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TheRulesfor the Survey and Classification of Steéésselsserve as the fundamental framework

of IS CLASS for providing classification services {gasegships engaged in international voyages.
The Rules define the conditions, scope, and supporting techrecaiirements of classification,
covering areas such ahip construction, hull structure, machinery and electrical systems, fire
safety, and environmental protection. They also establish survey and testing requirements, along
with provisions for maintaininghips in proper condition. Collectively, these standards are intended

to ensure the safety, quality, and reliability siips, while securing broad recognition within the
maritime industry.

The Rules apply to classed sgzsngships of 20 meters in lengthnd above. Unless expressly stated
otherwise, they do not extend to militarghips, woodenships, norcommercial yachts, highpeed
craft, small waterplane area craft, or sailisigips.

The 2025 edition of the Rules incorporates the 2025 amendments tol$Sh€LASS Rules for
Conditions of Classification 2024 ReWpon its entry into force, the 2025 edition supersedes the
2024 Rev.2 version.
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CHAPTER-IGENERAL
SECIDN 1 - GENERAL PROVISONS

1.1.1  Applicaion

1.1.1.1This PART appliesto sea-going steel shipsof all welded construction.

1.1.1.2In addtion, the hull is tocomply with the applicabe requirementsin PARTONEof the Rules.
1.1.1.3CRoil tankers and bulk carriers are to satisfy the requirements of PART NINEof the Rules.

1.1.2  Definitions

1.1.2.1length of ship L (in m), i.e. the Rule length, is the distance measured on the waterline at
the carntling draught from the forward side of the stem to the aft side of the rudder post, or to the
centre of the rudder stock if there is no rudder post. Lis not to be lessthan 96% and need not be
greater than 97% of the extreme length on the waterline at the scartling draught. In ships with
unusual stern and bow arrangemert, the length Lis tobe spedally considered.

For pontoon hulls, L is the distance on the waterline at the scartling draught from the forward
side of the fore end plate to the aft side of the aft end plate.

For ships without rudder stocks (such as ships provided with azimuth thrusters), L is 97% of the
extreme length on the waterline at the scartling draught.

1.1.2.2Breadth of ship B (in m), is the greatest moulded breadth measured amidships at the
scartling draught.

1.1.2.3Moulded depth D (in m), is the verticd distance measured at the middle of the length L
from top of keel to top of the dedk beam at side on the uppermost continuous dedk. When a
rounded gunwale is arranged, the moulded depth is tobe measured to the point of intersedion of
the continued moulded lines of the dedk and side shell plating.

1.1.2.4Draught d (inm) , i.e. the scartling draught, is the vertica distance measured at the middle
of the length L from top of keel to the waterline at the scartling draught. Scartling draught, at
which the strength requirements for the scartlings of the ship are met and represents the full load
condtion. The scartlingdraught is tobe not lessthan that correspondingto the assgned freeboad.

1.1.2.5Block coefficient (pis the moulded blodck coefficient corresponding to the waterline at

the scarting draught, to be determined by the following formula:
=Y
LEBd
where: V — moulded displacement. in m?, at scantling draught 4
LB d—seel121.1122and1.1.2.4 of this Section.

1.1.2.6Uppermost continuous deck is the uppermost deck which extends from the stem to the
stern.
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1.1.2.7 Strength deck means:

(1) the uppermost continuousded;

(2) the superstructure dedk extending within 0.5 L amidships, and having alength not lessthan
0.15 L, and the uppermost continuous dedk extending outside the region of such a
superstructure.

1.1.2.8 Lower dedks: The corntinuous ded next below the uppermost continuous dedk is to be
named as 2nd dedk, and soon. They are generally caled lower deds.

1.1.2.9 Bulkhead dedkis the highest dedk to which the transversewatertight bulkheads extend.

1.1.2.10Reeboad ded is the dedk from which the freeboad is measured in accadance with
the Internationa Convention on Load Lines, 1966.

1.1.2.11Fatform dedks are the non-corntinuous dedks below the strength dedk, which are not
considered to be effedive dedksfor longitudinal strength.

1.1.2.12uperstructure and dedkhouse: Quperstructure isan endosed structure on the uppermost
continuous dedk, extending from side to side of the ship or with the side plating not being inboard
of the shell plating more than 4% of the breadth B. Forecastle, bridge and poop are regarded as
superstructures. Allother endosed structuresare to be termed as dedkhouses.

1.1.2.13Long superstructure and short superstructure: A superstructure having a length greater
than 0.15 Land not lessthan 6 timesits height isto be termed as along superstructure, otherwise
it isto be regarded asa short superstructure.

1.1.2.14long dedkhouse and short dedhouse: A dedkhouse having a length greater than 0.15 L
and not lessthan 6 times its height is to be termed as a long dedhouse, otherwise it is to be
regarded as a short dedkhouse.

1.1.2.158owage rate (m3/t) is the volume of the hold, in m3, excluding the volume corntained
within the depth of the cargo hatchway, divided by the massof cargo, in tons, stowed therein.

1.1.2.16Forward and after perpendiculars: The forward perpendicular is to coindde with the
foreside of the stem on the scartling draught waterline on which the length L is measured. The
after perpendicular isthe perpendicular to the scartling draught waterline at a distance Laft of the
fore end.

1.1.2.17Large openings: A dedk opening is to be regarded as a large opening if any of the
following conditions applies:
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(1) Bi_ 0.7:

) ; = 0.89

G) 2 >06and =07
B d

where: bt breadh of the opening, in m. Where there are several hatches
B1t maximum breadh of ded, in m, induding opening, measured at the mid-length of
the opening;
Iyt length of the hatch, inm;
lgyT distanae between centrelinesof the dedk strips at each end of the opening, in m,
asshown in Fgure 1.12.17. Where there are no further hatches fore or aft of
the one under consideration, then IBHisto be measured to the bulkhead

b

- - >

(-

—
)
\

‘H
h

Figure1.1.2.17

1.1.2.18Primary members: The primary supporting members of hull are regarded as primary
members, such as web frames, side stringers, transverses, ded girders, plate floors, bottom
girders, bulkhead webs, etc.

1.1.2.19%conday membes: The stiffeners of the plate are generally regarded as secondary
members, i. e. frames,longitudinals,beams, bulkhead stiffenersand members of bradet floors, etc.

1.1.2.20Load line length LL (in m) is the shipQ Bength as defined in Regulation 3 of Annex | to
the Internationa Convention on Load Lines, 1966.

1.1.2.21Posttion 1 is as defined in Regulation 13 of Annex | to the Internationa Convention on
Load Lines, 1966.
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1.1.2.22Posttion 2 is as defined in Regulation 13 of Annex | to the Internationa Convention on
Load Lines, 1966.

1.1.2.23Main frames are side frames between the callision bulkhead and the aft peak bulkhead
and below the lowest ded.

1.1.2.24Famesin a@veen ded space are frames between two dedks.

1.1.2.25Fore pedk is a compartment situated forward of the callision bulkhead and below the
bulkhead deck.

1.1.2.26Aft peak is a compartmernt situated aft of the aft watertight bulkhead at the aft end of
the ship and below the bulkhead dedk or the watertight platform deck.

1.1.2.27V, the maximum service speed, in knots, mears 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(Maxmum Gontinuous Rating).

SECIDN 2- HULL SRUQURA-MBVIBERS

1.2.1 Generalrequirements

1.2.1.1Excep where otherwise stated, the Rule 2dtion modulus or momert of inertia in this PART
isthe minimum required value of the sedion in assodation with attached plating, and the attached
plating isassumed as being normal to the web. When the attached platingis not normal to the web
and the ande between them is lessthan 75° the sediona charaderistics (nomen of inertia,
sedion modulus and shear area) are to be cdculated in resped to the axs parallel to the attached
plating. When a structural membe is of rolled sedion(s), its adua sedion modulus may be
approximately determined by the following formula:

W= Wsina cm?

where: W 1 adual sedion moduluswith the attached plating assumed as being normal to the
h 1 angel betweenweb and attached plating, in degrees.

1.2.1.2Except where otherwise stated in the Rules, holes are not to be cut at random in the
structural members spedfied in thisPART

1.2.1.3In formulae or tables where only midship and end scartlings are given, the redudion
from the midship to the end scartlingsisto be effected in as gradud a manner as pradicalde. At
the break of structures,constructiona arrangemern isto be made to ensure a gradud transition.

1.2.1.4Unless otherwise stated, any intermediate value between the values listed in the Tables
may be obtained by linear interpolation.
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1.2.1.5As commercialized marine plates and rolled sedions are not produced in sequential size

seriesand for the purposeof providing an ecoromicand reasonable structural requirement without

compromising stuctural strength, the rounding tolerance for seleding steel plates accading to

the sizes of structural membersasrequired in this PARTis to be based on the following princples:

(1) Where the dedmal part of the caculated plate thicknessin this PARTis 0.25 mm or less,it may
be negleded; where it is greater than 0.25 mm but lessthan 0.75 mm, to be taken as 0.5 mm;
where it is 0.75 mm or more, around number of 1 mm is tobe taken.

(2) For a structural membe made of rolled sedion(s), its sedion modulus with the effecive
attached plate beingtaken into account, may be 3%less han the value required in this PART.

(3) When same sizes are taken during construction for a group of members of a same type made
of rolled s=dionsadiacent to ead other in the same area, their respedive sedion moduli with
their effedive attacheal platesbeing taken into accouwnt, are not to be less han the mean value
of the valuesrespedively required in this PART for individuad members of the group. However,
this mean value is not to be less han 95% of the greatest value required in this PART for an
individual member of the group.

(4) The above principles (2) and (3) are not to be applied together.

1.2.1.6Unless otherwise stated, all scantlings given in this PAR® aeeregarded as the minimum
required. When designing structural members, those subject to excessive corrosion or wear and
tear inservice may be adequately increased in thickness.

1.2.1.7Locd members which may frequertly bea the forces resulting from dodking, pushing or
towing, etc., are to be strengthened appropriately.

1.2.2 Attached plating of members
1.2.2.1The effedive sediond area A of attached plating of primary membersisto be determined
as follows, but isnot to be lessthan the sediond area of the face plate:
(1) For amember attached to plane plating:
A=10fbtp cn?
(2) For a member attached to corrugated plating and parallel to the corrugations:
A=10at cn?
(3) For a member attached to corrugated plating and at right angles to the corrugations:
A =10 bftf cm?
where: f T fador, equal to 0.3(I/b)%3, but not to exceed 1;
bt the meanwidth, in m, of the load-bearing area of primary members;
| T the overall length, in m, of the primary member;
tpT the meanthickness,in mm, of the attached plating;
bf T the width, in m, of the face plate of primary members;
tf T thethickness,in mm, of the face plate of primary members;
a1 thewidth, inm, of corrugated plating flange;
t T thethickness,in mm, of corrugated plating.
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1.2.2.2Fa seconday membaeas, the width of attachel plating is taken as one spadng of the
corresponding membess.

1.2.3 The span point of members

1.2.3.1Except where otherwise stated, the span used for the caculating of the members in this
PART is the effedive span between the span points.

1.2.3.2For primary members, the span point is to be taken at a point be distant from the end
of the member (See Fgure 1.2.3.2):

d
be=hs(1-—
8l 7 )

B

bﬂ
Span point
s —= Span point
b,
| = ~ -
g <
Figure 1.2.3.2

1.2.3.3For span points of secondary members where end bradkets are fitted, see Hgure 1.2.3.3
(1) Where there is no end bradet, the span point is to be taken at the end of the member (as
shown in Fgure 1.2.3.3(2)).

im d d

:

pan point
Span point

Span point

Span point

/

Span point
\%ﬁ
-

-

Figure 1.2.3.3(1)
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] O e i s 7S A |
] Span point
= -
F:;: T:L_. o e~ —ar—— —— _:r

Figure 1.2.3.3(2)

1.2.3.4Unless otherwise spedfied in this PART, the span of curved members is defined as the
chord length between span points.

1.2.3.5Where the ends of stiffening members are not substantially fixed against rotation and
displacament, consideration will be given to the effedive span to be used for the stiffener.

1.2.4 Geanmetricd charaderisticsof members.
1.2.4.1Sedion area Az, momert of inertia | and section modulusW of rolled sedions(induding bulb

flats, unequal angle bars,and unequal angle bars of unequal thickness) (see Figure 1.2 4.1) together
with attachel plating are to be caculated by the following formulae:

A-=A1+ A4 em?
I=Li+ (- A1+ A7 107 + (0.05 )4 cm?
12
W= ! cm’
0.1h—y

where: ht height of the sedions,in mm;
A, T sediona areaof the sections,in cm?;
l, T momernt of self-inertia of the seaions,in cnt;
y: T neutral axis of the sedions,in cm;
AT sediond areaof the attached plate, in cn?;
t T thicknessof the attached plate in mm;
y T neutral axis with attached plate being considered, to be cdculated by the following

formula:
Ay, —0054¢

y= —/———— cm

Figure1.2.4.1
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1.2.4.2Where the thickness of both face plate and attached plate of T sections is not greater than
1/10 of web depth, section modulus W antbment of inertia | for T sections with attached plating

(see Figurd..2.4.2) may be calculated by the following formulae:

[ 2(4-a)) X
TT"=ﬁ a+£= 1+—_(:1 a) | cm’
10 61 24+f }

d? {1 Aa—025f" ]

= Ry i S ———_ cmy
100|3°°  Ad+a+f |

where: AT sediond areaof attached plating, in cn?; where A<a, it istaken asA=g;

fstT sediond areaof web plate, in cnv;
dw T depth of web, in mm.

A
Figure1.2.4.2

1.2.4.3The section modulus W and moment of inertia | of a corrugation over a spacing s for
corrugated bulkheads (see Figure 1.2.4.3) may be calculated by the following formulae:

(B ]
W=dt a+—| cm’
3 |
1 o b
I=—ditla+—| cm
20017 3

where:at width of corrugation flange, in m;
bt width of corrugationweb, in m;
dw Tt depth of corrugation, in mm;
t T thicknessof corrugated bulkhead plating, in mm;
h 1 angle between web and flange of a corrugation.

Figure 1.2.4.3
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1.2.4.4The section modulus W and momentioértia | of double skin bulkheads (see Figure 1.2.4.4)
may be calculated by the following formulae:

e’

4

I=5 CIm

where:b T spadng of double skins,in m;
ST average spaadng of diaphragms,in m;
tp T thicknessof double skin bulkheads,in mm;
tw T thicknessof web, in mm;
f1 fador, the same as spedfiedin 1.22.1 of this Chapter.

4
' |
‘ LS L

‘ |
|
i }4 s

e Gfe— -

b
P
Figure1.2.4.4
1.2.4.5The minimum radius r of inertia of sectional area of members is to be calculated by the
following formula:
1
?'=1IIII cim
where: I T minimum moment of inertia of sectiona area of members, in cnt;
AT sediond areaof members,in cn?.

1.2.5 Sructural details

1.2.5.1Primary members are to be so arranged as to ensure effedive continuity of structure, and
abrupt charges of depth or sedion are to be avoided. Where members abut on both sides of a
bulkhead or on other members, arrangemerts are to be made to ensure that they are in
alignment. Primary members in tanks are to form a continuous Ine of support and wherever
possble, a complete ring framing. The connedions of the ring framing are to be made of rounded
corners having an adequate radius, and the radiusof rounded cornersis ingeneral not to be less
than the web depth of the adjacert members.

1.2.5.2The web thicknesstw of primary members is not to be lessthan 0.01 Sy, in mm (where
Sy =gpadng of horizontal stiffeners on primary member web, or depth of unstiffened web, in mm);
but not less han 7 mm in dry spaces and not lessthan 8 mm in tanks. For ships of lessthan 60 m
in length, the web thickness may be reduced by 1 mm. For ships of lessthan 40 m in length,
the web thicknessmay be reduced by 2 mm.
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1.2.5.3The sectiond area Af of face plate of primary members is not to exceed dwtw/ 150, in crm?
(where dw=depth of primary member web, in mm, tw =thicknessof primary member web, in mm).

1.2.5.4 Primary members are to be supported by tripping bradkets. Where the primary members
are of symmetricd sedion, the tripping bradkets are to be fitted four secordary member spaces
apat and if the width of the face plate of primary members is more than 400 mm, a badk bracket
is to be provided in way of the tripping bradket. Where the primary members are of asymmetricd
sedion, tripping bradkets are to be fitted on one side of the web at alternate secordary members.
Tripping bradkets are alsoto be fitt ed to the primary membersin way of cone@ntrated loads. If the
ratio of depth to thicknessof the web is greater than 55, tripping bradets or stiffeners are to be
fitt ed closeto the toes of end bradkets. The height of tripping bradetsisto be extended to the face
plate of primary members. The breadh is not to be less than 40% of the height. Where the
unsupported breadh of the face plate or flange of primary membes exceeds 15t (t being
thicknessof face plate of primary members), the tripping bradkets are to be welded to the face
plate or flange of primary members. The thicknessth (in mm) of tripping bradkets is not to be less
than 5 + 0.025 L, but need not be greater than that of web of primary members, where L being
length of ship (which need not be greater than 300 m in caculation). Where the free edge length Ib
(in m) is greater than 0.06 th, the tripping bracets are to have face plate or flange, and the
sediona area A (in cm?) of which is generally not to be lessthan 10 Ip.

1.2.5.5 All openings on structural members are to be kept clear of areas of stressconcentration
and where thisisimpradicalde, corresponding compensation isto be made All corners of openings
are to be well rounded. Where structural members are diredly connected with plates, hard points
are to be avoided.

1.2.5.6 Within 0.4 L amidships, where the web height of strength ded girdersis greater than 65
t K(t being web thickness,while K being material factor), horizontal stiffeners are to be provided
parallel to face plate.

1.2.6 Secondary member end connections
1.2.6.1 Unlessotherwise spedfied in this PART, the end conrections of secordary members are
to comply with the requirements of 1.2.6.

1.2.6.2 The endsof secordary members are generally to be bracketed, see Hgure 1.26.2. Where
secordary members passthrough primary members, secordary members are to be conrected to
the webs of primary members by welding.

1.2.6.3 Where the seconday members contributing to longtudinal bendng strength are cut in
way of bulkheads or transverse primary membe's, conneding brackes are to be provided soasto
ensure the longtudinal continuity. The brackes at both sidesof the bulkheads or transverseprimary
membasare to be in alignment

10
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1.2.6.4 The sedion modulus W of framesthat isused for determining the scartlings of brackds is

to be sleded asfollows:

(1) Fa the bradets conrecting the secordary to the primary members, W is the sedion modulus
of the cordary members.

(2) Forthe bradkets at frame ends, W is the sedion modulus of the frames.

(3) For other bradets, W is the leser of section moduli of two connectingmembers.

Figure 1.2.6.2

1.2.6.5 The thickness t of brackets is to be not less than that obtained from the following formulae:
mm, for brackets with face plate or flanged brackets

(= (025 +2) / R Rt mm, for bradkets with face plate or flanged bradets

oA &

) < R >
I=(025JW +335 )\; R = +C  mm, for bradkets without face plate or unflanged brackets

el _b

where: W1 Rule sedion modulusof frames, in cm3;
ReH st vyield stressof material of frames, in N/mm2;

ReH bt yield stressof material of bradets, in N/mm?;
Ct coefficient, taken as 2.5 for bradkets in tanks or 1.5 for other bradkets.
The minimum thicknessof bradkets is generally to be 6.5 mm and need not be greater than 15 mm.

11
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1.2.6.6 Where the Rule sedion modulus W o framesis not lessthan 500 cm3or the free edge is
more than 50 timesthe thicknessof brackes in lengh, the brackes are to be flanged or fitted with
face plates. The breaah b of the flanges or face platesis not to be lessthan that obtained from the
following formula:

b =0.04W +40 mm, and not lessthan 50 mm

where: W1 Rule secion modulusof frames,in cms.

1.2.6.7 Thearmlengh h of brackesisnot to be lessthan 2.2 timesthe web depth of frames(where
the ends of frames are welded, it may be reduced to not lessthan twice the web depth, see Fgure
1.2.62 (1)), and isnot to be lessthan that obtained from the following formula:
h="75 ‘AI mm
\ t—=C
where: W1 Rule section modulus of frames, in cm3;
t T thicknessof bradkets, in mm;
Ct codfficient, see 1.26.5 of this Sedion.

1.2.6.8 The two arms of the brackes are to be asfar as possble equd in lengh. Where the two
armsare not the same inlengh, they are to comgy with the following:
h1 +h2x 2h h1 0.8h

h2 » 0.8h
where: h1, h2 T adual length of bradket arms,in mm, as shown in Hgure 1.2.6.2;
h T arm length of bradets,in mm, see 1.26.7 of this Sdtion.

1.2.6.9 Where the frame islapped to the bracke, the lengh of overlap isnot to be lessthan 1.25
timesthe web depth of the frame.

1.2.6.10Where the frames are brackded to primary membe's, such brackds are in geneaal to be
extended to the face plates of primary membes.

1.2.7 Primary member end connedions
1.2.7.1Unlessotherwisespedfied in this PART, the end connedions of primary members are to be
in compliana with the requirements of 1.2.7.

1.2.7.2The ends of primary membes are to be fitted with conrecting bradkets. Where two
primary members are connected with a bradket, the scartlings of the bradet may be determined
based upon the primary member having the lesser section modulus.

1.2.7.3The arm length of the end bradket, which indudes the web depth of the primary member,

isnot to be lessthan twice the web depth of the primary member, and the thicknessof the bracket

isnot to be less han that of the web plate of the primary member. The bradkets are to be flanged

or fitted with face plates, the scartlings of which are generally to be the same asthe face plates of

primary members. The web plates of primary members are to be welded to connecting members.
12
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Where the side length of the non-stiffened triangle of the bradket is greater than 10(t (t beingthe
web thicknessof the bradket), stiffeners parallel to the face plate of the bradket are to be fitted in
accadance with 5.12.2.6 of Chapter 5 of this PART.

1.2.7.4Where primary membas, which are not in tanks, are conneded by integral end brackes to
bulkheads (ie. the web plates of primary membes gradudly raised at ends), the arm lengh of
brackes is not to be less han 1.5 times the web depth of primary membeas. The web plates of
primary membeas are to be welded to bulkheads and the face plates are to be extended
continuouslyto the bulkheads.

1.2.7.5Where the dedk girdersor transversesare to be conneded to bulkheadsor verticd membea's
of shell plating, the increaseof scartlings of the verticd membesmay be required inorder to ensure
that conneding joints hawe adequde resistance to rotation.

1.2.7.6In order to avad the stress conceriration at ends of primary strengh membes, the
thicknessof their web plates are to be adequdely increased in way of toe ends of large brackes,

and the face plates of brackets are to be beveled to ends. The height of toes is in general not to be
greater than the thickness tw ofracked toes, and is not to be less than 15 mm. Fa the
recommendel structural configuration of toe ends of large brackes, see Fgure 1.2.7.6

1520, mm ¢ ——r

Figure 1.2.7.6

1.2.8 Sandard spadngof framing members
1.2.8.1The standad spacing sb of frames, beams or longitudinals (bottom, side and ded) is

to be cdculated by the following formula:
Sb =0.0016L+0.5 m, but not greater than 0.7 m where: LT length of ship, in m.

1.2.8.2In fore and aft peak tanks, the standad spadng sb of frames or side longitudinals is to
be that obtained from 1.2.8.1 or 0.6 m, whichever is the les<er.

1.2.8.3Within 0.05L at ends, the standad spadng sb of ded longitudinals or ded transverses

of superstructuresand dedhousesis to be that obtained from 1.28.1 or 0.6 m, whichever is the
lesser.

13
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SECIDN 3 ¢ MATERIALS

1.3.1 General requirements

1.3.1.1The chemicd composition and mecharicd properties of hull structural steels are to comply
with the relevant requirements of Chapter 3 of PART ONEof ISCRulesfor Materialsand Welding.

1.3.1.2Manufadure and testing of hull structural steels are to compy with the requiremerts of
Chapter 1 and Chapter 2 of PART A of ISCRulesfor Materials and Welding.

1.3.1.3Sed castings or steel forgings used for the construction of stems, rudder posts, shaft
brackes, rudder stocks and other hull structures are to comgy with the relevart requiremerts of
Chapter 5and Chapter 6 of PART ONEof ISCRules for Materials and Welding.

1.3.1.4Except where otherwise stated, the elastic modulus of steel is to be taken as 2.06 x 105
N/mm?2,

1.3.1.53e€els having ayield point not less hian 265 N/mm? are regarded as higher tensilesteels.

1.3.1.6Where higher tensilesteel isused for hull structures, its categary, grade, location and extent
are to be marked on the structural drawings soasto fadlitate for maintenance

1.3.1.7The material facor Kof hull structural steel isgiven in Table 1.31.7.

1.3.1.8Unless spedally provided, the yield strengh of material (yield stress or yield point of
material) is the spedfied minimum yield stressin the Rulesfor Materials and Welding, and the non-
proportiona extension strength is the minimum vaue of spedfied non-proportiond extension
stress.

Material Fador K-Table 1.31.7

Yield strengthReH(N/mm2) Material factorK | Yield strengthReH(N/mmz2) Material factor K
235 1 355 0.72
265 0.92 390 nodécy ono
315 0.78 460 nocH
Notes:

only apply to the strength deck and hatch coaming of containerships complying with the requirements of
7.1.1.4 of Section 1, Chapter 7 of this PART;
2yfte FLJXe (G2 GKS adNBy3adk RSOz KFEGOK O2I Y y)R
100 mm onboard container ships.
F2NI YFOGSNRAEFE A gAGK @ASTR adNBy3adk y24d tAalGSR A

1.3.2 Requirements for hull structural steel at normal temperature

1.3.2.1In ships of 90 m or over in length, the hull structural steel is to comply with the
requirements of 1.32.2 below. For strength members not covered by Tables1.3.2.2(1) to 1.32.2(6)
or in ships of lessthan 90 m in length, grade A/AH steel can generally be used for hull structure.
The steel grade isto correspond to the as-built plate thicknessand material class.

14
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1.3.2.2 Materials in the various strength mwbers are not to be of lower grade than those
corresponding to thematerial classes and grades specified in Tabl€22@) to Tablel.3.2.2(7).
General requirenentsare given in Table 1.32(1), while additionahinimum requiranents are given
in the following Tables:

Table 1.3.2.2(2): faships, excluding liquefied gaarriers coveredin Table 1.32.2(3), with length
exceedng 150 m and single strength ded;

Table 1.3.2.2(3): for membrane type liquefied gas carriers with length exceedng 150 m;

Table 1.3.2.2(4): for shipswith length exceedng 250 m;

Table 1.3.2.2(5): for single side bulk carriers subjected to SOLASregulation XI11/6.4;

Table 1.3.2.2(6): for shipswith ice strengthening.

1.3.2.3 For hull structural mmbers of different material classes, the grades of steel are to be
selectedfrom Table 1.2.2(7) in accordance with the thicknesstbé structuralmembers.

1.3.2.4 Whereplate thickness is greater than that required in the Rules, the grade of steel is to be
selectedfrom Table 1.3.2.2(7) in accordance with thebadt thickness of plates.

