.�If�brack-

eted�end�connections�cannot�be�applied�due�to�hull�lines,�etc.,�they�are�to�be�termi-
nated�on�transverse�headers�between�adjacent�longitudinal�or�if�not�possible,�sniped�
ends�may�be�accepted,�provided�the�scantling�of�ordinary�stiffeners�and�correspond-
ing�plating�are�modified�accordingly.�

3.6.10.3.3� Sniped�end�of�ordinary�stiffener�

Sniped�ends�are�not�allowed�on�bulkheads�subject�to�hydrostatic�pressure.�Where�
sniped�ordinary�stiffeners�are�fitted,�the�snipe�angle�is�not�to�be�greater�than�30�degrees,�
and�their�ends�are�to�be�extended�as�far�as�practicable�to�the�boundary�of�the�bulkhead.�
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3.6.10.3.4� Bracketed�ordinary�stiffeners�

Where�bracketed�ordinary�stiffeners�are�fitted,�the�arm�lengths�of�end�brackets�of�
ordinary�stiffeners,�as�shown�in�Figs�3.6.10.3.4.1�and�3.6.10.3.4.2,�are�to�be�not�less�
than�the�following�values:�

.1�For�arm�length�a:�
–� brackets�of�horizontal�stiffeners�and�bottom�bracket�of�vertical�stiffeners:��

� a�=100 l,�[mm]� (3.6.10.3.4.1-1)�

–� upper�bracket�of�vertical�stiffeners:�

� a�=�80 l ,[mm]� (3.6.10.3.4.1-2)�

.2�For�arm�length�b,�the�greater�of�

� ( ){ } 5.0/2080 twb += ,[mm]� (3.6.10.3.4.2-1a)�

� tpslb /α= ,�[mm]� (3.6.10.3.4.2-1b)�

where:�
l� –�� span�of�the�stiffener�measured�between�supports,�[m];�
w� –�� net�section�modulus�of�the�stiffener,�[cm 3];�
t� –�� net�thickness�of�the�bracket,�[mm];�
p� –�� design�pressure�calculated�at�mid-span,�[kN/m 2];�
α� –�� coefficient�equal�to:�

α�=�4.9� for�tank�bulkheads�
α�=�3.6� for�watertight�bulkheads.�

The�connection�between�the�stiffener�and�the�bracket�is�to�be�such�that�the�net�
section�modulus�of�the�connection�is�not�less�than�that�of�the�stiffener.�

a

b

l

�

Figure�3.6.10.3.4.1��
Bracket�at�upper�end�of�ordinary�stiffener�on�plane�bulkhead�
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b

a

l

�

Figure�3.6.10.3.4.2��
Bracket�at�lower�end�of�ordinary�stiffener�on�plane�bulkhead�

3.6.10.4� Corrugated�bulkheads�

3.6.10.4.1� General�

For�ships�of�190�m�of�length�L�and�above,�the�transverse�vertically�corrugated�
watertight�bulkheads�are�to�be�fitted�with�a�lower�stool,�and�generally�with�an�upper�
stool�below�deck.�For�ships�less�than�190�m�in�length�L,�corrugations�may�extend�
from�inner�bottom�to�deck�provided�the�global�strength�of�hull�structures�are�satis-
factorily�proved�for�ships�having�length�L�of�150�m�and�above�by�DSA�as�required�
by�Chapter�7�of�the�Rules.�

3.6.10.4.2� Construction�

The�main�dimensions�a,�R,�c,�d,�t,�ϕ�and�sC�of�corrugated�bulkheads�are�defined�
in�Fig�3.6.10.4.2.�

The�bending�radius�is�not�to�be�less�than�the�following�values,�in�mm:�
R�=�3.0� t�
where�:�
t�–�as-built�thickness�of�the�corrugated�plate,�[mm].�

The�corrugation�angle�ϕ��shown�in�Fig�3.6.10.4.2�is�to�be�not�less�than�55°.�
When�welds�in�a�direction�parallel�to�the�bend�axis�are�provided�in�the�zone�of�the�
bend,�the�welding�procedures�are�to�be�submitted�to�PRS�for�approval.�

SC

tf
d

a

c

R

tw

°≥ 55ϕ

�

Figure�3.6.10.4.2� Dimensions�of�a�corrugated�bulkhead�
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3.6.10.4.3� Actual�section�modulus�of�corrugations�

The�net�section�modulus�of�a�corrugation�may�be�obtained�from�the�following�
formula:�

�
( )

310
6

3 −
�
�

�
�
�

� +
= wf ctatd

w ,�[cm3]� (3.6.10.4.3-1)�

where:�
tf,�tw � –� net� thickness� of� the� plating� of� the� corrugation,� in� mm,� shown� in� Fig�
3.6.10.4.2�
d,�a,�c��–�dimensions�of�the�corrugation�shown�in�Fig�3.6.10.4.2,�[mm].�

Where�the�web�continuity�is�not�ensured�at�ends�of�the�bulkhead,�the�net�section�
modulus�of�a�corrugation�is�to�be�obtained�from�the�following�formula:�

� 3105.0 −= datw f ,�[cm3]� (3.6.10.4.3-2)�

3.6.10.4.4� Span�of�corrugations�

The� spanlC� of� the� corrugations� is� to� be� taken� as� the� distance� shown� in� Fig�
3.6.10.4.4.�

For�the�definition�of�lC�the�internal�end�of�the�upper�stool�is�not�to�be�taken�more�
than�a�distance�from�the�deck�at�the�centre�line�equal�to:�
–� 3�times�the�depth�of�corrugation,�in�general,�
–� 2�times�the�depth�of�corrugation,�for�rectangular�stool.�

n�=�neutral�axis�of
the�corrugations

(*)

n

lc

(*)�upper�stool�height

lc

lc lc lc
lc lc

�
Figure�3.6.10.4.4� Span�of�the�corrugations�
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3.6.10.4.5� Structural�arrangements�

The�strength�continuity�of�corrugated�bulkheads�is�to�be�ensured�at�the�ends�of�
corrugations.�

Where�corrugated�bulkheads�are�cut�in�way�of�primary�supporting�members,�at-
tention�is�to�be�paid�to�ensure�correct�alignment�of�corrugations�on�each�side�of�the�
primary�member.�

Where�vertically�corrugated�transverse�bulkheads�or�longitudinal�bulkheads�are�
welded�on�the�inner�bottom�plate,�floors�or�girders�are�to�be�fitted�in�way�of�flanges�
of�corrugations,�respectively.��

In�general,�the�first�vertical�corrugation�connected�to�the�boundary�structures�is�
to�have�a�width�not�smaller�than�typical�width�of�corrugation�flange.�

3.6.10.4.6� Bulkhead�stools�

Plate�diaphragms�or�web�frames�are�to�be�fitted�in�bottom�stools�in�way�of�the�
double�bottom�longitudinal�girders�or�plate�floors,�as�the�case�may�be.�

Brackets�or�deep�webs�are�to�be�fitted�to�connect�the�upper�stool�to�the�deck�
transverse�or�hatch�end�beams,�as�the�case�may�be.�

3.6.10.4.7� Lower�stool�

The�lower�stool,�when�fitted,�is�to�have�a�height�in�general�not�less�than�3�times�
the�depth�of�the�corrugations.�

The�ends�of�stool�side�ordinary�stiffeners,�when�fitted�in�a�vertical�plane,�are�to�
be�attached�to�brackets�at�the�upper�and�lower�ends�of�the�stool.�

The�distance�d�from�the�edge�of�the�stool�top�plate�to�the�surface�of�the�corruga-
tion�flange�is�to�be�in�accordance�with�Fig�3.6.10.4.7.�

The�stool�bottom�is�to�be�installed�in�line�with�double�bottom�floors�or�girders�as�
the�case�may�be,�and�is�to�have�a�width�not�less�than�2.5�times�the�mean�depth�of�the�
corrugation.�

The�stool�is�to�be�fitted�with�diaphragms�in�line�with�the�longitudinal�double�bot-
tom�girders�or�floors�as�the�case�may�be,�for�effective�support�of�the�corrugated�
bulkhead.�Scallops�in�the�brackets�and�diaphragms�in�way�of�the�connections�to�the�
stool�top�plate�are�to�be�avoided.�

Where�corrugations�are�cut�at�the�lower�stool,�corrugated�bulkhead�plating�is�to�
be�connected�to�the�stool�top�plate�by�full�penetration�welds.�The�stool�side�plating�
is�to�be�connected�to�the�stool�top�plate�and�the�inner�bottom�plating�by�either�full�
penetration�or�deep�penetration�welds.�The�supporting�floors�are�to�be�connected�to�
the�inner�bottom�by�either�full�penetration�or�deep�penetration�weld.�
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Figure�3.6.10.4.7��
Permitted�distance,�d,�from�the�edge�of�the�stool�top�plate�to�the�surface��

of�the�corrugation�flange�

3.6.10.4.8� Upper�stool�

The�upper�stool,�when�fitted,�is�to�have�a�height�in�general�between�two�and�
three�times�the�depth�of�corrugations.�Rectangular�stools�are�to�have�a�height�in�
general�equal�to�twice�the�depth�of�corrugations,�measured�from�the�deck�level�and�
at�the�hatch�side�girder.�

The�upper�stool�of�transverse�bulkhead�is�to�be�properly�supported�by�deck�gird-
ers�or�deep�brackets�between�the�adjacent�hatch�end�beams.�

The�width�of�the�upper�stool�bottom�plate�is�generally�to�be�the�same�as�that�of�
the�lower�stool�top�plate.�The�stool�top�of�non-rectangular�stools�is�to�have�a�width�
not�less�than�twice�the�depth�of�corrugations.�

The�ends�of�stool�side�ordinary�stiffeners�when�fitted�in�a�vertical�plane,�are�to�
be�attached�to�brackets�at�the�upper�and�lower�end�of�the�stool.�

The�stool�is�to�be�fitted�with�diaphragms�in�line�with�and�effectively�attached�to�
longitudinal�deck�girders�extending�to�the�hatch�end�coaming�girders�or�transverse�
deck�primary�supporting�members�as�the�case�may�be,�for�effective�support�of�the�
corrugated�bulkhead.�

Scallops�in�the�brackets�and�diaphragms�in�way�of�the�connection�to�the�stool�
bottom�plate�are�to�be�avoided.�

3.6.10.4.9� Alignment�

At�deck,� if�no�upper�stool� is� fitted,� two�transverse�or� longitudinal� reinforced�
beams�as�the�case�may�be,�are�to�be�fitted�in�line�with�the�corrugation�flanges.�

At�bottom,�if�no�lower�stool�is�fitted,�the�corrugation�flanges�are�to�be�in�line�
with�the�supporting�floors�or�girders.�

The�weld�of�corrugations�and�floors�or�girders�to�the�inner�bottom�plating�are�to�
be�full�penetration�ones.�The�cut-outs�for�connections�of�the�inner�bottom�longitudi-
nals�to�double�bottom�floors�are�to�be�closed�by�collar�plates.�The�supporting�floors�
or�girders�are�to�be�connected�to�each�other�by�suitably�designed�shear�plates.�
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Stool�side�plating�is�to�be�aligned�with�the�corrugation�flanges.�Lower�stool�side�
vertical�stiffeners�and�their�brackets�in�the�stool�are�to�be�aligned�with�the�inner�
bottom�structures�as�longitudinals�or�similar,�to�provide�appropriate�load�transmis-
sion�between�these�stiffening�members.�

Lower�stool�side�plating�is�not�to�be�knuckled�anywhere�between�the�inner�bot-
tom�plating�and�the�stool�top�plate.�

3.6.10.4.10� Effective�width�of�the�compression�flange�

The�effective�width�of�the�corrugation�flange�in�compression�to�be�considered�for�
the�strength�check�of�the�bulkhead�is�to�be�obtained,�in�m,�from�the�following�formula:�
� αEef Cb = � (3.6.10.4.10-1)�

where:�
CE� –�coefficient�to�be�taken�equal�to:�

�
2

25.125.2

ββ
−=EC � for�β�>�1.25� (3.6.10.4.10-2)�

� CE �=�1.0� for� β�≤�1.25� (3.6.10.4.10-3)�
β –�coefficient�to�be�taken�equal�to:�

�
E

R

t

a eH

f

310=β � (3.6.10.4.10-4)�

a� –�width�of�the�corrugation�flange,�[m],�(see�Fig�3.6.10.4.2);�
tf� –�net�flange�thickness,[mm].�

3.6.10.4.11� Effective�shedder�plates�

Effective�shedder�plates�are�those�which:�
–� are�not�knuckled;�
–� are�welded�to�the�corrugations�and�the�lower�stool�top�plate�according�to�Chapter�11;�
–� are�fitted�with�a�minimum�slope�of�45°,� their�lower�edge�being�in�line�with�the�

lower�stool�side�plating;�
–� have�thickness�not�less�than�75%�of�that�required�for�the�corrugation�flanges;�
–� have�material�properties�not�less�than�those�required�for�the�flanges.�

3.6.10.4.12� Effective�gusset�plates�

Effective�gusset�plates�are�those�which:�
–� are�in�combination�with�shedder�plates�h aving�thickness,�material�properties�and�

welded�connections�as�requested�for�shedder�plates�in�3.6.10.4.11;�
–� have�a�height�not�less�than�half�of�the�flange�width;�
–� are�fitted�in�line�with�the�lower�stool�side�plating;�
–� are�welded�to�the�lower�stool�top�plate,�corrugations�and�shedder�plate�according�

to�Chapter�11;�
–� have�thickness�and�material�properties�not�less�than�those�required�for�the�flanges.�
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3.6.10.5� Non-tight�bulkheads�

3.6.10.5.1� Non-tight�bulkheads�not�acting�as�pillars�

Non-tight�bulkheads�not�acting�as�pillars�are�to�be�provided�with�bulkhead�stiff-
eners�with�a�maximum�spacing�equal�to:�
–� 0.9�m,�for�transverse�bulkheads,�
–� two�frame�spacings,�with�a�maximum�of�1.5�m,�for�longitudinal�bulkheads.�

The�depth�of�bulkhead�stiffener�is�not�to�be�less�than�1/12�of�stiffener�length.�
The�net�thickness�of�bulkhead�stiffener�is�not�to�be�less�than�the�minimum�thickness�
required�for�the�considered�bulkhead�plate.�

3.6.10.5.2� Non-tight�bulkheads�acting�as�pillars�

Non-tight�bulkheads�acting�as�pillars�are�to�be�provided�with�bulkhead�stiffeners�
with�a�maximum�spacing�equal�to:�
–� two�frame�spacings,�when�the�frame�spacing�does�not�exceed�0.75�m;�
–� one�frame�spacing,�when�the�frame�spacing�is�greater�than�0.75�m.�

Each�vertical�stiffener,�in�association�with�a�width�of�plating�equal�to�35�times�
the�plating�net�thickness�or�1/12�of�stiffener�length,�whichever�is�the�smaller,�is�to�
comply�with�the�applicable�requirements�in�6.2,�for�the�load�being�supported.�

In�the�case�of�non-tight�bulkheads�supporting�longitudinally�framed�decks,�verti-
cal�girders�are�to�be�provided�in�way�of�deck�transverse.�

3.6.10.6� Watertight�bulkheads�of�trunks�and�tunnels �

3.6.10.6.1� Watertight�trunks,�tunnels,�duct�keels�and�ventilators�are�to�be�of�the�
same�strength�as�watertight�bulkheads�at�corresponding�levels.�The�means�used�for�
making� them�watertight,� and� the� arrangements� adopted� for� closing� openings� in�
them,�are�to�be�to�the�satisfaction�of�PRS.�

3.6.11� Pillars�

3.6.11.1� General�

3.6.11.1.1� Pillars�are�to�be�fitted,�as�far�as�practicable,�in�the�same�vertical�line.�If�
not�possible,�effective�means�are�to�be�provided�for�transmitting�their�loads�to�the�
supports�below.�

3.6.11.1.2� Pillars�are�to�be�provided�in�line�with�the�double�bottom�girder�or�as�
close�thereto�as�practicable,�and�the�structure�above�and�under�the�pillars�is�to�be�of�
sufficient�strength�to�provide�effective�distribution�of�the�load.�Where�pillars�con-
nected�to�the�inner�bottom�are�not�located�in�way�of�the�intersection�of�floors�and�
girders,�partial�floors�or�girders�or�equivalent�structures�suitable�to�support�the�pil-
lars�are�to�be�arranged.�



� 111

3.6.11.1.3� Pillars�provided�in�tanks�are�to�be�of�solid�or�open�section�type.�Pillars�
located�in�spaces�intended�for�products�which�may�produce�explosive�gases�are�to�
be�of�open�section�type.�

3.6.11.1.4� Heads�and�heels�of�pillars�are�to�be�secured�by�thick�doubling�plates�
and�brackets�as�necessary.�Where�the�pillars�are�likely�to�be�subjected�to�tensile�
loads�such�as�those�in�tanks,�the�head�and�heel�of�pillars�are�to�be�efficiently�secured�
to�withstand�the�tensile�loads�and�the�doubling�plates�replaced�by�insert�plate.�In�
general,�the�net�thickness�of�doubling�plates�is�to�be�not�less�than�1.5�times�the�net�
thickness�of�the�pillar.�Pillars�are�to�be�attached�at�their�heads�and�heels�by�continu-
ous�welding.�

4� DESIGN�LOADS�

4.1� General�

4.1.1� The�equivalent�design�wave�(EDW)�method�is�used�to�set�the�design�loads�
which�include�lateral�loads�normal�to�plating�and�hull�girder�loads�in�still�water�and�
in�waves.�

4.1.2� External�hydrostatic�pressure�and�internal�static�pressure�due�to�cargo�and�
ballast�are�considered�as�lateral�loads�in�still�water.�External�hydrodynamic�pressure�
and�internal�inertial�pressure�due�to�cargo�and�ballast�are�considered�as�lateral�loads�
in�waves.�

4.1.3� Still�water�vertical�shear�force�and�bending�moment,�wave-induced�vertical�
shear�force�and�bending�moment�and�wave-induced�horizontal�bending�moment�are�
considered�as�the�hull�girder�loads.�

4.1.4� The�stresses�due�to�the�lateral�loads�in�waves�and�the�hull�girder�loads�in�
waves� are� to� be� combined� using� load� combination� factors� determined� for� each�
equivalent�design�wave.�

4.2� Ship�motions�and�accelerations�

4.2.1� General�

4.2.1.0� Symbols�

For�symbols�not�defined�in�4.2,�refer�to�1.4.�
a0� –�acceleration�parameter,�taken�equal�to:�

( ) ��
�

�
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�

�
−+−=
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Cfa Bp � (4.2.1.1)�
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T R� –�� roll�period,�defined�in�4.1.2.1.1,�[s];�
θ� –�� single�roll�amplitude�defined�in�4.1.2.1.1,�[deg];�
T P� –�� pitch�period,�defined�in�4.1.2.2.1,�[s];�
Φ –�� single�pitch�amplitude,�defined�in�4.1.2.2.1,�[deg];�
fp� –�� coefficient�corresponding�to�the�probability�level,�taken�equal�to:�

fp� =�1.0� for� strength�assessments�corresponding� to� the�probability� level��
of�10–8��

fp� =�0.5� for� strength�assessments�corresponding� to� the�probability� level��
of�10-4�

4.2.1.1� Ship�motions�and�accelerations�are�assumed�to�be�periodic.�The�motion�
amplitudes,�defined�by�the�formulae�in�4.2,�are�half�of�the�crest�to�trough�ampli-
tudes.�

4.2.1.2� As�an�alternative�to�the�formulae�in�4.2,�PRS�may�accept�the�values�of�
ship�motions�and�accelerations�derived�from�direct�calculations�or�obtained�from�
model�tests,�when�justified�on�the�basis�of�the�ship’s�characteristics�and�intended�
service.�In�general,�the�values�of�ship�motions�and�accelerations�to�be�determined�
are�those�which�can�be�reached�with�a�probability�level�of�10-8�or�10-4.�In�any�case,�
the�model�tests�or�the�calculations,�including�the�assumed�sea�scatter�diagrams�and�
spectra,�are�to�be�submitted�to�PRS�for�approval.�

4.2.2� Ship�absolute�motions�and�accelerations�

4.2.2.1� Roll�

4.2.2.1.1� The�roll�period�T R�and�the�single�roll�amplitude�θ,�are�given�by:�

�
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R
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= ,�[s]� (4.2.2.1.1-1)�
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kfT bpR ,�[deg]� (4.2.2.1.1-2)�

where:�
kb� –�� coefficient�taken�equal�to:�

kb�=�1.2�for�ships�without�bilge�keel�
kb�=�1.0�for�ships�with�bilge�keel;�

kr� –�� roll�radius�of�gyration�in�the�considered�loading�condition,�[m].�When� kr�is�
not�known,�the�values�indicated�in�Table�4.2.2.1�may�be�assumed;�

GM �–�� metacentric�height�in�the�considered�loading�condition,�[m].�When� GM� is�
not�known,�the�values�indicated�in�Table�4.2.2.1�may�be�assumed.�
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Table�4.2.2.1��
Values�of�kr�and�GM�

Loading�condition� kr� GM �

Alternate�or�homogeneous�loading� 0.35B� 0.12B�
Full�load�condition�

Steel�coil�loading� 0.42B� 0.24B�

Normal�ballast�condition� 0.45B� 0.33B�

Heavy�ballast�condition� 0.40B� 0.25B�

4.2.2.2� Pitch�

4.2.2.2.1� The�pitch�period�T P,�in�s,�and�the�single�pitch�amplitude�Φ,�in�deg,�are�
given�by:�

�
g

T p

πλ2= ,�[s]� (4.2.2.2.1-1)�

� 4
900

B
p C

V

L
f=Φ ,�[deg]� (4.2.2.2.1-2)�

where:�

� L
T

T

S

LC
��
�

�
��
�

�
+= 16.0λ ,�[m]� (4.2.2.2.1-3)�

4.2.2.3� Heave�

4.2.2.3.1� The�vertical�acceleration�due�to�heave,�in�m/s2,�is�given�by:�

� aheave�=� a0g,�[m/s2]� (4.2.2.3.1)�

4.2.2.4� Sway�

4.2.2.4.1� The�transverse�acceleration�due�to�sway�is�given�by:�

� asway �=�0.3 a0g,�[m/s2]� (4.2.2.4.1)�

4.2.2.5� Surge�

4.2.2.5.1� The�longitudinal�acceleration�due�to�surge�is�given�by:�

� A surge�=�0.2 a0g,[m/s2]� (4.2.2.5.1)�

4.2.3� Ship�relativ e�accelerations�

4.2.3.1� General�

4.2.3.1.1� At�any�point,�the�accelerations�in�X ,�Y �and�Z �directions�are�the�accelera-
tion�components�which� result� from� the�ship�absolute�motions�and�accelerations�
defined�in�4.2.2.1�to�4.2.2.5.�
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4.2.3.2� Accelerations�

4.2.3.2.1� The�reference�values�of�the�longitudinal,�transverse�and�vertical�accel-
erations�at�any�point�are�obtained�from�the�following�formulae:�

.1� In�longitudinal�direction:�

� ���xpitchXPsurgeXSXGX aCaCgCa ++Φ= sin ,[m/s2]� (4.2.3.2.1.1)�

.2� In�transverse�direction:�

� yrollYRswayYSYGY aCsCgCa ��++= θsin ,�[m/s2]� (4.2.3.2.1.2)�

.3� In�vertical�direction:�

� zpitchZPzrollZRheaveZHZ aCaCaCa ���� ++= ,[m/s2]� (4.2.3.2.1.3-1)�

where:�
Cxg ,�CXS ,�CXP ,�CYG ,�CYS ,�CYR ,�CZH ,�CZR �and�CZP �–�load�combination�factors�de-
fined�in�4.4.2.2;�
apitch�x�–�longitudinal�acceleration�due�to�pitch :�

� R
T

a
p

xpitch

2
2

180 �
�

�

�

�
�

�

�
Φ= ππ

�� ,�[m/s2]� (4.2.3.2.1.3-2)�

aroll�y� –�transverse�acceleration�due�to�roll:�

� R
T

a
p

yroll

2
2

180 �
�

�

�

�
�

�

�
= ππθ�� ,�[m/s2]� (4.2.3.2.1.3-3)�

aroll�z� –�vertical�acceleration�due�to�roll:��

� y
T

a
p

roll

2
2

180 �
�

�

�

�
�

�

�
= ππθz��� ,�[m/s2]� (4.2.3.2.1.3-4)�

apitch�z�–�vertical�acceleration�due�to�pitch:��

� ( )Lx
T

a
p

zpitch 45.0
2

180

2

−
�
�

�

�

�
�

�

�
Φ= ππ

�� ,�[m/s2]� (4.2.3.2.1.3-5)�

where� ( )Lx 45.0− �is�to�be�taken�not�less�than�0.2L�

� �
�

�
�
�

� +−=
2

,
24

min
DTD

zR LC ,�[m]� (4.2.3.2.1.3-6)�

x ,�y ,�z�–� X ,�Y �and�Z �co-ordinates,�[m],�of�any�point�considered�with�respect�to�
the�reference�co-ordinate�system�defined�in�1.4.�
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4.3� Hull�girder�loads�

4.3.0� Symbols�

x � –�� X �co-ordinate,�in�m,�of�the�calculation�point�with�respect�to�the�reference�co-
� ordinate�system;�

fp� –�� coefficient�corresponding�to�the�probability,�defined�in�4.2.�

For�symbols�not�defined�in�4.3,�refer�to�1.4.�

4.3.1� General�

4.3.1.1� Sign�conventions�of�bending�moments�and�shear�forces �

4.3.1.1.1� Absolute�values�are�to�be�taken�for�bending�moments�and�shear�forces�
introduced�in�this�Section.�The�sign�of�bending�moments�and�shear�forces�is�to�be�
considered�according�to�4.4,�Tab�4.4.2.2.1.�The�sign�conventions�of�vertical�bend-
ing�moments,�horizontal�bending�moments�and�shear�forces�at�any�ship�transverse�
section�are�as�shown�in�Fig�4.3.1.1.1,�namely:�
–� the�vertical�bending�moments�MSW �and�MWV �are�positive�when�they�induce�ten-

sile�stresses�in�the�strength�deck�(hogging�bending�moment)�and�are�negative�in�
the�opposite�case�(sagging�bending�moment);�

–� the�horizontal�bending�moment�MWH �is�positive�when�it�induces�tensile�stresses�
in�the�starboard�and�is�negative�in�the�opposite�case;�

–� the�vertical�shear�forces� Q SW ,�Q WV �are�positive�in�the�case�of�downward�resulting�
forces�preceding�and�upward�resulting�forces�following�the�ship�transverse�sec-
tion�under�consideration,�and�is�negative�in�the�opposite�case.�

MSW ,�MWV

(+)

Aft

Aft

Fore

Fore

(+)

(+)

QSW ,�QWV

MWH

�

Figure�4.3.1.1.1��
Sign�conventions�for�shear�forces�Q SW ,�Q WV �and�bending�moments�MSW ,�MWV �and�MWH �

4.3.2� Still�water�loads�

4.3.2.1� General�

4.3.2.1.1� In�general�the�vertical�still�water�bending�moment�and�the�shear�force�of�
the�individual�loading�condition�is�to�be�applied.�The�shipbuilder�has�to�submit�for�
each�of�the�loading�condition�defined�in�4.7�a�longitudinal�strength�calculation.�



�

�

�

116

The�values�of�still�water�vertical�bending�moment�and�shear�force�are� to�be�
treated�as�the�upper�limits�with�respect�to�hull�girder�strength.�

In�general,�the�design�cargo�and�ballast�loading�conditions,�based�on�amount�of�
bunker,�fresh�water�and�stores�at�departure�and�arrival,�are�to�be�considered�for�the�
MSW �and�Q SW �calculations.�Where�the�amount�and�disposition�of�consumables�at�
any�intermediate�stage�of�the�voyage�are�considered�more�severe,�calculations�for�
such�intermediate�conditions�are�to�be�submitted�in�addition�to�those�for�departure�
and�arrival�conditions.�Also,�where�any�ballasting�and/or�deballasting�is�intended�
during�voyage,�calculations�of�the�intermediate�condition�just�before�and�just�after�
ballasting�and/or�deballasting�any�ballast�tank�are�to�be�submitted�and�where�ap-
proved�included�in�the�loading�manual�for�guidance.�

4.3.2.1.2� Partially�filled�ballast�tanks�in�ballast�loading�conditions�

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�BC-A�and�BC-B�ships,�longitudinal�strength�of�hull�girder�in�flooded�condi-

tion�according�to�5.1.2.1.3�is�complied�with�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�by�
4.3.2.1.1,�any�intermediate�condition,�the�tanks�intended�to�be�partially�filled�are�
assumed�to�be:�
–� empty;�
–� full;�
–� partially�filled�at�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�are�to�be�investigated.�

4.3.2.1.3� Partially�filled�ballast�tanks�in�cargo�loading�conditions�

In�cargo�loading�conditions,� the�requirement� in�4.3.2.1.2�applies� to� the�peak�
tanks�only.�

4.3.2.1.4� Sequential�ballast�water�exchange�

Requirements�of�4.3.2.1.2�and�4.3.2.1.3�are�not�applicable�to�ballast�water�ex-
change�using�the�sequential�method.�
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4.3.2.2� Still�water�bending�moment�

4.3.2.2.1� The�design�still�water�bending�moments�MSW,H �and�MSW,S �at�any�hull�
transverse� section�are� the�maximum�still�water�bending�moments�calculated,� in�
hogging�and�sagging�conditions,�respectively,�at�that�hull�transverse�section�for�the�
loading�conditions,�as�defined�in�4.3.2.1.1.�Greater�values�may�be�considered�if�
defined�by�the�Designer.�

4.3.2.2.2� If�the�design�still�water�bending�moments�are�not�defined,�at�a�prelimi-
nary� design� stage,� at� any� hull� transverse� section,� the� longitudinal� distributions�
shown�in�Fig�4.3.2.2.2�may�be�considered.�
–� hogging�conditions:�

� ( ) HWVBHSW MCBLM ,
32

, 107.0175 −+= − ,�[kNm]� (4.3.2.2.2-1)�

–� sagging�conditions:�

� ( ) SWVBSSW MCBLM ,
32

, 107.0175 −+= − ,�[kNm]� (4.3.2.2.2-2)�

where�MWV,H �and�MWV,S �are�the�vertical�wave�bending�moments,�[kNm],�defined�
in�4.3.3.1.�

Still�water�bending�moment

AE

0.2MSW

0.0 0.3 0.5 0.7 1.0
FE

L

x

MSW

�

Figure�4.3.2.2.2� Preliminary�still�water�bending�moment�distribution�

4.3.2.3� Still�water�shear�force�

4.3.2.3.1� The�design�still�water�shear�force�Q SW �at�any�hull�transverse�section�is�
the�maximum�positive�or�negative�shear�force�calculated,�at�that�hull�transverse�
section,�for�the�loading�conditions,�as�defined�in�4.3.2.1.1.�Greater�values�may�be�
considered�if�defined�by�the�Designer.�

4.3.2.4� Still�water�bending�moment�and�still�water�shear�force�in�flooded�
condition�

4.3.2.4.1� The�still�water�bending�moments�MSW,F �in�hogging�and�sagging�condi-
tions,�and�the�still�water�shear�force�Q SW,F ,�in�flooded�condition�are�to�be�deter-
mined�for�the�flooding�scenario�considering�each�cargo�hold�individually�flooded�
up�to�the�equilibrium�waterline.�

This�means� that�double�side�spaces�may�not�be�considered�flooded,�and� the�
cargo�holds�may�not�be�considered�completely�flooded,�but�only�up�to�the�equilib-
rium�waterline.�
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4.3.2.4.2 To calculate the weight of ingressed water, the following assumptions 
are to be made: 
– the permeability of empty cargo spaces and volume left in loaded cargo spaces 

above any cargo is to be taken as 0.95; 
– appropriate permeabilities and bulk densities are to be used for any cargo car-

ried. For iron ore, a minimum permeability of 0.3 with a corresponding bulk 
density of 3.0 t/m3 is to be used. For cement, a minimum permeability of 0.3 
with a corresponding bulk density of 1.3 t/m3 is to be used. In this respect, 
“permeability” for solid bulk cargo means the ratio of the floodable volume be-
tween the particles, granules or any larger pieces of the cargo, to the gross vol-
ume of the bulk cargo. 
For packed cargo conditions (such as steel mill products), the actual density of 

the cargo should be used with a permeability of zero. 

4.3.2.4.3 To quantify the effects of ingressed water on the hull girder still water 
bending moments and still water shear forces, specific calculations are to be carried 
out. The loading conditions on which the design of the ship has been based are to 
be considered and, for each of them, the cargo holds are to be considered as being 
individually flooded up to the equilibrium waterline. The still water bending mo-
ments and still water shear forces are therefore to be calculated for any combina-
tion of considered loading conditions and flooded cargo holds. 

4.3.3 Wave loads 

4.3.3.1 Vertical wave bending moments 

4.3.3.1.1 Intact condition 

The vertical wave bending moments MWV in intact condition at any hull trans-
verse section are obtained from the following formulae: 
– hogging conditions: 

 32
, 10190 �

� BPMHWV BCCLfFM , [kNm]   (4.3.3.1.1-1) 

– sagging conditions: 

 � � 32
, 107.0110 �

�� BPMSWV CBCLfFM , [kNm] (4.3.3.1.1-2) 

where: 
FM – Distribution factor defined in Tab 4.3.3.1.1 (see also Fig 4.3.3.1.1). 
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Table�4.3.3.1.1��
Distribution�factor� F M�

Hull�transverse�section�location� Distribution�factor�F M�

0�≤�x �<0.4�L�
L

x
5.2

�

0.4�≤�x �≤0.65�L� 1.0�

0.65�<� x �≤�L� �
�

�
�
�

� −
L

x
186.2

�

F M

1.0

1.00.0
AE FE

L

x
0.4 0.65

�

Figure�4.3.3.1.1� Distribution�factor�F M�

4.3.3.1.2� Flooded�condition�

The�vertical�wave�bending�moments�M FWV , in� flooded�condition�at� any�hull�

transverse�section�are�obtained�from�the�following�formula:�

� MWV,F �=�0.8�MWV� ,�[kNm]� (4.3.3.1.2)�

where�MWV �is�defined�in�4.3.3.1.1.�

4.3.3.1.3� Harbour�condition�

The�vertical�wave�bending�moments�MWV,P � in�harbour� condition� at� any�hull�
transverse�section�are�obtained�from�the�following�formula:�

� MWV,P �=�0.4�MWV �,�[kNm]� (4.3.3.1.3)�

where�MWV �is�defined�in�4.3.3.1.1.�

4.3.3.2� Vertical�wave�shear�force�

4.3.3.2.1� Intact�condition�

The�vertical�wave�shear�force�Q WV in�intact�condition�at�any�hull�transverse�sec-

tion�is�obtained�from�the�following�formula:�

� ( ) 2107.030 −+= BPQWV CCLBfFQ ,�[kN]� (4.3.3.2.1)�
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where: 
FQ –  distribution factor defined in Tab 4.3.3.2 for positive and negative shear 

forces (see also Fig 4.3.3.2). 

Table 4.3.3.2  
Distribution factor FQ 

Distribution factor FQ Hull transverse section 
location Positive wave shear force Negative wave shear force 

0 � x < 0.2 L 
L
xA6.4  

L
x6.4

 
0.2 L � x � 0.3 L 0.92 A 0.92 

0.3 L < x < 0.4 L � � 7.04.072.9 ��
�

�
�
�

�
��

L
xA 7.04.02.2 ��

�

�
�
�

�
�

L
x

0.4 L � x � 0.6 L 0.7 0.7 

0.6 L < x < 0.7 L 7.06.03 ��
�

�
�
�

�
�

L
x

� � 7.06.0710 ��
�

�
�
�

�
��

L
xA

0.7 L � x � 0.85 L 1 A 

0.85 L < x � L �
�

�
�
�

�
�

L
x167.6 �

�

�
�
�

�
�

L
xA 167.6

Note: � �7.0110
190

�

�

B

B

C
C

A
 

for negative wave shear force
1.0

0.70.7

1.00.0
AE FE

L
x

0.40.2 0.3 0.6 0.7 0.85

0.92

FQ

� �7.0110

190

�B

B

C

C 0.92

FQ

� �7.0110

190
92.0

�B

B

C

C

0.0
AE

0.2 0.3 0.4 0.6 0.7 0.85 1.0
FE L

x

for positive wave shear force

 
Figure 4.3.3.2  Distribution factor FQ 

4.3.3.2.2 Flooded condition 

The vertical wave shear force QWP,P in flooded condition at any hull transverse 
section are obtained from the following formula: 

 WVPWV QQ 8.0, � , [kN] (4.3.3.2.2) 

where QWV  is defined in 4.3.3.2.1. 