Table 1.32.2(1) - Material Clhssesand Gradesfor Shipsin General
Category Structural member Material class/grade

(1) Longitudinal bulkhead plating, other than that belonging to the
Primary category Class | within 0.4L amidships
Secondary (2) Deck plating exposed to weather, other than that belonging to| Grade A/AH outside 0.4L
Primary or Special category amidships

(3) Sideplating

(1) Bottom plating, including keel plate

(2) strength deck plating, excluding that belonging to the Special
category

(3) Continuous longitudinal plating of strengttembers above
strength deck, excluding hatch coamings

(4) Uppermost strake in longitudinal bulkhead

(5) Vertical strake (hatch side girder) and uppermost sloped strak
top wing tank

omM0O {KSSNJ &A&GNI 1S Fd aaGdNBy3aiGk
OHO {GNAY3ASNI LX TGS Ay adNBy3i
(3) Deck strake at longitudinal bulkhead, excluding deck plating in
way of innerskin bulkhead of doubl& dzf f & KA LJa

(4) Strength deck plating at outboacdrners of cargo hatch opening Class Il within 0.4L amidship
in container carriers and other ships with similar hatch opening | Class Il outside 0.4L amidshi
configurations Class | outside 0.6L amidship
) (5) Strength deck plating at cornersaafrgo hatch openings in bulk
Special | carriers, ore carriers, combination carriers and other ships with | Class 11l within 0.6L amidship
similar hatch opening configurations Class Il within rest of cargo
(5.1) Trunk deck and inner deck plating at corners of openings fol region

liquid and gas domes in membrane type liquefied gas @axri

(6) Bilge strake in ships with double bottom over the full breadth g Class Il within 0.6L amidships

Class Il within 0.4L amidships
Grade A/AH outside 0.4L
amidships

Primary

length less than 150 m Class | outside 0.6L amidship
L Class Il within 0.4L amidship
(7) Bilge strake ig U KSNJ a KA LJa Class Il outside 0.4L amidshi

Class | outside 0.6L amidship
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(8) Longitudinal hatch coamings of length greater than 0.15L Class Il within 0.4L amidship
including coaming top plate and flange Class Il outside 0.4L amidshi

" N Class | outside 0.6L amidship
(9) End brackets and deck house transition of longitudinal cargo Not to be less than Grade

hatch coamings D/DH

Note: Sirgle strakes required to be of dasslll within 0.4L amidships are to have breadths not lessthan 800 + 5L
mm (Lbeing the shipQ l&ngth), need not be greater than 1,800 mm, unlesslimited by the geometry of the hipQ design.

Table 1.32.2(2) - Minimum Material Grades for Ships with Length Exceealing 150 m and Sngle
Srength Deck
Structural member category Material grade
Longltuc_llnal plating of strength deck where contributing to the Grade B/AH within
longitudinal strength 0.4L amidships
Continuous longitudinal plating of strength members above strength d
Singlesidestrakesfor shipswithout inner continuouslongitudinal Grade B/AH within

bulkhead(s) between bottom and the strength deck cargo region
Note: This Table is applicable to ships other than the liquefied gas carriers covered in Table 1.3.2.2(3).

-

o

Bilge Strak >

Minimum Material Gradesfor Shipswith Length Excealing 250 m Table 1.32.2(3)
Structural member category Material grade

{ KSIFNJ adN¥ 1S I { Grade E/EH within OL4amidships

Stringer plate i (i NS y 3 K| Grade E/EH within OL4amidships

Af3S adN) S Grade D/DH within Oldamidships
Note:  Sirgle strakes required to be of Grade D/DH or Grade E/EH as shown in the above table and within 0.4L
amidships are to have breadths not lessthan 800 + 5L mm (L being the shipQ Ength), need not be greater than 1800
(mm), unlesslimited by the geometry of the shipQ design.
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Table 1.32.2(4) - Minimum Material Grades for Sngle-Sde Skn Bulk Garriers Qubjeded to SOLAS
Reg XII/6.4
Structural member category Material
[ 26 SNJ ONI O1SG 2F 2NRAYIFNE &ARS TN Grade D/DH
Side shell strakes included totally or partially between the two points locatg
to 0.123 above and below the intersection of side shell and bilge hopper | Grade D/DH
af2LIAY3 LA TGS 2N AYYSNI o2GdG2Y LI |
Notes:
The term dlower bracke € means webs of lower bracke s and webs of the lower part of side frames up to the point

of 0.125| above the intersection of side shell and bilge hopper sloping plate or inner bottom plate.
The gan of the side frame, |, is defined asthe distance between the supporting structures.

Table 1.3.2.2(5) - Seel grade requirementsfor Material Casses

Material class I 1 11
Thickness (mm) Mild Higher Mild Hi.gher Mild Higher
steel tensile steel | steel tensile steel | steel | tensile steel

G X M| A AH A AH A AH
1I5<tXX HJ A AH A AH B AH
20<t )X H | A AH B AH D DH
25<t)X o5 A AH D DH D DH
30<t)XX o B AH D DH E EH
35<tX n 7/ B AH D DH E EH
40 <t XK p J D DH E EH E EH

1.3.2.5Plating materials for stern frames supporting the rudder and propeller boss, rudders, rudder
hornsand shaft bradkets are, in general, not to be of lower gradesthan thosecorrespondingto class

Il. For rudder and rudder body plates subjeced to stress concentrations, e.g. in way of lower
support of semi-spade rudders (i.e. rudder horn recess)or at upper part of spade rudders, classlll

is tobe applied.

1.3.2.6For ships of lessthan 90 m in length, single strakes required to be of classlll within 0.4L
amidships are to have breadths not lessthan 800 + 5L mm (L being length of the ship, in m), but
need not be greater than 1,800 mm.

1.3.2.7The material classused for reinforcement and the qudity of materials (ie. whether mild or
higher tensile steel) used for welded attachments, auch as bading bars of bilge keels, is generally
to be similar to that of the hull envelope platingin way.

Where attachments are made to rounded gunwale plates, spedal consideration will be given to the
required grade of steel, taking accouwnt of the intended structural arrangemerts and attachment
details.

1.3.2.8The material classfor dedk plating, sheer strake and upper strake of longitudinal bulkhead
within 0.4 Lamidshipsis alsoto be applied at the poop front and at the ends of the bridge.

1.3.2.9In the caseof container ships,the material classfor strength ded, sheer strake and torsion
box structure within 0.4 Lamidshipsis alsoto be applied in way of the entire cargo area.

17



PART B HULLSURVEYS

1.3.2.100n tankers having a poop, the qudity of strength ded plating extending forward of the
poop to any pump room openingsis to be kept unchanged.

1.3.2.11Fa hull structures having T connedions or cruciform connedions, with full peneration
welding, and plate material of which issubjed to high tensilestressthrough thickness, the useof Z
direcion steel plates having through thicknesspropertiesis recommended

1.3.3 Requirements for steel used for refrigerated space structures
1.3.3.1Where the minimum design temperature tD of the sted falls below 03

in refrigeraed

spaces, in addtion to the requirements of 1.3.2 of this Sedion, the steel grade for the dedk plating,
webs of dedk girders, longtudinal bulkhead strakes attached to dedk and beams for supporting
hatchway covers and their face platesis tocomply with the requirements of Talde 1.3.3.1.

Table 1.3.3.1 - Seel Grade of Sructural Membersin Refrigeraed Spaces

Thickness Mild H|_gher Mild steel Higher tensile Mild steel Higher tensile
(mm) steel tensile steel steel steel
tX MH | B AH D DH E EH
12.5 <t K Specially Specially
255 b bH E EH O2yarRS§O2yaARS
Specially Specially Specially Specially
t>255 E EH O2yaARS| O2yaARS| 02y aARGO2yaARS
Notes: Austenitic dainless $eel may generally be used. Grade FH may generally be used.

1.33.2 The minimum design temperature of the refrigerated space dedk may be assessd by a
temperature gradient caculation or may be determined in accadance with Table 1.3.3.2. Where
one of the internal spacesconaernedisnot refrigerated, thetemperature of the spaceis tobe taken

ash3 .

Table 1.3.3.2 - Minimum Design Temperature of Refrigerated Space Deck

Item Arrangement Deck temperature

1 SDs;:genot coveredwith insulationin the refrigerated Temperature of theefrigerated space

2 Deck coyered with insulation in Fhe refrigerated spa Temperature of the space on the uninsulated sig
and not insulated on the other side
Deck covered with insulation on both sides: Mean of the temperaturesof the spacesabove

3 (1) Temperature difference not greater thdnis and below the deck
(2) Temperature difference greater thand lbut not | Meanof the temperaturesof the spacesabove
greater than 33 and below the deck less3

1.3.4 Shipsexposedto low air temperatures

1.3.4.1For ships intended to operate in areas with low air temperatures (below -103 ), eg.
regular service during winter seasons to Arctic or Antarctic waters, the materials in exposed
structures are to be seleded based on the design temperature tD. The design temperaturetDis to
be taken asdefined in 1.3.4.6.

1.3.4.2Materials in the various strength membes above the lowest ballast waterline (BWL)

exposed to low air temperatures (induding the plating covered by note

of Table 1.3.4.2) and

materials of cargo tank bounday plating to which 1.3.47 is applicalde are not to be lower than
thoseasgivenin Table 1.3.4.2 For non-exposed hull structural steel above BWL(except for as
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indicated in Table 1.34.2) and hull structural steel below BWL, the requirements in 1.32 of this
Sedion apply.

1.3.4.3Grades of steel for hull structural members of different material classes are to be
seleded accading to Table 1.3.4.3 depending on plate thicknessand design temperature. Where
the design temperature tD is below -553 , the grades of steel are to be subjed to speaal
consideration by ISC

1.3.4.49ngle strakesrequired to be of classlll or of grade E/BH or FH are to have breadthsnot less
than 800 + 5L mm (L being length of the ship, in m), but need not be greater than 1,800 mm.

1.3.4.5Pating materials for stern frames, rudders, rudder horns and shaft brackets are not to be
of lower gradesthan thoserequired in 1.32 of this Sedtion.

Table 1.34.2 - Material Clhssesat Low Temperatures

Structural Material class
member Structural member Within 0.4L | Outside 0. 4L
category amidships amidships

Deck plating exposed to weather in general, side plating above
.22 GNYrya@dSNBS odzZ | KSIFR& |0 | |
/P NB2 GFyl o02dzyRFNE LI I GAYy3
{GNBy3IGK RSO] LXIdAay3

Continuoudongitudinal membersabovestrengthdeck,excluding
Primary longitudinal hatch coamings I I

Secondary

[2y3IAGdzRAY It odA {KSIR 0208
¢21L) gAy3a Glyl odAZ1KSIR 62038
Sheer strake at strength deck, includN@ dzy RS R 3 dzy 4
Special A{VGNJ\YHSNJAL\H |-,ijé Ay z;ﬁr}uéyain " "
5801 a40NI 18 d t2yIAddRAYI €
| 2yGAYydz2dza 2y 3AAGdRAYIE KIFGO
Notes:

Phkting at corners of large hatch openings to be spedally considered. Aasslll or grade E/EH to be applied in positionswhere
high locd stresses may ocaur.

Not to be lessthan grade E/BH within 0.4 Lamidshipsin shipswith length exceeding 250 m.

In shipswith breadth exceeding 70 m at least three dedk strakesto be classlll.

Not to be lessthan grade O DH.

Applicable to plating attached to hull envelope plating exposed to low air temperature. At least one strake isto be
considered in the same way as exposed plating and the grake widthisto be at least 600 mm.

Fa cargo tank boundary plating exposed to cold cargo for ships other than liquefied gas carriers, the requirements of 1.3.4.7 are

to be satisfied.

Table 1.34.3 - Material Grade Requirements for Chssl, lland Il at Low Temperatures

Class | -11 -153 -16 -253 -26 -353 -36 -453 -46 -553
P | Mid | 0| g | R | M| e | MG | e | Mid | e
steel steel steel steel steel
steel steel steel steel steel
tKm n A AH A AH B AH D DH D DH
10 tKmp A AH B AH D DH D DH D DH
15 ©OKH n A AH B AH D DH D DH E EH
20 tXKH p B AH D DH D DH D DH E EH
25 tXKo n B AH D DH D DH E EH E EH
30 tXo p D DH D DH D DH E EH E EH
35 tXKn p D DH D DH E EH E EH S FH
45 tXKp n D DH E EH E EH C FH C FH
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Class Il -11 -153 -16 -253 -26 -353 -36 -453 -46 -553
Platg thickness, Mild ngher Mild ngher Mild ngher Mild ngher Mild H|gher
in mm tensile tensile tensile tensile tensile
steel steel steel steel steel
steel steel steel steel steel
tKm n A AH B AH D DH D DH E EH
10 tKH N B AH D DH D DH E EH E EH
20 tXon D DH D DH E EH E EH C FH
30 t)Knn D DH E EH E EH 4 FH 4 FH
40 tKn p E EH E EH C FH C FH C G
45 tXKp n E EH E EH C FH 4 FH 4
Class I -11 -153 -16 -253 -26 -353 -36 -453 -46 -553
Platg thickness, Mild ngher Mild ngher Mild ngher Mild ngher Mild H|gher
in mm tensile tensile tensile tensile tensile
steel steel steel steel steel
steel steel steel steel steel
KM n B AH D DH D DH E EH E EH
10 OKH N D DH D DH E EH E EH q FH
20 tKH p D DH E EH E EH E FH q FH
25 tXKo n D DH E EH E EH q FH q FH
30 t)XKo p E EH E EH C FH C FH C C
35 tKnn E EH E EH C FH q FH q q
40 ©OKp n E EH C FH C FH C C C C

Note: &€ in the Table = Not applicable.

1.3.4.6The design temperature tDisto be taken asthe lowest mean daily average air temperature
in the area of operation, where:

meaur statisticd mean over observation period;

daily average: average during one day and night;

lowest: lowest during year.
For seasonally restricted service the lowest value within the period of operation applies.
Hgure 1.34.6 illustratesthe temperature definition.
Forthe purpose ofissuinga Polar ShipCertificatein accordance witithe Polar Code,the design
temperature tD is to be no more than 43higher than the Polar Service Temperature (PST) of the
ship. In the Polar Regions, the statistical mean over observation period is to be determined for a
period of at least 10 years.

Air Temp

— Lowes!l mean daily average temperalurs

—~ Lowest mean dally lowest temperatura

FMAM A S O N C
Manth

Figure 1.34.6 General Temperature Definitions
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1.3.4.7Cold cargo foships other than liquefied gas carriers

For ships other than liquefied gas cariers, intended to be loaded with liquid cargo having a
temperature below -103 , e.g. loading from cold onshore storage tanks during winter condtions,
the material grade of cargo tank boundary platingis defined in Table 1.3 4.3 based on the following:
(1) tc design minimum cargo temperaturein 3 ;

(2) steel grade correspondingto Chssl asgiven in Table 1.34.2.

The design minimum cargo temperature, tc is tobe spedfied in the loading manud.

1.3.5 Useof aluminum alloy

1.3.5.1The use of aluminum alloy is permitted for superstructures, dedkhouses, hatch covers, or
other similar structures,based on equivalent strength, instead of hull structural steel asrequired in
the Rules. The chemicd composition and mechancd properties of aluminum alloys used are to
comply with the relevant requirements of Chapter 8, PART ONEof ISCRules for Materials and
Welding.

1.3.5.2Unless stated otherwise, the modulus of elasticity of Aluminumalloy may be taken as
70,000 N/mmg2,

1.3.5.3The scartlings of Aluminumalloy structures may be obtained from the following formulae:

For plating thickness: [ ={ \.."Kﬂ mm

For section modulus: W,=W.K, cm?

where:
ts thicknessof mild steel plating as required in the Rules,in mm;
Ws 1 sedion moduusof mild steel asrequired in the Rules,in cm?;
Ka 1 materia fador for dluminumalloy, g -235 ;
wi T the minimum yield stressR , of parent material which coud be guaranteed under
welding condtion, in N/mmz2, to be taken not greater than 70% minimum tensile
strengh R m of parent material which could be guaranteed under welding conditi
Rogr=mR .,
R,=mR,:
Ro2 T theminimum yield stressof parent material which could be guaranteed
under delivery condtion, in N/mm?;
Rn 1 the minimum tensile strength of parent material which coud be guaranteed under
delivery condtion, in N/mm?. h; andh.are givenin Table 1.3.5.3(1)

—

Table 1.35.3 (1)- Aluminum Alloyused br WeldedSructures

Aluminum alloy hi h2
Not treated by hardening (5000 series under annealed condition O or 1 1
Treated by hardening (5000 series other than O or H111) R0z / Rz wi/ Rn
Heat treated and hardened (6000 seriés) Rpoz2 / Rz 0.6

Note: (1) If information is not provided, the factbrl defined inTable 1.3.5.3(2);is to be taken as metallographic efficiency coeffiéient
Rpost the minimum yield stressof material which could be guaranteed under welding condition, in N/mm?;

Ryt the minimum tensile grength of material which could be guaranteed under welding condition, in N/mm?.
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Table 1.35.3(2) - Aluminum Alloy T Metallogragphic Eficiency Coefficient &

Aluminum Alloy 'I(':ezor?]gieiiré;g Total Thickness (mm) j
6005A (opening section) T5or T6 0 X c¢ 0.45
t>6 0.4
6005A (closedection) T50rT6 All 0.5
6061 (section) T6 All 0.53
6082 (section) T6 All 0.45

1.3.5.4The welding procedues for aluminum alloy are to be subjed to approvd. The methodsused
for conneding aluminum alloy with steel membe's and the information for measures to be taken
for corrosion control are to be submitted to ISCfor examination.

1.3.6 Useof stainlesssteel
1.3.6.1Sainless seel may be used for tanks onboard oil tankers and chemicd tankers to
equivalently substitute the hull structure steelsrequired in the Rules.

1.3.6.2Except where otherwise stated, the elastic modulus of stainless steel maykbe &5
2.06x105N/mm?.

1.3.6.3The material fador Kisto be cdculated by the following formula:

o 235

R

where: Rep T the minimum yield strength or non-proportiond extension strength of stainless
steel under the designed allowable maxmum cargo temperature, in N/mn?, to be
cdculated by the following formulae:
for no nitrogen austenitic stainlesssted!:
R,, =—40n(T)+127+R, .
for nitrogen austenitic stainlessstee!:
R, =—48I(T)+142+R
for duplex stainlesssted!:
R, =—65I(T)+200+R,

T 1 thedesigned allowable maximum cargo temperature, in3 ;

Ryo21 the minimum yield strength or non-proportiona extension strength of stainless
steel, in N/mm? at room temperature, in accardance with the relevant requirements
of Seaion 8, Chapter 3, PART ONEof ISCRulesfor Materials and Welding.

For duplex stainlesssteel, Kis not to be lessthan 0.68.
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SECION 4 - WELEDESGNFORHULL SRUQURES

1.4.1 General requirements

1.4.1.1This Sedion applies to the weld design for normal hull structures and componens.
Welding procedures for the construction of hull are to comply with the relevant requirements
of ISCRules for Materialsand Welding.

1.4.1.2The arrangement of welds in hull structures is to be such as to allow adequate access
for completion of all welding operations. Welded joints are to be so arranged as to fadlitate the
useof flat (downhand) weldingwherever possble.

1.4.1.3Where welding is used for hull structures, care is to be taken to avoid the arrangemert of
welded joints in positions of stressconcentration. Adequde transition is to be made in way of the
abrupt charges of shape or sedion, and excessive concentration of welds over such positionsis to
be avoided.

1.4.1.4Parallel welded seams in the main hull structures are to be spaced an adequate distane
apat. The distance 11 between two parallel butt welded seams is not to be lessthan 100 mm,
and the butt welded seams are not to be intersected with an acue angle. Where a butt welded
seam is in parallel with a fillet welded seam, the distance 12 between them is not to be lessthan
10 mm. The distance between the above two welded seams is in general the distance between
inner edges of two weld toes (as shown in Fgure 1.41.4).

Yy

Distance between butt weld toes Distance between butt and fillet weld toes
Figure 1.4 1.4 Distanae between parallel welded seams
1.4.1.5The shell plating, ded plating, inner bottom plating and bulkhead plating are all to be
conrected by butt welds.

1.4.1.60verlaps are generally not to be used to conrect platesin hull structures, particularly for
plates which may be subjected to high stress.

1.4.1.7The use of permanernt bading bars in highly stressed welds in hull structures is to be
avoided as far aspossble.

1.4.1.8Double continuousfillet welding is to be adopted in the following locaions:

(1) boundaries of weathertight dedks and eredions, induding hatch coamings, companionways
and coamings of other openings;

(2) boundariesof tanks and watertight compartmernts;

(3) connectionsin foundationsand supporting structures;
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(4) all structureinthe aft peak and the aft peak bulkhead stiffeners;

(5) all weldinginside tanksintended for chemicds or edible liquid cargoes;

(6) main frames and their upper and lower bradets in cargo holds of bulk cariers to side shell
plating and sbped bulkhead plating of topside tanks and hopper side tanks;

(7) all lapweldsintanks;

(8) primary and secandary membersto bottom shell in the 0.25 Lforward,;

(9) centreline girder to keel plate;

(10)boundaries of galleys, pantries,laundy rooms, bathrooms, toilets and storage battery rooms,
etc.;

(11)primary and secordary members to plating in way of end connedions, and end brackets to
plating in the caseof lap conrections;

(12)other spedal connedions or attachments, and in particular the attachment of minor fittings
to higher tensilesteel plating, will be spedally considered.

1.4.1.9 Where higher tensile stedl is used, double continuous fillet welds are normally to be
adopted.

1.4.1.10Details of the welded conrections of main structural members of the hull, induding type
and size of welds, are to be clearly indicated on the plans submitted for approval. The extent to
which automatic weldingis used is tobe indicated on the plans.

1.4.1.11When arranging side joints of shell plating, the arrangement of longitudinal members such
asded plating, longitudinalsand inner bottom margin platesare to be taken into aceount, avoiding
coincdence of the side joints and fillet welds of longitudinal members or their intersecion to an
excessively small angle. The butt welds of end joint of the shell are to avoid the toes of internal
longitudinal members and the fillet welding of transverse members as far as pracicabe.

1.4.2 Welding consumables

1.4.2.1Welding consumables used for hull structures are to comply with the requirements of ISC
Rules for Materials and Welding. The grade of welding consumables seleded is to be suitable for
the grade of hull structural steel, and isto comply with the requirements of Table 1.42.1. Welding
consumablesof H47 skeels are to be seleded by referringto 1ISCGuidelinesfor Application of Thick
Higher Srength Seel Plates for Ships and welding consumables of other steels are to be seleced
by referring to 1ISCGuidelines for Inspedion of Hull Welds.
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Table 1.42.1-Sledion of Welding Consumables

Hull structural steel grade AH27| DH27| EH27| FH27

Grade of welding A B D E | AH32| DH32| EH32| FH32| AH40| DH40| EH40| FH40
consumables AH36 | DH36| EH36| FH36

1 X

2 X X X

3 X X X X

1y X =}

2Y X X X X X

3Y X X X X X X X

4Y X X X X X X X X

2Y40 X X X X

3Y40 X X X X X X

4Y40 X X X X X X X X
5Y40 X X X X X X X X

Notes: & &means applicable;

When joining structural steels of normal strength, it is not recommended to use a much higher grade of welding
consumable.

When using Grade 1Y welding consumables, the material thicknesses $ould not exceed 25 mm.

1.4.2.2For the joining of steelsof different strength levels,the welding consumablesin general may
be of a type suitable for the lower strength level except at structural discortinuities or areas of
stressconeentration. For the joining of steels of the same strength level but of different toughness
grades, the welding consumables in general may be of a type suitable for the lower toughness
grade except for the structural members subjected to complicated forces or severe construction
condtions.

1.4.2.3Low hydrogen welding consumables are to be used for the welding of the following
structural members and components:
(1) Cicumferential butt weldsin the joining of block sedionsand butt welds of girders;
(2) End and side joints of the shell of shipswith ice strengthening;
(3) Masts, derricks, boat davits, bollards and other outfits subjecded to heavy loads and all
other highly stressed fitti ngs;
(4) Gomponerts for which high rigidity is required, such as stems, stern frames, propeller shaft
bradkets, and joints between them and the shell plating and the hull framing;
(5) Main engine seatingsand the assodated structural members.

1.4.2.4Itisrecommendel that low hydrogen welding consumaldes be used for the joining of higher
strengh structural steel or of steel with carbon equivalent over 0.41%

1.4.3 Butt, lap and slot welds

1.4.3.1Where plates of different thicknessesare to be butt welded and the difference inthickness
of one sde is lessthan or equal to 4 mm, the transition may be acheved within the width of the
weld. Where the difference in thicknessof one side is greater than 4 mm, the edge of the thicker
plate isto be tapered soasto ensure a uniform transition with the weld. The width isnot to be less
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than 3 timesthe difference in thicknessof one side, and the difference in height of the two sides of
the groove d isnot to be greater than 4 mm, as shown in Fgure 1.4.3.1(1). Where the groove width
is not lessthan 3 times the difference in thicknessof one side, taper may not be necessary and
the transition may be achieved within the width of the weld, as shown in Hgure 1.4.3.1(2).

Greove

W  width

=38
o

‘

W =38
-
Difference
| 1:\ thckness :\1

(1) (2)
Figure 1.4.3.1 Butt welding of steel plates of different thickness

4 Difterence m
ithickness §
A4

1.4.3.20verlaps are generally not to be used to conrect plates which may be subjeced to high
tensile stessor compressve loading. Where plate overlaps are adopted, the breadh (b) of the
overlap is not to exceed four times nor be lessthan three times the thicknessof the thinner plate,
see Hgure 1.4.3.2. The joints are to be positioned as to allow adequate accessfor completion of
sound welds. The faying surfaces of lap joints are to be in close contad and both edges of the
overlap are to have continuousfillet welds.

by B
1,
ﬁ%‘_
{lz’_‘ T
Figure 1.4.3.2

1.4.3.3For the comedion of plating to internal webs, where access for fillet welding is not
pradicalde, the closing plating is to be attached by continuous full penetration welds or slot fillet
welds to face plates fitted to the webs. Sots are to have a minimum length of 75 mm and a
minimum width of twice the plating thickness, withwell rounded ends, and spaced not more than
150 mm apat. Sots are normally not to be filled with welding.

1.4.4 Fillet welds

1.4.4.1T-connedions of hull structures are generally to be made by fillet welds on both sides of
the abutting plate, induding fillet welds, partial penetration fillet welds and full penetration fillet
welds. The typesand application of fillet weldsare to be asshownin Table 1.44.1.

1.4.4.2The size of fillet welds for hull structural connedion is tobe determined as follows:
(1) Thethroat thicknessh of fillet weldsis to be determined from the following formula:

d
h=wif — mm
e f

where:tp T thicknessof the thinner plate of the abutting plates,in mm, e.g. tyor tz in
item 1 of Table 1.4.4.1 of this Sedtion, whichever is the lesser;
dt distance between weld fillets, in mm, i.e. the distancee between start positions
of successive weld fillets for intermittent welding, as shown in items Fgure
1.44.2 of this Sedion; where thefillet weld is continuous,d is tobe equal to |;
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L t thelength of weld fillet, in mm, clear of end craters,and isnot to be less han
75 mm;
w_1 weld fador. The weld fadors used for hull structures are as spedfied in Table
1.44.2 of this Sedion. Where an approved automatic deep penetration
procedure is used, W_ may be 85%of the value given in the Table.
The fillet leg length K is not to be lgbsin the value obtained from the following formula:
K= Jih mm
(2) In case of full penetration welding, there is no requirement for root face. For partial penetration
welds the root face f, is,to be taken between 3mm and 1/ 3t. The groove ange made to ensure
weldingbead pendrating up to the root of the groove, ', isusually from 40° to 60°. The welding
bead of the full/ partial penetration welds s to cove root of the groove

== RE2S g ﬁ
|y ' 3 13
( <150 = RS

Depth of scalop $0.25a o1 75 mm, whichever is the Jesse:

I ¢ length of weld, e ¢ spadng of welds, d ¢ distance between weld fillets, welding to be carried round both
ends of plating for intermittent fillet welds and ends of all lugs for scaloped construction.

Figure1.4.4.2
Table 1.4 4.1 - Types of Filet Welds
Item | Fillet Weld Type Remark
F
Used for ordinarngonnection
1 Double K¢ leg length
continuous h ¢ throat thickness
0 s &thidkness of plates
Double full Used in areas with high tensile stresses of
2 | penetration areas considered critical
welding h ¢ groove angle
Double Used in areas with relatively high tensile
symmetrical stresses or areas considered critical
3 | groove partial t ¢ thickness of weldment
penetration , ! f g root face
welding { { h ¢ groove angle
!
%=
/L-i- A a
Double — & /:J‘ 1 ‘ Used in areas withelatively high tensile
asymmetrical ( { stresses or areas considered critical
4 | groove patrtial ' — t ¢ thickness of weldment
penetration : f ¢root face
welding h ¢ groove angle
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Table 1.44.2 - Weld Fadors

Item gi{gr Remark

1 General application (except as required below):
(1) Watertight oroiltight plate boundaries 0.34
(2) Nontight plate boundaries 0.13
(3) Longitudinals, frames, beams, and o'Fher secondary 01
members to shell, deck or bulkhead plating

¢ In tanks 0.13

¢ In way of end connections 0.21
(4) Panektiffeners (i.e. small stiffeners) 0.1
(5) Overlap welds 0.27
(6) Longitudinals of the fldtar type to plating 0.21 | Double continuous
2 Bottom construction in way of holds or tanks
(1) Tight centre girder

¢ to keel 0.44

¢ to innerbottom 0.44
(2) Nontight centre girder (or centre keelson)

¢ to keel 0.27

¢ to inner bottom (or face plate of centre keelson) 0.21 | No scallops
(3) Tight boundaries of floors, girders 0.39
(4) Nontight boundaries of floors, girders (side keelson) and 016
brackets

¢ In way of 0.2 x span at ends 0.21

¢ In way of brackets at lower end of main frame 0.27
(5) Inner bottom longitudinals or reverse frames to inner 0.13 Under holds strengthened for heavy
bottom cargoes

(6) Floors supporting plane, corrugated, double plate bulkheg
and bulkhead stools to inner bottom

3 Hull framing

0.44 | Double continuous

(1) Webs of web frames and stringers to shell 0.16
(2) Webs of web frames and stringers to face plate 0.13
(3) Tank side brackets to shell and inner bottom 0.34

(4) Main frames of cargo holds in bulk carriers to shell plating 0.4 | See 8.3.6 in this PART
(5) End brackets of main frames of cargo holds in bulk carrig 0.44 | See 8.3.6 in this PART
4 Decksand supporting structure

See 5.2.5 of PART THREE of ISC Ru
(1) Strength deck plating to shell 0.44 | for Materials and Welding Generally
double continuous

(2) Other decks to shell and bulkheads (except where formin

tank boundaries) 021
(3) Webs of cantilevers to deck and to shell in way of root
0.44
bracket
(4) Webs of cantilevers to face plate 0.21
(5) Pillarg; end connections 0.34 0.'21 in dength of 0.15 span of hatch
girders at ends
Tubular end connections 0.44
(6) Girder web connections and brackets in way of pillar hea 0.21
and heels '
(7) Web plates of hatch girders and deck web beams to dech 016

their face plates
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5 Bulkheads and tank construction

(1) Watertight plane, corrugated, double plate bulkheads to
bottom, inner bottom, bilge plating, hopper and topside tankg 0.44
decks and face plates of bulkhead stools

(2) Upper and lower bulkhead stool platestheir face plates 0.44 | Full penetration in way of lower stool

(3) Bulkhead stool plates to inner bottom, deck and bilge 0.44
(4) Bulkhead plating to side shell 0.34
(5) Bulkhead plating to secondary members where acting as 013
pillars
(6) Nonwatertight pillar bulkhead boundaries 0.13
(7) Perforated flats and wash bulkhead boundaries 0.1
6 Structure in cargo tanks of oil tankers
(1) Bottom longitudinals to shell 0.21 | For forward of 0.25L
(2) Connections between primasgructural members 0.44 | At bottom
¢ At deck 0.34
(3) Longitudinal oiltight bulkhead boundaries 0.44 ¢ .K N2 I'. U UKAOLYySdaa
thickness in mm
(4) Transverse oiltight bulkhead to bottom 044 [¢KNRI 4G GKAOlySaa
¢ Transverse oiltight bulkhead to deck, sides and longitudil
bulkhead 0.34
(5) Nontight bulkhead boundaries 0.21 | Generally
(6) Boundaries of nowatertight girders and floors in double 0.34 | Within 0.2L at ends of ship
bottom
¢ Under bulkheadstools 0.4
¢ Elsewhere 0.44

(7) Frame rings in hopper and topside tanks to shell, deck ar

sloping (top) plating 034

(8) Boundaries of diaphragms or frame rings, side girders in 0.34 | Generally

double hull

¢ Within 0.2L at ends of ship 0.4
(9) Between primary structural _members in double hull, doul 0.34
bottom, hopper tanks and topside tanks
(10) Longitudinal girders or frame rings to face plates in hopy, 027

tanks, topside tanks and double hull

(11) Web plates of primarstructural members in cargo tanks {

bulkheads, inner bottom and deck 0.34 | Generally

¢ Within 0.2L at ends of ship 0.44
;;2 \;J\:zgeglates of primary structural members in cargo tank 0.27 | Generally
¢ Within 0.2L at ends of ship 0.34
7 Structure in hoppers of hopper dredgers
(1) Bulkhead boundary connections 0.44 | At bottom and bilge
¢ At deck and coamings 0.34
(2) Cross members to longitudinal bulkheads 0.44
(3) Pillar end connections 0.34
(4) Hopper door hinges sklfunloading ships 0.44 | Partial penetration
8 Structure in machinery space
(1) Nontight centre girder (or centre keelson) to keel and inn
bottom (or face plate of centre keelson) 0.27
(2) Nontight floors to centre girder (or keelson)way of 0.27

engine, thrust and boiler bearers
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(3) Nontight floors and girders (or side keelsons) to shell and
inner bottom

0.21

Partial penetration, girders tapered to
020K &aARSaz NR2i
thickness

(4) Main engine foundatiogirders to top plate 0.44
¢ to hull structure 0.44
¢ Floors to main engine foundation girders 0.27
¢ Brackets to main engine foundation girders 0.21
(5) Transverse and longitudinal framing to shell 0.13
9 Construction in 0.25forward
(1) Floors and girders (or centre keelson, etc.) to shell and in 0.21
bottom
(2) Bottom longitudinals to shell 0.13
(3) Transverse and longitudinal side framing to shell 0.13
(4) Tank side brackets to frame and inner bottom 0.34
(5) Panting stringers to shell and frames 0.34
(6) All internal structure in fore peak 0.13 | Unless a greater weld factor is require

10 Aft peak construction

0.21

All internal structure including
stiffeners on aft peak bulkheaglunless
agreater weld factor is required

11 Superstructure and deckhouses

(1) Connection of external bulkheads to deck 0.34 | 1st and 2nd tier erections
¢ Elsewhere 0.21

(2) Internal bulkheads to deck 0.13

12 Hatchways and closirgrrangements

(1) Hatch coamings to deck 0.34 | 0.44 at corners

(2) Hatch coaming stays (stiffeners, brackets)

¢ To coaming 0.13
¢ To deck 0.21
(3) Hatch cover rest bar 0.16
(4) Cleats and fittings 0.44 | Increased welding may lrequired

0.13 for tank covers / strengthened

(5) Primary and secondary stiffening of hatch covers 0.1 Covers
13 Steering control systems
(1) Rudder
CroNRAOFGSR YFAYLASOS FyR
webs 0.44
{t20 o¢Spakst Ay aAiARS 0.44
WSYIFAYAy3a O02yaidNUzOGAz2y 0.21
(2) Fixed and steering nozzles
¢ Main structure 0.44
¢ Elsewhere 0.21
(3) Thruster units and stabilizers
¢ Main structure 0.44
¢ Elsewhere 0.21
14 Miscellaneous fittings anéquipment
(1) Rings for manhole type covers to deck, inner bottom or
bulkhead 0.34
(2) Frames of shell and weathertight bulkhead doors 0.34
(3) Stiffening of watertight doors 0.21
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Positions 1 and 2 specified by Load L

(4) Ventilator, air pipe, etc., coamings 0.34 assignment

¢ Elsewhere 0.21
(5) Ventilator, etc., fittings 0.21
(6) Scuppers and discharges to deck 0.44

. See 5.2.7 of PART THREE oRI8€>
(7) Masts, derrick posts, crane pedestals, etc., to deck 0.44 for Materials and Welding
(8) Deck machinery seats to deck 0.21 | Special equipment subject to design
(9) Mooring equipment (bollards, etc.) seats to deck 0.21 Increased or'fuII penetration welding
may be required

(10) Bulwark stays to deck 0.21
(11) Bulwark attachment and guard rails, stanchions, etc., to 0.34
deck '
(12) Bilge keel backing bars to shell 0.34
(13) Bilge keels to backing bars 0.21

1.4.4.3Where the thicknessof the abutting membe of the T connedion (e.g the web of a stiffener
or longtudinal) isgreaer than 15 mm and exceedthe thicknessof the table membe (e.g bulkhead
plating, shell plating or ded plating), the welding is to be double continuous and the throat
thicknessh of the weld isto be neither lessthan the value given in Table 1.4.4.42) of this Secion,

nor lessthan the greater of the following:

h=0.5Ct, mm
h=0.21thmm

where:
ty T thicknessof the abuttingmember, in mm;

tht thicknessof the table member, in mm;

Ct codfficient, 0.21 for dry cargo holds, or 0.27 for liquid tanks.

1.4.4.4Except as permitted by 1.4.42 and 1.4.43 of this Setion, the throat thicknessof all fillet

weldsis tocomgy with the following requiremerts:

(1) Thelimitsof throat thicknessare to be asshownin Table 1.4 4.4(1);
(2) The minimum value of throat thicknessis also to comply with the requirements of Table

1.44.4(2).

Table 1.44.4(1) - Limitsof Throat Thickness

Limits of throat thickness (mm)

Iltem
Minimum Maximum
Double continuous welding 0.21% 0.44 %
Intermittent welding 0.27 % 0.44 %

Notes: For tp, see 1.4.4.2(1) of this Sedtion.

When the adual plate thickness@ exceeds 25 mmQ.5(,Q B5).

Table 1.44.4(2) - Minimum Throat Thickness

Plate thicknessg

X 1 >75

Manual or automatic welding

3.25

Minimum throat thickness (mm)

Automatic deep penetration welding 3 3

Note: Fa tp, see 1.4.4.2(1) of this Sedtion.
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1.4.4.5Where intermittent fillet welds are used for the connedion of hull membe's, double

continuous fillet welding is to be carried out for a edfied lengh of roundthe-end weld in the

following locaions:

(1) The length of the roundthe-end weld at the ends of bradets is not to be lessthan the
depth of the connedingmembers, nor lessthan 75 mm.

(2) Where the ends of sedions, particularly of short sedions, are snipped off, the length of the
round-the-end weld is tobe not less han the height of such sedionsor the length of snipping.

(3) Where fillet welding is used in way of bradkets, lugs and scdlops and at the orthogonal
conrections with other members, the length of the round-the-end weld isnot to be less tan
75 mm for plate thickness>12 mm, and not lessthan 50 mm for plate thickness>X12 mm.

1.4.4.6Where scdlops are cut in the structural membaeasfor intermittent welding, both ends of the

scdlop are to be rounded and smooth. But no scdlops are permitted in the following positions:

(1) inway of the ends of bradkets where stressconcentration occus;

(2) in the main frames, longitudinals and stiffeners for a region of at least 230 mm on ead side
of the intersedion with a primary supportingmember.

1.4.4.7Where a structural membe passesthrough awatertight or an oiltight bulkhead inaddtion
to the fitting of awelded collar on the bulkhead a small semidrcular notch isto be cut on one side
of the passng membe as shown in Fgure 1.4.4.11). And double continuousfillet welding isto be
caried out round the end of the semidrcular notch to the bulkhead soasto ensure tightnessof the
bulkhead

Deck

j———

Tight bulkhead Va

Figure 1.4.4.7(1)

Fa bulkheads adjacert to tanks, fillet welds in way of 150 mm fore and aft of oil/gastight or
watertight bulkheads are to be properly bevded and full pendration isrequired in order to prevert
the leakage of dangerous gases or liquidsinto adjacert compartmernts, see FHgure 1.44.7(2). Other
equivalent mears may alsobe adopted.
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Empty /

.l T'ank |
| (deck or plafform)
1

I
|
|

Onliwaben) tight bulkbes
Sade plating liw f‘ ) tight bulkbead
(or inner Boll, longitudimal :
separating plating ) )

S

Figure 1.4.4.7(2)

1.4.4.8The size of fillet weldsin primary membersis to comply with the following:
(1) Weld fadors may be obtained from Table 1.44.8.

Table 1.4 4.8 - Weld Fadorsof Primary Members

Crosssectional area of In tanks In dry spaces
fa(rfeﬂit:rsf(frzge Position To face plate To plating To face plate | To plating
I X on At ends 0.21 0.27 0.21 0.21
Remainder 0.1 0.16 0.1 0.13
on f | XX cp | Atends 0.21 0.34 0.21 0.21
Remainder 0.13 0.27 0.13 0.16
cp f ! X dp | Atends 0.34 noénn 0.21 0.27
Remainder nouT 0.34 0.16 0.21
op £ ! X Mo s Atends 0.34 noénn 0.27 0.34
Remainder nouT 0.34 0.21 0.27
A>130 At ends 0.44 noénn 0.34 neonn
Remainder 0.34 0.34 0.27 0.34
Notes:

The weld factors & tenda ére to be applied for 0.2 x the length of the member from eac end, but at least beyond the toes of the member
end brackes. On verticd webs the increased welding may be omitted at the top, but is to extend at least 0.3 x length from the bottom.
dLength of the memberé means the overall length of the member (including the end brackes).

In cargo oil tanks, the weld factor is to be 0.34. The final throat thickness of the weld fillet is not to be lessthan 0.34 tp. For tp, see
1.4.4.2(1) of this Section.

Where the web plate thickness is increased locally, the throat thickness is to be determined by 0.44 tp or 0.34 tc, Whichever is the
greater. Fa tp, see 1.4.4.2(1) of this Sedtion, and tc isthe increased thicknessof plate.

In oil tankers over 120 m in length, the weld factors of the connedion of bottom transverses to shell, and of side transverses to shell and
verticd webs to longitudinal and transverse bulkheads, all in the lower half depth, are not to be lessthan 0.34.

(2) Where the webs of primary members are cut for the passage of secondary members and the
width of the notch exceeds 15% of the stiffener spacing, the weld factooMhe leg length K

of fillet weld is tobe mutiplied by coefficient C oliained from the following formula:
0.85 x stiffener spacing

length of web plating between notches

(3) Incdculation of the throat thickness,the overall lengh of the weld at the ends of the membe
may be taken into accourt.
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1.4.4.9The area of welding of end connections of primary membersisnot to be lessthan the cross
sediond area of the member, and the weld fador is not to be less than 0.34 in tanks or
0.27 elsewhere.

1.4.4.10 Where alongtudina strengh membe iscut at a primary support and the continuity of
strength is provided bybrackets, the area Awf weld is not to be less than the cresactional area
of the strengthmembe.

1.4.4.11 Where the seconday membe passesthrough and issupported by, the web of a primary

membe, the weld connedion is tobe in accadanc with the following:

(1) The area Aw of weldisto be not lessthan 0.5 W and the weld fador not lessthan 0.34 in tanks
or 0.27 in dry spaces,where W is the section modulus of the secordary member, in cne,

(2) Incargo oil tanks, the size of weld is tobe increased by 20%above that obtained from (1) above.

1.4.4.12 Thefillet welding of seconday membe end connedionsisto be in accadanc with Table
1.4.4.2 and where two values are given, the greater is to be taken

Connection 2 Weld factor w_

1. Stiffener welded direct tdeck, shell, bulkhead plating, etc. 0.34

2. Stiffener to bracket or bracket lapped to stiffener

(1) in dry space 0.25 As or 6.5 0.27

(2) in tank 0.34

(3) main frame to tank side bracket in 0.15L forward 0.34

3. Bracket we_lded to face afiffener and bracket connection to shell, deck, c 034
bulkhead plating, etc.

4. Stiffener to plating for 0.1 x span at ends where not fixed by welding G 0.34

Notes: Asc crosssedional area of the diffener, in cm?;
Aw ¢ area of the weld (in cn?), and is caculated as total length of weld (in cm) x throat thickness(in cm).

1.4.4.13 Sngle-sided continuous fillet welding may be accepable for dry spaces in deckhotse.
Where thisisadopted, thefillet leglengh Kisto be 2 timesthe value caculated in 1.4.4.2 where d
/ listo be taken as 1.

SECQION 5- DIRECT SRENGTHCA.CUATIONS

1.5.1 General requirements

1.5.1.1Where spedficdly required in this PART, or a novel structural corfiguration is adopted, or
structural arrangements, shipQ groportions and scartlings are not covered by the Rules, direc
cdculations are to be performed.

1.5.1.2Except as otherwise spedfied, this Section in general appliesto finite element (FE) andysis
of cargo holdsand the whole ship.

1.5.1.3The loading condtions taken into accownt for dired strength cadculations are to indude
most vere conditionsfor the design of ships.

1.5.1.4The as-built thicknesses are to be applied for FE mode scartlings, no addtional thickness
given by the shipowner is to be taken into consideration.

1.5.1.5Exceq as otherwise spedfied, the structural scartlings required by this PART can not be
reducel for the dired strength cdculation.

34



PART B HULLSURVEYS

1.5.1.6uitable general programs may be employed in dired cdculations. Where a not generally
used programisto be employed, supportinginformation is alsoto be submitted to substantiate the
validity of the computer program.

1.5.1.7The service coefficient fr =1.

1.5.1.8The following documentation is to be submitted:

(1) list of drawingsused,

(2) description of FEcaculation programs used,

(3) detailed description of structural FEmodd;

(4) description of physicd propertiesand material propertiesof structural mode!;
(5) detailed description of boundary condtions;

(6) detailed description of loadng condtions;

(7) detailsof applied loads;

(8) figuresof the overall and locd deformations;

(9) results of yield strength evaluation;

(10)results of buckling strength evaluation;

(11)output showingwhether the structure meet design criteria or not.

1.5.1.9Definitions

(1) Aright-handed coordinate system is to be used, see Fgure 1.5.19, with:
the X-axismeasured in the longitudinal direction, positive forward,
the Y-axismeasured in the transversediredion, positive to port from the cernterline;
the Zaxis measured in the verticd diredion, positive upwards.

Figure 1.5.1.€oordinate system

2 ¢KS @2y aAiaSa aiNBaa S Aa 02 0S RSUSNI¥YAY

a,= 1\,"'6; +0,-0,0, +31,,
where:
“xT stressof elemert in diredtion x, in N/mm?;
"y 1 stressof elemert in dirediony, in N/mm?;
_xyT shea stressof elemert in plane xy, in N/mm?,

B) ¢ KS aKSI NJ a & tlhe grimary strucyiral membeafs along the depth direction, the
average shear stress of plate element may be calculated as follows:

" (5,4)
r— Z1 N/mm?’
A
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where:
Ai T the effedive shear areaof elemert i, inmm?;

i T the shear stressof elemert i, in N/ mm?;
Aw T thetotal effecive shea area of acual structure, in mm?2,

1.5.2 Motionsand accderations
1.5.2.1ShipQ @hsolute motionsand accderations
(1) Theroll period TR of the shipisto be cdculated asfollows:

T, =2 i s
VGM
where:
k. T roll radiusof gyration, in m, to be assumed as followsif no spedfic values

available:
k, = 0.35 ballast condition for oil tankers;
k; = 0.25 ore carriers;
k, = 0.39 others;
where: Bt breadth of ship, in m;
GM 1 initial metacentric height in the conditiosonsidered, to be assumed as
follows if no specific
values available:
GM =0.12B for tankers and bulk carriers;
=0.07B for others.
(2) The maximum roll angle (j ,,is to be calculated as follows, but need not be greater than
ndpHo NI RO®

o, = 1k 62.5-1.25T; rad
: B+75
where:
Tr1 calculated as (1);
Bt breadth of ship, in m;
f: 1 service coefficient, see 1.5.1.7 of this Section;
kTt coefficient, to be taken as follows:
k = 1.2 for ships without bilge keel,
k=1.0 for ships with bilge keel,
k=0.8 for ships with activated stabilizers

(3) PRitch period Tyisto be cdculated asfollows:
L
T, =1'301'E

where: LT length of ship, in m.

(4) The maximum pitch anglé misto be caculated asfollows,but need not be greater than 0.14
rad:

w. = Ij_jﬁﬁ rad
L
C

where: ot blodk codfficient;
a, T accderation fador, to be caculated as follows:
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(. C v
an=vaBE+C‘I.EJ

where: f — service coefficient. see 1.5.1.7 of this Section;

" _VL hottobe greater than 0.2;
50
I — maximum service speed. m kn;
C — coefficient. see 2.2.3.1 of Section 2. Chapter 2 of this PART;
L — length of ship, in m.

1.5.2.25ipQ @lative motions and accderations
(1) Surgingaccderation ax is tobe caculated as follows:

-

ﬂ_,: = Z{T.ﬂ a,.|'IC¢, IIL"'E'

where: Gyt block codfficient;
a, T see1.52.1(4) of thisSedion.

(2) Sway acceleration ay is to be calculated as follows:

where: a, T see 1.52.1(4) of this Sedtion.

(3) Heave acceleration;@s to be calculated as follows:
a —7—2_ m/s’
=g,

where: oyt block codfficient;
a,T see1.52.1(4) of thisSedion.

(4) Roll acceleration ais tobe cdculated asfollows:

; \2
6.28 | rad/s?
\ T_R /
where: TRT roll period, in sec, to be cdculated accadingto 1.52.1(1) of this Sedion;
4 mT maximum roll angle, in rad, to be cdculated accadingto 1.52.1(2) of this
Sedion.

a, =@y

(5) Pitchaccderation ap is tobe caculated as follows:

PP
a, =y !5-48 rad/s?
d m'x TF A
where: TPT pitch period, in sec, to be cadculated accadingto 1.5.2.1(3) of this Sedtion;

m T maximum pitch angle, in rad, to be caculated accading to 1.52.1(4) of this

Sedion.

(6) Transverse combined acceleration at is to be calculated as follows:

=5

a,=\{nj+[nr{:-:,P:]+1E35in¢r_,_,1_|_ m/s
where: ay T sSway accderation, see 1.52.2(2);
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ar
Jm

roll accderation, see 1.52.2(4);

maximum roll angle, see 1.52.1(2) of this Sedion;

verticd distance from the point considered to baseline;

verticd distane from axis of gyration for roll and that for pitch to
baseline, to be taken from the values obtained by the following two
formulae, whichever isthe leser;

N
A 4 4 ~

Zp

where:
Dt moulded depth, inm;
dit draught the condtion considered, in m.

(7) Longitudinal combined acceleration al is to be obtained byfdéHewing formula:

4= \’”J + [”p {1 -Zy }I+ 10smy, T m/s?

where: zp,zT1 seel.52.2(6);
a, T surge accderation, see 1.52.2 (1);
ap T pitch accderation, see 1.52.2 (5);
y,T maximumroll angle, in rad, cdculated accadingto 1.5.2.1 (4) of this Section.
(8) Vertical combinedacceleration av is tbe taken from thevalues obtained byhe following two
formulae, whichever is greater:
a, =+a. +a’y’ m/s?

Gy = .l.,'la:: + .:J_f, lx— 045L) m/s?

where: a,T heave aceleration, see 1.5.2.2 (3);
a, T roll accderation, see 1.52.2(4);
a, T pitch accderation, see 1.52.2(5);
X T longitudinal distance from the point considered to AP, inm;
y 1 transversedistance from the point considered to longitudinal certerline, in m;
Lt length of ship, inm.

1.5.3 External seapresaure
1.5.3.1The external sea presaure consistsof hydrostatic presaure and hydrodynamic wave presaure.

1.5.3.2The hydrostatic pressure Phs is tobe caculated asfollows:
Py = pP,eld, —z) KN/m® for the considered load pomnt below the waterline:

=0 kN/m?  for the considered load point above the waterline
where: r,, T density of seawater, taken as 1.025 t/ m3;

d, T draught in the considered condtion, in m;
zt1 verticd distanee measured from the considered point to the baseline, in m.

1.5.3.3Hydrodynamic wave presaure
(1) The hydrodynamic wave pressufellowing formulapw. at the side waterline of the ship is to

be calculated by théollowing formula:
pm = f,(2B" +3CC, +0.44, ) KN/ m?
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where:
f, T service codfficient, see 1.5.1.7 of this Sedion;
Bt breadh of ship, inm;
G 1 block coeficient;
d, T draught under the loading condtion for caculation, in m;

Ct codficient, see 2.2.3.1 of Sedion 2, Chapter 2 of this PART.

(2) The hydrodynamic wave pressure pBSat the bilge of the ship is to be caculated by the
following formula:

Pps = Pwr — 1_2,:;3"1 kN/m?
where: py,, d;T see 1.53.3(1).

(3) The hydrodynamic wave pressure pBCat the bottom certerline is to be caculated by the

following formula:
Py = O-S(Prq -12d))  KN/m?®

where: py, 0T see 1.53.3(2).

(4) The hydrodynamic wave pressure phd (see Hgure 1.53.3) at any point below the waterline
is to be cdculated by the following formula:
Pu = Prr +( Pas — P }1 _o'i]| +( Pac — Pss ]. 1 _%| KN/m?
where:

pw. T cdculated accadingto 1.53.3(1);

pest caculated accadingto 1.53.3(2);

pect cdculated accadingto 1.5.3.3(3);

Bt breadh of ship, inm;

d; T draught in the considered condtion, in m;

y T transversedistance measured from the considered point to the certreline, in m;
z1 verticd distanae measured from the considered point to the baseline, in m.