WIESIEK
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4.3.3.2.3� Harbour�condition�

The�vertical�wave�shear�force�in�harbour�condition�at�any�hull�transverse�section�
are�obtained,�in�kN,�from�the�following�formula:�

� WVPWV QQ 4.0, = ,�[kN]� (4.3.3.2.3)�

where�Q WV �is�defined�in�4.3.3.2.1.�

4.3.3.3� Horizontal�wave�bending�moment �

4.3.3.3.1� The�horizontal�wave�bending�moment�MWH� at�any�hull�transverse�sec-
tion�is�given�by:�

� BLCPMWH CTcfFM 2

2000
3.0 λλ

�
�

�
�
�

� += ,�[kNm]� (4.3.3.3.1)�

where�F M�is�the�distribution�factor�defined�in�4.3.3.1.1.�

4.3.3.4� Wave�torsional�moment �

4.3.3.4.1� The�wave�torsional�moment,�at�any�hull�transverse�section�is�given�by:�

� ( )21 WTWTPWT MMfM += ,�[kNm]� (4.3.3.4-1)�

where:�

� 1
2

1 4.0 TBWT FDCB
T

L
CM = ,�[kNm]� (4.3.3.4-2)�

� 2
2

2 22.0 TBWT FCCLBM = ,�[kNm]� (4.3.3.4-3)�

F T 1,�F T 2�–�Distribution�factors,�defined�as�follows:�

� �
�

�
�
�

�=
L

x
F T

π2
sin1 � (4.3.3.4-4)�

� �
�

�
�
�

�=
L

x
F T

π2
2 sin � (4.3.3.4-5)�

4.4� Load�cases�

4.4.1� General�

4.4.1.1� Symbols�

For�symbols�not�defined�in�4.4�refer�to�1.�4.�
asurge,�apitach�x,�asway ,�aroll�y,�aheave,�aroll�z,�apitach�z�–�components�of�accelerations,�defined�
in�4.2.�
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4.1.1.2� Application�

4.4.1.1.1� The�load�cases�described�in�this�section�are�those�to�be�used�for:�
–� the�local�strength�analysis�of�plating� and�ordinary�stiffeners�and�primary�sup-

porting�members�according�to�the�applicable�requirements�of�6.1,�6,2�and�6.4�
respectively;�

–� the�direct�strength�analysis�of�structural�members,�according�to�the�applicable�
requirements�of�Chapter�7;�

–� the�fatigue�check�of�structural�details,�according�to�the�applicable�requirements�
of�Chapter�8.�

4.4.1.1.2� For�the�local�strength�analysis�and�for�the�direct�strength�analysis,�the�
load�cases�are�the�mutually�exclusive�load�cases�H1,�H2,�F1,�F2,�R1,�R2,�P1�and�P2�
described�in�4.4.2.�

4.4.1.2� Equivalent�design�wave �

4.4.1.2.1� Regular�waves�that�generate�response�values�equivalent�to�the�long-term�
response�values�of�the�load�components�considered�being�predominant�to�the�struc-
tural�members�are�set�as�Equivalent�Design�Waves�(EDWs).�They�consist�of:�
–� regular�waves�when�the�vertical�wave�bending�moment�becomes�maximum�in�

head�sea�(EDW�“H”);�
–� regular�waves�when�the�vertical�wave�bending�moment�becomes�maximum�in�

following�sea�(EDW�“F”);�
–� regular�waves�when�the�roll�motion�becomes�maximum�(EDW�“R”);�
–� regular� waves� when� the� hydrodynamic� pressure� at� the� waterline� becomes�

maximum�(EDW�“P”).�
The�definitions�of�wave�crest�and�wave�trough�in�the�EDW�“H”�and�EDW�“F”�

are�given�in�Fig�4.4.1.3.1-1.�The�definitions�of�weather�side�down�and�weather�side�
up�for�the�EDW�“R”�and�EDW�“P”�are�given�in�Fig�4.4.1.3.1-2�

Waterline

AP FP AP FP

Wave�crest Wave�trough

(a)�for�EDW�„H” (b)�for�EDW�„F” �

Figure�4.4.1.3.1-1��
Definition�of�wave�crest�and�wave�trough�for�EDWs�“H”�and�“F”�
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Weather�side

Weather�side�down

Lee�side Weather�side

Weather�side�up

bow�down bow�up �

Figure�4.4.1.3.1-2� Definitions�of�ship�motion�

4.4.2� Load�cases�

4.4.2.1� General�

4.4.2.1.1� The�load�cases�corresponding�to�the�Equivalent�Design�Waves�(EDWs)�
are�defined�in�Tab�4.4.2.1.1-1.�The�corresponding�hull�girder�loads�and�motions�of�
the�ship�are�indicated�in�Tab�4.4.2.1.1-2.�If�the�ship�structure�or�the�ship�loading�
condition�is�not�symmetrical�with�respect�to�the�centreline�plane�of�ship,�the�load�
cases�(R1,�R2,�P1�and�P2)�corresponding�to�the�beam�conditions�in�which�the�en-
counter�wave�comes�from�the�starboard�(in�this�case�the�starboard�is�the�weather�
side),�should�be�also�included�in�the�structural�strength�assessment.�

Table�4.4.2.1.1-1��
Definition�of�load�cases�

Load�case� H1� H2� Fl� F2� Rl� R2� P1� P2�

EDW� “H”� “F”� “R”� “P”�

Heading� Head� Follow�
Beam�(Port:�
weather�side)�

Beam�(Port:�
weather�side)�

Max.�Bending��
Moment�

Max.�Bending�Moment� Max.�Roll�
Max.�Ext.�
Pressure�

Effect�
� Sagging� Hogging� Sagging� Hogging� (+)� (-)� (+)� (-)�

�
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Table�4.4.2.1.1-2��
Reference�hull�girder�loads�and�motions�of�ship�

Load�case� HI� H2� Fl� F2� Rl� R2� PI� P2�

Vert.�BM�&�SF� Yes� Yes� –� Yes�

Hor.�BM� –� –� Yes� –�

Heave� Down� Up� –� –� Down� Up� Down� Up�

Pitch� Bow�down� Bow�up� –� –� -� -� -� -�

Roll� –� –� –� –� Stbd�up� Stbd�down� Stbd�up� Stbd�

Surge� Stern� Bow� –� –� –� –� –� –�

Sway� –� –� –� –� –� –� Port� Stbd�

4.4.2.2� Load�combination�factors �

4.4.2.2.1� The�hull�girder�loads�and�the�acceleration�components�to�be�considered�
in�each�load�case�H1,�H2,�F1,�F2,�R1,�R2,�P1�and�P2�are�to�be�obtained�by�multi-
plying�the�reference�value�of�each�component�by�the�relevant�load�combination�
factor�LCF�defined�in�Tab�4.4.2.2.1.�

Table�4.4.2.2.1��
Load�combination�factors�LCF�

� LCF� H1� H2� F1� F2� R1� R2� P1� P2�

MWV � CWV� −1� 1� −1� 1� 0� 0�
S

LC

T

T
−4.0 4.0−

S

LC

T

T

�

Q WV � CQW
�(1)� −1� 1� −1� 1� 0� 0�

S

LC

T

T
−4.0

�

4.0−
S

LC

T

T

�

MWH� CWH � 0� 0� 0� 0�
S

LC

T

T
−2.1 2.1−

S

LC

T

T
0� 0�

asurge� CXS� −0.8� 0.8� 0� 0� 0� 0� 0� 0�

apitach�x� CXP � 1� −1� 0� 0� 0� 0� 0� 0�

gsinΦ� CXG � 1� −1� 0� 0� 0� 0� 0� 0�

asway� CYS � 0� 0� 0� 0� 0� 0� 1� −1�

aroll�y� CYR � 0� 0� 0� 0� 1� −1� 0.3� −0.3�

gsinθ� CYG � 0� 0� 0� 0� 1� −1� 0.3� −0.3�

ahave� CZH �
S

LC

T

T
6.0

� S

LC

T

T
6.0− 0� 0�

40

L

� 40

L−
�

1� −1�

arollz� CZR � 0� 0� 0� 0� 1� −1� 0.3� −0.3�

apitch�z� CZP � 1� −1� 0� 0� 0� 0� 0� 0�

(1)�� The�LCF�for�CQW �is�only�used�for�the�aft�part�of�midship�section.�The�inverse�value�of�it�should�be�
used�for�the�forward�part�of�the�midship�section.�
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4.4.2.2.2� The�still�water�vertical�bending�moment�is�to�be�added�to�the�hull�girder�
loads�in�waves,�calculated�with�load�combination�factors.�

4.4.2.2.3� The�internal�loads�are�the�sum�of�static�pressures�or�forces�induced�by�
the�weights�carried,�including�those�carried�on�decks,�and�of�inertial�pressures�or�
forces�induced�by�the�accelerations�on�these�weights�and�calculated�with�load�com-
bination�factors.�

4.5� Ex ternal�pressures�

4.5.0� Symbols�

L2� –�� rule�length�L,�[m],�but�to�be�taken�not�greater�than�300�m;�
C� –�� wave�coefficient,�as�defined�in�1.4.2.3.1;�
λ –�� wave�length�corresponding�to�the�load�cas e�defined�in�4.5.1.3.1,�4.5.1.4.1,�

and�4.5.1.5.1,�[m];�
fp� –�� coefficient�corresponding�to�the�probability,�defined�in�4.2;�
T Lci� –�� draught�in�the�considered�cross�section�in�the�considered�loading�condition,�

[m];�
B t� –�� moulded�breadth�at�the�waterline�in�the�considered�cross�section,�[m];�
x,�y,�z �–� X ,�Y �and�Z �co-ordinates�of�the�load�point�with�respect�to�the�reference�co-

ordinate�system�defined�in�1.4,�[m].�
For�symbols�not�defined�in�4.5,�refer�to�1.4.�

4.5.1� Ex ternal�sea�pressures�on�side�shell�and�bottom �

4.5.1.1� General�

4.5.1.1.1� The�total�pressure�p�at�any�point�of�the�hull�to�be�obtained�from�the�
following�formula�is�not�to�be�negative:�

� p�=� ps�+� pw ,�[kN/m2]� (4.5.1.1.1)�

where:�
ps� –�� hydrostatic�pressure�defined�in�4.5.1.2;�
pw �–�� wave�pressure�equal�to�the�hydrodynamic�pressure�defined�in�4.5.1.3,�4.5.1.4�

or�4.5.1.5,�as�the�case�may�be,�and�corrected�according�to�4.5.1.6.�

4.5.1.2� Hydrostatic�pressure�

4.5.1.2.1� The�hydrostatic�pressure�ps�at�any�point�of�the�hull,�corresponding�to�the�
draught�in�still�water�is�obtained,�for�each�loading�condition,�from�the�formulae�in�
Table�4.5.1.2.1�(see�also�Fig�4.5.1.2.1).�
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Table�4.5.1.2.1��
Hydrostatic�pressure�p s�

Location� Hydrostatic�pressure,�pS,�in�kN/m2�

Points�at�and�below�the�waterline�(z�<� T LCi)� ρg(T LCl�–�z)�

Points�above�the�waterline�(z�>�T LCi)� 0�

T
L
C

i

LCiSp gTρ=

�

Figure�4.5.1.2.1� Hydrostatic�pressure�pS�

4.5.1.3� Hydrodynamic�pressures�for�load�cases�H1,�H2,�F1�and�F2�

4.5.1.3.1� The�hydrodynamic�pressures�pH �and�pF ,�for�load�cases�H1,�H2,�F1�and�
F2,�at�any�point�of� the�hull�below�the�waterline�are� to�be�obtained�from�Table�
4.5.1.3.1.�

The�distribution�of�pressure�pF 2�is�schematically�given�in�Fig�4.5.1.3.1.�

Table�4.5.1.3.1��
Hydrodynamic�pressures�for�load�cases�H1,�H2,�F1�and�F2�

Load�case� Hydrodynamic�pressure,�[�kN/m
2

]�

H1� HFplH pkkp −=1 �

H2� HFplH pkkp =2 �

F1� HFF pp −=1 �

F2� HFF pp −=2 �

where:�

�
�
�

�

�

�
�

�

�
++−+= 1

2125
3

iLCi
nlpHF B

y

T

z
L

L
Cffp

λ
,�[kN/m2]� (4.5.1.3.1-1)�

with� 0.1
2

≤
iB

y
�and�z�is�to�be�taken�not�greater�than�T LCi;�
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fnl� –�� coefficient�considering�nonlinear�effect,�taken�equal�to:�

fnl�=�0.9� for�the�probability�level�of�10 –8 ,�
fnl�=�1.0� for�the�probability�level�of�10 –4 ;�

kl� –�� amplitude�coefficient�in�the�longitudinal�direction�of�the�ship,�taken�equal�to:�

�
3

5.0
2

1
12

1 −
�
�

�

�

�
�

�

�
−+=

L

x

B

y

C
k

B
l � for�0.0�≤�x /L�≤�0.5� (4.5.1.3.1-2)�

�
3

5.0
4

3
6

1 −
�
�

�

�

�
�

�

�
−+=

L

x

B

y

C
k

B
l � for�0.5�≤�x /L�≤�1.0� (4.5.1.3.1-3)�

kp� –�� phase�coefficient�in�the�longitudinal�direction�of�the�ship,�taken�equal�to:�

�
25.0

5.02
cos25.1

+
−

�
�

�

�

�
�

�

� −
��
�

�
��
�

�
−=

S

LC

S

LC
p T

T

L

Lx

T

T
k

π
,� (4.5.1.3.1-4)

�

for�local�strength�analysis�in�conditions�other�than�full�load�condition,�for�di-
rect�strength�analysis�and�for�fatigue�strength�assessments�
kp�=� −�1.0,�for�local�strength�analysis�in�full�load�condition;�

λ� –�� wave�length,�taken�equal�to:�

� L
T

T

S

LC
��
�

�
��
�

�
+= 16.0λ ,�[m],�for�load�cases�H1�and�H2� (4.5.1.3.1-5)�

� L
T

T

S

LC
��
�

�
��
�

�
+=

3

2
16.0λ ,�[m],�for�load�cases�F1�and�F2� (4.5.1.3.1-6)�

�

Figure�4.5.1.3.1� Distribution�of�hydrodynamic�pressure�pF 2�at�midship�

4.5.1.4� Hydrodynamic�pressures�for�load�cases�R1�and�R2�

4.5.1.4.1� The�hydrodynamic�pressures�pR�for�load�cases�R1�and�R2,�at�any�point�
of�the�hull�below�the�waterline�are�to�be�obtained�from�the�following�formulae.�The�
distribution�of�pressure�pR1�is�schematically�given�in�Fig�4.5.1.4.1.�
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�
�
�

�

�

�
�

�

�

�
�

�

�

�
�

�

�
+−++= 1

2125
88.0sin101 B

y

L

L
Cfyfp pnlR

λθ ,�[kN/m2�]� (4.5.1.4.1-1)�

� pR2�=�–� pR1,�[kN/m2]� (4.5.1.4.1-2)�
where:�
fnl� –�� coefficient�considering�nonlinear�effect,�taken�equal�to:�

fnl�=�0.8,�for�the�probability�level�of�10 –8�

fnl�=�1.0,�for�the�probability�level�of�10 –4�

� 2

2 RT
g

π
λ = ,�[m]� (4.5.1.4.1-3)�

y� –�� Y �co-ordinate�of�the�load�point,�taken�positive�on�the�portside,�[m].�

Weather�side Lee�side

�

Figure�4.5.1.4.1� Distribution�of�hydrodynamic�pressure�pR1�at�midship�

4.5.1.5� Hydrodynamic�pressures�for�load�cases�P1�and�P2�

4.5.1.5.1� The�hydrodynamic�pressures�pP,�for�the�load�cases�P1�and�P2,�at�any�
point�of�the�hull�below�the�waterline�are�to�be�obtained�from�Table�4.5.1.5.1.�The�
distribution�of�pressure�pP1�is�schematically�given�in�Fig�4.5.1.5.1.�

Table�4.5.1.5.1��
Hydrodynamic�pressures�for�load�cases�P1�and�P2�

Hydrodynamic�pressure,�[kN/m2]�
Load�case�

weather�side� lee�side�

P1� PP1�= �PP� pP1�=� pP�/�3�

P2� PP2=�–� PP� pP2�=� pP�/�3�

where:�

�
�

�

�

�
�

�

�
+−+=

B

y

T

z

L

L
Cffp

LCi
nlpP

2
32

125
5.4

λ
,�[kN/m2]� (4.5.1.5.1-1)�



�

�

�

129

fnl� –�� coefficient�considering�nonlinear�effect,�taken�equal�to:�
fnl�=�0.65� for�the�probability�level�of�10 –8�

fnl�=�1.0� for�the�probability�level�of�10 –4�

L
T

T

S

LC
��
�

�
��
�

�
+= 4.02.0λ ,�[m]� � (4.5.1.5.1-2)�

y � –�� Y �co-ordinate�of�the�load�point,�in�m,�as�defined�in�4.5.1.4.1.�

Weather�side Lee�side

�

Figure�4.5.1.5.1� Distribution�of�hydrodynamic�pressure�pP1�at�midship�

4.5.1.6� Correction�to�hydrodynamic�pressures�

4.5.1.6.1� For�the�positive�hydrodynamic�pressure�at�the�waterline�(in�load�cases�
H1,�H2,�F2,�R1,�R2�and�P1),�the�hydrodynamic�pressure�PW,C �at�the�side�above�
waterline�is�given�(see�Fig�4.5.1.6.2)�by:�

( )zTgpp LCiWLPCW −+= ρ,, ,�[kN/m2�]� for�T Lci�≤�z�≤�hW �+� T Lci� �(4.5.1.6.1-1)�

� pW,C �=�0� for� z�≥�hW �+�T Lci� (4.5.1.6.1-2)�
where:�
pW,WL � –�� positive�hydrodynamic�pressure�at�the� waterline�for�the�considered�load�

case,�[kN/m2�];�

g

p
h WLW

W ρ
,= ,�[m].�

4.5.1.6.2� For�the�negative�hydrodynamic�pressure�at�the�waterline�(in�load�cases�
H1,�H2,�F1,�R1,�R2,�and�P2),�the�hydrodynamic�pressure�PWC ,�under�the�waterline�
is�given�(see�Fig�4.5.1.6.2)�by:�
pW ,C�=� pW �,�[kN/m2],�without�being�taken�less�than� ( )LCiTzg −ρ � (4.5.1.6.2)�

where:�
pW � –�� negative� hydrodynamic� pressure� under� the�waterline� for� the� considered�

load�case,�[kN/m2].�
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PW,C

PW,WL

PW,WL

PW,C

Weather�side Weather�side

T
L
C

i

LCigTρ

( )gPh WLWW ρ/,= Hydrodynamic
pressure

Hydrodynamic
pressure

When�hydrodynamic�pressure�is�positive When�hydrodynamic�pressure�is�negative �
Figure�4.5.1.6.2� Correction�to�hydrodynamic�pressure�

4.5.2� Ex ternal�pressures�on�exposed�decks �

4.5.2.1� General�

4.5.2.1.1� The�external�pressures�on�exposed�decks�are�to�be�applied�for�the�local�
scantling� check� of� the� structures� on� exposed� deck� but� not� applied� for� fatigue�
strength�assessment.�

If�a�breakwater�is�fitted�on�the�exposed�deck,�no�reduction�in�the�external�pres-
sures�defined�in�4.5.2.2�and�4.5.2.3�is�allowed�for�the�area�of�the�exposed�deck�
located�aft�of�the�breakwater.�

4.5.2.2� Load�cases�H1,�H2,�F1�and�F2�

4.5.2.2.1� The�external�pressure�pD ,�for�load�cases�H1,�H2,�F1�and�F2,�at�any�point�
of�an�exposed�deck�is�to�be�obtained�from�the�following�formula:�

WD pp ϕ= ,�[kN/m2];�

where:�
pW � –�� pressure�obtained�from�the�formulae�in�Table�4.5.2.2.1-1,�[kN/m 2];�
ϕ� –�� coefficient�defined�in�Table�4.5.2.2.1-2�

Tab le�4.5.2.2.1-1��
Pressures�on�exposed�decks�for�H1,�H2,�F1�and�F2�

Location� Pressure�pW ,�[kN/m2]�

� LLL��≥�100�m� LLL�<� 100�m�

0�≤�x �/�LLL�≤�0.75� 34.3� 14.9�+�0.195�LLL�

0.75�<� x �/�LLL�<�1� ( )( ) ��
�

�
��
�

�
−−++ 341008.143.34

LL
LL L

x
La

� LLLL

LL

L

x

L

xL
6.325

9
2.12 +��

�

�
��
�

�
−+

�
where:�
a�:�Coefficient�taken�equal�to:�

a�=�0.0726�for�Type�B�freeboard�ships�
a�=�0.356�for�Type�B-60�or�Type�B-100�freeboard�ships. �
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Table�4.5.2.2.1-2��
Coefficient�for�pressure�on�exposed�decks�

Exposed�deck�location� ϕ�

Freeboard�deck�and�forecastle�deck� 1.00�

�Superstructure�deck,�excluding�forecastle�deck� 0.75�

1st�tier�of�deckhouse� 0.56�

2nd�tier�of�deckhouse� 0.42�

3rd�tier�of�deckhouse� 0.32�

4th�tier�of�deckhouse� 0.25�

5th�tier�of�deckhouse� 0.20�

6th�tier�of�deckhouse� 0.15�

7th�tier�of�deckhouse�and�above� 0.10�

4.5.2.3� Load�cases�R1,�R2,�P1�and�P2�

4.5.2.3.1� The�external�pressure�pD ,�for�load�cases�R1,�R2,�P1�and�P2,�at�any�point�
of�an�exposed�deck�is�to�be�obtained�from�the�following�formula:�

PD �=�0.4� ϕ�pW ,�[kN/m2]�
where:�
pW � –�� hydrodynamic�pressure�at�side�of�the�exposed�deck�for�the�load�cases�P1,�

P2,�R1�and�R2,�[kN/m2],�can�be�determined�by�4.5.1.6�at�the�z�co-ordinate.�
PW �is�to�be�taken�greater�one�of�the�hydrodynamic�pressures�pWC �at�both�
sides�of�the�exposed�deck�(portside�and�starboard),�and�is�not�to�be�taken�
less�than�zero.�

ϕ� –�� coefficient�defined�in�Tab�4.5.2.2.1-2�

4.5.2.4� Pressure�due�to�distributed�load�

4.5.2.4.1� If�a�distributed�load�is�carried�on�an�exposed�deck,�the�static�pressure�pS�

corresponding�to�this�load�is�to�be�defined�by�the�Designer�and,�in�general,�is�not�to�
be�taken�less�than�10�kN/m2.The�total�pressure�p�due�to�this�load�is�to�be�considered�
not�simultaneously�to�the�pressures�defined�in�4.5.2.2�and�4.5.2.3.�It�is�to�be�taken�
equal�to�the�greater�value�obtained�from�the�following�formulae:�

� p�=� pS�+� pW ,�[kN/m2]� (4.5.2.4.1-1)�

� p�=� pD ,[kN/m2]� (4.5.2.4.1-2)�

where:�
pS� –�� static�pressure�due�to�the�distributed�load�carried,�if�any�
pW� –�� dynamic�pressure�due�to�the�distributed�load�carried,��taken�equal�to:�

� S
Z

W p
g

a
p = ,�[kN/m2]� (4.5.2.4.1-3)�
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aZ � –�� vertical�acceleration�at�the�centre�of�gravity�of�the�distributed�load�carried�
for�the�load�case�considered,�obtained�by�the�formulae�defined�in�4.2.3.2,�
[m/s2];�

pD � –�� pressure�for�the�exposed�deck,�for�th e�load�case�considered,�as�defined�in�
4.5.2.2.1�and�4.5.2.3.1.�

4.5.2.4.2� Concentrated�forces�due�to�unit�load�

If�a�unit�load�is�carried�on�an�exposed�deck,�the�static�and�dynamic�forces�due�to�
the�unit�load�carried�are�considered.�

The�total�force�F� due�to�this�load�is�to�be�considered�not�simultaneously�to�the�
pressures�defined�in�4.5.2.2�and�4.5.2.3.�It�is�to�be�taken,�in,�equal�to�value�obtained�
from�the�following�formula:�

� F �=� F S�+� F W ,�[kN]� (4.5.2.4.2-1)�
where:�
F S� –�� static�force�due�to�the�unit�load�carried,�taken�equal�to:�

� F S�=�mU g,�[kN]� (4.5.2.4.2-2)�

F W � –�� dynamic�force�due�to�unit�load�carried,�taken�equal�to:�

� F W �=�mU aZ ,�[kN]� (4.5.2.4.2-3)�

mU � –�� mass�of�the�unit�load�carried,�[t];�
aZ � –�� vertical�acceleration�at�the�centre�of �gravity�of�the�unit�load�carried�for�the�

load�case�considered,�obtained�by�the�formulae�defined�in�4.2.3.2,�[m/s2].�

4.5.3� Ex ternal�pressures�on�superstructure�and�deckhouses�

4.5.3.1� Exposed�decks�

4.5.3.1.1� External�pressures�on�exposed�decks�of�superstructures�and�deckhouses�
are�to�be�obtained�according�to�4.5.2.�

4.5.3.2� Exposed�wheel�house�tops�

4.5.3.2.1� The�lateral�pressure�p�for�exposed�wheel�house�tops�is�not�to�be�taken�
less�than�12.5�kN/m2.�

4.5.3.3� Sides�of�superstructures�

4.5.3.3.1� The�lateral�pressure�p SI �for�sides�of�superstructures�is�to�be�obtained�

from�the�following�formula:�

� ( )
Tz

CcCfp BFpSI −+
+=

10

20
7.01.2 ,�[kN/m2]� (4.5.3.3.1)�

fp� –�probability�factor,�taken�equal�to:�
fp�=�1.0� for�plate�panels�
fp�=�0.75� for�ordinary�stiffeners�and�primary�supporting�members�

CF �–�distribution�factor�according�to�Table�4.5.3.3.1.�
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Table�4.5.3.3.1��
Distribution�factor�CF �

Location� CF �

2.00 <≤
L

x

�
�
�

�
�
�

� −+
L

x

CB

2.0
5

0.1 ,�without�taking�x /L�less�than�0.1�

2.0≥
L

x
� 1.0�

4.5.3.4� End�bulkheads�of�superstructure�and�deckhouse�walls�

4.5.3.4.1� The� lateral� pressure� for� determining� the� scantlings� is� to�be�obtained�
from�the�greater�of�the�following�formulae:�

� ( )[ ]TzbCncpA −−= ,�[kN/m2]� (4.5.3.4.1-1)�

� pA �=� pAmin ,�[kN/m2]� (4.5.3.4.1-2)�
where:�
n� –�� coefficient�defined�in�Table�4.5.3.4.1-1,�depending�on�the�tier�level;�

The�lowest�tier�is�normally�that�tier�which�is�directly�situated�above�the�up-
permost�continuous�deck�to�which�the�depth�D� is�to�be�measured.�However,�
where�the�actual�distance�(D�–�T)� exceeds�the�minimum�non-corrected�tabu-
lar�freeboard�according�to�ILLC�as�amended�by�at�least�one�standard�super-
structure�height�as�defined�in�1.4.3.18.1,�this�tier�may�be�defined�as�the�2nd�
tier�and�the�tier�above�as�the�3rd�tier;�

C� –�� coefficient�taken�equal�to:�

�
1

17.03.0
B

b
c += � (4.5.3.4.1-3)�

For�exposed�parts�of�machinery�casings,�c�is�not�to�be�taken�less�than�1.0;�
b1� –�� breadth�of�deckhouse�at�the�position�considered;�
B 1�–�� actual�maximum�breadth�of�ship�on�the�exposed�weather�deck�at�the�position�

considered;�
b1/B 1�is�not�to�be�taken�less�than�0.25;�

b� –�� coefficient�defined�in�Table�4.5.3.4.1-2;�
x � –�� X� co-ordinate,�in�m,�of�the�calculation�point�for�the�bulkhead�considered.�

When�determining�sides�of�a�deckhouse,�the�deckhouse�is�to�be�subdivided�
into�parts�of�approximately�equal�length,�not�exceeding�0.15L�each,�and�x �is�
to�be�taken�as�the�X� co-ordinate�of�the�centre�of�each�part�considered.�

z� –�� Z� co-ordinate,�in�m,�of�the�midpoint�of�stiffener�span,�or�to�the�middle�of�the�
plate�field;�

l� –�� span,�in�m,�to�be�taken�as�the�superstructure�height�or�deckhouse�height�re-
spectively,�and�not�less�than�2.0�m;�

pAmin � –�minimum�lateral�pressure,�defined�in�Table�4.5.3.4.1-3,�[kN/m 2].�
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Table�4.5.3.4.1-1��
Coefficient�n �

Type��
of��bulkhead�

Location� n�

Lowest�tier�
12

20 2L
+

�

Second�tier�
12

10 2L
+ �

Unprotected�
front�

Third�tier�and�above�
15

5 2L
+ �

Protected�front� All�tiers�
15

5 2L
+ �

Sides� All�tiers�
15

5 2L
+ �

Abaft�amidships�
2

2 8
100

7
L

xL
−+ �

Aft�end�

Forward�of�amidships�
2

2 4
100

5
L

xL
−+

�

Table�4.5.3.4.1-2�
Coefficient�b�

Location�of�bulkhead� b�

45.0<
L

x
�

2

02.

45.0
0.1

�
�
�
�

�

�

�
�
�
�

�

�

+

+
+

BC
L

x

�

45.0≥
L

x

�

2

02.

45.0
0.1

�
�
�
�

�

�

�
�
�
�

�

�

+

+
+

BC
L

x

�

Where:�

CB :�Block�coefficient�with�0.6�≤�CB �≤�0.8.�When�determining�of�aft�ends��
forward�of�amidships,�CB �need�not�be�taken�less�than�0.8.�

�
�
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Table 4.5.3.4.1-3  
Minimum lateral pressure pA min 

 pAmin, [kN/m2] 

L 
Lowest tier of unprotected 

fronts Elsewhere (1) 

90 < L < 250 
10

25 L
�  

20
5.12 L
�  

L >250 50 25 
(1) For the 4th tier and above, pAmin is to be taken equal to 12.5 kN/m2. 

4.5.4 Pressure in bow area 

4.5.4.1 Bow flare area pressure 

4.5.4.1.1 The bow pressure, pFB to be considered for the reinforcement of the bow 
flare area is to be obtained from the following formula: 

 � �WSFB ppKp �� , [kN/m2] (4.5.4.1.1-1) 

where: 
pS, pW  –  hydrostatic pressure and maximum hydrodynamic pressures among load 

 cases H, F, R and P, calculated in normal ballast condition at TB, [kN/m2]; 

K – coefficient taken equal to: 

 

� �

� �B

B
B

FL Tz

L
x

C
CC

LVc
K ��

�
�

�

�

�
�

�

�
�
�

�
�
�

�
���

�
	 10

7.02017.042

6.02.0
2

2

 (4.5.4.1.1-2) 

 to be taken not less than 1.0; 
cFL – coefficient taken equal to: 

i) in general: 

 cFL = 0.8 (4.5.4.1.1-3) 

ii) where the flare angle a is greater than 40°: 

 
�sin09.12.1

4.0
�

�FLc  (4.5.4.1.1-4) 

where, the flare angle α at the load calculation point is to be measured in 
plane of the frame between a vertical line and the tangent to the side shell 
plating. (see Fig 4.5.4.1.1). 
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tangent�to�the
side�shell

Plane�of�the�frame

Flare�angle

load�calculation�point

T B

z

x

CL
�

Figure�4.5.4.1.1� The�definition�of�the�flare�angle�

4.5.4.2� Design�bottom�slamming�pressure�

4.5.4.2.1� The�bottom�slamming�pressure�to�be�considered�for�the�reinforcement�
of�the�flat�bottom�forward�is�to�be�obtained�from�the�following�formula:�

� Lccp SLSL 1162= ,�[kN/m2]� for�L�≤�150m� (4.5.4.2.1-1)�

� ( )Lccp SLSL 002.03.11984 1 −= ,�[kN/m2]� for�L�> �150m� (4.5.4.2.1-2)�

where:�
c1� –�� coefficient�taken�equal�to:�

�
2.0

1 5.66.3 �
�

�
�
�

�−=
L

T
c BFP � (4.5.4.2.1-3)��

� –�� to�be�taken�not�greater�than�1.0;�
T BFP � –�� smallest�design�ballast�draught,�i n�m,�defined�at�forward�perpendicular�

for�normal�ballast�conditions.�Where� the�sequential�method�for�ballast�
water�exchange�is�intended�to�be�applied,�T BFP �is�to�be�considered�for�the�
sequence�of�exchange.�

cSL� –�� distribution�factor�taken�equal�to�(see�Fig�4.5.4.2.1):�

� cSL�=�0� for� 5.0≤
L

x
� (4.5.4.2.1-4)�

�
2

5.0

c
L

x

cSL

−
= � for� 25.05.0 c

L

x +≤< � (4.5.4.2.1-5)�

� cSL�=�1.0� for� 22 65.05.0 c
L

x
c +≤<+ � (4.5.4.2.1-6)�
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�

�
�
�
�

�

�

�
�
�
�

�

�

−

−
+=

235.0

1
15.0

c
L

x

cSL � for� 265.0 c
L

x +> � (4.5.4.2.1-7)�

c2� –�� coefficient�taken�equal�to:�

2500
33.02

LCc B += ,�to�be�taken�not�greater�than�0.35.�

cSL

0.5

1.0

0
1.00.5 0.6 0.7 0.8 0.9 x /L �

Figure�4.5.4.2.1� Distribuction�factor�C�

4.5.4.2.2� It�is�the�Master’s�responsibility�to�observe,�among�others,�the�weather�
conditions�and�the�draught�at�forward�perpendicular�during�water�ballast�exchange�
operations,�in�particular�when�the�forward�draught�during�these�operations�is�less�
than�T BPP .�

The�above�requirement�and�the�draught�T BPP �is�to�be�clearly�indicated�in�the�op-
erating�manuals.�

4.5.5� Ex ternal�pressures�on�hatch�covers �

4.5.5.1� General�

4.5.5.1.1� If�a�specific�load�is�carried�on�a�hatch�cover,�the�pressure�is�to�be�ob-
tained�according�to�4.5.2.4.�

4.5.5.2� W  ave�pressure �

4.5.5.2.1� The�pressure�at�any�point�of�the�hatch�cover�is�to�be�obtained�according�
to�4.5.2.2.1,�considering�ϕ�equal�to�1.0.�

However,�when� the�hatchway� is� located�at� least�one� superstructure� standard�
height,�as�defined�in�1.4.3.18,�higher�than�the�freeboard�deck,�the�pressure�pw �may�
be�taken�equal�to�34.3�kN/m2.�



 

 138

4.6 Internal pressures and forces 

4.6.0  Symbols 

�c  –  density of the dry bulk cargo, [t/m3], taken equal to: 
i) the value given in Table 4.6.0 for ships having a length L of 150 m and 

above, 
ii) the maximum density from the loading manual for ships having a length 

L less than 150 m. 

Table 4.6.0  
Density of dry bulk cargo 

Density 
Type of loading BC-A, BC-B BC-C 

Cargo hold loaded up to the upper deck max(MH/VH, 1.0) 1.0 
Cargo hold not loaded up to the upper deck 3.0 (1) – 
(1) Except otherwise specified by the designer. 