(5) The hydrodynamc wawve presaure phd (see Hgure 1.5.3.3 at any point at side shell plating
abowe the waterline is to be calculated by the following formulae:

Dig = DPpp — ].'Dl:_' —d-_]l kN/m? for ar._ <z d] + ‘E;—T:;

Dus =0 KN/m*  for g + £ -
10

where:
pw.T cdculated accadingto 1.53.3 (1);
d; T draught under the considered condtion, in m;

z1 verticd distanee measured from the considered point to the baseline, in m.

(6) The green sea load pwdk (see FHgure 1.5.3.3 on weather ded is to be cdculated by the
following formula, but not less than zero:
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Poge = P —10(z; — 4, ) kN /m?
where:
pw.T cdculated accadingto 1.53.3(1);
d; T draught under the considered condition, in m;
Z T Vverticd distanee measured from the weather ded to the baseline, in m.

P

—
* N

for t LN
\\

Pl

10

Figurel.5.3.3 ExternaHydrodynamic Wave Pressure

1.5.4 Drybulk cargo pressure
1.5.4.1The pressure caused by dry bulk cargo is to be calcuéateording to 1.5.4.2 and 1.5.4.3.

1.5.4.2The top surface of dry bulk cargo is to be determined according to the following
requirements:

(1) For aprismatic cargo hold where the dry bulk cargo isloaded to the top of the hatch coaming,
the top surface of cargo isto be determined equivalently accadingto the same cargo volumewithin
the cargo hold. The equivalent cargo horizontal surface at hC above the inner bottom, as shown in

Hgure 1.5.42(1), is tobe caculated by the following formula:

he = hipy + By m
where:
hueu T vertical distance from inner bottom to the lower point of intersection of topside tank with
sideshell plating or inner hull plating, in m, see Figure 1.5.4.2(1);
hot  verticd distance from the lower point of intersection of topside tank with side shell plating

i .
. . . iy =—4 . 10 1
or inner hull to equivalent cargo horizontal surfa™ B,

where:

‘?H
ST shadow area from the lower point of intersedion of topside tank with side shell
plating or inner hull plating to horizontal surface of upper dedk, in m?, see Fgure 1.54.2(1);
Ve T volume endosed by hatch coaming from dedk to coaming top, in m3;
LT length of cargo hold, in m;
By T average breadh of cargo hold, in m.
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-
{
7

R

N

9_‘ Bottom shell

Figure 1.5.4.2(1Definitions of hc, h0, hHPU and SO

(2) For a prismatic cargo holdhere the dry bulk cargo is not loaded to upper deck, it is assumed
that its top surface is parabolic across along the hull and the shape of each cross section along the
length of the cargo hold is the same, as shown in Figure 1.5.4.2(2). Parametersap theface

shape are to be determined according to cargo volume in the cargo hold (takerx a3 &hd
calculated as follows:

he=ht+hy+hgr 1mm, when hh=0

. : B, )
he= hyt+ ha mm. when V=7 andn<0
he=0 mm. when |v z and 1< 0
where:
h, T distance in m, see Fgure 1.5.42(2), to be caculated by the following formula:
hy= A BBy By, —&tan a+ Vs
) p(' BH[u 2B.‘! 6 Bh H

hy T distance in m, see Fgure 1.5.42(2), to be caculated by the following formula:

4\': o A
hr=hl(1-B-—i) f =0

i

. 4y’ L
h =hi-—2) 1fhh<0
7 h( B; )

B, T cago surfaée breadh if h2 <0, in m, see FHgure 1.54.2(2), to be cadculated by the following
formula:

h,T distanceif h2 <0, in m, see FHgure 1.54.2(2), to be caculated by the following formula:

B,-B,
Py = Py, ( B, - Bm)
hyaT verticd distance from inner bottom to the upper point of intersedion of hopper side tank
with side shell plating or inner hull, in m, see Hgure 1.54.2(2). If there is no hopper side
tank, hyp is taken as 0.

h, T distance in m, see Hgure 1.54.2(2), to be cdculated by the following formula:
B e
hy =fmu§ if 2= 0

e tand 1fh=10

h=7
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M 1t massof dry bulk cargo in cargo hold, in t;

VrsT total volume of lower stool of transverse bulkhead within cargo hold length IH, in m3. This
does not indude the portion of hopper side tank that passesthrough transverse bulkhead

By, Ly T see (1) of this paragraph;

Bg1 average breadh of inner bottom, in m, see Fgure 1.54.2 (2);

"Ct density of dry bulk cargo, in t/ m3;
1 T angle of reposeof cargo, determined as follows:
+ =35°for ore and cod;
1 =30°for salt, yellow sand, stone, grain, etc.
1 =25°for bulk cement;
y T transversedistance from considered point to the longitudinal certerline sedion, in m.

h2x h2<0
Figure 1.5.4.2(2Pefinitions of h, hy, he, ho2 and hypr

(3) For a nm-prismatic cago hold,the top surface of dry bulk cgn may be t&en at the horkontal
surface of upper deck, and density taken as M/VH, wherés\ddrgo hold volume, not including its
portion enclosed by hatch coangn

1.5.4.3 Thetotal presaure pCcaused by dry bulk cargo isto be cdculated by the following formula
and taken not lessthan zero:
Po=pK (g +05a)h, +hyy —2)  kN/m?
where:
" <@ density of dry bulk cargo, in t/ m3;
a, @ verticd acceeration in way of considered centroid of cargo hold, in m/s?, see 1.52.2 (8) of this Sedtion;

hco verticd distance from the inner bottom to the top surface of dry bulk cargo, in m, determined accading
to 1.54.2 of this Sedion;
hps @ height of double bottom, in m;
z @ verticd height of the considered point, measured from baseline, in m;
KCo codficient, to be caculated as follows:
K¢ = cos’a + tan® (45° = 0.55) sin’a. | for inner bottom, hopper side tark, transverse bulkhead
and longitudinal bulkhead lower stool, vertica upper stool, inner hull and side plate;
Kc=0, for top side tank, upper deck and indined upper stoal;
h ¢ induded angle between considered plate and horizontal plane, in deg;
i @ angle of reposeof cargo, in deg (°), see 1.5.4.22) of this Sedion.
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1.5.5 Liquid presaurein tank
1.5.5.1The lateral pressure pl caused by liquid in tank is to be cadculated by the following formula:
p, =pelh+2.51) kN/m?
where:
" 1 massdensity of liquid, in t/ m3, to be taken not lessthan 1.025t/ m3,
ht verticd distance from the considered point to top of tank, or half the verticd distance
to the top of the overflow, whichever isthe greater, in m;
fr T service coefficient, see 1.5.1.7 of this Sedion.

1.5.6 Direc strength cadculation for cargo holds

1.5.6.1The design load is to be in compliance with the following requirements:

(1) In general, the globd load and locd loads are to be taken into accouwnt, induding verticd
bendng moment, external sea presaure, cargo loadng, liquid presaure in tank, etc.

(2) The wave bendng moment Mw isto be cdculated asin 2.2.3 of Sedion 2, Chapter 2 of this
PART,and fr Mw isto be taken accadingto the service coefficient in 1.5.1.7 of this Section.

1.5.6.2The extent of modd isto be in compliana with the following requirements:

(1) Normally, the longitudinal extent is to cover the length of 1/2 hold +1 hold +1/2 hold within
the cargo area amidships.

(2) In general, when both primary members and design loads are symmetricd to the longitudinal
centerline sedion, only half breadth, starboard or port side isto be modeled. When the hold
structure or load is not symmetricd to the longitudinal centerline sedion, afull-breacth mode
is tobe required.

(3) The verticd extent is to be taken as all members within the main hull, induding all the
primary members on the main deck.

1.5.6.3The element isto be seleded in compliance with the following princples:

(1) Ingeneral, inner and external shell plates, deep webs of transverserings, girders, floors, plane
bulkhead web stiffeners, frames and other members as well as corrugated bulkheads and
bulkhead stools are to be smulated by plate elements. In high stress areas and areas of
significart stressgradient, such aslightening holes,manhdes, connedion of stool to bulkhead
positions adjacert to bradets or structural discontinuities, triangular elemerts are to be
avoided as pradicalde aspossble.

(2) Siffenersof plates,which are subjed to external sea presaure or cargo presaure, are simulated
by beam elements, taking eccertric effeds into consideration. The face plates and stiffeners of
primary members (e.g. girders, floor stiffeners, frames and bradkets may be simulated by rod
elements.

1.5.6.4The meshing of elementsisto be in compliance with the following prindples:

(1) Meshes are divided for eadh spadng of longitudinals or similar spadng in transverse and
verticd diredion of hull and for eath spadng of frames or similar spadang in longitudinal
direction of hull, and so are side meshes divided. Meshes are to be shaped square as far as
pradicale.
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(2) Not lessthan three plate elemerts are to be arranged in verticd direcion for bottom girders
and floors. Not lessthan two plate elemerts are to be arranged in vertica diredion for ring
structures of hopper tanks and top wing tanks.

(3) Ingeneral, eath flange plate or web plate of a corrugated bulkhead is to be taken at least asa
plate element; for the plate elemerts at the lower end of the corrugated bulkhead in the
vicinity of lower stool and for the elements adjacent to stool plate, the asped ratio is to be
closeto 1.

(4) Normally, the aspect ratio of plate elements is not to exceed 3, and the asped ratio of plate
elements for corrugated bulkhead is not to exceed 2. Triangular plate elements are to be
minimized in modeding as far as possble; the asped ratio of plate elementsisto be close tol
asfar aspossble within the high stressarea or area of high stressgradient and triangular plate
elemerts are to be avoided.

1.5.6.53rength evaluation is to be caried out for all primary members in the cargo holds
amidships (induding bulkheads)within the longitudinal extent.

1.5.6.6When the stress distribution or stiffness of members is affected by the openings on primary

members, the following methods may be adogte

(1) For openings, e.g. lightening holes, manhdes, of web plates of primary structural members,
simulation is tobe caried out accadingto Table 1.5.6 6 of this Secion.

Table 1.5.66-Smulation of Openings of Web Phtes of Primary Sructural Members

ho/h < 0.35 andjo< 1.2 Modeling not needed for openings
n ®op/h<UQ.5andp< 1.2 Equivalent plateghickness being LY
iy
hohf n®dp Igok M®PH XK Equivalent plate thickness being okl
hO/K O orgn X H Modelingbased on geometry of openings or by means
removing the appropriate elements in way of openings

where:tw T thickness of web plates;

loT opening length perpendicular to height of web plates, see Figure 1.5.6.6(1); where thed§pafoeontinuous
openings is less than 0.2510 is to be taken as the length across the openings, see Figure 1.5.6.6(2);

hoT opening height parallel to height of web plates, see Figure 1.5.6.6(1);

ht height of web plates in way of openings, see Fidus6.6(1);

26(h=i)
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' FZN 7
SIOL
1 S/ \_/
s ! \
I'-‘\ -’! —
Figure 1.5.6.6(1) Openings of Web Plates Figure 1.5.6.6(2) Length |, for Space of

Gontinuous Openingsdy <0.25h

(2) For detailed stressandysis,the meshsize of the innermost two cycles of elemerts around the
openingisnot to be greater than 50 mm x 50 mm. The meshingisto be such that the transition
fromrefined to coasemeshesis smooth. Siffenerswelded diredly to the edgesof the opening
are to be simulated by plate elements; web stiffenerslocaed more than 50 mm away from the
edges of the opening can be simulated by rod or beam elemerts, as indicated in FHgure

1.5.6.43). The allowable stressis tobe asfollows:
[c.]=16x235/K N/mm’
where: K T material fador.

i
i
]

_ | The refined mesb s not more than 50 » $0 mm

Figure 1.5.6.6(3) Refined Opening of Web Phte
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1.5.7 Direct cdculation of global strength of the ship
1.5.7.1The flowchat of dired caculation of globd strength of the ship is 1own in Fgure 1.5.7.1

Ship’s loads and motion prediction

A 4

Frequency response functions for dominant load parameters

h 4

Statistical analysis (short- and long-term prediction)

Wave spectrum and information

A

h 4

Design waves determined by long-term prediction

v

Wave-induced hydrodynamic pressure and inertial force
derived from design wave calculation and applied to the
full ship finite element model

Y

Quasi-static response analysis of full ship finite element model

\ 4
Comparison between results and strength criteria

v

Evaluation of structural strength

Figure 1.5.7.1 Flowchart of Direct Calculation of Global Srength of the Ship

1.5.7.2The wave loads are to be determined by the equivalent design wave method, and in

compliance with the following requirements:

(1) Ship motion and wave load are to be cdculated based on the two-dimensiond linear strip
theory, the three-dimensiona linear theory (considering non-linear corredions) or the non-
linear wave theory.

(2) Tocdculate the ship motions and loads under design waves for ead loading condtion, the
input data are considered asfollows:

the number of wave frequercy (or wave length) is not to be lessthan 20, range of wave
frequeng taken as 0.2 to 3 accading to the ratio of wave length to shipQ @ngth (// L),
and the increments taken as0.1;

not less han 7 wave headng angles are to be taken induding 0° (head sea), 30°, 60°, 90°,
12, 150°, 180° (following sed);

ship speed is taken asO.

1.5.7.3Satisticd andysisis tobe carried out accadingto the following requirements:
(1) P-M wave spedrum is used for cdculation of ship@ motion on irregular waves, wave load
responseand its short- and long-term prediction:
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|2 496 . x
; | = 124K 0 exp (- ——) cos” 6, | = =
Slo, /,,7,,60) ={x e I ey 2
' 0, 8 az other values
where: @ — circular frequency of waves, in rad’s;
Hys  —significant wave height in m;
I — ZETO-CIOSSINE Wave period, in sec.;
bl
= cos’ g— energy spread function:
8 — inciuded angle between complex wave and main sea direction, i rad

(2) In the wave scatter diagram used in the calculations, the worst wave data of the ship
navigating in service areas are used.

1.5.7.4The design waves are to be caculated asfollows:
(1) The design wave parameters are defined as shown in Hgure 1.5.7.4(1):

NN

Figure 1.5.7.4(1) Design Wave Parameters

where:
/ T wave length, minimum distance between two adjacent wave crests,in m;

Ht wave height, minimum distanae from wave crestto wave trough, in m;
h1 wave arface assine equation.

(2) The probability level dbngterm prediction values is to be selected according to the dominant

load parameters.
(3) To calculate the curve of frequency response functions of dominant load parameters under

different heading angles of regular waves, as shown in Figure 1.5.7.4(2).
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Figure 1.5.7.4(2) Frequency Response Functions
(4) The wave frequenayaawhere dominant load parameters are at the maximum amplitude are
determined according to frequency response functions.
(5) Design wave lengthis to be calculated as follows:
A=(2mg)/ @ m
where:
g1 grawvtationa accderation;
wat wave frequeng corresponding to dominart load parameters exceedngthe
maximum amplitude, to be determined by 1.5.7.4(4), in rad/s.

(6) Amplitude of design waves is to be calculated as follows:

where:
aw T amplitude of design waves;
Aj T maximum amplitude of dominant load parameters;
Ljt long-term extreme value of dominant load parameter at the probability level
accading to 1.5.7.4(2);
Jt dominant load parameter number.

(7) The time finstant where the dominant load parameter reaches maximum is to be determined
as follows:
ti=(nmr+m/2-¢;) @,
where:

wat wave frequeng corresponding to dominart load parameters exceedngthe
maximum amplitude, to be determined by 1.5.7.4(4), in rad’s;

g1 phaseangle correspondingto dominant load parameters exceedngthe
maximum amplitude, in rad;

jT asin1.5.7.4(6);
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nt Oorl.
(8) Wave pressure and other load components under design waves are to be calculated as follows:
F=A4da sn(af +¢)
where:
Pi T wave presaure or other load componerts at arbitrarily considered position of hull;
Al T amplitude of frequeny response fundion of wave preswure or other load
componert F;
g1t phasecorrespondingto wave presaure or other load componert Fj;

tj T time instant where dominant load parameter reaches maximum, determined
accading to 1.57.4(7).

1.5.7.5Load componens and applying

(1) The shipQ kght weight: the masses of steel materials, outfits and small equipment are to be
simulated by regulating the material density of eadh componen. Large equipment and
ballast water are to be simulated by mass elemerts, which may be established on the
corresponding stuctures, and also may be conmneded to the adual structures through the
simulated structures.

(2) The weight of cargo in hold and on ded is to be simulated by appropriate masselements.

(3) Bxternal hydrostatic presaure, which ads, accading to draft under the considered condtion,
on external wet surface of hull.

(4) Wawe presaure isto be cdculated accading to the equivalent design wave method, ading on
external wet surface of hull.

(5) Inertial load isto be based on the initial accderation obtained by the equivalent design wave
method, ading on the whole modd.

1.5.7.6The mass modd of whole ship is to be matched with shipQ &Aydrostatic buoyangy. The
error between the total weight and total buoyangy is not to be more than 0.0001D , where D is
the moulded displacement, int, at the corresponding draught; the error of longitudinal coordinate
for certers of massand buoyangy is not to be more than 0.0025L , where L is the length of ship,
in m; the error of horizontal coordinate is not to be more than 0.001B, where Bis the breadth of
ship, in m.

1.5.8 Yield strength evduation
1.5.8.1The stressof membeasis not to exceed the relevant allowable stresscriteria.

1.5.8.2Membrane stress,i.e. median stressat center of bendng plate elemert is to be taken for
plate element.

1.5.8.3For corrugated bulkheads, the stress in way of corrugation end may be obtained by
extrapadation of average stresses of bulkhead plating.

1.5.8.4For those elements of concentrated stress and poor shape, the stresses are not to be
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taken into consideration.

1.5.9 Bucklingstrength evauation
1.5.9.1The budling safety fador Dof plate pand isnot to be lessthan the related minimum one.

1.5.9.2The budli

ng strength evaluation of plate pand is to be caried out for al primary

members. During the evaluation, the appropriate standard thicknessdeduction is to be taken into
consideration for the criticd budkling compressie stresses.

1.5.9.3The biaxial
budkling strength

strength evaluation.

compressie stress and shea stress are to be taken into accownt for the
evaluation and membrane stressof plate pand is to be used for the budkling

1.5.9.4Criticd budkling stressand plasticcorrecion
(1) The elastic critica budding stresssycr ¢ Of the plate pand, of which the shorter side is
subjeaed to compressbn and bending, is defined as follows:

where:
kx T

Clt
Tt
St

Et
VT
XT

Owr s = kx C] L‘Ej{i - T‘I-"Ilr['].l_'l]3
- 12(0-vH)s

budkling coefficient for shorter side subjected to compresson and bendng,
to be caculated accadingto Table 1.59.4(1);
boundary constraint coefficient, see Table 1.59.4(2);
thicknessof plate pand, in mm,
length of shorter side of plate pand, in mm, taken as spadng of stiffeners;
material@elastic modulus,in N/mmZ;
PoisonQ ratio, v = 0.3 for sted!;
axial diredion of longer side of plate pand.

Table 1.5.9.4(1)-Buckling Coefficient of Plate Panel

Buckling load condition Buckling coefficient
Sh_orte gl — Ree
r side — ¥ —
subject| [ _ N 84
o — | - k-
— X o toe+ll
stress — =
o —
Tz1— ?ﬂ': - ] - T== (@ 0xl
where: 0<g@=<1
r=l r=l
Y )
k,=76-649+10¢p"
N
= T i == s
where: _1<g<0
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Longer 0= g sl
side el ul l l
subject - ——
to Y -
i & :.
stress o k =1+ £| 21
I X ' ] e+lld
esannanniill
Os= @ira sl
where: p<p<1
T= o o e
e s ()| _&
= ___t_t'*—-{_l_l__l L‘ —1.909(1+Q)|:l+: : ] } @
.1'. | ¢ ":
+10p(1+ @) —
] o(1+ o) 1,'
) - where:
(sY 1.3
— | 24 = —<=
%t 1 TT T k= J | [ ' - i s 2
2 ST L
o= pa g '3.—16‘%: +S‘%l e
where: _1<5<0 ¥ ¥y Y T
Edges .
subject 1 7 ' .
i } ()
to ) _ ) .f(_,=5.3~1+4.TJ
shear 1 | v
stress \ I i |
i }
Table 1.59.4(2)-Plte Panel Boundary Restraint Coefficients CL and
Boundary G G
In double bottom or between double side Elsewhere
Angles or Jtiffeners | 1.1 1.3 1.2
Flat bars or bulb flats| 1.0 1.2 1.1

(2) The elastic critical buckling streggsr e Of the plate panel, of which the longer side is
subjected tocompression and bending, is defined as follows:
7E ,"L';:

O, . =k,C, - N/mm*
T 1R2A-v) s )
where:
k, T budkling coefficient for longer side subjeded to compressbn and bending, to
be cdculated accadingto Table 1.59.4(1);
G 1 boundary restraint coefficient, see Table 1.5.94(2);
yT axial diredion of shorter side of plate pand; other symbolsare the same asin
1.59.4(1).
(3) The elastic criticd bucHKing stress“»=_- of plate panel subject to shear force is defined as
follows:
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Ta_e =M 1m

where:

kt T shear budkling coefficient, to be caculated accadingto Table 1.5.9.4(1);

other symbolsare the same asin 1.59.4(1) and (2).

1.5.9.5The elasticcriticd budkling stressof plate pand isto be correded asfollows:

g xcr_e
(yer_e)
61’.:! - R
R el
R.—n 1- ;
40 _
xr
(yer
rf’_ﬁ'
Z’C, =95 /
T.
.|1-——
| 4rr,_,

where:

R

3}

i

wheno _ b =

(yer_e)

R
wheno  _ =—&
cr_¢ j

(yer_e)

-~

when 7,, <

lul

™

when g, ,> =

Iul

Sa ed S o I, o5 respedively as elastic critica budling compressive stressalong axes x
and y under uniaxial stress and criticd budkling shear stress of
plate panel, see 1.59.4 of this Sedtion;

Rt yield stressof material, in N/mm?;

R,

[r]

=

r -

/3

1.59.6 In the budkling strength evaluation, the budling safety factor / is to be the ratio of the
criticd budkling stress of plate pand to acdua compressie stress, see Table 1.59.6. The

sxa sya Iyyare consideredin their absolute valuesin caculation. Where the working stressalong
axesx and y is of tension stress,such stresscomponert is to be taken as zero.

Table 1.5.9.6-Calculation of /

Aspect ratio of plate pane Nl J2< I <8
Stress condition 5
Biaxial compression Ty |l o
(1+k) o, A+5) 9%
Compression alongaxis + edge shear 1 G
(1+k) 7.
Compression alongaxis + edge shear 1 : it
1+£) o,
Biaxial compression + edge shear ! T
Ja+E +k) 0,
where: k = Iy Oy k= Ty /T k= i i
) T, O yer S oy .'rg:.‘_l, Cf.,l. G_\rr

Notes:

s,, and s, ae greater values of working stressading on sides of plate panel alongaxes xand y , s,; and Sy

are the lesser values of such dress,and and X are to be taken as the average values of y S, Seand s’ S,
respedively, s, istheaverage shear Stress s, . s s, 5,1 1, are as siown in Table 1.5.9.4(1) of this Section.

S, Syer@nd Scrare the elasticdly correded critica bucking compressve stresses under uniaxal stressand
critica bucKing shear stressof plate panel along axes x and y respedively.
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SECION 6- CORROSONGONTROLFORHULL SRUQURES

1.6.1 Generalrequirements
1.6.1.1Effective mearsare to be taken for all shipsto prevent excessive corrosion of hull members.

1.6.1.2All seawater ballast tanks having boundaries formed by the hull envelope plating are to
have an efficient protedive coding, epoxy or equivalent, applied in accadance with the coaing
manuadurerQ &caNdendaion. Dedicaed seawater ballast tanks of all types of ships of not less
than 500 grosstonnage and double-side «kin spacesarranged in bulk carriers of 150 m and over in
length, as spedfied in SOLAS egulation 1I-1/3-2, are to be coaed in acordane with IMO
resolution MSC.21582) on Performane Sandad for Protedive Coatings for Dedicated Seawater
Ballast Tanksin All Types of Shipsand Double-Sde Skn Shaces of Bulk Carriers (PSFC)

1.6.1.3For bulk cariers, all internal and external surfaces of hatch coamings and hatch covers, and
all internal surfaces of cargo holds, excluding the flat tank top areas and the hopper tanks
sloping plating approximately 300 mm below the side shell frame and bradkets, are to use an
efficient protedive coaing (epoxy codaing or equivalent) recanmendal by the coaing
manuadurer. In the seledion of coaings, due consideration is to be given by the Owner to the
intended cargo conditionsexpeded in service.

1.6.1.4Rght before application of coaings to any structure, surface preparation is to be made
in accadance with coaing manuadureNX2 arkmanship requirements and the surfaces are to be
thoroughly cleaned to a corresponding degree. The number of coaingsand total dry film thickness
are to comply with the design requirements.

1.6.1.5Where bimetallic connedions are made, measures are to be incorporated to predude
galvanic corrosion.

1.6.1.6lmpressed current systemsare not permitted in oil cargo tanks.

1.6.2 Primers or coatings

1.6.2.1Where a primer is used to coa steel during construction, the primer is to be applied right
after surface preparation. The composition of the primer isto be such that it will have no significant
deleterious effect on subsequent welding work and that it is compatible with the paints or other
codings subsequently applied in assodation with an approved system of corrosion control for
structures. Primers are subjed to approval in accadance with the relevant ISQequirements.

1.6.3 Internal cathodic protedionin tanks

1.6.3.1Where a cathodic protedion system is to be fitted in tanks or adjacert tanks carying
liquid cargoes having a flash point not exceedng 603 , a plan showing details of the locaions and
attachment of anodesisto be submitted for information.

1.6.3.2When cathodic protedion requirements are asessd, the effeds of unooated surfaces (e.g.
tank fittings)adjacent to thosewhich require protedion are to be taken into accaunt.
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1.6.3.3Aluminum alloy sacificial anodes, magnesium alloy saaificial anodes, zinc and zinc alloy

saaificial anodes of oil tankers

(1) Aluminumalloy saaificial anodesare permitted in tanksused for the carriage of oil and adjacent
tanks, but only at locaions where the potential energy does not exceed 28 kgw Y{200 Ibait).
The weight of the anodeisto be taken asthe weight at the time of fitting, induding any inserts
and fitting devices.

(2) The height of the anoce is, in general, to be measured from the bottom of the tank to the
centre of the anode. Where the anock is locaed on horizontal surfaces (such as bulkhead
girders and stringers) not less han 1 m wide, provided with an upstanding flange or face plate
projeding not lessthan 75 mm above the horizontal surface the height of the anode may be
measured above that surface

(3) Aluminumanodesare not to be locaed under tank hatches or Butterworth openings (in order
to avoid any metal parts falling on the fitted anodes),unlessproteded by adjacert structure.

(4) Magnesum alloy saaificial anodes are not permitted in oil cargo tanks and tanks adjacent to cargo
tanks

(5) Zncand zincalloy saaificial anodes may be locaed in any position without restriction.

1.6.3.4Arrangemert of saaificial anodes

(1) Anodes are to be reasonably locaed in relation to the structural features of the surfaces
proteced, and particular attention is to be given to the effeds of adjacen structures and
openingsof the tank

(2) Anodesareto befitt ed with steel coreswhich are to be sodesigned asto retain the anode even
when the latter is wasted. Anodes are to be sufficiently rigid to avoid resonarnce in the anode
support.

(3) Anodes are to be efficiently attached to the structure. The following methods of attachment
would be acceptable:

steel core conrected to the structure by continuouswelding of adequate sedion;

steel core bolted to separate supports, provided that a minimum of two bolts with lock
nuts is used at ead support;

approved mears of mechancd clamping.

(4) Sacificial anodes in tanks are not to be attached to the shell. The two ends are not to be
attached to separate membaswhich are capalde of relative movemer.

(5) Sacificial anodes are to be attachel to stiffeners, or may be aligned in way of stiffeners on
plane bulkhead plating. Where cores or supports are welded to the structure, they are to be
arrangeal sothat the welds are clear of stressraisers. Where they are welded to asymmetrica
stiffeners,they are to be connedced to the web with the weldingkept at least 25 mm away from
the edge of the web. In the case of stiffeners or girders with symmerica face plates, the
connedion may be made to the web or to the certreline of the face plate but well clear of the
free edges. However, it is rrcommende that anodes be not fitted to face plates of higher
tensilesteel longtudinalsin sofar as pradicabe.
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1.6.4 External hull protection
1.6.4.15hell plating, particularly the portion between light and loaded load lines, weather deds
and hatch coversare to be provided with suitable corrosion protedion.

1.6.4.2Where an impressed current cathodic protedion system is fitted, plans or information
showingthe proposed layout of anodes, reference eledrodes, wiring and methods of attaching
to the rudder and propeller, are to be submitted.

1.6.4.3A small cofferdam is to be induded in the arrangemernts for glands, where cales pass
through the dhell. Cables to anodes are not to be led through tanks intended for the cariage of
low flash point oils. Where caldes are led through cofferdams or clean ballast tanks of tankers,
they are to be endosed in a substantial steel tube of at least 10 mm thickness.

1.6.4.4For ships subject to in-water survey insead of drydocking survey, the underwater portion of the
hull isto be coated with ahigh resistant paint. Detailsof the high resigtant paint areto be submitted to ISC
for information.

1.6.5 Corrosion allowance
1.6.5.1Unlessotherwise stated in this PART, the scartlings of hull structural members cdculated

in accadance with this PARTare to indude the values of corrosion allowance tc as spedfied here.

1.6.5.2Corrosion allowances tc of hull structural members, induding plating and framing, are
to be obtained asin Table 1.6.5.2

Table 1.6 5.2-Value of Corrosion Allowance tc

Thickness, t (mm) Corrosion Allowance, tc (mm)
X o mMn 15
>10 0.1t + 0.9maximum 3.2)

1.6.5.3For boundaries of ballast spaces or cargo tanks, the corrosion allowance is not to be less
than 2.5 mm.

1.6.5.4For dry spaces (cargo spacss in bulk carriers excluded), the corrosion allowances is to be
0.5 tc (see Table 1.6.5.2), but not lessthan 1.0 mm.
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SECTION-FORE DECK FITTINGS

1.7.1 Strength requirements for fore deck fittings and equipment

1.7.1.1This Sedion provides strength requirements for the following items located within the
forward 0.25L: air pipes, ventilator pipesand their closing devices. However, theserequirements do
not apply to the cargo tank venting systemsand the inert gas systems of oil tankers.

1.7.1.2All ships of 80 m or over in length, where the height of the exposed ded in way of the
items as defined in 1.7.1.1 of this Sedion is less than 0.1L or 22 m above the summer load
waterline, whichever is the leser, are to comply with the relevant requirements of 1.7.1 of this
Sedion.

1.7.1.3The pressures p, acting on air pipes, ventilator pipesand their closing devices may be calcuated
from:
p=05pVCiaC: C, KN/m?
where:
" 1 density of seawater, taken as 1.025 ffim
V1 velocity of water over the fore deck, in m/s;
=13.5m/s, foK 0Xht;

135 [2(1 —}?i) mis. for 0.5 <k < hr-
1

h 1 distanae from summer load waterline to exposed dedk, in m;
hit 0.1Lor 22 m, whichever is the leser;
G T shape coefficient, taken as 0.5 for pipes, 1.3 for air pipe or ventilator heads
in general, 0.8 for an air pipe or ventilator head of cylindrica form with its
axisin the verticd diredion;
G 1 slamming coefficient, taken as 3.2,
G 1 protedion coefficient, taken as 0.7 for pipes and ventilator heads locaed
immedately behind a breakwater or forecastle, 1.0 elsewhere and
immedately behind a bulwark.

1.7.1.4Forcesadingin the horizontal direction on the pipe and its closing device may be cdculated
from 1.7 1.3 of this Section using the largest projeced area of eadh componern.

1.7.1.5The requirements of 1.7.1.5to0 1.7.1.12 are addtiona to IACSURP3 and Ul LL36. This does
not mean that closing devices of air pipes on all existing ships need to be upgraded to comply with
URP3.

1.7.1.6Bending moments and stresses in air and ventilator pipes are to be caculated at criticd
positions: at penetration pieces, at weld or flange connedions, at toes of supporting bradkets.
Bending stresses in the net sedion are not to exceed 0.8 ReH, where ReH s the spedfied minimum
yield stress or 0.2% proof stress of the steel at room temperature. Irrespedive of corrosion
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protedion, a corrosion addtion to the net secion of 2.0 mm is then to be applied.

1.7.1.7For standad air pipes of 760 mm height closed by heads of not more than the tabuated
projeced area, pipe thicknessesand bradket heights are spedfied in Table 1.7.1.7. Where bradets
are required, three or more radial brackets are to be fitt ed. Bradkets are to be of grossthickness 8
mm or more, of minimum length 100 mm, and height accading to Table 1.7.17 but need not
extend over the joint flange for the head For air pipes of other heights, relevant requirements
spedfiedin 1.71.5t0 1.7 1.8 of thisSedtion are to be met. Bradet toesat the ded are to be suitably
supported.

Table 1.7.1.7 - 760 mm Air Ppe Thicknessand Bradket Sandards

Nominal pipe Minimum fitted gross Maximum projected areaof | | S A 3 K (brackétst
diameter (mm) thickness (mm) head (cm?) (mm)
nan 6 C 520
p n 6 C 520
65 6 C 480
80 6.3 C 460
100 7 C 380
125 7.8 C 300
150 8.5 C 300
175 8.5 C 300
200 y ®p 1,900 onn
250 y ®p 2,500 onn
300 y ®p 3,200 onn
350 y ®&p 3,800 onn
400 y ®&p 4,500 onn
Notes:

Braclets (€e 1.7.1.7) need not extend over the joint flange for the head.

Bradcets are required where the as-fitted (gross)thicknessis lessthan 10.5 mm, or where the tabulated
projected head area is exceeded.

Not permitted for new ships.

Fa air pipes of other heights, requirements spedfied in 1.7.1.5to 1.7.1.12 of this Section are to be met.

1.7.1.8For other configurations, bads accadingto 1.71.3 and 1.7.1.4 of this Sedion are to be
applied, and means of support determined in order to comply with the requirements of 1.7.1.6 of
this Sedion. Bradkets, where fitted, are to be of suitable thicknessand length accading to their
height. Pipe thickness isnot to be taken lessthan asindicated in IACSJI LL36.

1.7.1.9For standad ventilators of 900 mm height closed by heads of not more than the

tabuated projeded area, pipe thicknesses and bradket heights are spedfied in Table 1.7.19.
Brackds, where required, are to be as spedfied in 1.7.1.7 of this Sedion.
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Table 1.71.9 - 900 mm Air Ppe Thicknessand Bradket Sandards

Nominal Pipe Minim.um Fitted Gross| Maximum Projected Area of Head Height of Brackets (mm)

Diameter (mm) Thickness (mm) (cm?)
80 6.3 q 460
100 7 C 380
150 8.5 q 300
200 8.5 550 q
250 8.5 880 G
300 8.5 1200 C
350 8.5 2000 G
400 8.5 2700 C
450 8.5 3300 G
500 8.5 4000 G

Note: Fa ventilators of other heights, requirements spedfied in 1.7.1.5to0 1.7.1.12 of this Section are to be met.

1.7.1.10For ventilators of height greater than 900 mm, bradkets or alternative mears of support
are to be fitted. Pipe thicknessis not to be taken lessthan asindicated in IACSUI LL36.

1.7.1.11All componert parts and conrections of the air pipe or ventilator are to be capéale of
withstandngthe loadsdefined in 1.71.3 and 1.7 1.4 of this Sedion.

1.7.1.12Rotating type mushroom ventilator heads are unsuitable for application in the areas
defined in1.7.1.1 and 1.7.1.2 of this Section.

1.7.2 Strength and securing of small hatches on the exposed fore deck

1.7.2.1The provisions of this Secion apply to the strength of, and secuing devices for, small
hatches fitted on the exposed dedk over the forward 0.25 L ,where the height of the exposed
dedk in way of the hatchislessthan 0.1 L or 22 m above the summer load waterline, whichever is
the lesser, for all shipsof 80 m or over in length. This regulation does not apply to small hatcheson
container ship giving accessto a cargo hold which comply with Ul LL64 except the requirement of
clauses 4 & 5. Such hatch covers are considered non-weathertight regardless of whether it is
acdually weathertight or not. However, for scartlings of small hatches, the strength requirements
in1.72.4-1.7.27 of this Sedion coud be applied instead of clause6 of Ul LL64.

1.7.2.28mall hatches are hatches designed for acessto spaces below the ded and capabe of
being closed weather-tight or watertight, as applicade. Their openingis normally 2.5 m? or less.

1.7.2.3Hatches designed for emergency escgpe need not comply with the requirements of
1.72.8(1),1.72.8(2),1.7.2.93) and 1.7 2.10 of this Sedion. Securing devices of hatches designed
for emergency escape are to be of a quick-ading type (e.g., one adion whee handlesare provided
as central locking devices for latching/ unlatching of hatch cover) operable from both sides of the
hatch cover. The maximum force needed to open the securing device is not to exceed 150 N, and
the use of a spring equdizing, counterbalance or other suitable device on the hinge side to redue
the force needed for opening such hatch covers is accepable. These requirements appy to new
ves<ls, contraded for construction on or after 1 July 2007, by the time of delivery; to ves=ls
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contraded for construction prior to 1 July 2007, by the complianae date spedfied in 5.35 of
Chapter 5, PART ONEof the Rules, or by the due date of the first speaal survey after 1 July 2007,
whichever is later. Completion prior to 1 July 2007 of a spedal survey with adue date after 1 July

2007 canrot be used to postpone compliance

1.7.2.4For small recangular steel hatch covers, the plate thickness, stiffener arrangemert and
scartlingsare to be in accadanae with Table 1.72.4 and Fgure 1.7.2.4. Siffeners,wherefitted, are
to be aligned with the metal-to-metal contad points, as required in 1.72.9(1) of this Sedion,
see Haure 1.72.4. Primary stiffeners are to be continuous. All stiffeners are to be welded to

the inner edge stiffener, see FHgure 1.72.9.

Table 1.7.2.4 - Santlingsfor Small Seel Hatch Coverson Fore Dedk

Nommal size 830 x 830

Nominal Size (mm x mm) Cover Plate Thickness (mm| Primary Stiffeners | Secondary Stiffeners
630 x 630 8 G C
630 x 830 8 100x8; 1 C
830 x 630 8 100x8; 1 C
830 x 830 8 100 x 10; 1 C
1030 x 1030 8 120 x 12; 1 80 x 8; 2
1330 x 1330 8 150 x 12; 2 100 x 10; 2
" |
i
|
. - ' -
|
i
1
:
Nominal size 830 x 630 Nominal size 830 x 830

Nomunal size 830 x 630
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Figure 1.7 2.4 (Unit: mm x mm)

1.7.2.5The upper edge of the hatchway coamings is to be suitably reinforced by a horizontal
sedion, normally not more than 170 to 190 mm from the upper edge of the coamings.

1.7.2.6For small hatch covers of circular or similar shape, the cover plate thickness and
reinforcement is to provide strength equivalent to that of the surrounding structure.

1.7.2.7For small hatch covers constructed of materials other than steel, the required scartlings
are to provide equivalent strength.

1.7.2.89mall hatches locaed on exposed fore dedk are to be fitted with any one of the following
primary scuing devices:

(1) butterfly nuts tighteningonto forks (clamps); @) quick ading cleats; or

(2) central locking device.

(3) Dogs (twist tightening handes)with wedges are not accepable.

1.7.2.9The following requirements are to be complied with for primary securing devices:

(1) The hatch cover is to be fitted with a gasket of elastic material. The metal-to-metal contads
are to be arranged close to ead secuing device in accadance with Fgure 1.72.4, and of
sufficient capadaty to withstand the bearing force. Thisis to be designed to allow a metal to
metal contad at a designed compressbn and to prevent over compressbn of the gasket by
green seaforcesthat may causethe securing devicesto be loosened or dislodged.

(2) The primary secuing devices are to be designed and manuadured such that the designed
compresson presaire is achieved by one person without the need of any tools.

(3) Foraprimary s2cuing device using butt erfly nuts, the forks (clamps)are to be of robust design.
They are to be designed by mears of curving the forks upward, a raised surface on the free
end, or a similar method. The plate thickness of forks is not to be lessthan 16 mm. An
example arrangemert is shown in Hgure 1.72.9.

(4) For small hatch coverslocaed on the exposed dedk forward of the fore-most cargo hatch, the
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hinges are to be fitted such that the predominant direcion of green sea will causethe cover to
close, which meansthat the hinges are normally to be locaed on the fore edge.

(5) Onsmall hatches locaed between the main hatches, for example between No.1 and No. 2,
the hinges are to be placed on the fore edge or outboard edge, whichever is pradicale for

protedion from green water in beam sea and bow quartering condtions.
M20

s HEEE > 5 . 16 mm

1. butterfly nut; 2. bolt; 3. pin; 4. center of pin; 5. fork (clamp) plate; 6. hatch cover; 7. gasket; 8. hatch coaming;
9. bearing pad welded on the bracke of atogde bolt for metal to metal contad; 10. stiffener; 11. inner edge
stiffener Figure 1.7.2.9

1.7.2.10Snall hatches on the fore dedk are to be fitted with an independent secordary securing
device e.g. by mears of a sliding bolt, ahaspor a badking bar of slad fit, which iscapable of keeping
the hatch cover in place even in the event that the primary securing device became loosened or
dislodged. It isto be fitted on the side opposite to the hatch cover hinges.

SECION 8- TANK SLOSING

1.8.1 General requirements

1.8.1.1For partially loaded tank, a strength assessnent of tank structure under sloshing loads
(hereinafter referred to as Hoshing AsessanentQig tobe carried out accadingto the requirements
of this Sedion.

1.8.1.2For those not covered by this Sedion, the requirements of ISCGuidelines for Asgsanent
of Soshing Loadsand Sructural Sartling of Tanksare to be met.

1.8.1.3Unlessotherwise spedfied, for tanks with internal members, partial filling generally mears
the liquid filling height is greater than 10%of the tank depth but lessthan 90% of the tank depth.
For smooth tank, partial filling generally means the liquid filling height is greater than 5% of the
tank depth but lessthan 95%of the tank depth.

1.8.1.4Unlessspedally spedfied, the sloshing assessnent spedfied in this Sedion indudes both
transverseand longitudinal sloshing motions.
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1.8.1.5Accading to the judgment of the sloshing resonance of ship and tank, the sloshing motion
and loads are divided into levels 1, 2 and 3. For tanks complying with sloshing motion level 1,
sloshing loads at sloshing motion level 1 are to be cdculated. For tanks complying with sloshing
motion level 2, sloshing loads at sloshing motion levels 1 and 2 are to be caculated. For tanks
complying with sloshing motion level 3, sloshingloadsat sloshing motion levels 1, 2 and 3 are to be
cdculated.

1.8.1.6In order to reduce sloshing motion level, internal members may be added for swashor limit
on the filling may be taken to avoid sloshing resonance.

1.8.2 Application
1.8.2.1This Sedion is applicale to tankers such as oil tankers, chemica tankers, liquefied gas
cariers,and bulk carriers, ore cariersand dry cargo cariers etc.

1.8.2.2This Sedion is applicade to all cargo tanks, ballast tanks and other tanks where free
surface motion is allowed.

1.8.2.3For shipsthe length of which islessthan 100 m, the level 3 longitudinal sloshing assesament
is not to be considered if the tank effecive sloshing length does not exceed 0.16 L during the
sloshing assesanent. If the tank effective sloshing breadth does not exceed 0.6B (B is the ship
breadh), level 3 transversesloshing assesgnent is not to be considered.

1.8.2.4Longitudina sloshing asseessment may not be required for tanks meeting one of the
following conditions:

(1) thelength of ship islessthan 65 m and the effedive sloshing length doesnot exceed 0.13;

(2) the effedive sloshinglength is less tian 0.03L

1.8.2.5Transverse sloshing assessnent may not be required for tanks meet one of the following
conditions:

(1) thelength of ship islessthan 65 m and the effedive sloshing breadth does not exceed 0.56B;
(2) the effedive sloshing breadth islessthan 0.32B.

1.8.2.630shing assesanent may not be required for tanks meet one of the following conditions:

(1) tank capadty isnot greater than 100 m3;

(2) tanksfittedin double bottom or double skin or other tanks of cellular construction; (3) dry cargo
holds used for ballasting of bulk carriers.

1.8.3 Plans and documents

1.8.3.1Fans approved by 1SCinduding tank boundary structure plan, internal member structure
plan of tank (if any) are to be submitted during the sloshing assesament caried out in accadance
with the requirements of this Sedion.
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1.8.3.290shing loads and hull structural strength assessment report are to be submitted to 1ISC
for information.

1.8.4 Sloshing loads calculation

1.8.4.1Unless otherwise specified, the sloshing motion and the calculation of the loads specified in
this Section are to meet the requirements ¢6CGuidelines for Assessment 8bshing Loads and
Sructural Scantling of Taks.

1.8.4.2The results of sloshingodel test may be teen as the alternative for sloshing dgsiloads
when appraoed bylSC

1.8.5 Strength assessment

1.8.5.1&artling assesgnent under sloshing loads are to be caried out to the following
structural members:

(1) platingformingtank boundaries, stiffeners;

(2) plating and stiffeners on washbulkheadsin the tank;

(3) web of primary support members, web stiffenersin the tank

1.8.5.2Unless otherwise specified, scantling assessment under slosbauy is to meet the
requirements ol SGGuidelines for Assessment 8bshing Loads angructural Scantling of Taks.

SECION 9 INTACT SRABILUTY

1.9.1 General requirements
1.9.1.1Compliance with the requirements for intad stability is acondtion for classification of ships.

1.9.1.2The intad stahility of shipsisto comply with the requirements of this Sedion, or it isto be
demonstrated that their intad stahbility is in compliance with the requirements of the flag Sate
Administration.

1.9.1.3All bulk cariers of lessthan 150 m in length are to be fitted with loading instruments
capale of providing intad stahility information and are to comply with the requirements of
Appendixes 1 and 2 of Chapter 2 of thisPART.

1.9.1.40nboard computers for stahility caculation, where fitted, for all ships are to comply with
the requirements of Appendxes1 and 2 of Chapter 2 of this PART.

1.9.1.5If class notation SGISO(X) is applied for, the provisions of 1.96 in this Sedion are to
be complied with, where Xmeans one or more suffixes, the mearings of which are asfollows:
PRNT T parametric rolling failure mode;

PLINT T pure lossof stability failure mode;

EAT T excessie accderation failure mode
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DS\t 1 dead ship condtion failure mode;

KB\t 1 surf-riding/ broachng failure mode.

Where: N=1, meaning all loadng condtions in compliance with Leved 1 wvulnerability criteria;
N=2, meaning all loading condtionsin compliance with Level 2 vulnerability criteria; N=M, meanng
that there are loading condtions which do not meet the vulnerability criteria, and information on
the stability of ship inwaves has been prepared for the master.

1.9.2 Application
1.9.2.1Unless otherwise stated, this Sedion applies to ships of 24 m and over in length, the
types of which are covered by 1.94 and 1.9 6 of this Sedion.

1.9.2.2For shipsof lessthan 24 m in length, reference may be made to 1.9.2.1 of this Sedtion.

1.9.2.3For other ship types not covered by 1.9.4 and 1.96 of this Sedion, the criteria accepable
to ISGmay be used.

1.9.3 Plans and documents

1.9.3.1The following plansand documents are to be submitted for approval or confirmation:

(1) Sahility cdculationsfor loading conditionsor loadng manud,

(2) Qurvesor table of allowable height of certer of grauty or allowable initial metacertric height;

(3) Goordinatesof opening of flooding anglesand curves or table of flooding angles;

(4) Sability information for carriage of grain (capadty of fully and partially filled compartmernts,
curves or table of asaumed volumetric heeling moment, curves or table of maxmum
permissble heding moment) and stahbility caculationsfor loading conditionsor loadingmanud
(if applicalde);

(5) Operationa guidanee for ships in high sea condtions (may be induded in the loadng
manud) (if applicade).

1.9.3.2The following plansand documents are to be submitted for information:

(1) General arrangemert;

(2) Linesand offsets;

(3) Hydrostatic curvesor table;

(4) Sability crosscurvesor table;

(5) Capacty curvesor table;

(6) Arrangemert of bilge keels,

(7) Pan of subdivision draught and load line marks;

(8) Auxiliary cdculations for windage area and moment of area, crowding of all passengers
towards one sie, icing, etc.;

(9) Crosssediond area(if applicalde);

(10)Approved indining test report or light ship survey report;

(11)Asssganent cdculations of operationa guidance for shipsin high sea condtions(if applicade).

1.9.3.3The above information may be reduced as appropriate for ships of which the intad stability
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has been approved, excep for thoseof which service has been charged.

1.9.4 Requirements for intact stability

1.9.4.1The intad stability of shipsisto comply with the relevant requirements of IMO resolution

MSC.267(85) ¢ Internationa Code on Intad Sahility, 2008 (2008 ISCode) and its amendmerts. For

ships with B/D x 2.5, the requirements of 2.23 of Part A of the Code may be substituted by

the following criteria:

(1) The hedingangle * max correspondingto the maxmum righting lever GZis not to be lessthan
15°.

(2) The area under the curve of righting levers (GZcurve) is not be lessthan 0.07 m-rad up to an
angle of 15° when the maximum righting lever (GZ)occus at 15° and 0.055 m-rad up to an
angle of 30° when the maxmum righting lever (GZ)occus at 30° or above. Where the
maximum righting lever (GZ)ocaurs at angles of between 15° and 30°, the correspondingarea
under the righting lever curveis tobe: 0.0 0.001 (30°b * max) m-rad

1.9.4.2The intad stabhility of oil tankers of 5,000 deadweight ton and above is alsoto comply with
the relevant requirements of Regulation 27 of MARPOLANNnex 1.

1.9.4.3The intad stability of opentop container ships is to comply with the relevant
requirements of MSC/Arc.608Rev. 1 ¢ Interim Guidelinesfor Open-Top Container Ships.

1.9.4.4The intad stability of polar ships having classnotation PCand ships intended for navigation

inice and having class notation B1" or Bl are also to comply with the relevant requirements
of resolution MSC 38594) ¢ Internationa Code for Ships Operatingin Polar Waters (Polar Code).

1.9.5 Second generation intact stability criteria
1.9.5.1%hips are to comply with the relevant requirements of ISCCGuidelines on Asgsanent of
Ship Secord Generation Intad Sability Crieria.

1.9.5.2%cord generation intad stability caculationsare to be submitted for information.

1.9.6 Operational guidance for ships in high sea conditions

1.9.6.1 Hydrodynamicbased methods are to be used to andyz the performane and
chaaderistics of the dip, assess the sailing condtions that may affed safety, and prepare
operationd guidance for shipsin potential high sea condtionsfor the master'sreference

1.9.6.2 Dueto the influencesof environmertal condtions,the ship'sown state, human facdorsand
other fadors, operating the ship accadingto the ship'soperationa guidane in high sea condtions
cannd ensure that the ship can comgetely avad lossof stahility, excessve movemert and capsizing
acddents when sailing in advese sea condtions, nor can the master be released from the
responsibility of the ship's navigation safety.
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1.9.6.3 The likelihood of different modes of navigaion safety failures under the comhined or

sepaate adion of wind and wavesisto be asessd, and operationa guidance for shipsin high sea

conditions is to be developed acordingly. Modes of navigation safety failures that are to be

ases<ed indude:

(1) excessweroll or excessive accderation caused by parametricrolling;

(2) excessweroll or excessie accderation caused by synchronousrolling motion during navigation;

(3) lossof stabhility caused by pure lossof stahility;

(4) excessvwe roll/ capsizing or insufficient stahility caused by the combined adion of wind and
wavesin the dead ship condtion.

1.9.6.4 Navigation safety assesanents are to be carried out for typica loadng condtions insailing
conditions as a minimum and operationa guidane for ships in high sea condtions is to be
developed

1.9.6.5 Thelevel 2 criteriafor parametricrollingin IMOMSC 1/Circ.16Z isto be used to cdculate
the amplitude of parametric rolling and the resultant lateral accderation at the bridge when the
ship is sailing at typicd speed in head waves and following waves. Operationa guidana for ships
in high sea conditionsis to indude sailing and sea conditions where the caculated roll amplitude

is greater than 259 or lateral accderationis greater than 4.64 m/ %

1.9.6.6 The level 2 criteria for pure loss of stability in IMO MSC1/Grc.167 is to be used to
cdculate the vulnerability index of ship's pure lossof stahility. Operationa guidana for ships in
high sea condtions is toindude sea conditionswith a cdculated vulnerability index of 1.0.

1.9.6.7 The potential flow theory is to be used to cdculate the amplitude of parametric rolling
and the resultant lateral accderation at the bridge when the ship is sailing at typicd speed in
typicd waves. (perationd guidance for ships in high sea condtions isto indude sailing and sea
conditions where the cdculated roll amplitude is greater than 25° or lateral accderation is greater
than 4.64 m/s*

1.9.6.8 The meteorologicd criteria of the Internationa Gde for Intad Sabhility, 2008, adopted by
IMO resolution MSC.267(85), is to be used to cdculate the steady wind speed value (beam wind)
that meets the requirements of the meteorologicd criteria, assumingthat the ship isin a dead ship

condtion and that the roll angle caused by wave adion is 259. Operationad guidane for ships in
high sea condtionsis to indude the steady wind speed value (beam wind).

1.9.6.9 The potential flow theory is to be used to cdculate the amplitude of parametric rolling
and the resultant lateral acceleration at the bridge when the ship is in the dead ship condtionsin
typicd waves. (perationa guidance for ships in high sea condtions isto indude sailing and sea

conditions where the caculated roll amplitude is greater than 259 or lateral accderation is greater
than 4.64 m/s*
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1.9.6.100ther numericd simulations or model tests may be used as alternatives to navigation
safety asseesgnent subjed to ISCagreemert.

1.9.6.110perationd guidance for shipsin high sea condtionsisto be provided in aloadng manud
or onboard computer-based system in a simple and clear form.

SECIDN 10 - DAMAGE SABILUTY

1.10.1 General requirements
1.10.1.1Complianee with the applicade requirements for damage stability is a condtion for
classifcation of ships.