�L –  density of internal liquid, taken equal to 1.025 when internal liquid is bal-
last water, [t/m3]; 

MH –  the actual cargo mass in a cargo hold corresponding to a homogeneously 
loaded condition at maximum draught, [t]; 

VH –  volume of cargo hold excluding the volume enclosed by hatch coaming, 
[m3]; 

KC –  coefficient taken equal to: 
� � ���

22 sinsin1cos ��CK  for inner bottom, hopper tank, transverse 
and longitudinal bulkheads, lower stool, vertical upper stool, inner side 
and side shell, 
KC = 0 for top side tank, upper deck and sloped upper stool; 

� –  angle between panel considered and the horizontal plane, [deg]; 
� –  assumed angle of repose of bulk cargo (considered drained and removed), 

[deg]; in the absence of more precise evaluation, the following values may 
be taken: 
� = 30� in general, 
� = 35� for iron ore, 
� = 25� for cement; 

hc –  vertical distance from the inner bottom to the upper surface of bulk cargo, 
as defined in 4.6.1.1.1 or 4.6.1.1.2, [m]; 

hDB –  height of the double bottom in the centreline, [m]; 
hLS –  mean height of the lower stool, measured from the inner bottom, [m]; 
zTOP –  Z co-ordinate of the top of the tank, in upright condition, [m]; 
zBO –  Z co-ordinate of the top of the overflow pipe, [m]; 
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aX � –�� longitudinal� acceleration� at� the� centre� of� gravity� of� the� hold� or� tank�
considered,�obtained�by�the�formulae�defined�in�4.2.3.2,�[m/s2];�

aY � –�� transverse�acceleration�at�the�centre�of�gravity�of�the�hold�or�tank�consid-
ered,�obtained�by�the�formulae�defined�in�4.2.3.2,�[m/s2];�

aZ� –�� vertical�acceleration�at�the�centre�of�gravity�of�the�hold�or�tank�considered,��
obtained�by�the�formulae�defined�in�4.2.3.2,�[m/s2];��

B H � –�� mean�breadth�of�the�cargo�hold,�[m];�
bIB� –�� breadth�of�inner�bottom,�as�defined�on�Fig�4.6.1.1.2,�[m];���
D 1� –�� distance�from�the�base�line�to�the�freeboard�deck�at�side�amidships,�[m];��
sC� –�� spacing�of�corrugations,�see�Fig�3.6.10.4.2,�[m];�
x ,�y ,�z� –� X ,�Y� and�Z� co-ordinates�of�the�load�point�with�respect�to�the�reference�co-

ordinate�system�defined�in�1.4�y� is�to�be�taken�positive�on�the�weather�
side,�[m];�

x G ,�y G ,�zG ��–��X ,�Y� and�Z� co-ordinates�of�the�centre�of�gravity�of�the�hold�or�tank�
considered�with�respect�to�the�reference�co-ordinate�system�defined�in�
1.4,�[m];��

dAP� –�� distance�from�the�top�of�air�pipe�to�the�top�of�compartment,�taken�equal�to:�

dAP ��= ��zBO �–�zTOP ,�[m].�

For�symbols�not�defined�in�4.6,�refer�to�1.4.�

4.6.1� Lateral�pressure�due�to�dry�bulk�cargo�

4.6.1.1� Dry�bulk�cargo�upper�surface�

4.6.1.1.1� When�the�dry�bulk�cargo�density�is�such�that�the�cargo�hold�is�loaded�to�
the�top�of�hatch�coaming,�the�upper�surface�of�the�dry�bulk�cargo�is�an�equivalent�
horizontal�surface�to�be�determined�in�considering�the�same�loaded�cargo�volume�
in�the�considered�hold�bounded�by�the�side�shell�or�inner�hull,�as�the�case�may�be.�
For�holds�of�cylindrical�shape,�the�equivalent�horizontal�surface�of�the�dry�bulk�
cargo�may�be�taken�at�a�distance�hC��above�the�inner�bottom�obtained�from�the�fol-
lowing�formula�(see�Fig�4.6.1.1.1�):�

� hC�=� hHPU �+� h0�,�[m]� (4.6.1.1.1-1)�
where:�

�
H

A

B

S
h =0 ,�[m]� (4.6.1.1.1-2)�

�
H

HC
A

V
SS

λ
+= 0 ,�[m2]� (4.6.1.1.1-3)�

hHPU � –�vertical�distance�between�inner�bottom�and�lower�intersection�of�top�side�
tank�and�side�shell�or�inner�side,�as�the�case�may�be,�as�defined�in�Fig�
4.6.1.1.1,�[m];�
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S0� –�� shaded�area�above�the�lower�intersection�of�top�side�tank�and�side�shell�or�
inner�side,�as�the�case�may�be,�and�up�to�the�upper�deck�level,�as�defined�in�
Fig�4.6.1.1.1,�[m2];�

V HC � –�� volume,�enclosed�by�the�hatch�coaming,�[m 3].�

h0

Double�side�bulk�carrierSingle�side�bulk�carrier

hchc

h0

hHPU hHPU

S0S0

�

Figure�4.6.1.1.1� Definitions�of�hC,�h0,�hHPU �and�S0�

4.6.1.1.2� When� the� dry� bulk� cargo� density� is� such� that� the� cargo� hold� is� not�
loaded�up�to�the�upper�deck,�upper�surface�the�of�the�dry�bulk�cargo�is�considered�
as�having�a�plane�surface�of�width�B H /2�in�the�centreline�and�inclined�parts�with�an�
angle�equal�to�half�the�angle�of�repose�(ψ/2)�at�sides,�and�is�to�be�determined�in�
considering�the�same�loaded�cargo�volume�in�the�considered�hold,�taken�equal�to�
M/ρC.�

For�holds�of�cylindrical�shape,�the�upper�surface�of�the�dry�bulk�cargo�may�be�
taken�at�a�distance�hC�above�the�inner�bottom�obtained�from�the�following�formula�
(see�Fig�4.6.1.1.2):�

� hC�=� hHPL �+� h1�+� h2,�[m]� (4.6.1.1.2-1)�
where:�
hHPL � –�� vertical�distance,�in�m,�between�inner�bottom�and�upper�intersection�of�

hopper�tank�and�inner�side,�as�defined�in�Fig�4.6.1.1.2,�[m].�hHPL �is�to�be�
taken�equal�to�0�if�there�is�no�hopper�tank;�

h1� –�� vertical�distance�obtained�from�the�following�formula,�see�Fig�4.6.1.1.2:�

�
HH

TS
HHPL

H

IBH

HHC B

V
Bh

B

bB

B

M
h

λλ
+−+−=

2
tan

16

3

21

ψ
ρ

,�[m](4.6.1.1.2-2)�

M� –�� mass�of�the�bulk�cargo�to�be�considered,�as�defined�in�4.7,�[t];�
V TS � –�� �total�volume�of�transverse�stools�at�bottom�of�transverse�bulkheads�within�

�the�concerned�cargo�hold�length�lH .�This�volume�excludes�the�part�of�hop-
per�tank�passing�through�the�transverse�bulkhead,�[m3];�

h2� –���bulk�cargo�upper�surface,�depending�on�y ,�given�by:�

�
2

tan
42

ψHB
h = ,�[m],�if�

4
0 HB

y ≤≤ � (4.6.1.1.2-3)�
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�
2

tan
22

ψ
�
�

�
�
�

� −= y
B

h H ,�[m],�if�
24
HH B

y
B ≤≤ � (4.6.1.1.2-4)�

Shape�of�bulk�cargo�surface�for�strength�assessment

bIB

hC

Single�side�bulk�carrier Double�side�bulk�carrier

h2

B H /2

hHPL

hf

2/ψ h2

B H /2

hHPL

hf

2/ψ
hC

bIB

�

Figure�4.6.1.1.2� Definitions�of�hC,�h1,�h2�and�hHPL�

For�holds�of�non-cylindrical� shape,� and� in� case�of�prescriptive� rule� require-
ments,�the�upper�surface�of�the�bulk�cargo�may�be�taken�at�the�upper�deck�level�
with�a�density�of�dry�bulk�cargo�equal�to�M/V H ..�

4.6.1.2� Dry�bulk�cargo�pressure�in�still�water�

4.6.1.2.1� The�dry�bulk�cargo�pressure�in�still�water�pCS��is�given�by:�

� ( )zhhgKp DBCCCCS −+= ρ ,�[kN/m2]� (4.6.1.2.1)�

4.6.1.3� Inertial�pressure�due�to�dry�bulk�cargo�

4.6.1.3.1� The�inertial�pressure�induced�by�dry�bulk�cargo�pCW ,[kN/m2],�for�each�
load�case�is�given�by�the�following�formulae:�

( ) ( )[ ]zhhaKxxap DBCzCGXCCW −++−= 25.0ρ �for�load�case�H,� (4.6.1.3.1-1)�

pCW �=�0�for�load�case�F,� (4.6.1.3.1-2)�

( ) ( )[ ]zhhaKyyap DBCzCGYCCW −++−= 25.0ρ � (4.6.1.3.1-3)�

for�load�cases�R�and�P.��
(x-x G )�is�to�be�taken�as�0.25lH �in�the�load�case�H1�or�–0.25lH �in�the�load�case�H2�for�
local�strength�by�Chapter�6�and�fatigue�check�for�longitudinal�stiffeners�by�Chapter�
8.�The�total�pressure�(pCS�+� pCW )�is�not�to�be�negative.�
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4.6.1.4� Shear�load�due�to�dry�bulk�cargo�

4.6.1.4.1� In�order�to�evaluate�the�total�force�in�the�vertical�direction,�shear�load�
due�to�dry�bulk�cargo�acting�along�sloping�plates�in�way�of�bilge�hopper�tank�and�
lower�stool�is�to�be�considered.�

The�shear�load�due�to�dry�bulk�cargo�acting�along�the�sloping�members�in�still�
water�pCS–S�(positive�down�to�inner�bottom�plating)�is�given�by:�

�
( )( )

α
ρ

tan

1 zhhK
gp DBCC

CSCS

−+−
=− ,�[kN/m2]� (4.6.1.4.1-1)�

The�shear�load�due�to�dry�bulk�cargo�acting�along�the�sloping�members�in�waves�
pCW-S �(positive�down�to�inner�bottom�plating)�is�given�by:�

�
( )( )

α
ρ

tan
1 zhhK

ap DBCC
ZCSCS

−+−=− ,�[kN/m2]� (4.6.1.4.1-2)�

for�load�cases�H,�R�and�P,�
� pCW–S �=�0� for�load�case�F� (4.6.1.4.1-3)�

4.6.1.4.2� In�order�to�evaluate�the�total�force�in�the�longitudinal�and�transverse�
directions,�shear�load�due�to�dry�bulk�cargo�in�way�of�inner�bottom�plating�is�to�be�
considered.�

The�shear�load�due�to�dry�bulk�cargo�in�the�longitudinal�direction�in�waves�pCW-S �
(positive�forward)�is�given�by:�

� CXCSCW hap ρ75.0=− ,�[kN/m2]�for�load�case�H,� (4.6.1.4.2-1)�

� pCW–S �=�0�for�load�cases�F,�R�and�P� (4.6.1.4.2-2)�

The�shear�load�due�to�dry�bulk�cargo�in�the�transverse�direction�in�waves�pCW–S �
(positive�weather�side)�is�given�by:�

� CYCSCW hap ρ75.0=− ,�[kN/m2]�for�load�cases�R�and�P,� (4.6.1.4.2-3)�

� pCW–S �=�0�for�load�cases�H�and�F� (4.6.1.4.2-4)�

4.6.2� Lateral�pressure�due�to�liquid�

4.6.2.1� Pressure�due�to�liquid�in�still�water�

4.6.2.1.1� The�liquid�pressure�in�still�water�pBS ,�is�given�by�the�greater�of�the�fol-
lowing�values:�
� ( )APTOPLBS dzzgp 5.0+−= ρ ,�[kN/m2]� (4.6.2.1.1-1)�

� ( ) PVTOPLBS Pzzgp 100+−= ρ ,�[kN/m2]� (4.6.2.1.1-2)�

where:�
PPV � –�setting�pressure�of�safety�valves�to�be�considered,�[bar],�if�any.�
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For�local�strength�assessments,�the�static�pressure�pBS �is�to�be�taken�not�less�than�
25�kN/m2.�

4.6.2.1.2� When�checking�ballast�water�exchange�operations�by�means�of�the�flow�
through�method,�the�static�pressure�pBS �for�local�strength�assessments�and�direct�
strength�analysis�by�Chapter�7�is�to�be�not�less�than:�

� ( ) 25++−= APTOPLBS dzzgp ρ ,�[kN/m2]� (4.6.2.1.2)�

Additional�calculation�may�be�required�where�piping�or�pumping�arrangements�
may�lead�to�a�higher�pressure.�

4.6.2.1.3� For�fatigue�strength�assessment,�the�liquid�pressure�in�still�water�pBS �is�
given�by�the�following�formula:�

� )( zzgp TOPLBS −= ρ ,�[kN/m2]� (4.6.2.1.3)�

If�the�p BS is�negative,�pBS �is�to�be�taken�equal�to�0.�
Where�the�considered�load�point�is�located�in�the�fuel�oil,�other�oils�or�fresh�wa-

ter�tanks,�liquids�are�assumed�to�be�fulfilled�up�to�the�half�height�of�the�tanks�and�
zTOP �is�taken�to�the�Z�coordinate�of�the�liquid�surface�at�the�upright�condition.�

4.6.2.2� Inertial�pressure�due�to�liquid�

4.6.2.2.1� The�inertial�pressure�due�to�liquid�pBW� for�each�load�case�is�given�as�
follows.�When�checking�ballast�water�exchange�operations�by�means�of�the�flow�
through�method,�the�inertial�pressure�due�to�ballast�water�is�not�to�be�considered�for�
local�strength�assessments�and�direct�strength�analysis.�

( ) ( )[ ]BXTOPZLBW xxazzap −+−= ρ ,�[kN/m2]��for�load�case�H,� (4.6.2.2.1-1)�

(x-x B )�is�to�be�taken�as�0.75lH �in�the�load�case�H1�or�–�0.75lH �in�the�load�case�H2��
for� local� strength�by�Chapter�6�and� fatigue�check� for� longitudinal� stiffeners�by�
Chapter�8.�
� pBW �=�0�for�load�case�F,� (4.6.2.2.1-2)�

� ( ) ( )[ ]BYTOPZLBW yyazzap −+−= ρ �for�load�cases�R�and�P� (4.6.2.2.1-3)�

where:�
x B � –�� X �co-ordinate,�in�m,�of�the�aft�end�of�the�tank�when�the�bow�side�is�down-

ward,�or�of�the�fore�end�of�the�tank�when�the�bow�side�is�upward,�as�de-
fined�in�Fig�4.6.2.2.1,�[m];�

y B � –�� Y� co-ordinate,�in�m,�of�the�tank�top�located�at�the�most�lee�side�when�the�
weather�side�is�downward,�or�of�the�most�weather�side�when�the�weather�
side�is�upward,�as�defined�in�Fig�4.6.2.2.1,�[m];�

zB � –�� Z� co-ordinate�of�the�following�point,�[m]:�
i)� for�completely�filled�spaces:�the�tank�top,�
ii)�for�ballast�hold:�the�top�of�the�hatch�coaming.�
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The reference point B is defined as the upper most point after rotation by the 
angle � between the vertical axis and the global acceleration vector Aa shown in 
Fig 4.6.2.2.1. � is obtained from the following formulae: 
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� , [deg] (4.6.2.2.1-4) 

for load cases H1 and H2, 
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for load cases R1(P1) and R2(P2). 
where: 
� – single roll amplitude defined in 4.2.2.1.1, [deg]; 
� – single pitch amplitude defined in 4.2.2.2.1, [deg]; 
The total pressure (pBS + pBW) is not to be negative. 
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Figure 4.6.2.2.1 Definition of xB and yB 

4.6.3 Lateral pressures and forces in flooded condition 

4.6.3.1 Application 

4.6.3.1.1 The lateral pressures to be considered in flooded condition are indicated in: 
i) 4.6.3.2 in general cases, 
ii) 4.6.3.3 for the particular case of transverse corrugated bulkheads, 
iii) 4.6.3.4 for the particular case of double bottom. 
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4.6.3.2� General�

4.6.3.2.1� The�pressure�pF �to�be�considered�as�acting�on�plating�(excluding�bottom�
and�side�shell�plating)�which�constitute�boundaries�of�compartments�not�intended�
to�carry�liquids�is�to�be�obtained,�from�the�following�formula:�

( )zz
g

a
gp F

z
F −��

�

�
��
�

�
+= 6.01ρ ,�[kN/m2],�without�being�less�than�gd0� (4.6.3.2.1-1)�

where:�
zF � –�� Z �co-ordinate,�[m],�of�the�freeboard�deck�at�side�in�way�of�the�transverse�

section�considered.�Where�the�results�of�damage�stability�calculations�are�
available,�the�deepest�equilibrium�waterline�may�be�considered�in�lieu�of�
the�freeboard�deck;�in�this�case,�PRS�may�require�transient�conditions�to�be�
taken�into�account;�

d0� –�� distance,�to�be�taken�equal�to:�

d0�= �0.02L,�[m],�for�90�m�≤�L�<� 120�m,� (4.6.3.2.1-2)�

d0�=�2.4,�[m],for� L�≥�120�m.� (4.6.3.2.1-3)�

4.6.3.3� Transverse�vertically�corrugated�watertight�bulkheads �

4.6.3.3.1� Application�

Each�cargo�hold�is�to�be�considered�individually�flooded.�

4.6.3.3.2� General�

4.6.3.3.2.1� The�loads�to�be�considered�as�acting�on�each�bulkhead�are�those�given�
by� the�combination�of� those� induced�by�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�is�to�be�considered.�

The�most�severe�combinations�of�cargo�induced�loads�and�flooding�loads�are�to�
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.�

4.6.3.3.2.2� For�the�purpose�of�this�item,�homogeneous�loading�condition�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.�

Non-homogeneous� part� loading� conditions� associated�with�multiport� loading�
and�unloading�operations�for�homogeneous�loading�conditions�need�not�be�consid-
ered�according�to�these�requirements.�



�

�

�

146

4.6.3.3.2.3� The�specified�design�load�limits�for�the�cargo�holds�are�to�be�repre-
sented�by�loading�conditions�defined�by�the�Designer�in�the�loading�manual.�

4.6.3.3.2.4� For�the�purpose�of�this�item,�holds�carrying�packed�cargoes�are�to�be�
considered�as�empty.�

4.6.3.3.2.5� Unless�the�ship�is�intended�to�carry,�in�non-homogeneous�conditions,�
only�iron�ore�or�cargo�having�bulk�density�equal�to�or�greater�than�1.78�t/m3,�the�
maximum�mass�of�cargo�which�may�be�carried�in�the�hold�is�also�to�be�considered�
to�fill�that�hold�up�to�the�upper�deck�level�at�centreline.�

4.6.3.3.3� Flooding�level�

The�flooding�level�zF �is�the�distance,�[m],�measured�vertically�from�the�base�line�
with�the�ship�in�the�upright�position,�and�equal�to:�

.1� in�general:�
i)� D 1�for�the�foremost�transverse�corrugated�bulkhead,�
ii)�0.9D 1�for�other�bulkheads.�

.2�Where�the�ship�is�to�carry�cargoes�having�bulk�density�less�than�1.78�t/m3�in�
non-homogeneous�loading�conditions,�the�following�values�may�be�assumed:�
i)� 0.95D 1�for�the�foremost�transverse�corrugated�bulkhead,�
ii)�0.85D 1�for�other�bulkheads.�

.3�For�ships�less�than�50000�t�deadweight�with�type�B�freeboard�
i)� 0.95D 1�for�the�foremost�transverse�corrugated�bulkhead,�
ii)�0.85D 1�for�other�bulkheads.�

.4�Where�the�ship�is�to�carry�cargoes�having�bulk�density�less�than�1.78�t/m3�in�
non-homogeneous�loading�conditions,�the�following�values�may�be�assumed:�
i)� 0.9D 1�for�the�foremost�transverse�corrugated�bulkhead,�
ii)�0.8D 1�for�other�bulkheads.�

4.6.3.3.4� Pressures�and�forces�on�a�corrugation�in�non-flooded�bulk�cargo�
loaded�holds�

At�each�point�of�the�bulkhead,�the�pressure�is�to�be�obtained�from�the�following�
formula:�

� ( ) �
�

�
�
�

� −−+=
2

45tan 2 ψρ zhhgp DBCCB ,�[kN/m2]� (4.6.3.3.4-1)�

The�force�acting�on�a�corrugation�is�to�be�obtained�from�the�following�formula:�

�
( )

�
�

�
�
�

� −
−

=
2

45tan
2

2
2 ψρ LSC

CCB

hh
gsF ,�[kN]� (4.6.3.3.4-2)�
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4.6.3.3.5� Pressures�and�forces�on�a�corrugation�in�flooded�bulk�cargo�loaded�
holds�

Two�cases�are� to�be�considered,�depending�on� the�values�of� zF �and�hC� (see�
4.6.3.3.3�and�4.6.1.1):�

.1�First�case,�when�zF �≥�hc�+�h DB �
i)� at� each� point� of� the� bulkhead� located� at� a� distance� between� zF � and��

hc�+� hDB �from�the�base�line,�the�pressure�is�to�be�obtained�from�the�follow-
ing�formula:�

� ( )zzgp FFB −= ρ, ,�[kN/m2]� (4.6.3.3.5.1-1)�

ii)�at�each�point�of�the�bulkhead�located�at�a�distance�lower�than�hc�+� hDB �
from�the�base�line,�the�pressure�is�to�be�obtained�from�the�following�for-
mula�

( ) ( )[ ] ( ) �
�

�
�
�

� −−+−−+−=
2

45tan1 2
,

ψρρρ zhhgpermzzgp DBCCFFB
,[kN/m2]�(4.6.3.3.5.1-2)�

where�perm�is�the�permeability�of�cargo,�to�be�taken�as�0.3�for�iron�ore,�
coal�cargoes�and�cement.�

iii)�the�force�F B,F �acting�on�a�corrugation�is�to�be�obtained�from�the�following�
formula:�

( ) ( ) ( ) ( )�
�

�
�
�

�
−

+−−
+−−= LSC

LEFBDBCFDBCF
CFB hh

phhzghhz
gsF

22
,

2

,

ρ
ρ ,[kN]�(4.6.3.3.5.1-3)�

where�(pB ,F )LE �is�the�pressure�pB ,F ,�[kN/m2],�calculated�at�the�lower�edge�
of�the�corrugation.�

.2�Second�case,�when�zF �<� hC�+� hDB �
i)� at� each� point� of� the� bulkhead� located� at� a� distance� between� zF � and��

hC�+� hDB �from�the�base�line,�the�pressure�is�to�be�obtained�from�the�fol-
lowing�formula:�

� ( ) �
�

�
�
�

� −−+=
2

45tan 2
,

ψρ zhhgp DBCFB ,�[kN/m2]� (4.6.3.3.5.2-1)�

ii)�at�each�point�of�the�bulkhead�located�at�a�distance�lower�than�zF �from�the�
base�line,�the�pressure�is�to�be�obtained�from�the�following�formula:�

( ) ( ) ( )( )[ ] �
�

�
�
�

� −−−−−++−=
2

45tan1 2
,

ψρρρ gzzpermzhhzzgp FDBCCFFB ,[kN/m2]��

� (4.6.3.3.5.2-2)�

where�perm�is�the�permeability�of�cargo,�to�be�taken�as�0.3�for�iron�ore,�
coal�cargoes�and�cement.�

iii)�the�force�F B,F �acting�on�a�corrugation�is�to�be�obtained�from�the�following�
formula:�
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ψ
ρ

� [kN](4.6.3.3.5.2-3)�
where�(pB,F )LE �is�the�pressure�pB,F ,,�[kN/m2],�calculated�at�the�lower�edge�
of�the�corrugation.�

4.6.3.3.6� Pressures�and�forces�on�a�corrugation�in�flooded�empty�holds�

At�each�point�of�the�bulkhead,�the�still�water�pressure�induced�by�the�flooding�to�
be�considered�is�to�be�obtained�from�the�following�formula:�

� ( )zzgp FF −= ρ ,�[kN/m2]� (4.6.3.3.6-1)�

The�force�acting�on�a�corrugation�is�to�be�obtained�from�the�following�formula:�

�
( )

2

2
LSDBF

CF

hhz
gsF

−−= ρ ,�[kN]� (4.6.3.3.6-2)�

4.6.3.3.7� Resultant�pressures�and�forces�

Resultant� pressures� and� forces� to� be� calculated� for� homogeneous� and� non-
homogeneous� loading� conditions� are� to� be�obtained� according� to� the� following�
formulae:�

.1�Homogeneous�loading�conditions�
At�each�point�of�the�bulkhead�structures,�the�resultant�pressure�to�be�consid-
ered�for�the�scantlings�of�the�bulkhead�is�to�be�obtained�from�the�following�
formula:�

� BFB ppp 8.0, −= ,[kN/m2]� (4.6.3.3.7.1-1)�

The�resultant�force�acting�on�a�corrugation�is�to�be�obtained�from�the�follow-
ing�formula:�

� BFB FFF 8.0, −= ,�[kN]� (4.6.3.3.7.1-2)�

where:�
pB � –�� pressure� in� the� non-flooded� holds� to� be� obtained� as� specified� in�

4.6.3.3.4,�[kN/m2];�
pB .F� –�� pressure�in�the�flooded�holds�to�be�obtained�as�specified�in�4.6.3.3.5,�

[kN/m2];�
F B,F� –�� force�acting�on�a�corrugation�in�the �flooded�holds�to�be�obtained�as�

specified�in�4.6.3.3.5,�[kN];�
F B � –�� force�acting�on�a�corrugation�in�non-flooded�holds,�in�kN,�to�be�ob-

tained�as�specified�in�4.6.3.3.4,�[kN].�
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.2�Non-homogeneous�loading�conditions�
At�each�point�of�the�bulkhead�structures,�the�resultant�pressure�to�be�consid-
ered�for�the�scantlings�of�the�bulkhead�is�to�be�obtained�by�the�following�for-
mula:��

� P�=� pB,F ��,�[kN/m2]� (4.6.3.3.7.2-1)�

The�resultant�force�acting�on�a�corrugation�is�to�be�obtained,�in�kN,�by�the�
following�formula:�

� F �=� F B,F �,�[kN/m2]� (4.6.3.3.7.2-2)�

where:�
pB .F � –�pressure�in�the�flooded�holds�to�be�obtained�as�specified�in�4.6.3.3.5,�

[kN/m2];�
F B,F� –�force�acting�on�a�corrugation�in�the�flooded�holds�to�be�obtained�as�

specified�in�4.6.3.3.5,�[kN/m2].�

4.6.3.4� Double�bottom �

4.6.3.4.1� Application�

Each�cargo�hold�is�to�be�considered�individually�flooded.�

4.6.3.4.2� General�

The�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�in-
duced�by�the�flooding�of�the�hold�which�the�double�bottom�belongs�to.�

The�most�severe�combinations�of�cargo�induced�loads�and�flooding�loads�are�to�
be�used,�depending�on�the�loading�conditions�included�in�the�loading�manual:�
i)� homogeneous�loading�conditions,�
ii)�non-homogeneous�loading�conditions,�
iii)�packed�cargo�conditions�(such�as�in�the�case�of�steel�mill�products).�

For�each�loading�condition,�the�maximum�dry�bulk�cargo�density�to�be�carried�is�
to�be�considered�in�calculating�the�allowable�hold�loading.�

4.6.3.4.3� Flooding�level�

The�flooding�level�zF �is�the�distance,�in�m,�measured�vertically�from�the�base�
line�with�the�ship�in�the�upright�position,�and�equal�to:�

.1� for�ships�less�than�50000�t�deadweight�with�type�B�freeboard:�
i)� 0.95D 1�for�the�foremost�hold,�
ii)�0.85�D 1�for�other�holds;�

.2� for�other�ships:�
i)� D 1�for�the�foremost�hold,�
ii)�0.9D 1�for�other�holds.�
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4.6.4� Testing�lateral�pressure�

4.6.4.1� Still�water�pressures�

4.6.4.1.1� The�total�pressure�to�be�considered�as�acting�on�plates�and�stiffeners�
subject�to�tank�testing�is�obtained�from�the�following�formula:�

� ( )zzp STST −= 10 ,�[kN/m2]� (4.6.4.1.1)�

where:�
zST � –�testing�load�height,�in�m,�as�defined�in�Table�4.6.4.1.1,�[m].�

Table�4.6.4.1.1��
Testing�load�height�

Compartment�or�structure�to�be�tested� Testing�load�height,�[m]�

Double�bottom�tanks� The�greater�of�the�following:�
zST �=� zTOP �+� dAP �
zST �=� zml�

Hopper�side�tanks,�topside�tanks,�double�side�
tanks,�fore�and�after�peaks�used�as�tank,�cof-
ferdams�

The�greater�of�the�following:�
zST �=� zTOP �+� dAP �
zST�=�z TOP�+�2.4�

Tank�bulkheads,�deep�tanks,�fuel�oil�
bunkers�

The�greater�of�the�following:�
zST �=� zTOP �+� dAP ��
zST �=� zTOP �+�2.4��
zST �=� zTOP �+�10 pPV �

Ballast�hold� The�greater�of�the�following:�
zST �=� zTOP �+� dAP �
�zST �=� zh�+�0.9�

Fore�and�aft�peak�not�used�as�tank� The�greater�of�the�following:�
zST �=� zF �
zST �=� zml�

Watertight�doors�below�freeboard�deck� zST �=� zfd�

Chain�locker�(if�aft�of�collision�bulkhead)� zST �=� zTOP �

Independent�tanks� The�greater�of�the�following:�
zST �=� zTOP �+� dAP �
zST �=� zTOP �+�0.9�

Ballast�ducts� Testing�load�height�corresponding�to�
ballast�pump�maximum�pressure�

where:�
zml��–��Z� co-ordinate�of�the�margin�line,�[m];�
zh�–�Z� co-ordinate�of�the�top�of�hatch,�[m];.�
zF �–�as�defined�in�4.6.3.2.1;�
zfd��–�Z� co-ordinate�of�the�freeboard�deck,�[m];�
pPV �–�setting�pressure�of�safety�valves,�[bar].�

�
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4.7� Loading�conditions�

4.7.0� Symbols�

MH � –�� the�actual�cargo�mass�in�a�cargo� hold�corresponding�to�a�homogeneously�
loaded�condition�at�maximum�draught,�[t];��

MFull� –�� the�cargo�mass�in�a�cargo�hold�corresponding�to�cargo�with�virtual�den-
sity�(homogenous�mass/hold�cubic�capacity,�minimum�1.0�t/m3)�filled�to�
the�top�of�the�hatch�coaming,�[t];�

MFull �is�in�no�case�to�be�less�than�MH .�
MH� MHD�� –��the�maximum�cargo�mass�allowed�to�be�carried�in�a�cargo�hold�accord-

ing�to�design�loading�condition(s)�with�specified�holds�empty�at�maxi-
mum�draught,�[t];�

V Full� –�� volume�of� the�cargo�hold� including� the�volume�enclosed�by�the�hatch�
coaming,�[m3];�

V H� –�� volume�defined�in�4.6,�[m 3];�
T HB� –�� deepest�ballast�draught,�[m].�

4.7.1� Application�

4.7.1.1� Ships�having�a�length�L�less�than�150�m�

4.7.1.1.1� The�severest�loading�conditions�from�the�loading�manual,�midship�sec-
tion�drawing�or�otherwise�specified�by�the�Designer�are�to�be�considered�for�the�
longitudinal�strength�according�to�5.1�and�for�the�local�strength�check�of�plating,�
ordinary�stiffeners�and�primary�supporting�members�according�to�Chapter�6.�

4.7.1.2� Ships�having�a�length�L�of�150�m�and�above �

4.7.1.2.1� The� requirements� in� 4.7.2� to� 4.7.4� are� applicable� to� ships� having��
a�length�L�of�150�m�and�above.�

4.7.1.2.2� These�requirements�are�not�intended�to�prevent�any�other�loading�condi-
tions�to�be�included�in�the�loading�manual�for�which�calculations�are�to�be�submit-
ted.� It� is� not� intended� to� replace� in� any� way� the� required� loading� man-
ual/instrument.�

4.7.1.2.3� The�maximum�loading�condition�draught�is�to�be�taken�as�the�moulded�
summer�load�line�draught.�

4.7.1.2.4� The�loading�conditions�listed�in�4.7.2�are�to�be�applied�for�the�check�of�
longitudinal�strength�as�required�by�5.1,�the�check�of�local�strength�by�Chapter�6,�
the�direct�strength�analysis�by�Chapter�7,�for�capacity�and�disposition�of�ballast�
tanks�and�stability�purposes.�The�loading�conditions�listed�in�4.7.3�are�to�be�applied�
for�the�check�of�local�strength.�The�loading�conditions�listed�in�4.7.4�are�to�be�ap-
plied�for�direct�strength�analysis.�
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4.7.1.2.5� In�operation,�a�bulk�carrier�may�be�loaded�differently�from�the�design�
loading�conditions�specified�in�the�loading�manual,�provided�longitudinal�and�local�
strength�as�defined�in�the�loading�manual�and�onboard�loading�instrument�and�ap-
plicable�stability�requirements�are�not�exceeded.�

4.7.2� General�

4.7.2.1� Design�loading�conditions�–�General�

4.7.2.1.1� For�the�determination�of�the�maximum�cargo�mass�in�cargo�holds,�the�
condition�corresponding�to�the�ship�being�loaded�at�maximum�draught�with�50%�of�
consumables�is�to�be�considered.�

4.7.2.1.2� BC-C�

Homogeneous�cargo�loaded�condition�where�the�cargo�density�corresponds�to�
all�cargo�holds,�including�hatchways,�being�100%�full�at�maximum�draught�with�all�
ballast�tanks�empty.�

4.7.2.1.3� BC-B�

As�required�for�BC-C,�plus:�
Homogeneous�cargo�loaded�condition�with�cargo�density�3.0�t/m3,�and�the�same�

filling� ratio� (cargo� mass/hold� cubic� capacity)� in� all� cargo� holds� at� maximum�
draught�with�all�ballast�tanks�empty.�

In�cases�where�the�cargo�density�applied�for�this�design�loading�condition�is�less�
than�3.0�t/m3,�the�maximum�density�of�the�cargo�that�the�ship�is�allowed�to�carry�is�to�
be�indicated�with�the�additional�service�feature�{maximum�cargo�density� x .y�t/m3}.�

4.7.2.1.4� BC-A�

As�required�for�BC-B,�plus:�
At�least�one�cargo�loaded�condition�with�specified�holds�empty,�with�cargo�den-

sity�3.0� t/m3,�and� the�same�filling� ratio� (cargo�mass/hold�cubic�capacity)� in�all�
loaded�cargo�holds�at�maximum�draught�with�all�ballast�tanks�empty.�

The�combination�of�specified�empty�holds�is�to�be�indicated�with�the�additional�
service�feature�{holds�a ,�b ,�...may�be�empty}.�

In�such�cases�where�the�design�cargo�density�applied�is�less�than�3.0�t/m3,�the�
maximum�density�of�the�cargo�that�the�ship�is�allowed�to�carry�is�to�be�indicated�
within�the�additional�service�feature�{holds�a ,�b ,�...�may�be�empty�with�maximum�
cargo�density�x .y�t/m3}.�

4.7.2.2� Applicable�ballast�conditions �

4.7.2.2.1� Ballast�tank�capacity�and�disposition�

All�bulk�carriers�are�to�have�ballast�tanks�of�sufficient�capacity�and�so�disposed�
to�at�least�fulfill�the�following�requirements.�
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.1�normal�ballast�condition�
Normal�ballast�condition�is�a�ballast�(no�cargo)�condition�where:�
i)� the�ballast�tanks�may�be�full,�partially�full�or�empty.�Where�ballast�tanks�

are�partially�full,�the�conditions�in�4.3�are�to�be�complied�with,�
ii)� any�cargo�hold�or�holds�adapted�for�the�carriage�of�water�ballast�at�sea�

are�to�be�empty,�
iii)� the�propeller�is�to�be�fully�immersed,�and�
iv)� the�trim�is�to�be�by�the�stern�and�is�not�to�exceed�0.015LBP .�
In�the�assessment�of�the�propeller�immersion�and�trim,�the�draughts�at�the�
forward�and�after�perpendiculars�may�be�used.�

.2�heavy�ballast�condition�
Heavy�ballast�condition�is�a�ballast�(no�cargo)�condition�where:�
i)� the�ballast�tanks�may�be�full,�partially�full�or�empty.�Where�ballast�tanks�

are�partially�full,�the�conditions�in�4.3�are�to�be�complied�with,�
ii)� at�least�one�cargo�hold�adapted�for�carriage�of�water�ballast�at�sea�is�to�

be�full,�
iii)� the�propeller�immersion�I/D �is�to�be�at�least�60%,�where:��

I�–�distance�from�propeller�centerline�to�the�waterline,�[m];�
D �–�propeller�diameter,�[m],�

iv)� the�trim�is�to�be�by�the�stern�and�is�not�to�exceed�0.015LBP ,�
v)� the�moulded�forward�draught�in�the�heavy�ballast�condition�is�not�to�be�

less�than�the�smaller�of�0.03LBP �or�8�m.�

4.7.2.2.2� Strength�requirements�

All�bulk�carriers�are�to�meet�the�following�strength�requirements:�
.1�normal�ballast�condition:�

i)� the�structures�of�bottom�forward�are�to�be�strengthened�in�accordance�
with� the�Rules� against� slamming� for� the� condition�of�4.7.2.2.1.1� for�
normal�ballast�condition�at�the�lightest�forward�draught,�

ii)� the�longitudinal�strength�requirements�according�to�4.3�are�to�be�met�for�
the�condition�of�4.7.2.2.1.1�for�normal�ballast�condition,�and�

iii)� in�addition,�the�longitudinal�strength�requirements�according�to�4.3�are�
to�be�met�with�all�ballast�tanks�100%�full.�

.2�heavy�ballast�condition:�
i)� the�longitudinal�strength�requirements�according�to�4.3�are�to�be�met�for�

the�condition�of�4.7.2.2.1�for�heavy�ballast�condition,�
ii)� in�addition,�the�longitudinal�strength�requirements�according�to�4.3�are�

to�be�met�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�

iii)� 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�as-
sumed�100%�full�simultaneously�in�the�longitudinal�strength�assessment,�
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unless� such� conditions� are� expected� in� the� heavy� ballast� condition.�
Unless�each�hold�is�individually�investigated,�the�designated�heavy�bal-
last�hold�and�any/all�restrictions�for�the�use�of�other�ballast�hold(s)�are�to�
be�indicated�in�the�loading�manual.�

4.7.2.3� Departure�and�arrival�conditions�

4.7.2.3.1� Unless�otherwise�specified,�each�of�the�design�loading�conditions�de-
fined�in�4.7.2.1�and�4.7.2.2�is�to�be�investigated�for�the�arrival�and�departure�condi-
tions�as�defined�as�follows:�
i)� Departure�condition�:�with�bunker�tanks�not�less�than�95%�full�and�other�con-

sumables�100%,�
ii)� Arrival�condition�:�with�10%�of�consumables.�

4.7.3� Design�loading�conditions�for�local�strength�

4.7.3.1� Definitions�

4.7.3.1.1� 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�bot-
tom.�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.�

4.7.3.2� Applicable�general�conditions�

4.7.3.2.1� Any�cargo�hold�is�to�be�capable�of�carrying�MFull �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.�

4.7.3.2.2� Any�cargo�hold�is�to�be�capable�of�carrying�minimum�50%�of� MH ,�with�
all�double�bottom�tanks�in�way�of�the�cargo�hold�being�empty,�at�maximum�draught.�

4.7.3.2.3� Any�cargo�hold�is�to�be�capable�of�being�empty,�with�all�double�bottom�
tanks�in�way�of�the�cargo�hold�being�empty,�at�the�deepest�ballast�draught.�

4.7.3.3� Additional�conditions�applicable�except�when�additional�service��
feature�{no�MP}�is�assigned �

4.7.3.3.1� Any�cargo�hold�is�to�be�capable�of�carrying�MFull �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�maxi-
mum�draught.�

4.7.3.3.2� Any�cargo�hold�is�to�be�capable�of�being�empty�with�all�double�bottom�
tanks�in�way�of�the�cargo�hold�being�empty,�at�83%�of�maximum�draught.�
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4.7.3.3.3� Any�two�adjacent�cargo�holds�are�to�be�capable�of�carrying�MFull �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�to�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.�

4.7.3.3.4� Any�two�adjacent�cargo�holds�are�to�be�capable�of�being�empty,�with�all�
double�bottom�tanks�in�way�of�the�cargo�hold�being�empty,�at�75%�of�maximum�
draught.�

4.7.3.4� Additional�conditions�applicable�for�BC-A�only�

4.7.3.4.1� Cargo�holds,�which�are�intended�to�be�empty�at�maximum�draught,�are�
to�be�capable�of�being�empty�with�all�double�bottom�tanks�in�way�of�the�cargo�hold�
also�being�empty.�

4.7.3.4.2� Cargo�holds,�which�are�intended�to�be�loaded�with�high�density�cargo,�
are�to�be�capable�of�carrying�MHD �plus�10%�of� MH ,�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�MHD .�

4.7.3.4.3� Any�two�adjacent�cargo�holds�which�according�to�a�design�loading�con-
dition�may�be�loaded�with�the�next�holds�being�empty,�are�to�be�capable�of�carrying�
10%�of� MH �in�each�hold�in�addition�to�the�maximum�cargo�load�according�to�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�according�to�the�design�loading�conditions.�

4.7.3.5� Additional�conditions�applicable�for�ballast�hold(s)�only �

4.7.3.5.1� Cargo�holds,�which�are�designed�as�ballast�water�holds,�are�to�be�capa-
ble�of�being�100%�full�of�ballast�water�including�hatchways,�with�all�double�bottom�
tanks�in�way�of�the�cargo�hold�being�100%�fu ll,�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.�

4.7.3.6� Additional�conditions�applicable�during�loading�and�unloading��
in�harbour�only �

4.7.3.6.1� Any�single�cargo�hold�is�to�be�capable�of�holding�the�maximum�allow-
able�seagoing�mass�at�67%�of�maximum�draught,�in�harbour�condition.�
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4.7.3.6.2� Any�two�adjacent�cargo�holds�are�to�be�capable�of�carrying�MFull ,�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.�

4.7.3.6.3� At�reduced�draught�during�loading�and�unloading�in�harbour,�the�maxi-
mum�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.�

4.7.3.7� Hold�mass�curves�

4.7.3.7.1� Based�on�the�design�loading�criteria�for�local�strength,�as�given�in�4.7.3.2�
to�4.7.3.6�except�4.7.3.5.1,�hold�mass�curves�are�to�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.�Hold�mass�curves�are�to�be�calculated�according�to�4.9.�

4.7.3.7.2� At�other�draughts�than�those�specified�in�the�design�loading�conditions,�
the�maximum�allowable� and�minimum� required�mass� is� to� be� adjusted� for� the�
change�in�buoyancy�acting�on�the�bottom.�Change�in�buoyancy�is�to�be�calculated�
using�water�plane�area�at�each�draught.�

Hold�mass�curves�for�each�single�hold,�as�well�as�for�any�two�adjacent�holds,�
are�to�be�included�in�the�loading�manual�and�the�loading�instrument.�

4.7.4� Design�loading�conditions�for�direct�strength�analysis�

4.7.4.1� Loading�patterns�

4.7.4.1.1� The�loading�patterns�applicable�to�types�of�bulk�carriers�with�various�
service�feature�notations�are�summarized�in�Table�4.7.4.1.1,�which�are�to�be�con-
sidered�in�direct�strength�analysis�in�accordance�with�4.7.2�and�4.7.3.�

Table�4.7.4.1.1��
Applicable�loading�patterns�according�to�additional�service�features�

BC-� BC-,�(no�MP)�
No� Loading�pattern� Ref.� A� B� C� A� B� C�

1� 2� 3� 4� 5� 6� 7� 8� 9�
1� Full�load�in�homogeneous�condition� 4.7.3.2.1� x� x� x� x� x� x�

2� Slack�load� 4.7.3.2.2� x� x� x� x� x� x�

3� Deepest�ballast� 4.7.3.2.3� x� x� x� x� x� x�

4� Multiport�-1� 4.7.3.3.1� x� x� x� � � �

5� Multiport�-2� 4.7.3.3.2� x� x� x� � � �

6� Multiport�-3� 4.7.3.3.3� x� x� x� � � �

7� Multiport�-4� 4.7.3.3.4� x� x� x� � � �



�

�

�

157

1� 2� 3� 4� 5� 6� 7� 8� 9�

8� Alternate�load� 4.7.3.4.1&.2� x� � � x� � �

9� Alternate�block�load� 4.7.3.4.3� x� � � x� � �

10� Heavy�ballast� 4.7.3.5.1� x� x� x� x� x� x�

11� Harbour�condition�-1� 4.7.3.6.1� � � � x� x� x�

12� Harbour�condition�-2� 4.7.3.6.2� � � � x� x� x�

4.7.4.1.2� Other�loading�conditions�from�the�loading�manual,�which�are�not�cov-
ered�in�Table�4.7.4.1.1,�if�any,�are�also�to�be�considered.�

4.7.4.2� Still�water�bending�moment�and�shear�force�

4.7.4.2.1� Load�cases�defined�in��4.4�are�to�be�considered�for�each�loading�pattern�
given�in�Table�4.7.4.1.1.�The�still�water�vertical�bending�moment�provided�in�Table�
4.7.4.3.2-1�and�the�still�water�vertical�shear�force�provided�in�Table�4.7.4.3.2-2�are�
to�be�used�for�each�combination�of�loading�pattern�and�load�case.�

4.7.4.2.2� If�one�loading�condition�in�the�loading�manual�has�a�still�water�vertical�
bending�moment�more�severe� than� the�value� in�Table�4.7.4.3.2-1�for� the�corre-
sponding�loading�pattern,�the�value�in�Table�4.7.4.3.2-1�for�this�loading�pattern�is�
to�be�replaced�with�the�value�from�the�loading�manual.�

4.7.4.3� Application�

4.7.4.3.1� The�minimum�required�loading�conditions�for�direct�strength�analysis,�
including�vertical�shear�force�analysis,�are�defined�in�4.10.�

4.7.4.3.2� The�standard�loading�conditions�for�fatigue�assessment�are�defined�in�4.11.�

Table�4.7.4.3.2-1��
Vertical�still�water�bending�moment�

Loading�pattern�
Slack�load� Multiport�

Alternate�load� Alternate�block�load�

�
Full�load�in�
homogenous�

condition� Normal�ballast� Deepest�ballast�

Heavy�
�ballast��

(Ballast�hold)�

Harbour�
condition�

H1� 0.5�MSW,�S � 0� MSW,�S � MSW,�S �
H2� 0.5�MSW,�H � MSW,�H � MSW,�H � 0�
F1� 0.5�MSW,�S � 0� MSW,�S � MSW,�S �
F2� 0.5�MSW,�H � MSW,�H � MSW,�H � 0�

0.5�MSW,�S � 0� MSW,�S � MSW,�S �
R1�

0.5�MSW,�H � MSW,�H � MSW,�H � 0�
0.5�MSW,�S � 0� MSW,�S � MSW,�S �

R2�
0.5�MSW,�H � MSW,�H � MSW,�H � 0�

P1� 0.5�MSW,�S � 0� MSW,�S � MSW,�S �
P2� 0.5�MSW,�H � MSW,�H � MSW,�H � 0�

–�

MSW,P,S �

L
oa

d�
ca

se
�

Static� –�
MSW,P,H �
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where:�
MSW ,H� –�allowable�still�water�vertical�bending�moment�in�hogging�condition�for�

seagoing�condition;�
MSW ,S� –�allowable�still�water�vertical�bending�moment�in�sagging�condition�for�

seagoing�condition;�
MSW ,P,H �–�allowable�still�water�vertical�bending�moment�in�hogging�condition�for�

harbour�condition;�
MSW ,P,S� –�allowable�still�water�vertical�bending�moment�in�sagging�condition�for�

harbour�condition.�

Table�4.7.4.3.2-2��
Vertical�still�water�shear�force�

� Full�load�in�
homogeneous�

condition�

Alternate�load�
(BC-A)�

Multiport�
(BC-B�and�

BC-C)�

Heavy�ballast�
(Ballast�hold)�

Heavy�ballast�
(Except�for�
ballast�hold)�

H1� –� Q SW � Q SW � Q SW � –�

H2� –� Q SW � Q SW � Q SW � –�

F1� –� Q SW � Q SW � Q SW � –�

L
oa

d�
ca

se
�

�

F2� –� Q SW � Q SW � Q SW � –�

where:�
Q SW �–�allowable�still�water�shea r�force�at�the�position�of�the�considered�transverse�

bulkhead.�

4.8� Loading�manual�and�loading�instrument�

4.8.1� General�

4.8.1.1� All�ships�

4.8.1.1.1� An�approved�loading�manual�is�to�be�supplied�on�board�for�all�ships.�
In�addition,�an�approved�loading�instrument�is�to�be�supplied�for�all�ships.�
The�loading�instrument�is�ship�specific�onboard�equipment�and�the�results�of�the�

calculations�are�only�applicable�to�the�ship�for�which�it�has�been�approved.�
An�approved�loading�instrument�may�not�replace�an�approved�loading�manual.�

4.8.1.2� Ships�equal�to�or�greater�than�150�m�in�length�L�

4.8.1.2.1� BC-A,�BC-B,�and�BC-C�ships�are� to�be�provided�with�an�approved�
loading�manual�and�an�approved�computer-based�loading�instrument,�in�accordance�
with� the� applicable� requirements� of� this� section.� A� guidance� for� loading� and�
unloading�sequences�is�given�in�4.8.5.�
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4.8.2� Loading�manual�

4.8.2.1� Definitions�

4.8.2.1.1� All�ships�

A�loading�manual�is�a�document�which�describes:�
i)� the�loading�conditions�on�which�the�design�of�the�ship�has�been�based,�includ-

ing�permissible� limits�of� still�water�bending�moment� and� shear� force.�The�
conditions�specified�in�the�ballast�water�exchanging�procedure�and�dry�dock-
ing�procedure�are�to�be�included�in�the�loading�manual,�

ii)� the�results�of�the�calculations�of�still�water�bending�moments�and�shear�forces,�
iii)� the�allowable�local�loading�for�the�structure�(hatch�covers,�decks,�double�bot-

tom,�etc.).�

4.8.2.1.2� Ships�equal�to�or�greater�than�150�m�in�length�L�

In�addition�to�4.8.2.1.1,�for�BC-A,�BC-B�and�BC-C�ships,�the�loading�manual�is�
also�to�describe:�
i)� envelope�results�and�permissible�limits�of�still�water�bending�moments�and�

shear�forces�in�the�hold�flooded�condition�according�to�5.1,�
ii)� the�cargo�hold(s)�or�combination�of�cargo�holds�that�might�be�empty�at�full�

draught.�If�no�cargo�hold�is�allowed�to�be�empty�at�full�draught,�this�is�to�be�
clearly�stated�in�the�loading�manual,�

iii)� maximum�allowable�and�minimum�required�mass�of�cargo�and�double�bottom�
contents�of�each�hold�as�a�function�of�the�draught�at�mid-hold�position,�

iv)� maximum�allowable�and�minimum�required�mass�of�cargo�and�double�bottom�
contents�of�any�two�adjacent�holds�as�a�function�of�the�mean�draught�in�way�of�
these�holds.�This�mean�draught�may�be�calculated�by�averaging�the�draught�of�
the�two�mid-hold�positions,�

v)� maximum�allowable�tank�top�loading�together�with�specification�of�the�nature�
of�the�cargo�for�cargoes�other�than�bulk�cargoes,�

vi)� maximum�allowable�load�on�deck�and�hatch�covers.�If�the�ship�is�not�approved�
to�carry�load�on�deck�or�hatch�covers,�this�is�to�be�clearly�stated�in�the�loading�
manual,�

vii)� maximum�rate�of�ballast�change�together�with�the�advice�that�a�load�plan�is�to�
be�agreed�with�the�terminal�on�the�basis�of�the�achievable�rates�of�change�of�
ballast.�

4.8.2.2� Conditions�of�approval�

4.8.2.2.1� All�ships�

The�approved�loading�manual�is�to�be�based�on�the�final�data�of�the�ship.�The�
manual�is�to�include�the�design�(cargo�and�ballast)�loading�conditions,�subdivided�
into�departure�and�arrival�conditions�as�appropriate,�upon�which�the�approval�of�the�
hull�scantlings�is�based.�
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In�the�case�of�modifications�resulting�in�changes�to�the�main�data�of�the�ship,�a�
new�approved�loading�manual�is�to�be�issued.�

4.8.2.2.2� Ships�equal�to�or�greater�than�150�m�in�length�L�

In�addition�to�4.8.2.2.1,�for�BC-A,�BC-B�and�BC-C�ships,�the�following�loading�
conditions,�subdivided�into�departure�and�arrival�conditions�as�appropriate,�are�also�
to�be�included�in�the�loading�manual:�
i)� homogeneous�light�and�heavy�cargo�loading�conditions�at�maximum�draught,�
ii)� alternate�light�and�heavy�cargo�loading�conditions�at�maximum�draught,�where�

applicable,�
iii)� alternate�light�and�heavy�cargo�loading�conditions�at�maximum�draught,�where�

applicable,�
iv)� short�voyage�conditions�where�the�ship�is�to�be�loaded�to�maximum�draught�

but�with�limited�amount�of�bunkers,�
v)� multiple�port�loading�/�unloading�conditions,�
vi)� deck�cargo�conditions,�where�applicable,�
vii)� typical�loading�sequences�where�the�ship�is�loaded�from�commencement�of�

cargo�loading�to�reaching�full�deadweight�capacity,�for�homogeneous�condi-
tions,�relevant�part�load�conditions�and�alternate�conditions�where�applicable.�
Typical�unloading�sequences�for�these�conditions�are�also�to�be�included.�The�
typical�loading/unloading�sequences�are�also�to�be�developed�to�not�exceed�
applicable�strength�limitations.�The�typical�loading�sequences�are�also�to�be�
developed�paying�due�attention�to�loading�rate�and�the�deballasting�capability.�
Table�4.8.5.1.6�contains,�as�guidance�only,�an�example�of�a�Loading�Sequence�
Summary�Form,�

viii)�typical�sequences�for�change�of�ballast�at�sea,�where�applicable.�

4.8.2.3� Language�

4.8.2.3.1� The�loading�manual�is�to�be�prepared�in�a�language�understood�by�the�
users.�If�this�language�is�not�English,�a�translation�into�English�is�to�be�included.�

4.8.3� Loading�instrument�

4.8.3.1� Definitions�

4.8.3.1.1� A�loading�instrument�is�an�instrument�which�is�either�analog�or�digital�
and�by�means�of�which�it�can�be�easily�and�quickly�ascertained�that,�at�specified�
read-out�points,�the�still�water�bending�moments,�shear�forces,�in�any�load�or�bal-
last�condition,�do�not�exceed�the�specified�permissible�values.�

4.8.3.1.2� Ships�equal�to�or�greater�than�150�m�in�length�L�

For�BC-A,�BC-B�and�BC-C�ships,�the�loading�instrument�is�an�approved�digital�
system�as�defined�in�4.8.3.1.1.�In�addition�to�4.8.3.1.1,�it�is�also�to�ascertain�as�ap-
plicable�that:�
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i)� the�mass�of�cargo�and�double�bottom�contents�in�way�of�each�hold�as�a�func-
tion�of�the�draught�at�mid-hold�position,�

ii)� the�mass�of�cargo�and�double�bottom�contents�of�any�two�adjacent�holds�as�a�
function�of�the�mean�draught�in�way�of�these�holds,�

iii)� the�still�water�bending�moment�and�shear�forces�in�the�hold�flooded�conditions�
do�not�exceed�the�specified�permissible�values.�

4.8.3.2� Conditions�of�approval�

4.8.3.2.1� All�ships�

The�loading�instrument�is�subject�to�approval,�which�is�to�include:�
i)� verification�of�type�approval,�if�any,�
ii)� verification�that�the�final�data�of�the�ship�have�been�used,�
iii)� acceptance�of�number�and�position�of�all�read-out�points,�
iv)� acceptance�of�relevant�limits�for�read-out�points,�
v)� checking�of�proper�installation�and�operation�of�the�instrument�on�board,�under�

agreed�test�conditions,�and�that�a�copy�of�the�operation�manual�is�available.�

4.8.3.2.2� Ships�equal�to�or�greater�than�150�m�in�length�L�

In�addition,�for�BC-A,�BC-B�and�BC-C�ships,�the�approval�is�also�to�include,�as�
applicable:�
i)� acceptance�of�hull�girder�bending�moment�limits�for�all�read-out�points,�
ii)� acceptance�of�hull�girder�shear�force�limits�for�all�read-out�points,�
iii)� acceptance�of�limits�for�the�mass�of�cargo�and�double�bottom�contents�of�each�

hold�as�a�function�of�draught,�
iv)� acceptance�of�limits�for�the�mass�of�cargo�and�double�bottom�contents�in�any�

two�adjacent�holds�as�a�function�of�draught.�

4.8.3.2.3� In�the�case�of�modifications�implying�changes�in�the�main�data�of�the�
ship,�the�loading�instrument�is�to�be�modified�accordingly�and�approved.�

4.8.3.2.4� An�operational�manual�is�always�to�be�provided�for�the�loading�instru-
ment.�The�operation�manual�and�the�instrument�output�are�to�be�prepared�in�a�lan-
guage�understood�by�the�users.�If�this�language�is�not�English,�a�translation�into�
English�is�to�be�included.�

4.8.3.2.5� The�operation�of�the�loading�instrument�is�to�be�verified�upon�installa-
tion�under�the�agreed�test�conditions.�It�is�to�be�checked�that�the�agreed�test�condi-
tions�and�the�operation�manual�for�the�instrument�are�available�on�board.�

4.8.4� Annual�and�class�renewal�survey�

4.8.4.1� General�

4.8.4.1.1� At�each�annual�and�class�renewal�survey,�it�is�to�be�checked�that�the�
approved�loading�manual�is�available�on�board.�
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4.8.4.1.2� The�loading�instrument�is�to�be�checked�for�accuracy�at�regular�intervals�
by�the�ship's�Master�by�applying�test�loading�conditions.�

4.8.4.1.3� At�each�class�renewal�survey�this�checking�is�to�be�done�in�the�presence�
of�the�Surveyor.�

4.8.5� Guidance�for�loading/unloading�sequences �

4.8.5.1� General�

4.8.5.1.1� The�typical�loading/unloading�sequences�shall�be�developed�paying�due�
attention�to�the�loading/unloading�rate,�the�ballasting/deballasting�capacity�and�the�
applicable�strength�limitations.�

4.8.5.1.2� The� shipbuilder�will� be� required� to�prepare� and� submit� for� approval�
typical�loading�and�unloading�sequences.�

4.8.5.1.3� The�typical�loading�sequences�as�relevant�should�include:�
i)� alternate�light�and�heavy�cargo�load�condition,�
ii)� homogeneous�light�and�heavy�cargo�load�condition,�
iii)� short�voyage�condition�where�the�ship�is�loaded�to�maximum�draught�but�with�

limited�bunkers,�
iv)� multiple�port�loading/unloading�condition,�
v)� deck�cargo�condition,�
vi)� block�loading.�

4.8.5.1.4� The�loading/unloading�sequences�may�be�port�specific�or�typical.�

4.8.5.1.5� The�sequence� is� to�be�built�up�step�by�step� from�commencement�of�
cargo�loading�to�reaching�full�deadweight�capacity.�Each�time�the�loading�equip-
ment�changes�position�to�a�new�hold�defines�a�step.�Each�step�is�to�be�documented�
and�submitted�to�PRS.�In�addition�to�longitudinal�strength,�the�local�strength�of�
each�hold�is�to�be�considered.�

4.8.5.1.6� For�each�loading�condition�a�summary�of�all�steps�is�to�be�included.�
This�summary�is�to�highlight�the�essential�information�for�each�step�such�as:�
i)� how�much�cargo�is�filled�in�each�hold�during�the�different�steps,�
ii)� how�much�ballast� is�discharged�from�each�ballast� tank�during�the�different�

steps,�
iii)� the�maximum�still�water�bending�moment�and�shear�at�the�end�of�each�step,�
iv)� the�ship’s�trim�and�draught�at�the�end�of�each�step.�
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� Table�4.8.5.1.6

�
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4.9� �Hold�mass�curves�

4.9.0� Symbols�

h� –�� vertical�distance�from�the�top�of�inner�bottom�plating�to�upper�deck�plat-
ing�at�the�ship’s�centreline,�[m];�

MH � –�� as�defined�in�4.7;�
MFull� –�� as�defined�in�4.7;�
MHD� –�� as�defined�in�4.7;�
MD� –�� the�maximum�cargo�mass�given�for�each�cargo�hold,�[t];�
T HB� –�� as�defined�in�4.7;�
T i� –�� draught�in�loading�condition�No.� i,�at�mid-hold�position�of�cargo�hold�

length�l H �,�[m];�
V H � –�� as�defined�in�4.6;�
V f�and�Va�–�volume�of�the�forward�and�after�cargo�hold�excluding�volume�of�the�

hatchway�part,�[m3];�
T min� –�� 0.75 T S�or�draught�in�ballast�conditions�with�the�two�adjacent�cargo�holds�

empty,�whichever�is�greater,�[m].�

4.9.1� General�

4.9.1.1� Application�

4.9.1.1.1� The�requirements�of�4.9�apply�to�ships�of�150�m�in�length�L�and�above.�

4.9.1.1.2� The�content�of�4.9�describes�the�procedure�to�be�used�for�determination�of:�
–� the�maximum�and�minimum�mass�of�car go�in�each�cargo�hold�as�a�function�of�

the�draught�at�mid-hold�position�of�cargo�hold,�
–� the�maximum�and�minimum�mass�of�cargo�in�any�two�adjacent�holds�as�a�func-

tion�of�the�mean�draught�in�way�of�these�holds.�

4.9.1.1.3� Results�of�these�calculations�are�to�be�included�in�the�reviewed�loading�
manual�which� has� also� to� indicate� the�maximum�permissible�mass� of� cargo� at�
scantling�draught�in�each�hold�or�in�any�two�adjacent�holds,�as�obtained�from�the�
design�review.�

4.9.1.1.4� The�following�notice�on�referring�to�the�maximum�permissible�and�the�
minimum�required�mass�of�cargo�is�to�be�described�in�loading�manual.�

Where�ship�engages�in�a�service�to�carry�such�hot�coils�or�heavy�cargoes�that�
have�some�adverse�effect�on�the�local�strength�of�the�double�bottom�and�that�the�
loading�is�not�described�as�cargo�in�loading�manual,�the�maximum�permissible�and�
the�minimum�required�mass�of�cargo�are�to�be�considered�specially.�
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4.9.2� Max imum�and�minimum�masses�of�cargo�in�each�hold�

4.9.2.1� Max imum�permissible�mass�and�minimum�required�masses��
of�single�cargo�hold�in�seagoing�condition�

4.9.2.1.1� General�

The�cargo�mass�curves�of�single�cargo�hold�in�seagoing�condition�are�defined�in�
4.9.2.1.2�to�4.9.2.1.5.�However� if� the�ship�structure� is�checked�for�more�severe�
loading�conditions� than� the�ones�considered�in�4.7.3.7.1,� the�minimum�required�
cargo�mass�can�be�based�on�those�corresponding�loading�conditions.�

4.9.2.1.2� BC-A�ship�

.1� for�loaded�holds:�
i)� the�maximum�permissible�mass�(W max�(T i))�at�various�draughts�(T i)�is�

obtained�by�the�following�formulae:�

� ( ) HHDS MMTW 1.0max += ,�[t]� (4.9.2.1.2.1-1)�

� ( ) ( )
h

TT
VMMTW iS

HHHDi

−−+= 025.11.0max ,�[t]� (4.9.2.1.2.1-2)�

However,�W max�(T i)�is�no�case�to�be�greater�than�MHD .�
ii)� the�minimum�required�cargo�mass�(W min�(T i))�at�various�draughts�(T i)�is�

obtained,�in�t,�by�the�following�formulae:�

� ( ) 0min =iTW ,�[t],� for�T i�≤�0.83�T S,� (4.9.2.1.2.1-3)�

( ) ( )
h

TT
VTW iS

Hi

−= 025.1min ,�[t],��for�T S�≥�T i�≥�0.83�T S� (4.9.2.1.2.1-4)�

.2� for�empty�holds�which�can�be�empty�at�the�maximum�draught:�
the�maximum�permissible�mass�(W min�(T i))�at�various�draughts�(T i)� is�ob-
tained�by�the�following�formulae:�

� ( ) Fulli MTW =min ,�[t]� for�T S�≥�T i�≥�0.67�T S� (4.9.2.1.2.2-1)�

� ( ) ( )
h

TT
VMTW iS

HFulli

−
−=

67.0
025.1max ,�[t]� (4.9.2.1.2.2-2)�

� for�T i�<�0.67� T S�
Examples�for�mass�curve�of�loaded�cargo�hold�and�cargo�hold�which�can�be�
empty�at�the�maximum�draught�for�BC-A�ships�are�shown�in�Fig�4.9.2.1.2.2.�
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Figure�4.9.2.1.2.2� Example�of�mass�curve�for�BC-A�ships�

4.9.2.1.3� BC-A�ship�with�{No�MP}�

.1� for�loaded�holds:�
the�maximum�permissible�mass�(W max� (T i))�at�various�draughts�(T i)� is� the�
same�specified�in�4.9.2.1.2.�
The�minimum�required�mass�(W min�(T i))�is�obtained�by�the�following�formulae:�

� ( ) 0min =iTW � for�T i�≤�T HB� (4.9.2.1.3-1)�

� ( ) ( )
h

TT
VTW HBi

Hi

−= 025.1min ,�[t]� for�T S�≥�T i�≥�T HB� (4.9.2.1.3-2)�

.2� for�empty�hold�which�can�be�empty�at�the�maximum�draught:�
the�maximum�permissible�mass�(W max�(T i))�and�the�minimum�required�mass��
(W min�(T i))�at�various�draughts�(T i)�are�the�same�specified�in�4.9.2.1.2.�

4.9.2.1.4� BC-B�and�BC-C�ships�

The�maximum�permissible�mass�(W max (T i ))�at�various�draughts�(T i )�is�obtained�

by�the�following�formulae:��

W max (T i )��=�M Full �,�[t]����������������������������������for�T S ≥�T i ≥�0.67�T S ���� (4.9.2.1.4-1)�

W max (T i )��=�M Full �–�1.025�V H h

TT iS )67.0( −
,�[t]��for�T i <�0.67� T S �� (4.9.2.1.4-2)�

The�minimum�required�cargo�mass�(W max (T i ))�at�various�draughts�(T i )�is�ob-

tained,�by�the�following�formulae:��

0)(min =iTW �����������������������������������������������������������for���T i ≤�0.83�T S ���(4.9.2.1.4-3)�

h

TT
VTW Si

Hi

)83.0(
025.1)(min

−
= ,�[t]�����������for��T S ≥�T i >0.83 �T S ���(4.9.2.1.4-4)�
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4.9.2.1.5� BC-B�and�BC-C�ships�with�{No�MP}�

The�maximum�permissible�mass�(W max�(T i))�at�various�draughts�(T i)�is�the�same�
specified�in�4.9.2.1.4.�

The�minimum�required�mass�(W min�(T i))�is�obtained�by�the�following�formulae:�

� ( ) 0min =iTW � for�T i�≤�T HB � (4.9.2.1.5-1)�

� ( ) ( )
h

TT
VTW HBi

Hi

−= 025.1min ,�[t],� for�T S�≥�T i�≥�T HB� (4.9.2.1.5-2)�

Examples�for�mass�curve�of�cargo�hold�for�BC-B�or�BC-C�ships�are�shown�in�
Fig�4.9.2.1.5.�
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Figure�4.9.2.1.5� Example�of�mass�curve�for�BC-B�or�BC-C�ships�

4.9.2.2� Maximum�permissible�mass�and�minimum�required�masses��
of�single�cargo�hold�in�harbour�condition �

4.9.2.2.1� General�

The�cargo�mass�curves�of�single�cargo�hold�in�harbour�condition�are�defined�in�
4.9.2.2.2.�However�if�the�ship�structure�is�checked�for�more�severe�loading�condi-
tions�than�the�ones�considered�in�4.7.3.7.1,�the�minimum�required�cargo�mass�can�
be�based�on�those�corresponding�loading�conditions.�

4.9.2.2.2� All�ships�

The�maximum�permissible�cargo�mass�and�the�minimum�required�cargo�mass�
corresponding�to�draught�for�loading/unloading�conditions�in�harbour�may�be�in-
creased�or�decreased�by�15%�of�the�maximum�permissible�mass�at�the�maximum�
draught�for�the�cargo�hold�in�seagoing�condition.�However,�maximum�permissible�
mass�is�in�no�case�to�be�greater�than�the�maximum�permissible�cargo�mass�at�de-
signed�maximum�load�draught�for�each�cargo�hold.�
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4.9.3� Max imum�and�minimum�masses�of�cargo�of�two�adjacent�holds�

4.9.3.1� Max imum�permissible�mass�and�minimum�required�masses��
of�two�adjacent�holds�in�seagoing�condition�

4.9.3.1.1� General�

The�cargo�mass�curves�of�two�adjacent�cargo�holds�in�seagoing�condition�are�
defined�in�4.9.3.1.2�and�4.9.3.1.3.�

However� if� the�ship�structure� is�checked�for�more�severe� loading�conditions�
than�the�ones�considered�in�4.7.3.7.1,�the�minimum�required�cargo�mass�can�be�
based�on�those�corresponding�loading�conditions.�

4.9.3.1.2� BC-A�ships�

The�maximum�permissible� cargo�mass� (T max(T i))� and� the�minimum� required�
cargo�mass�(W min(T i))�for�the�adjacent�two�holds�at�various�draughts�(T i)�are�deter-
mined,�in�t,�by�the�following�formulae:�

( ) ( ) HHDFulli MMMTW 1.02max += or�� � for�T S�≥�T i�≥�0.67�T S� (4.9.3.1.2-1)�

( ) ( ) ( ) ( )
h

TT
VVTWTW iS

afSi

−
+−=

67.0
025.167.0maxmax � (4.9.3.1.2-2)�

for�T i�<�0.67� T S,�

( ) 0min =iTW �for�T i≤�0.75�T S,� (4.9.3.1.2-3)�

( ) ( )
h

TT
VVTW Si

afi

75.0
025.1min

−
+= �for�T S�≥�T i�≥�0.75�T S� (4.9.3.1.2-4)�

4.9.3.1.3� BC-B�and�BC-C�ships�

The�maximum�permissible�mass� (W max(T i))� and� the�minimum� required�mass�
(W min(T i))�at�various�draughts�(T i)�are�obtained,�in�t,�by�the�following�formulae:�

( ) Fulli MTW 2max = ���for�T i�≥�0.67�T S,� (4.9.3.1.3-1)�

( ) ( ) ( )( )
h

TT
VVTWTW iS

afSi
−+−= 67.0

025.167.0maxmax � (4.9.3.1.3-2)�

for�T i�<�0.67� T S,�

( ) 0min =iTW ��for�T i�≤�0.75�T S,� (4.9.3.1.3-3)�

( ) ( )
h

TT
VVTW Si

afi

75.0
025.1min

−
+= ���for�T S�≥�T i�≥�0.75�T S.� (4.9.3.1.3-4)�

Examples�for�mass�curve�of�cargo�hold�for�BC-B�or�BC-C�ships�are�shown�in��
Fig�4.9.3.1.3.�
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Figure�4.9.3.1.3� Example�of�mass�curve�for�BC-B�or�BC-C�ships�

4.9.3.2� Max imum�permissib le�mass�and�minimum�required�masses��
of�two�adjacent�cargo�holds�in�harbour�condition �

4.9.3.2.1� General�

The�cargo�mass�curves�of�two�adjacent�cargo�holds�in�harbour�condition�are�de-
fined�in�4.9.3.2.2.�However�if�the�ship�structure�is�checked�for�more�severe�loading�
conditions�than�ones�considered�in�4.7.3.7.1,�the�minimum�required�cargo�mass�can�
be�based�on�those�corresponding�loading�conditions.�

4.9.3.2.2� All�ships�

The�maximum�permissible�cargo�mass�and�minimum�required�cargo�mass�cor-
responding� to� draught� for� loading/unloading� conditions� in� harbour� may� be� in-
creased�or�decreased�by�15%�of�the�maximum�permissible�mass�at�the�maximum�
draught�for�the�cargo�hold�in�seagoing�condition.�However,�maximum�permissible�
mass�is�in�no�case�to�be�greater�than�the�maximum�permissible�cargo�mass�at�de-
signed�maximum�load�draught�for�each�cargo�hold.�
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4.10� Standard�loading�condition�for�direct�strength�analysis�
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