1.10.1.2The damage stability of ships is to comply with the requirements of this Sedion, or it is
to be demonstrated that their damage stahility isin complianae with the requirements of the flag
Sate Administration.

1.10.2 Plans and documents

1.10.2.1The following plans and documents are to be submitted for approval or confirmation:

(1) Calculationsof damage stahility;

(2) Damage control plan and damage cortrol booklet (for passenger shipsand dry cargo ships);

(3) Qurvesor table of allowable height of certer of gravity or allowable initial metacertric height
for damage stahbility (if applicalde);

(4) Arrangemern of crossfloodingfittingsand cdculationsof crossfloodingduration (if applicale).

1.10.2.2The following plans and documents are to be submitted for information:
(1) General arrangement of doors and windows;

(2) General arrangemert of scuttl es, ventilatorsand air pipes;

(3) Plansand documents stated in 1.9.3 of this Chapter.

1.10.3 Requirements for damage stability
1.10.3.1The damage stabhility of ships is to comply with the relevant requirements of applicabe
regulationsas shown in Table 1.10.3.1

1.10.3.2The stability of ships carying timber dedk cargo is to comply with the relevant
requirements of IACSUISC161.
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Table 1.10.31-Listof Applicale Regulationsfor Damage Sahility

Ship type Applicable regulation
Passenger ship, type B freeboard dry cargo ship and
combination carrier*, type 80 and type BLOO freeboard cargo
ships intended for carriage of deck cargo

Part B1, Chapter HL of the International Convention for the
Safety of Life at Sea (SOLAS)

Reg. Xll/4 ofhe International Convention for the Safety of
Life at Sea (SOLAS)

Reg. 27 of the International Convention on Load Lines, 14
(ICLL), as revised by the 1988 Protocol

International Code for the Construction and Equipment of]
Ships Carrying Dangerous Chemicals in Bulk (IBC Code)
Reg. 28 of Annex | of the International Convention for the
QOil tanker (including combination carrier*) Prevention of Pollution from Ships, 193 modified by the
1978 Protocols (MARPOL)

Guidelines for the Design and Construction of Offshore
Supply Vessels, 2006 (2006 OSV Guidelines)

Opentop container ship MSC/Circ.608/Rev.1

Code for the Transport and Handling of Hazardous and
Noxious Liquid Substances in Bulk on Offshore Support
Vessels (OSV Chemical Code)

International Code of Safety for Ships Using Gases or Ot
Lowflashpoint Fuels (IGF Code)

* Note: Combination carrier is acargo ship designed to carry both oil and solid cargoesin bulk (see definition of SOLASReg 11-2/3.14).

Bulk carrier (additional requirements)

Type B60, type B100 and type A freeboard ships

Chemical tanker

Offshore supply vessel of not more than 100 m in length

Offshore suport vessels transporting and handling hazardous
and noxious liquid substances in bulk

Ships using gases or otHew-flashpoint fuels

SECTION Z1LOAD LINE MARKS AND MARKING

1.11.1 Application
1.11.1.1The requirements of this Section apply to ships engaged on internationa voyages.

1.11.2 Load line marks
1.11.2.1The load line mark for shipsnot carryingtimber dedk cargoesis shownin Fgure 1.112.1.

1.11.2.2The load line mark for shipscarryingtimber dedk cargoesis $1own in Hgure 1.11.2.2.

Stemn = - - - Bow

Deck line ) L

300

Figure 1.11.21 Feeboard Mark for Shpsnot Carrying Timber Dedk Cargoes (in mm)
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Figure 1.112.2 Freeboard Mark for Shps Carrying Timber Dedk Cargeoes (in mm)

1.11.2.3Where aship is assigned a greater than minimum freeboard so that the load line is marked

at a position corresponding to, or lower than, the lowest seasonal load line assigned at minimum
freeboard as specified in Annex B to the Protocol of 1988 Relating to tenétitonal Convention

on Load Lines, 1966, only the Fresh Water Load Line need be marked. In such a case, the load line
mark is as shown in Figutel1.2.3.
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Figure 1.11.23 FreshWater Load Line Only (inmm)
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1.11.2.4The subdivision load line maftr passenger ships is shown in Figure 1.11.2.4.
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Figure 1.11.2.4 Sibdivision Load Line Mark for Paseenger Ships (in mm)

The symbolsin Hgures1.112.1to 1.112 .4 are defined asfollows:
I, ST InternationalChssfication Sodety;

TFt Tropicd FreshWater Load Line;

FT1 Summer FeshWater Load Ling;

Tt Tropicd Load Line;

St Summer Load Line;

W1t Winter Load Ling;

WNAT Winter North Atlantic Load Line;

LTFt Tropicd Fresh Water Timber Load.ine;
LFt ummer FreshWater Timber Load Line;

LTt Tropica Timber Load Line;

LSt Summer Timber Load Lineg;

LWt Winter Timber Load Line;

LWNAT Winter North Atlantic Tmber Load Line;
P11 Passenger Ship Qubdivision Load Line.
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1.11.3 Marking

1.11.3.1The Load line mark isto consistof a ring 300 mm in outside diameter and 25 mm wide
which is nterseced by a horizontal line 450 mm in length and 25 mm in breadh, the upper edge
of which passesthrough the center of the ring. The center of the ringisto be placed on ead side of
the ship at the middle of the length as defined in the Annex B to the Protocd of 1983 Relating to
the Internationa Gonvention on Load Lines, 1966, and at a distance equal to the assgned summer
freeboad measured verticdly below the upper edge of the dedk line. Thering, linesand letters are
to be painted in white or yellow on a dark ground or in bladk on a light ground. They are to be
permanertly marked on both sides of the ship and clearly visible.

SECIDN 12 - SRUQURA.ARRANKGBVIENT

1.12.1 General requirements
1.12.1.1This Sedion spedfies the requirements for the structural arrangemert of hull structures
of shipsengaged in unrestricted service.

1.12.1.2Unless stated otherwise, this Sedion applies to mechancaly self-propelled ships
engaged on internationa voyages.

1.12.2 Arrangement of watertight bulkheads

1.12.2.1All shipsare to be fitted with at least the following watertight bulkheads:

(1) one cdllision bulkhead

(2) one after peak bulkhead

(3) onebulkhead at both endsof the machinery space;

(4) the number of watertight bulkheads and their distribution along the ship® length for both
passenger and cargo ships are to comply with the requirements for subdivision and stability
contained in Seaions 9 and 10 of this Giapter, in addtion to the requirements of (1) to (3)
above;

(5) the number of watertight bulkheads and their distribution along the shipQ &ngth for oil
tankers of 600 deadveight tonsand above are to comply with the requirements of Chapters 3
and 4 of MARPOLANnex |, inaddition to the requirements of (1) to (3) above.

1.12.3 Arrangement of collision bulkhead

1.12.3.1A cdllision bulkhead is to be fitted which is to be watertight up to the bulkhead dedk of
pasenger shipsand the freeboad ded of cargo ships. This bulkhead isto be located at a distance
from the forward perpendicular (the perpendicular at the intersedion of the load waterline LL
with the fore side of the stem) of not lessthan 0.05 LLor 10m, whichever is the less,and, except
as may be permitted by the Administration, not more than 0.08 LL or 0.05 LL + 3 m, whichever is
the greater.

1.12.3.2Where any part of the ship below the waterline extends forward of the forward
perpendicular referred to in 1.12.3.1 of this Sedion, e.g., a bulbous bow, the distances spedfied in
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1.123.1 of this Sedtion are to be measured from a point either:

(1) at the mid-length of such extension;

(2) at adistana 0.015 LL forward of the forward perpendicular; or

(3) at a distanee 3m forward of the forward perpendicular, whichever gives the smallest
measuremert.

1.12.3.3The cdllision bulkhead may have steps or recesses, provided that they are within the
limits spedfiedin 1.123.1 and 1.123.2 of this Sedion.

1.12.3.4Where a long forward superstructure is fitt ed, the cadlision bulkhead is to be extended
weathertight to the dedk next above the bulkhead dedk of pasenger shipsand the freeboad ded
of cargo ships. The extension need not be fitted diredly above the bulkhead below provided it is
locaed within the limits prescribed in 1.123.1 and 1.123.2 of this Sedion with the exception
permitted by 1.12.35 of this Sedion and that the part of the dedk which forms the step is made
effedively weathertight.

1.12.3.5Where bow doors are fitted and a sloping loadng ramp forms part of the extension of
the callision bulkhead above the bulkhead ded of passnger shipsand the freeboad ded of cargo
ships, the ramp isto be weathertight over its complete length. In cargo shipsthe part of the ramp
which is more than 2.3 m above the freeboad dedk may extend forward of the limit spedfied in
1.12.31 and 1.123.2 of this Sedion. Ramps not meeting the above requirements are to be
disregarded as an extension of the callision bulkhead

1.12.3.6The number of openings in the extension of the cadlision bulkhead above the freeboad
ded isto be restricted to the minimum compatible with the design and normal operation of the
ship. All such openingsare to be capable of being closed weathertight.

1.12.4 Arrangement of after peak and machinery space bulkheads and stern tube
1.12.4.1Bulkheads are to be fitt ed separatingthe machinery space from cargo and accanmodaion
spaces forward and after and made watertight up to the bulkhead dedk of passnger ships and the
freeboad dedk of cargo ships. An aft peak bulkhead is alsoto be fitted and made watertight up to
the bulkhead dedk or the freeboad dedk. The aft peak bulkhead may, however, be stepped below
the bulkhead dedk or the freebcard ded, provided the degree of safety of the ship as regards
subdivision is not thereby diminished.

1.12.4.2In all cases, stern tubes are to be endosed in watertight spaces of moderate volume. In
pasenger shipsthe stern gland is to be situated in a watertight shaft tunnd or other watertight
space sepaate from the stern tube compartment and of such volume that, if flooded by leakage
through the stern gland, the bulkhead dedk will not be immersed. Incargo ships, other measures
to minimize the danger of water penetrating into the ship in case of damage to stern tube
arrangements may be taken upon approval.
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1.12.5 Arrangement andwatertightness of openings andtrunks in watertight bulkheads and
internal decks

1.12.5.1The number of openings in wategtit bulkheads is to be redwd to the minimum
compatible with the degin and proper woking of the ship.

1.12.5.2Where pipes, scumps, electric calds, etc., are carried thrah watertight bulkheads,
arrangements are to be made to enge the watertght integrity of the bukheads. Valvesot forming
part of a piping gstem are not to be permitted in watedit bulkheads. Lead or othdreat-sensitive
materials are not tde used insystems which penetrate wateght bulkheads.

1.12.5.3For pasenger ships, no doors, manhdes or accessopenings are permitted in watertight
transverse bulkheads dividing a cargo spaa from an adjoining cargo space except those agreed.

For cargo ships, ISOmay permit relaxation of the watertightnessrequirements for openings above
thefreeboad dedk, where it isdemonstrated that any progressive flooding can be easily controlled

and that the safety of the ship will not be thereby impaired.

1.12.5.4No doors, manholes, ventilation ducts or any other openings are to be fitted in the collision
bulkhead below the bulkhead deck fpassenger ships (except the pipes, provided that the relevant
requirements of the Administtéon are complied with).

1.12.5.5Watertight ventilators and trunks are to be caried at least up to the bulkhead ded in
passenger shipsand up to the freeboad ded in cargo ships.

1.12.5.6The arrangemen and watertightnessof accesesto spacesbelow the ro-ro dedk (bulkhead

deckK in ro-ro pasenge shipsare to comgy with the following requiremerts:

(1) Subed to (2) and (3) of this paragraph, all acceses that lead to spaces below the bulkhead
dedk are to have a lowest point which isnot lessthan 2.5 m above the bulkhead dedk.

(2) Where vehicle ramps are installed to give access to spaces below the bulkhead ded, their
openings are to be able to be closed weathertight to prevent ingress of water below,
alarmed and indicated to the navigation bridge.

(3) 1SCmay permit the fitting of particular accesses to spaaes below the bulkhead dedk provided
they are necessary for the essential working of the ship, e.g. the movemert of machinery and
stores, subjed to such accesesbeingmade watertight, alarmed and indicated to the navigation
bridge.

1.12.6 Openings in the shell plating below bulkhead deck of passenger ships and the freeboard
deck of cargo ships and their watertightness

1.12.6.1The number of openingsin the shell plating is to be reduced to the minimum compatible

with the design and proper working of the ship.

1.12.6.2Feeing ports are to be capale of rapidly freeing the dedks of water and draining them.
The freeing port area in bulwarksisto be in acordane with Regulation 24 of the Amendments to
Annex | of Annex Bto the Protocd of 1988 Relating to the International Convention on Load Lines,
1966.
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1.12.6.3Moving parts penerating the shell plating below the deepest subdivision draught are to
be fitted with an acceptable watertight seaing arrangement. The inboard gland is to be locaed
within a watertight space of such volume that, if flooded, the bulkhead dedk of passenger shipsand
the freeboad dedk of cargo shipswill not be submerged.

1.12.7 Other openingsand their closing appliances

1.12.7.1All accessopenings in bulkheads at ends of endosed superstructures are to comply with

the following requirements:

(1) Doors of steel or other equivalent material are to be fitt ed, permanertly and strongly attached
to the bulkhead and framed, stiffened and fitted so that the whole structure is of
equivalent strength to the un-pierced bulkhead and weathertight when closed.

(2) Unlessotherwisepermitted by the flag Administration, doors are to open outwardssoasto be
proteced against wave impad.

(3) The height of doorsillsis tobe at least 380 mm above the ded.

1.12.7.2Cargo and other hatchways, miscellaneous openings in freeboard and superstietise

are to compy with the following requiremerts:

(1) The height of coamings of hatchwaysabove the ded isto be at least asfollows:

600 mm if in Position 1; and
450 mm if in Position 2.

(2) The structure of cargo and other hatchways in Pcsitions 1 and 2 and the mears for keepng
them weathertight are to comgy with the relevart requirements of Reguation 15 or 16 of the
Amendmeris to Annex | of Annex B to the Protocd of 1983 Relating to the Internationa
Convertion on Load Lines, 1966

(3) Openingsin freeboad and superstructure decks are to compy with the relevart requiremens
of Reguation 18 of the Amendmeris to Annex | of Annex Bto the Protocd of 1988 Relating to
the Internationa Convertion on Load Lines, 1966

1.12.7.3Machnery space openingsare to comply with the following requirements:

(1) Machnery gpace openings are to be efficiently endosed by steel casings. Accessopenings in
such casings are to be fitted with weathertight doors, the sills of which are to be at least 600
mm above the ded if in Position 1, and at least 380 mm above the dedk if in Position 2. Other
openings in such casings are to be fitted with covers, permanertly attached in their proper
positions.

(2) Where machinery casings are not proteced by other structures, double doors are to be
required for ships assgned freeboads lessthan those based on relevant requirements. An
inner sill of 230 mm in conjunction with the outer sill of 600 mm is to be provided.

(3) Goamings of any machnery space ventilator, the height of which complies with the
requirements of 1.12.7.4(6) of this Sedion, need not be fitted with weathertight closing
appliances.Ventilators necessary to continuouslysupply the emergency generator room, if this
is considered buoyant in the stability cdculation or proteding opening leadng below, are to
have coamings of sufficient height to comply with 1.12.7.4(6) of this Section, without havingto
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fit weathertight closing appliances.

(4) Where the height of machinery pace and emergency generator room ventilator coamings is
lessthan that required by 1.12.7.4(6) of this Sedtion, weathertight closing appliancesare to be
fitted.

(5) Engine/boiler openingsare to be fitt ed with strong covers of steel or other equivalent material
permanertly attached in their proper positionsand capable of being secured weathertight.

(6) Machnery casings on type & ¢ships are to comply with the relevant requirements of
Regulations 26(1) and (2) of the Amendments to Annex | of Annex B to the Protocd of 1988
Relating to the Internationa Gonvention on Load Lines, 1966.

1.12.7.4Ventilators are to comply with the following requirements:

(1) Ventilators in Position 1 or 2 to spaces below freeboad ded or deds of endosed
superstructures are to have coamings of steel or other equivalent material, substantially
constructed and efficiently conrected to the dedk. Where the coaming of any ventilator
exceeds 900 mm in height, it is tobe spedally supported.

(2) Ventilators passing through superstructures other than endosed superstructures are to have
substantially constructed coamings of steel or other equivalent material at the freeboad ded.

(3) Ventilatorsin Position 1 are to have coamings of a height of at least 900 mm above the dedk.

(4) Ventilatorsin Position 2 are to have coamings of a height of at least 760 mm above the dedk.

(5) The thicknessof ventilator coamings may be taken from Table 1.127.4(5), but need not exceed
that of the dedk.

Table 1.12.7.4(5) - Thicknessof Ventilator Goamings

Internal diameter | Thickness of coaming Internal diameter of coaming Thickness of coaming
of coaming (mm) (mm) (mm) (mm)

X HnAan 7.5 350 9

250 8 400 9.5

300 8.5 X npn 10

(6) Ventilators in Position 1 the coamings of whetiend to more than 4.5 m above the deck, and
in Position 2 the coamings of which extend to more than 2.3 m above the ded, need not be
fitted with closing arrangemernts.

(7) Excepg as provided in (6) above, ventilator openings are to be provided with efficient
weathertight closing applianaes. In ships of not more than 100 m in load line length LL, the
closing appliances are to be permanertly attached in ships of more than 100 m in load line
length LL, they may be conveniently stowed near the ventilatorsto which they are to be fitted.

1.12.7.5Air pipes are to comply with the following requirements:

(1) Air pipes are to comply with the requirements of this Sedion and in addtion, the relevant
requirements of Chapter 3 of PART THRE of the Rules.

(2) Where air pipesto ballastand other tanks extend above the freeboad or superstructure decks,
the height from the ded to the point where water may have accessbelow isto be at least 760
mm on the freeboard dedk and 450 mm on the superstructure dedk. Where these heights may
interfere with the working of the hip, a lower height may be approved, provided that ISCis

satisfied that the closing arrangemernts and other circumstances justify a lower height. The
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exposed parts of the pipes are to be of substantial construction
(3) The minimum wall thicknessof air pipes above weather ded s tobe:

6.0 mm for pipes of 80 mm external diameter or smaller;

8.5 mm for pipes of 165 mm external diameter or greater.

Intermediate minimum thicknessesare to be determined by linear interpolation.
(4) Airpipesare to be fitted with automatic closing devices.

1.12.8 Arrangement of double bottoms (not of tankers)

1.12.8.1For all passnger ships regardlessof size and cargo ships of 500 grosstonnage and over,
a double bottom is to be fitted and is to extend from the collision bulkhead to the after peak
bulkhead asfar asthis ispradicalde and compatible with the design and proper working of the ship.

1.12.8.2Where a double bottom is required to be fitt ed, the inner bottom is to be continued out
to the shipQside in such a manner asto proted the bottom to the turn of the bilge. The verticd
distanee h measured from the ke line is in no case tobe lessthan B/ 20, or less han 760 mm,
whicheve is the greater, and need not be greater than 2,000 mm.

1.12.8.39mall wells constructed in the double bottom in connection with drainage arrangements
are not to extend downward more than necessary. The verticd distance from the bottom of such
a well to a plane coinading with the keel line is not to be lessthan h/2 or 500 mm, whichever is
greater. Other wells (e.g. for lubricating oil under main engines) may be permitted if satisfied that
the arrangemerts give protedion equivalent to that afforded by a double bottom complying with
thisregulation.

1.12.8.4A double bottom need not be fitted in way of watertight tanks (induding dry tanks) of
moderate size provided the safety of the ship isnot impaired in the event of bott om or side damage.

1.12.8.5Any part of a pasenger ship regardlessof size and a cargo ship of 500 grosstonnage and
over that is not fitted with a double bottom in acerdane with 1.128.1 or 1.128.4 of this Sedion
is to satisfy the requirements for bott om damages, as spedfied in SOLASII-1, in that part of the ship.

1.12.8.6In caseof large lower holdsin passnger ships,the double bottom height isto be increased
to not more than B/ 10 or 3 m, whichever is less,measured from the keel line. Alternatively, bottom
damages may be cdculated for these areas, in accadance with 1.128.5 of this Sedion, but
asauming an increased verticd extent.

1.12.9 Arrangement of cofferdams

1.12.9.1A cofferdam mears an empty space arranged so that compartments on ead side have
no common boundary; a cofferdam may be located verticaly or horizontally. A cofferdam is to be
properly ventilated and of sufficient size to allow for inspedion, maintenane and safety evacuaion.

1.12.9.2Cofferdams are to be provided between compartments intended for fuel oil or lubricating
oil and those intended for fresh water (drinking water, water for propelimagchinery and boilers).
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Cofferdams are to be provided between compartments intended for fuel oil or lubricating oil
and tanksintended for the carriage of liquid foam for fire extinguishing.

Gofferdamsare only required between fuel oil tanksin double bottom and tanksimmedately above
where the inner bottom plating is subjected to the head of fuel oil contained therein, asin the case
of a double bottom with its top raised at the sides. Where a corner to corner situation occus for
such tanks,they are not considered to be adjacent.

1.12.9.3In addition to the requirements of 1.12.9.2 of this Section, the oil fuel tank protection by
means of cofferdams in ships is to comply with Regulation 12A of MARPOL Annex |I.

1.12.9.4The separation of cargo oil tanks tankers is to be arranged in accordance with the
requirementsof SOLAS Reg2M.5 regarding cargo areas of tankers.

1.12.9.5The arrangement of cofferdams is also to comply with 2.8.2 of Section 8, Chapter 2 of PART
THREE of the Rules.

1.12.10 Arrangement of bow freelbard deck and compartments forward of collision bulkhead
1.12.10.1The arrangement of bow freeboad ded and endosed superstructures (if fitted) is to
comply with the requirements for minimum bow height as spedfied in Regulation 39 of the
Amendments to Annex | of AnnexBto the Protocd of 1988 relatingto the International Convention
on Load Lines, 1966.

1.12.10.2The arrangement of bow freeboard deck and enclosed superstructures (if fitted) of all
ships assigned a type B freeboard, other than oil tankeliemical tankers and gas carrier is to
comply with1.12.9.2 of this Section and &udition, the requirements for bow reserve buoyancy as
specified in Regulation 3% the Amendments to Annexof Annex Bo the Protocol 0f1988 relating

to the International Convention on Load Lines, 1966.

1.12.10.3Fuel oil and other flammabe oils are not to be carried in forepeak tanks and other

compartments located forward of the callision bulkhead Chain lockers of ships with a load line

length of 24 m and above are to comply with the following requirements:

(1) Spurling pipes and calde lockers are to be watertight up to the ded exposed to weather.
However, the bulkhead between separate chan lockers (Fgure 1.1210.4(1)) or the common
bulkhead between adjacert lockers (Fgure 1.12.104(2)) need not be watertight.

‘I — )
\ / N A /
\\__ g ___/./ \.\.—_ ) __»/,-/ L o N /_./
Chain locker A Chain locker B Chain locker Chain locker B

Fgure1.1210.41) Figure1.1210.4(2)
(2) Where means of access are pided, they are to belosed bya substantial ceer and secured
by closely spaced bolts.
(3) Where a mears of access tospurling pipesor cale lockersis locaed below the weather ded,
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the manhde covers and secuing appliances are to be in consisience with recagnized
standada r equivalent to the watertight manhde covers. The useof butterfly nuts and/ or
hinged bolts asthe secuing appliances of manhde coversis prohibited.

(4) Sourling pipes through which andchor cales are led are to be provided with permanertly
attached closing appliances (e.g. steel plates in halves hooked over the spurling pipe tops, or
carvas covers lashed) to minimize water ingress.

1.12.11 Arrangement of passenger ships above the bulkhead deck

1.12.11.1Measures are to be taken to limit the entry and spread of water above the bulkhead
dedk. Such measures may indude partial bulkheads or webs. When partial watertight bulkheads
and webs are fitted on the bulkhead ded, above or in the immedate vicinity of main subdivision
bulkheads, they are to have watertight shell and bulkhead dedk conrections soas to restrict the
flow of water along the ded when the hip is in a heeled damaged condtion. Where the partial
watertight bulkhead does not line up with the bulkhead below, the bulkhead ded betweenisto be
made of effedively watertight.

1.12.11.2All openings in the exposed weather ded are to have coamings of ample height and
strength and are to be provided with efficient mears for expeditiously closing them weathertight.
Freeing ports, open rails and scuppers are to be fitted as necessary for rapidly clearingthe weather
ded of water under all weather conditions.

1.12.11.3Air pipesterminating within a superstructure which are not fitt ed with watertight mears
of closure are to be considered as unproteded openingsin damage stahility caculation.

1.12.11.49de scuttles, gangway, cargo and coding ports and other mears for closing openings
in the shell plating above the bulkhead ded are to be of efficient design and construction and
of sufficient strength having regard to the spaces in which they are fitted and their positions
relative to the deepest subdivision draught.

1.12.11.5Efficient inside deadights, so arranged that they can be easily and effedively closed
and cured watertight, are to be provided for all side scuttlesto spacesbelow the first deck above
the bulkhead dedk.

1.12.12 Arrangement of compartments of double hull oil tankers
1121212 Ay3 GFy14a8 2N ALl O0Sa INB (G2 SEGSYR SAGKSN
top of double bottom to the uppermost deck, disregrading a rounded gunwale where fitted. They
are to be so aanged that all cargo tanks are located inboard of the moulded lines of the side shell
plating in those tanks or spaces. The entire cargo tank (including slop tank) length of oil tankers of
5,000 tons deadweight and above are to be protected by ballaststam spaces other than tanks
that carry oil, and the wing tanks and double bottom for such protection within the cargo tank length
are to comply with the following requirements:
(1) The verticd distanae W between wing tank inner hull and side shell is not to be lessthan as

caculated below:
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W=05+DN/2000 m orwW=20m

whichever is the lesser. The minimum value of W=1.0m.

where: DW (Deadweight) mears the difference in tons between the displacanent of a ship in
water of a relative density of 1.025 t/ m3 at the load line corresponding to the assgned summer
freeboad and the lightweight of the ship.

(2) The depth of double bottom isnot to be lessthan as caculated below:
h=B/15m orh=20m
whichever is the lesser. The minimum value of h=1.0 m.

1.12.12.2The height of double bottom of oil tankers of less than 5,000 tons deadweight are to
comply with the following requirements:
h =B/15 m; the minimum value of h =0.76 m

1.12.12.3Every crude oil tanker of 20,000 tons deadwveight and above and every product carrier
of 30,000tonsdeadweight and above are to be provided with segregated ballasttanks. The capacity
of the gregated ballast tanks is to be so determined that the ship may operate safely on ballast
voyages without recouse tothe use of cargo tanks for water ballast. The capadty of segregated
ballast tanks is to be at least such that, in any balast condition at any part of the voyage,
induding the conditions consisting of lightweight plus segregated ballast only, the shipQ draughts
and trim can meet the following requirements:
(1) the moulded draught amidship (dm ), in m, (without taking into accaunt any deformation of
the ship) isnot to be lessthan:
dm =2.0+0.02LL m
(2) the draughts at the forward and after perpendiculars aretorespond to those determined by
the draught amidships as specified in (1) above, in association with the trim by the stern of not
greater than
0.015LL ; and
(3) the draught at the after perpendicular is not to be less than that which is necessary to obtain
full immersion of the propeller(s).

1.12.12.4Cargo tanks are to be of such size and arrangement that the hypothetical oil outflow from
side and bottom damage, anywhere in the length of the ship, is limKedoil tankers of less than
5,000 tons deadweight, the hgth of each cargo tank is not to exceed 10 m or one of the following
values, whichever is the greater:
(1) where no longitudinal bulkheéad is provided inside the cargo tanks: (0.5bi/B + 0.1)LL , but not
to exceed0.2 L

(2) whereacenterlinelongitudinal bulkhead is provided inside the cargo tanks: (0.25bi/B +0.15LL;
(3) where two or more longitudinal bulkheadsare provided inside the cargo tanks:

for wing cargo tanks: 0.2 LL

for certre cargo tanks:
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(a) if bi/B isequd to or greater than 1/5: 0.2 LL
(b) if bi/B is lessthan 1/5:
(i) where no certerline longitudinal bulkhead is provided: (0.5bi/ B+ 0.1)LL
(ilywhere a certerline longitudinal bulkhead is provided: (0.2%i/B+0.15LL
bi is the minimum distana from the shipQ &ide to the outer longitudina bulkhead of the
tank in question measured inboard at right anglesto the certerline at the level corresponding
to the asspned summer freeboad.
For oil tankers of lessthan 5,000 tons deadweight, the capadty of ead cargo tank is not to
excead 700 m3, unlesswing tanks or spaces are arranged in accadance with 1.12.121(1),
complying with the following:

W=0.4+24DW/20000 m; the minimum value of W=0.76 m.

1.12.12.5For oil tankers carryingoil having a flashpoint not exceedng603 , the separation of cargo
tanks isto comply with the following requirements: Cargo pump-rooms, cargo tanks, slop tanks
and cofferdams are to be positioned forward of machnery spages. Main cargo control stations,
control stations, accanmodation and service spaces are to be positioned aft of cargo tanks, slop
tanks, and spaces which isolate cargo or slop tanks from machnery spaces, but not necessarily aft
of fuel oil tanks and ballast tanks.

1.12.12.6Cofferdams are to be at least gastight. If applicade, mears of access br internal
inspedion are to comply with 1.1214 to 1.12.16 of this Sedion.

1.12.12.7For oil tankers of 5,000 tons deadwveight and above, the pump-room is to be provided
with a double bottom such that at any crosssedion the depth of each double bottom tank or
space isto be such that the distanae between the bott om of the pump-room and the ship@baseline
measured at right anglesto the ship@baseline is not lessthan spedfied below:

B/ 15 m or 2 m, whichever is the lesser.The minimum value is 1m.

In case of pumo-rooms whose bottom plate islocated above the baseline by at least the minimum
height required above (e.g. gondda stern design), there will be no need for a double bottom
construction in way of the pump-room.

1.12.13 Arrangement of compartments of single hull oil tankers

1.12.13.10il tankers of 600 tons deadweight and above but lessthan 5,000 tons deadwveight are
to be fitted with double bottom tanks or spaces, the height of which is to comply with the
requirement of 1.12.12 2 of this Sedion.

1.12.13.20iltankers of lessthan 600 tons deadwveight are not necessarily to be fitt ed with double
bottom and double hull
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1.12.13.3The length of cargo tanksisto comply with the requirements of 1.12.12 4 of this Sedion
for oil tankers of lessthan 5,000 tons deadweight.

1.12.13.4The segregation of cargo tanks is to comply with the requirements of 1.12.125 of this
Sedion.

1.12.14 Access and its openings and other requirements

1.12.14.10il tankers as defined in Regulation IF1/2, chemicd tankers as defined in Regulation
VII/8.2 and gas carriers as defined in Regulation VII/11.2 of the International Gonvention for the
Sfety of Life at Sea, 1974, as amended are to be fitted with safe accessto bow in acordance
with Regulation 1I-1/3-3 of the Gonvention.

1.12.14.20il tankers of 500 grosstonnage and over and bulk cariers (as defined in Regulation
IX/1 of the Internationa Convention for the Safety of Life at Sea, 1974, as amended of 20,000
grosstonnage and over are to be fitted with accessto and within spaces in, and forward of, the
cargo area in accadance with Regulation [1-1/3-6 of the Convention.

1.12.14.3When implemerting the provisions of 1.12.14.1 and 1.12.142 of this Sedion, for oll
tankers of lessthan 5,000 tons deadweight, openings of smaller dimensons may be provided
subjed to the agreemert of the flag Sate Administration, provided that the ahility to traversesuch
openingsor to remove an injured person can be proved. However in any case, the size of openings
isnot to be lessthan 400 mm x 600 mm or 450 mm x 550 mm.

1.12.14.4In addtion to the requirements of 1.12.141 to 1.1214 .3 of this Sedion, all ships are to
be fitted with safe passage of crew in accadance with Regulation 25-1 of the Amendments to
Annex | of Annex B tothe Protocd of 1983 relating to the Internationa Gonvention on Load Lines,
1966. Gangway and access fitted on type "! &hips are to be in accadance with Regulations 26(3)
and (4) of Annex I. In addtion, all shipsare to be fitted with guard rails and bulwarks as mears for
protedion of the crew in accadance with Regulations25(2) and (3) of Annex|.

1.12.15 Arrangement of fuel oil tanks
1.12.15.1Fuel oil tanks are to be arranged in accadance with the requirements of Regulation
12A of MARPOL Annex|.

SECIDON 13 - MARKING OFOPERATING DRAT ORWORKING SHPS

1.13.1 General provisions

1.13.1.1 ThisSedionappliesto floatingcranes,and to open hopper dredgersand bargesfitted with
mears of openingat their bottom (thesethree types of shipsare hereinafter referred to asworking
ship).

1.13.1.2 For working ships, the maximum operating draught may be assgned and such draught
appropriately marked in accadance with this Sedion.

1.13.1.3 In operationd areas defined by the limited sea condtionsin 1.133 of this Sedion, the
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process of hoisting and handing operations of floating cranes, that of dredging operations of
dredgers and that of loadng, carying and discharging operations of dredgers and barges are
considered as their operating conditions.

1.13.1.4 The intad stahility of working ships in operating conditions is to comply with the
requirements of 1.134 of this Sedion, or alternatively, their complianae with the requirements of
the flag Administration for intad stability regarding assgnment of operating draught is to be
corfirmed.

1.13.2 Assignment of operating draught

1.13.2.1For working ships intended for assgnmert of operating draught, the maximum operating
draught is to be asspned in accadance with this Chapter, based on the minimum summer
freeboad corresponding to type B freeboad as spedfied in the amendmerts to the protocd of
1988 relating to the Internationa Convention on Load Lines, 1966 (IMOresolution MSC.14377)).

1.13.2.2Where all requirements of this Sedion are complied with, the maxmum draught of
working $hips in operation may correspond to a freeboad reduced by 2/3 of the minimum
summer freeboard referredto in 1.132.1.

1.13.3 Limitations on sea conditions for operations

1.13.3.1For working operations at the maximum operating draught assgned in acordanc with

this Sedion, limitations on sea conditions for areas, in which the working ship is to operate, are as

follows:

(1) For floating cranes, wind force is not to exceed Beaufort scde 5 and significart wave height is
not to exceed 1 m.

(2) For dredgers and barges, wind force isnot to exceed Beauort scde 6 and significarnt wave
height is not to exceed 2 m.

1.13.3.2Where the enironmentallimitations as required by degi regarding wind and wee for sea
areas, in which wding ships are to operate, are yend those specified in 1.13.3.1, reént
technical proof and calculations or model test information for ensuring safe operation are to b
submitted for appreal or agreement bylSC And this is to be indicated in the operating draught
marking instruction in accalance with 1.13.6.3 of thiSection.

1.13.4 Intact stability in operating condition
1.13.4.1 The intad stability of floating cranes in operating condition is to comply with the
following requirements:
(1) The stahility of floating cranesis tobe cheded for the followingloading condtions:
maximum lifting load, necessary ballast and all fuels and stores, the ship being at the
maximum operating draught;
maximum lifting load, necessry ballast and 10%of fuelsand stores.
(2) Initial metacertric height GM d floating cranes in operating condition:
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M +M,
0.17166,A
where: GM 1 initial metacertric height, in m, taking into accowunt the effeds of free surface
and suspended objedsthereon;
Mf T heding moment due to wind presaure on the floating crane, in kN-m, cdculated
accadingto 1.134.2:
Mh t heding moment due to maximum lifting load and heeing moment due to
asymmetricd loadng, if any, in kN - m;
dc T permisdgble sitic limiting heding angle, (°), taken as 4/5 immersion angle of
freeboard dedk edge, 4/5 emersion angle of bilge or heding angle corresponding
to 0.3m of residua freeboad, whicheve isthe least; not exceedng5° for floating
cranes with slewing booms, and not exceedng 3° for floating cranes with
unslewing booms;
Nt displacanent in the loading condition under cheding, in t.

m

(3) Sability criterion numeral K d floating cranes in operating condtion:
. 98LA
M, +M,
where: I|g T minimum capsizing lever, in m, without takinginto account the effed of rolling;
n, Mf, Mht thesameasin (2).

T

1.13.4.2 The heeling moment Miue to wind pressure on the floating crane in operating condition
is to be cé&culated asfollows:
M, =0001PEC4,Z kN -m

where: Pt wind presaure caculated per unit, taken as 170 N/m?;

G 1 coefficient for corredion of height, asgiven in Table 1.134.3;

AfiT windage area, in m%

Zi 1 verticd distance in m, from certre of windage area Afi to half draught d in the

loading condtion under cheding;
nt displacement in the loading condition under cheding, in t.

Table 1.134.3 - Qoefficient G for Correction of Height
Zi-d/2(m)| 0~15| 15~ 30| 30 ~ 45| 45~ 60| 60 ~ 75| 75 ~90| 90 ~105| 105~ 120
Ci 1 1.16 1.32 1.44 1.53 1.61 1.68 1.74

1.13.4.3 The intad stability of dredges and barges in operating condtion is to compy with the
following requiremernts:
(1) The stahility of dredgers and barges in operating condition isto be cheded for the following
loading conditions:
hopper fully loaded with all fuelsand stores;
hopper fully loaded with 10%of fuels and stores;
hopper partially loaded with 10%of fuels and stores;
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hopper unloaded, but being open to sea, with all fuels and stores;

hopper unloaded, but being open to sea, with 10%of fuels and stores.

When the hopper isfully loaded spoil isto be loaded to the lower edge of the opening of
the mears for overflow spedfied in 1.13.5.2, and the least of the values obtained is to be
taken.

When the hopper is partially loaded, an addtiona layer of seawater is to be assumed on
the top of spoil to read the lower edge of the opening of the meansfor overflow spedfied
in 1.13.52, and the least of the values soobtained is tobe taken.

(2) The density of spoil in hopper is tobe taken asfollows:
the stability with the density of spoil “m1, "m2 at the maximum operating draught
accadingto (1) , istobechedked;
the stahbility isto be checked accadingto (1) , densityof spoil “ =1.4¢ 0.21, in t/m3, (i
=0, 1, 2) whichever is the closestto and lessthan " m2;

the stahility isto be checked accadingto (1) , density of spoil * =2.2¢ 0.2i,int/m3, (i =
0, 1X6) whichever is the closestto and over " m2,

where at the maximum operating draught, an additiona layer of seawater on the top of
spail isto be regarded as overload.

(3) Charaderistic values of righting lever curvesfor dredges and bargesin operating condtion:
the initial metacertric height isnot to be lessthan 0.15 m;
the righting lever GZis tobe at least 0.2 m at heding angles equal to or over 30°,
the hedingangle * max correspondingto the maximum righting lever is tobe not less han
15°
up to the hedingangle * max correspondingto the maximum righting lever, the areaunder
the righting lever curve (GZcurve) isto be not lessthan 0.056 +0.001 (30° ¢ * max) m - rad,
and * max is taken as 30° if greater than 30°,
the area under the righting lever curve (GZcurve) between the heding angles of 30° and
40° or between 30° and immersion angle * f (if this angle is lessthan 40°) is not to be less

than 0.03 m - rad.

(4) Weather criterion for dredges and bargesin operating condtion: The weather criterion in 2.3,
Chapter 2, Part A of the Internationa Code on Intad Sabhility, 2008 (2008 IS ©de) is to be

complied with, where the wind presaire is taken as 215 N/m2 and the angle of roll may be
reduced by 20%but not less han 10°.

(5) Fa stahility caculation, where the density of spail in the hopper is equd to or lessthan 1.4
t/ m3, the effeds of free surface of spoil on the initial metacertric height and righting lever
curves are to be cdculated and in this case, the outflow of liquid spoil and inflow of seawater
over the upper edge of the hoppe coaning by shiL¥Xheding may be taken into accoun. Where
the density of spail in the hopper isgreater than 1.4 t/ m3, the inflow and outflow of seawater
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through the lower edge of the opening of the mearsfor overflow spedfied in 1.135.2 (and the
least of the values obtained is to be taken) by shipQ Beding is to be taken into accownt. The
righting lever curves are to be cdculated accading tothe actual charges of displacanent and
of certre of gravity of spoil.

(6) Fa dredgers and barges with bottom doors or similar opening mears for the hopper,
asymmetric discharging, which is possble due to failure of control mechansm of the door or
other openingmears,isto be taken into accaint. 20%of the total hopper load isto be assumed
to be discharging only at one side of the longitudinal centre line of the hopper, horizontally
and equadly distributed at the discharging side, accading to the loading condition and the
density of spoil respedively spedfiedin (10 and (20 above.

In this siuation, the stahility isto comply with the following requirements:
the angle of equilibriumis not to exceed 25°,
the range of positive rightinglever beyond the angle of equilibriumis not to be lessthan 307,
the righting lever GZ within the range of positive righting lever beyond the angle of
equilibriumisto be at least0.1 m.

(7) Working ships ntended for operations in ting areas are to comply with the relevant
requirements inChapter 6, Part Bof the Internationa Gode on Intad Stability, 2008 2008 IS Gde).

1.13.5 Operating draught mark

1.13.5.1 The permissible maximum operating draught line is to be permanertly marked on both
sides of the working ship, placed 540 mm aft of the certre of the load line mark. The maximum
operating draught mark isto be aline of 25 mm in width and 450 mm in length. The upper edge of
the line isto be flush with the maximum operating draught line. The operating draught is indicated
by the letter W above the left end and the letter D above the right end of that line, eadh measuring
115 mm in height and 75 mm in width, as shownin Fgure 1.135.1.

Stem - = Bow

Deck line

A F A
q K_/ 7 —s
| SESR—— ,.7(7, |7 R = WNA

Figure 1.135.1 Operating Draught Mark (Sarboard)
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1.13.5.2 Prior to marking the maxmum operating draught of a working ship, comgiance of the
ship with the stability requiremerts and other spedal requiremerts for operation of working ships
isto be confirmed and indicated in the instruction for marking operating draught.

1.13.5.3 Limitationson sea condtionsfor operations of the working ship are to be clearly defined,
compiance of the ship with the stability requiremerts and other spedal requiremerts for its
operation summarized in the instruction for marking operating draugtt, and a marking sketch
showing the maxmum operating draugh line is to be attached thereto.
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CHAPTER 2
HULL STRUCURES

SECIDON 1 - GENERALPROVISONS

2.1.1 Application
2.1.1.1This Chapter applies mainly to dry cargo ships. If not covered in this Chapter, the
requirements of Chapter 1 of this PART are to be complied with.

2.1.1.2This Chapter applies to the basc structural configuration of a multi-deck or a singe deck hull
which indudes a double bottom, or a single bott om arrangement, and with the hatch openings of normal
dimensons.

2.1.1.3longitudinal framing is in general to be adopted at the strength ded outside the line of
openingsand at the bottom.

2.1.1.4For shipswith self-unloading system, such system isto meet the relevant requirements of
ISCRulesfor Lifting Appliances of Shipsand Offshore Installations.

2.1.2 Chssnotations
2.1.2.1General dry cargo ships complying with the requirements of this Chapter will be assgned
the classnotation General Dry Cargo Ship.

2.1.2.2Shps which have been strengthened for heavy cargoes and comply with the requirements
of Sedion 22 of this Chapter will be assgned the classnotation Srengthened for Heavy Cargoes.

2.1.2.3Shps which have been strengthened for grabs and comply with the requirements of
Seaion 23 of this hapter will be asspned the classnotation Grab* (X).

2.1.2.4%ips which comply with the requirements of Sedion 14, Ghapter 8 of this PART wilbe
assigied the classnotation Double Sde in.

2.1.2.5General dry cargo ships intended to cary cargoes in bulk may be asspned the notation
Maximum cargo density x.y t/ m3. When the maximum density of the bulk cargo designed under
the bulk cargo loading condtion is lessthan 3.0 t/ m3, this notation is assgned to indicate the
limitation and the maximum density value of the bulk cargo allowed to be loaded see Sedion 12,
Chapter 8 of this PART for detailed requirements.

2.1.2.6General dry cargo shipsintended to carry cargoesin bulk may be assgned the notation No
MP. This notation is assgned to show the limitation when the bulk cargo loading condtion of
general dry cargo ships has not been designed for loading and unloading in multiple ports in
accadance with the Rules, see Sedion 12, Chapter 8 of this PART for detailed requirements.
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2.1.2.7General dry cargo ships intended to cary cargoes in bulk may be asspned the notation
Holds a, b, Xmay be empty. This notation is assgned to spedfy the empty hold No. when gedfied
empty holds are allowed in the design of bulk cargo loading condition of general dry cargo ships,
see Sedion 12, Chapter 8 of this PART for detailed requirements.

2.1.3 Plansand documents

2.1.3.1Pans and doauments covering the following items are to be submitted to ISCfor approval.

In the case of spedal constructions and arrangemerts, addtiona plans and documents may be

required if considered necessary by ISC

(1) Prindpal transversesedions;

(2) Gonstruction profile, induding longitudinal sedions, dedks, inner bottom, superstructures and
dedhouses;

(3) Sem;

(4) Sernframe

(5) Shell expansion;

(6) Oiltight and watertight bulkheads;

(7) Main engine seating and thrust bearing seating;

(8) Propeller shaft bracket;

(9) Hatch coamings;

(10)Cargo hatch covers;

(11)Arrangement of anchoring equipment induding equipment number cadculations;

(12)Rudder, rudder stock and tiller;

(13)Masts, derrick postsand crane pedestals, together with their support structures;

(14)lce strengtheningwith cdculations;

(15)Welding, induding type and size of welds;

(16)Preliminary and finished loading manuds.

2.1.3.2The following plans and documents ared®submitted tolSClor information:
(1) Generalarrangement;

(2) Linesor offsets;

(3) Body plan (frame lines);

(4) Capadty plan;

(5) Sedficationsfor hull and equipment;

(6) Longitudinal strength cdculations (where applicalde);

(7) Dired strength cdculation report (where applicalle);

(8) Fatigue strength assesgnent report (where applicalde).

2.1.4 Direct strength cdculation and fatigue strength assessment for hull structure
2.1.4.1For general dry cargo ships of 150 m or over in length, FE dired strength cdculation and
verification are to be carried out for the strength of primary structural members within cargo area
When containers are caried, reference may be made to applicade requirements of Appendix 2,
Chapter 7 of this PART. When bulk cargoes are caried, referenae may be made to applicabe
requirements of Appendx 1, Chapter 8 of this PART.
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2.1.4.2For general dry cargo ships of 150 m or over in length, the fatigue strength ched may be
caried out for the following structural members in the cargo area For che& method, reference
may be made to 1ISCGuidelinesfor Fatigue Srength of Ship Sructure:

(1) conmnedionsof longitudinals (bottom, side, dedk and inner shell) to transverseweb frames;

(2) connedionsof longitudinals (bottom, side, ded and inner shell) to transverse bulkheadk;

(3) comnedionsof hopper tank sloping plate or inner shell to inner bottoms (if any);

(4) comedionsof transversebulkheadsto inner bottomsand girders.

SECTION-ZONGITUDINAL STRENGTH

2.2.1 General requirements

2.2.1.1For ships of 65 m and over in length, their longitudinal strength is to be cheded in
accadance with the requirements of this Seaion. For ships of unusual type or spedal loading and
lessthan 65 m in length, their longitudinal strength may also be cheded in acordance with the
requirements of this Sedion.

For container ships of 90 m and over in length or ships dedicated primarily to cary their load in
containers, their longitudinal strength is to comply with the requirements of Sedion 2, Chapter 7
of thisPART and of 2.25.1 of this Sedion.

2.2.1.2For ships complying with thisllowing conditions, special considerations are required for

longitudinal strength:

(1) For shipshaving one or more of the following charaderistics,dired cdculationsare in general
to be carried out, of which, dired caculation of wave loadsis given in 2.29 of this Sedion:

L/ BX5
B/Dx2.5
L>x500m
M <0.6

(2) For ships having large dedk openings, the longitudinal strength at combined bendng and
torqueis tobe cheded accadingto the requirementsin Section 10, Chapter 7 of this PART.

(3) For ships having large flare, addtiona bendng moment cawed by slamming may be
considered.

(4) For ships intended for the cariage of spedal cargoes (e.g. heaed cargoes), ships of
unconventiona type or ships of uncorventiona design, dired cdculations are to be caried
out in accadance with properties of cargoes or shipQ &ype; where dired cdculations are
impradicale, design loads are to be determined by means of model test.

2.2.2 Design still water bending moment and shear force
2.2.2.1The still water bendng moment and shear force at ead transverse sedion along the ipQ a
length are to be cdculated from the following conditions:

In loaded conditions: depature, arrival,

In ballast condtions:depature, arrival.
Variousloadng condtionsinduded in the Loadng Manud are alsoto be taken into acount in the
cdculation.
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2.2.2.2In cdculation of still water bendng momerts and shear forces, the downward loads are to
be taken as positive values, the upward loads as negaive values, and are to be integrated in the
forward direction from the aft end of the lengh of the ship. The sign convertions of the still water

bending moments Ms and shear forces Fs are as shown in Figure 2.2.2.2.
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Fgure2.2.2.2

2.2.2.3In general, the following 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 Msand Fs
cdculations.

Where the amount and disposition of consumables at any intermediate stage of the voyage are
considered more severe, cdculations for such intermedate conditions are to be submitted for
information. Alo, where any ballasting and or debadlasting isintended during voyage, cdculations
of the intermediate condtion just before and just after ballasting and/ or debdlasting any ballast
tank are to be submitted and where reviewed induded in the loading manud for guidance
(1) General cargo ships, container ships, roll-on/roll-off and refrigerated cargo cariers, bulk
cariers,ore cariers:
homogeneousloadng condtionsat maximum draught;
ballast conditions;

special loading conditions, e.g. container or light load conditions at less than the maximum
draught, heavy cargo, empty holds or rRboamogeneous cargo conditions, deck cargo

conditions, etc., wherapplicable;

short voyage or harbor conditions, where applicable;

docking condition , afloat;

instantaneous conditions of loading and unloading, where applicable;

for bulk cariers to which the harmonized classnotation BGA, BGB or BGCis asspned in
accadance with the requirements of Sedion 12, Chapter 8 of this PART, conditions
spedfied in 8.12.4 of Sedion 12, Chapter 8 of this PART are alsoto be cdculated.

(2) Oiltankes:

homogeneous loading conditions (excluding dry and clean ballast tanks) and ballast or
part-loaded condtions;

any spedfied non-uniform distribution of loading;

mid-voyage condtions relating to tank cleaning or other operations where these differ
significartly from the ballast condtions;

dodcking condtion, afloat;

instantaneous conditions of loading and unloading, where applicabe.
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(3) Chemical tankers:
condtionsas spedfied for oil tankers;
condtionsfor high density or segregated cargo.
(4) Combination carriers:
condtionsas spedfied for oil tankers and cargo ships.

2.2.2.4Where the typicd condtion during ballast water exchang at seaisto be taken into accourt,
reference may be made to the Guidelines for the Preparation of ShpQ Ballast Water Managemen
Man.

2.2.2.5Partially filled ballast tanks in ballast loading condtions (relevart recanmendaions are
given in Appendix 3 of this Gapter)

Ballast loading conditions nvolving partially filled peak and/or other ballast tanks at depature,
arrival or during intermediate condtionsare not permitted to be used as design condtionsunless:
wdesign stresslimits are satisfied for all filling levels between empty and full, and

wfor bulk cariers, the requirements in Sedion 8, Chapter 8 of this PART, as applicalde, are
complied with for all filling levels between empty and full.

Todemonstrate compliance with all filling levels between empty and full, it will be acceptable if, in
ead condition at departure, arrival and where required by 2.2 2.3 of this Sedion, any intermediate
condition, the tanksintended to be partially filled are assumed to be:

wempty;

wfull;

wpartially 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 thosetanks are to be investigated.

However, for conventional ore cariers with large wing water ballast tanks in cargo area, where
empty or full ballast water filling levels of one or maximum two pairs of these tanks lead to the
shipQ &iim exceedng one of the following conditions, it is sufficient to demonstrate compliance
with maximum, minimum and intended partial filling levels of these one or maximum two pairs of
ballast tanks such that the shipQ @ondition does not exceed any of thesetrim limits. Flling levels of
all other wing ballast tanks are to be considered between empty and full. The trim conditions
mentioned above are:

wtrim by stern of 3%of the shipQIlangth, or

wtrim by bow of 1.5%of shipQléngth, or

wany trim that canrot maintain propeller immersion (I/ D) not lessthan 25% where:

I T the distance from propeller certerlineto the waterline;

D1 propéeller diameter (see Hgure 2.2.2.5).
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i

Fgure2.2.25
The maximum and minimum filling levels of the above-mentionedpairs of side ballast tanks are to
be indicated in the loadng manud.

2.2.2.6Partially filled ballast taksin cargo loading conditions
In cago loading conditions, the requirements in 22 of thisSection apply to the peak td only.

2.2.2.7%*quential ballast waterxcharge

Requiremerts of 2.22.5 and 2.2.2.6 of this Section are not applicabe to ballast water excharge
using the sequential method. However, bendng moment and shear force cdculations for ead
de-ballasting or ballasting stage in the ballast water excharge sequence are to be induded in the
loadingmanud or ballast water managemert plan of any ship that intendsto employ the quential
ballast water excharge method.

2.2.3 Wave bending moment and wave shear force
2.2.3.1The hogging and saggng wave bendng moments My(+) and M\,0 bab eacth transverse
sedion along the ship@length are to be obtained from the following formulae:

M, (+)=+190MCL'BC, x107 kN-m

M, (-)=-110MCL'B(C, +0.7)x10°  kN-m
where: M 1 distribution fador of bendng moment, see Hgure 2.2.3.1;
Lt length of ship, inm;
Bt breadh of ship, inm;
G 1 block codfficient, taken not lessthan 0.60,

Ct codficient to be obtained from the following formulae:

C=00412L +4

c=1075-(300-L)"
Vo100 )
C=1075

c=1075 - L-350}"
{150 J

for L <90 m;

for 90 < L = 300 m;

for 300 < L < 350 m;
for 350=L =500 m.
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Fgure 2.2.3.1

2.2.3.2The hoggirg and saggirgwave shear forces Fw(+)and Fw(-) at ead transversesedion along
0KS &AKALIQA dbkiyed fiokh thie tBwirity formal&e:
F,(+)=+30FCLB(C, +0.7)x10° kN

F,(-)=—30ECLR(C, +0.T)x107 kN
where: F1, F2 T shear force distribution fadtor given in Hgure 2.2.3.2(1) and Hgure
2.23.2(2);
Ct codficient to be obtained from 2.2.3.1 of this Sedion,
1 see2.23.10f thisSdion;
Lt length of ship,inm;
Bt breadh of ship, inm.
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2.2.4 Calculation of hull girder section properties

2.2.4.1The momert of inertia of the hull girder sedion abou its horizortal neutral axs divided by
the verticd distance from the neutral axs to the top of strengh dedk at side gives the hull girder
sedion modulusWd at the strength dedk; and that divided by the verticd distance from the neutral
axisto the top of keel givesthe hull girder section modulusWh at bottom.

2.2.4.2The strength dedk and all continuous longitudinal members below the strength dedk within
0.4L amidships may be induded in the caculation of hull girder sedion modulus. The extension of
the sheer strake above the strength ded and the continuous strnger angles may be induded in
the cdculation. Where trundk deds or continuous hatch coamings (except inboard coamings of
multi-hatch arrangemerts) above the strength dedk are effedively supported by longitudinal
bulkheads or deep girders, their sediona area may also be induded in the cdculation of the hull
girder sedion modulus.

2.2.4.3For multi-hatch arrangemerts, the effedive sediond areafor the inboard corntinuoushatch

coaming and supporting membes below isto be determined by dired cdculation in accadance

with support condtions. The following provision isapplicale to caseswithout detailed cdculation:

(1) Where a continuous longitudinal underdedk girder, or girders, are arranged to support the
inboard hatch coamings, 50% of their sediond area are to be induded in the cdculation of
the hull girder sedion modulus. If the girder is fitted in conjunction with a longitudinal
bulkhead

(2) The percentage of the sectional area to be induded for inboard continuous hatch coamingsis
to be the same percentage asthat of the longitudinal girder under.

2.2.4.4For the cases in 2.2.2 and 2.24.3 of thisSection, when calculating the huirder section
modulus, the lever Zt, vertical distance from the point considered to the neutral axis, is to be taken
as follows, with Zbeing greater than the vertical distance from the neutral axis tonttoeilded deck

line at side:

Z=Z |09+02L| m
B, |

where: Z. 1 verticd distanae from the neutral axis tothe top of the continuous strength
membe, in m;
y T horizontal distance from the top of the continuous strength member to the
centerline of the ship, inm;
B, 1 breacah of ship at section considered, in m.
In cdculation, Zc and y are to be measured to the point giving the maximum value of z.

2.2.4.5 Where deck logitudinals or deckjirders are arraged abore the stremgth ded, the sectional
area may be included in the calculation of the hull girder section modulus. The lever Béitken

as thevertical distance from the neutralxs to the moulded deck line at side amidships plus the
depth of the lomjitudinal member.
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2.2.4.6Deck openings having a length in the fore-and-aft direction exceedng 2.5 m or a breadth
exceedng 1.2 m or 0.04B (whichever is the leser) or scalops where scalop-welding is applied
are to be deducted from the sediona areas used in the cdculation of the hull girder sedcion
modulus.

2.2.4.7Smdler openings (induding manhdes, lightening holes, single scdlopsin way of seans, etc.)
smaller than those stated in 2.2.46 abowe need not be deduded from the sediona areas used in

the calculation of the hull girder section modulus, provided that the sum bc of their breadths or
shadow area breadhs (The shadow area will be obtained by drawing two tangert lines with an
opening ande of 30° as shown in FHgure 2.2.4.7 in one transverse sedion comgies with the
following or that the sedion modulus at dedk or bottom isnot reduced by more than 3%

b, <006(B, - b)
where: B1 T breadh of ship at sedion considered, in m;

1b T sum of breadths of deductible openings at sedion considered in accadance
with 2.2 4.6 of this Section, in m.

Transverse

Transverse

Sum of breadths of small openingsat y-y sedionisto be bc =b1 +b2 +b3
Fgure2.2.4.7

2.2.4.80penings in longtudinals or longtudinal girders (such as lightening holes, freeing ports,
single scdlops in way of welds) need not be deduded from the sediond areas used in the
cdculation of the hull girder sedion modulus, if their depth does not exceal 25%of the web depth
(with amaxmum depth of 75 mm for scalops).
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2.2.5 Hull girder bending strength
2.2.5.1The minimum midship sedion modulus W, at dedk and keel is not to be lessthan that
obtained from the following formula:
W,=CLB(C, +0NK cm?
where: Ct codficient, to be taken in accadance with 2.2.3.1 of this Sedion;
Tt thesameasthat in 2.2.3.1 of this Sedion;
Lt length of ship, inm;
Bt breadh of ship, inm;
Kt material fador.

Scartlings of all continuouslongitudinal members of the hull girder based on the minimum midship
sedion modulus Wo are to be maintained within 0.4L amidships. However, in spedal cases, based
on consideration of type of ship, hull form and loading condtions, the scartlings may be gradudly
reduced towards the ends of the 0.4L amidships, beaing in mind the desire not to inhibit the
ves=lQ Badng flexibility. In ships where part of the longitudinal strength material in the ded or
bottom area are forming boundaries of tanks for oil cargoes or ballast water and such tanks are
provided with an effedive corrosion protedion system, certain redudionsin the artlingsof these
boundaries are allowed. These reductions, however, are in no caseto redue the minimum hull
girder sedion modulusfor a new ship by more than 5%

2.2.5.2The moment of inertia of midship section about the horizontal neutral axis | is not lesbe
than that obtained fronthe following formula:

I=3W,L/K cm'
where: Wy T the minimum midship sedion modulus, in cm?, cdculated in accadance
with2.2 5.1 of this Sedion;
Lt length of ship,in m;
Kt material fador.

2.2.5.3The hull girder bendng strength outside 0.4L amidshipsisto comply with the requirements

of 2.25.4 of this Section and alsothe following requirements:

(1) Asa minimum, hull girder bending strength checks are to be caried out at the following
locdions:
¢ inway of the forward end of the engine room;
¢ inway of the forward end of the foremost cargo hold,;

@ at any locaionswhere there are significart chargesin hull crosssedion;
@ at any locaionswhere there are changesin the framing system.

(2) BucKing strengh of membes cortributing to the longtudinal strength and subjeded to
compressive and shear stresesisto be checkedin particular in regons where changesin the
framing system or significart changesin the hull crosssedion occu.

(3) QGontinuity of structure isto be maintained throughou the lengh of the ship. Where significart
changesin structural arrangemer occur, adequade transitiona structure isto be provided.
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(4) Fa shipswith large dedk openings such as container ships, sedionsat or near to the aft and

2.2.5.4The designer is to provideermissible hogging and sagging still water bending monats
(tand2:0 b0 2F KdzZZf 3IANRSNE G SIFOK (NI yagharsS
following conditions are satisfied:
(1) The permissble hoggng and saggng still water bending moments M: of hull girders are to
cover the most severe hoggng and saggng design still water bendng moments caculated for
any navigation condition given in the loadng manud, see 2.2 2 of this Secion.

(2) The permissible hogging and sagging still water bending mon}nt$ hull girders are noto
be greater than the values obtained from the following formulae:

ﬁ: (+ = M - ;M"— (+) KN-m

M. Ow=M M, () KN-m
where: My T wave bendng moment, see 2.2.3.1 of this Sedion;
M 1 combined permissble bending moment, in kN - m, to be taken as one of
the values obtained from the following formulae, whicheve is the leser:
M =F,W, [g] x10° kN-m

M =F,W, [¢] x10° kN-m
where: Ry, R, T determined in accadance with 2.25.6(1);
W4T sedion modulusat ded, in cm?;
W, T sedion modulusat ke, in cnm?;
Permissble bendng stressof hull girder [* ] is determined in accadana with the
following requirements:
[[1=179K in N/mm?2, for 0.4 Lamidships;

[[1=125K in N/mm?2, for 0.1 L from the shipQends,
for other areas,to be obtained by linear interpolation, where Kis material fador.

2.2.5.5Longitudinal bending stress is to be calculated in accordance with the following formula:

pf.+ag,|
a =iT— %x10° N/mm®

where; M1 permissble still water bendingmoment, in kN-m, see 2.2.5.4 of this Sedion;
Mw T wave bendng momert, in kN-m, cdculated in accadance with 2.2.3.1 of this
Sedion;
Wct hull girder section modulusat the point considered, in cn?.

2.2.5.6The redudion fador of scantings of locd membersis tocomgy with the following:
(1) Where the maximum longitudinal bendng stresses at dedk and keel are less than the
permissble bendng stressw * afpropriate redudion fadors Fd and Ao may be taken to reduce
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the scantlingsof locd member provided the following conditionsare met:

where: " 4T longitudinal bendng stressat ded, in N/mnv
"p T longitudinal bendng stressat keel, in N/mm?
[']t permissble bending stress,see 2.25.4(2) of this Section.
In cdculation of the thickness of shell plating t1 and ded t1, redudion fadtor Fd may be
cdculated based on saggng bendng moment and Fo may be cdculated based on the
hoggng bending moment.
For shell plating and ded, redudion fadtors Fd and Fo are not to be lessthan 0.67; for framing,
redudion fadors Fd and Fp are not to be lessthan 0.75.
(2) For ships less than 65 m in length, 1 is to be taken for both Fd and Fb.
(3) (Fa containerships of 90 min lengh and over, see Setion 2 of Chapter 7 for the longtudinal
bendng stressand permissble bendng stressin caculation of Fd and Fb.

2.2.5.7 Where higher tensilesteel isused in some portions of hull, the verticd extent of applicaion
of the higher tensile steel isnot to be lessthan:

Where higher tensilesteel is applied to the strength ded, the region y1 (1 ¢ K/Rd ) below the deck
line is to be made of higher tensile steel; where applied to the bottom, the region y2 (1 ¢ K/Fp)
above the kedl isto be made of higher tensile steel. y1 and y2 are the verticd distances from the
neutral axis to the dedk line at side and to the plate keel respedively, in m, as shown in Fgure
2.25.7.Kismaterial fador, Fd and Fo are asdefined in 2.25.6 above.

Stenath dack
| =

e
-
-
)

)

Newlral axs *-4 2

Homom platinz / 'i'
Fgure2.25.7

2.2.5.8 Where highe tensile steel is used amidships and low carbon steel at the ends of the ship,
the region in which higher tensile stedl is used isto be extended to the points where the thickness
required for low carbon steel isequd to that of the higher tensilesteel (see Fgure 2.2.5.8.
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Thicknews of equivalent low

1 steel plate

Tluckness of higher tensle
soel plate N | Low earbon steel

Fgure2.25.8
2.2.5.9 Where higher tensile steel is applied to strength dedk structure, corresponding higher
tensile steel is usually to be applied to the continuous membes (e.g stiffening membeas of hatch
coanings and ded openings)welded to strengh deck

2.2.6 Hull girder shearing strength
2.2.6.1Design still water shear force
(1) Under different loading conditions, the design still water shear force at eadh transverse fdion
alongthe shipQIlangth isto meet the following condtions:
F:(+)<F, (*)
| £(-) |2| EO) |
where: Fs1 design still water shear force under the conditionsconsidered, in kN;
Fst permissble still water shear force, in kN, cdculated in accadance with 2.26.2.

(2) For type 1 and type 2 hull sections as shown in Table 2.2.6.2, the still water shear fatce Fs
transversebulkheal isto be correded inresped to alternate or significartly non-homogeneos
hold loading conditions. The correction of shear force is as shown in Figure 2.2.6.1. The values
Nk and Nmof shear force correction are to be calculated in accordance with the following
formulaerespedively:
Ne=F |Foa~ Fus) kN
Nu=FIFy-Fd kN
where: Ky, Fsg FscT shea force in kN, obtained by cdculation based on hull girder at
transversebulkheads A, Band Crespedively;
Ft corredionfador of still water shear force, cdculated in accadance with

the following formula:
B

where: BoT average breadth of the flat part afiner bottom of the
hold considered, in m;
Bt breadth of ship, in m;
lhT length of hold, in m.
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B A C

Empty Fully loaded

Before \lter
\correction [/ correction

Figure2.2.6.1

2.2.6.2The designer isto provide permissble still water shear forces F. (+)and F: (b) of hull

girders at ead transverse sedion along the shipQ Ength, provided that the following conditions

are satisfied:

(1) The positive and negative permissble still water shear forces F-of hull girdersare to cover the
most severe positive and negative design still water shear forces cdculated for any navigation
condtion given in the loadng manud, see 2.2 2 of this Sedion.

(2) The positive and negative permissble still water shear forces F:of hull girders are not to be
greater than the values obtained from the following formulae:

F, (ma=lr] % <10 F,(+) kN

F, (=] fTﬂ- x10-F () kN
where: F, wave shea force, in kN, cdculated in acordane with 2.2.3.2

I T moment of inertia abou the horizontal neutral axis at the transverse
sedion under consideration, in cm?;

S 1 static momert, in cm®, abou the horizontal neutral axis, of the area of the
effective longitudinal members above the horizontal neutral axis, taken at
the transversesedion under consideration;

Permissble shearingstres§_] =110K, in N/mm?, where Kismaterial facor;

1 1 the leszer of 11 and 12, caculated in accadance with the following
formulae:

o=_h
Sy tmy

S—= 1t

—

fi+t m.

t; T thickness(the total thicknessof inner and outer plating for double hull-skin
ship) of side shell at the horizontal neutral axis of the sedion under
consideration, in mm;

t, T thicknessof longitudinal bulkhead plating ahe horizontal neutral axis o
the s2dion under consideration, inmm;
f1, fo, my, and my 1 fadors,see Table 2.26.2.
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Table 2.26.2 - Fadorsf1, f2, m1 and m2

No. | Hull configuration Fador fi Fador mi
1 f1=05 m =0
f1=05 m =0
2 \ [ J
f1 =0.261+0.058 A / A mp=0.5my
fo =0.478-0116 A1 / A mo=05(0.1+")
3 | b—71 1T T
. f1=0.154+0.08 A. / Ap T, =1,
| = -
! fo =0.346-0.08 Ay / Ap m = (0.1+1) b
4 : B
\l | J

Notes: A1, Ao @ shear areas of side shell and longitudinal bulkhead plating respedively, in cn¥, at one dde of the
sedion under consideration. The area for the centreline bulkhead is actual area and not to be reduced
for symmetry around the centreline;

b horizontal distance from longitudinal bulkhead to side shell plating, in m;
B breadth of ship,in m;

1@ for transversely non-homogeneous loading condition, * = 0.15; for transversely homogeneous
loading condition, + =0.

2.2.6.3Fa hull configurationsnot induded in Table 2.2.6.2 e.g shipswith three or four longtudinal

bulkheads, the shearing stresses at side shell and longtudinal bulkhead plating may be determined
by dired cdculation.

2.2.6.4%heaingstress
(1) The sheaingstress_ at side shell is to be cdculated in accadance with the following formula:
|F:+F,
r=
13
where: Ft permissble still water shear force, in kN, see 2.2 6.2 of this Sedion;

St static moment, in cm3. Where the point considered is above the horizontal
neutral axis, Sisto be taken as the static moment, about the horizontal neutral
axis, of the area of all longitudinal members passng through the point above the
neutral axis. Where the point considered is below the horizontal neutral axis, Sis
to be taken as the static moment, about the horizontal neutral axis, of the area

of all longitudinal members passig through the point below the neutral axis;
Fw, land1 11 see2.26.2of thisSedion.

Dired shearing stresscdculation may be used, subjec to approvd by ISC

s
x10°  N/mm?®

(2) Sheaing force _ at longitudinal bulkhead plating is to be cdculated in accadance with
the following formula:
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[F: &[5
r=

I3,

where: % -5 T see2.26.4 (1) of this Sedion;
Fw, land121 see2.2.6.2 of this Sedion.

x10°  N/mm?

2.2.7 Buckling strength

2.2.7.1For shipsof 90 m and over in length, where the plate pandsand longitudinals are subjedc to
hull girder bendng and shea stresss, the budkling strength is to be chedked accading to the
followingrequirements.

2.2.7.2The working stress " in compressbn of the plate panels and longitudinals as cdculated in
22,55 of this Sdion (taken not less than 30/K, in N/mm?, where K is material factor) is to

comply with the following formula:
cr'f_-’-i{rf
B
where:i =1, for plating and for web plating of stiffeners (locd budkling);
I =1.1, for stiffeners;
“cT criticd budkling stressin compresson, caculated accading to 2.2.7.6 of this
Sedion.
2.2.7.3The working shear stress_ f (date pandsascdculated in 2.2.64 of this Set¢ion isto compy
with the following formula:
_XKc

where: _¢ T criticd budkling stressin shear, cdculated accadingto 2.2.7.7 of this Sedion.

2.2.7.4The ided elastic bucHing stresses of the plates are to be obtained from the following

formulae

(1) The ided elastic budkling stress™ Eof the compressbn plate pand is to be obtained from the
following formula:

I, |- N/mm?
10005 )

where: ET modulusof elasticity of material, in N/mm?;
s1 shorter side of plate pand, in m;
tyT net thickness,in mm, of plating, considering standad deductions equd
to the valuesgiven in Table 2.2.7 4;
Table 2.2.7.4-Sandard Deduction of Thickness

ce=09KE

Limit values mirmax

Structure Standard deduction (mm)

(mm)
Compartments carrying dry bulk cargoes:
One side exposure to ballast or liquid cargo, vertical 0.05 t 05~1

surfaces and surfaces sloped at an angle greater than 2}
the horizontal line.

One side exposure to ballast or liquid cargorizontal
surfaces and surfaces sloped at an angle less than 25° t 0.10t 2~3
the horizontal line;

Two side exposure to ballast or liquid cargo, vertical
surfaces and surfaces sloped at an angle greater than 2}
the horizontal line.

Twoside exposure to ballast or liquid cargo, horizontal
surfaces and surfaces sloped at an angle less than 25° t 0.15t 2~4
the horizontal line.
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Note: t isthe designed thicknessof plating, in mm.

Kc ¢ codfficient, caculated accadingto the following:
K. — coefficient. calculated according to the following:

K =—2%  for plating with longitudinal stiffeners (parallel to compre'ssive stress):
w+1.1

-

f ¢\ | 7 = 2 : :
K = cl1+| %] "11 for plating with transverse stiffeners (perpendicular to
| | | w+1

compressive stress):
where:
I T longer side of plate pand, in m;
C=1.3 when plating stiffened by floors or deep girders;
C=1.21 when stiffenersare angles or T-sedions;
C=1.10 when stiffenersare bulb flats;

C=1.05 when stiffenersare flat bars;

- T ratio between smallest and largest compressie stress,0 XX; M (see Hgure 2.2.7.4).
o< o)

yo,
Figure2.2.74
()¢ KS ARSIt St &inkhdar of gisde] phinkly saibjeatéd NdsBearing f@&ces is to
be oltained from the following formula:

rz=0.9K.E;" Ly l N/mm?
\ 1000s )

/ 5 \2
where: K, =534+ 4{ 7 3
for E. t5. s and /. see (1) above.

2.2.7.5The ided elastic bucKing stresses of longtudinals are to be obtained from the following

formulae
(1) For the column budkling mode (perpendicular to plane of plating) without rotation of the cross

sedion, the ided elastic budkling stress " E of longitudinals is to be obtained from the
following formula:

oF =D.DCI1£% N/mm?
I

where: laT momert of inertia, in cm?, of longitudinal, induding plate flange and

caculated with thicknessas spedfied in Table 2.2.7 4 of this Sedtion;
A T crosssediond area, in cm?, of longitudinal, induding plate flange and
cdculated with thicknessas spedfied in Table 2.2.7.4 of this Sedion;

| T span, inm, of longitudinal.
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(2) The ided elastic bucKing stress * Eof longitudinals for the torsiona budkling mode is to be
obtained from the following formula:

e w_ ! n +‘x‘_ﬁ"+o_33551_ N/mm?
' x10* nt ) I,

cr-

where: g, =
. x'EI 5

x10° 2

nt number of half waves, given by Table 2.2.7.5:

Table 2.2.7.5 - Number of HAf Waves

O<Kg>X n 4 <Kg X36 36 <Kg X144 (N ¢ 1)2n2 <Kg X2 (n + 1)?
n 1 2 3 n

Ittt S Venant® moment of inertia, in cm?, of profile (without plate flange), to be
obtained by the following formula:

L=R1" %10 for flat bars:

A
3

o ” w10~ for flanged profiles;

=4 ( .
Ir-{h,x'. -b,r‘.} 1-0.63--

IpT polar momert of inertia, in cm’, of profile abou conrection of stiffener to plate:

L=+ %10 for flat bars;

hi.t .

K=
p(3

+ hlb 1 ;)%107 for flanged profiles;

lwT seciona momert of inertia, in cm®, of profile about comnedion of stiffener to plate:

r.=" 2 g = x10% for flat bars:

bih,
L= tfl_f"“ %107 for Tee profiles;

A ‘ 5
L= Gk - {_r, (87 +2b, 11, + 40 )+ 3r“b,.}1k} %107 for angles and bulb profiles;

12(b, +h,) -

| T gspanof longitudinal, in m;
Et moduusof elasticity of material, in N/ mm?;
where: h,, T web height, in mm;
tw T web thickness,in mm, considering standad deductions as spedfied in Table 2.2.7.4 of
this Sedion;
b T flange width, in mm;
t;T flange thickness,in mm, considering standad deductions as spedfied in Table
2.2.7.4 of this Section. For bulb profiles the mean thickness of therbajbbe used;

Ct gpring stiffnessexerted by supporting plate parel, obtained by the following
formula:
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oo 5E, %107
[ 133K i)
35|l 1+ ol

10005t

St spadngof profiles,in m;
tpT parel thickness,in mm, considering standard deductions as spedfied in Table
2.2.7 4 of this Sedion;
Kp=1¢"' P, notto be taken lessthan zero. For flanged profiles, Kp need not be taken less
than 0.1;
o

e =—.
‘}-_E_L

" 1 working presaure in compresson, caculated in accadance with 2.25.5 of this
Sedion, but not to be taken asless tian 30/K; in N/mmz?, where Kismaterial fador;
"EPt elasticbudkling stressof supporting plate as cdculated in 2.2.7 .4 of this Sedion.

(3) Web and flange bucKing of longitudinals
For web plate of longitudinals, the ided elastic budkling stress™ Eis to be obtained
from the following formula:

oe=3.8E( }r_ ) N/mm?
1
where: ty, hy, ET see (2).

For flanges on angles and T-sedions of longitudinals, budkling is taken care of by the
following requirement:

=15

b,
-
where:

bf T flange width, in mm, for angles, half the flange width for T-sedions;

tf T flange thickness,in mm.

2276¢ KS ONRUGAOIT 0dzO1fAy3 aiGNBaa Ay O2YLINBaaaz

ge=or forog= ;”

ra

Rerr R
Ge = Rem (1 ——=2) for gg=—&
4oz 2

where:RnT Yield stress of material, in N/mtn
“eT ideal elastic buckling stress, in N/mnealculated according to 2.2.7.4(1) and
2.2.7.5 of thisSection.

2277¢ KS ONRGAOIT o0dzO1ftAy3 adGNBaa Ay aAKSIE NI _

)

Tc =IE fore=

r;=;r.—{1—r—-'} for 1z ==
47,
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R

B

=—F.
where: ¥
R T Yield stressof material, in N/mmz;
_eT ided elasticbudkling stress inshear, in N/mm?2, cdculated accadingto 2.2.7.4(2)

of this S=dion.

2.2.8 Loadingmanual and loading instrument

2.2.8.10ncompletion of construction of the ship, a Loadng Manud isto be formulated in time and
submitted by the designer to ISCfor approval. ISCGuidelines for Preparation of Loadng Manuds
may be referred to for formulating the Loadng Manud.

2.2.8.2The ship is to be loaded in accadance with the requirements spedfied in the Loadng
Manud to avoid the creation of unaceptable stresesin the hull structures.

2.2.8.3The LoadingManud isto contain the following:

(1) The loading conditions on which the design of the ship has been based, induding curves of
permissble still water bendingmoment and shear force alongthe length of the ship.

(2) The results of the cdculations of still water bending moments and shear forces under various
loadng condtionsand where neassary, limitationsdue to torsiona and lateral loads.

(3) The allowable locd loadingfor locd structures (such ashatch covers,dedks and double bott om,
etc.).

2.2.8.4Loadinginstrumerts are to comply with the following spedficaions:

(1) Aloadnginstrumert is either an andog or a digital instrument, by means of which it can be
easily and quickly ascertained that the stillwater bendng momernt, shear forces and where
applicalde, the still water torsiond momerts and lateral loads at spedfied read-out points will
not exceead the spedfied permissible valuesin any loading or ballasting condition.

(2) Theloadnginstrumernt is generally to be provided with an operation manud.

(3) dngle-point loadnginstrumerts are not accepable.

(4) The detailed requirements for loadnginstrumernts are referred to Appendx 1 of this Chapter.

2.2.8.5Those ships compying with one of the following provisions are Categary | ships:

(1) Shps with large dedk openings where combined stresses due to vertica and horizontal hull
girder bendngaswell astorsiona and lateral loads are to be considered.

(2) Shps possbly with non-homogeneous loadings, where the cargo and'or ballast may be
unevenly distributed. Shps less than 120 m in length, when uneven distribution of cargo
and or ballastis considered in design, belongto Category II.

(3) hemicd tankersand gascariers.

2.2.8.6Thoseships complying with one of the following provisionsare Category Il ships:
(1) ships with such arrangements that would allow only a small possbility for variation in the
distribution of cargo and ballast, and ships operating on a regular and fixed tradeng pattern
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where the loading manud gives sufficient guidance
(2) shipsfor which an exception is given under Category |.

2.2.8.7A loading manud approved by ISCis to be supplied to all ships except those of Category
[l with length lessthan 90 m of which the deadwveight does not exceed 30% of the displacement at
the summer load line draft.

2.2.8.8Anapproved loadng manud isto be supplied to all ships of Categary | with 100 m or over in
length.

2.2.8.9Bulk cariers, ore cariers and comhnation carriers of 150 m or over in lengh are to be

provided with a loadng manud and a loadng instrumert in accadance with the requiremerts of

Sedtion 7, Chapter 8 of this PART.

2.2.8.10Conditionsfor approval of loadng manuds:

(1) The approval of the loadng manud isto be based on the final data of the ship. The manud is
to indude the design loadng and ballasting condtions upon which the approved scartlings of
hull structuresare approved.

(2) In case of modifications resulting in charges to the main data of the ship, a new approved
loadngmanud is tobe isaued.

(3) Theloadngmanud mustbe prepared in a language understood by the users. If this lnguage is
not English, atranslation into Englishis tobe induded

2.2.8.11Conditions for approval of loading instruments:
(1) Thefollowingare to be induded in loadinginstruments and approved:
Gonfirmation of type approval, if any;
Gonfirming that the final data of the ship have been used,;
Gonfirmation of the number and positions of read-out points;
CGonfirmation of relevant limitsfor all read-out points;
Cheding of proper installation and operation of the instrument on board, in accadance
with the approved testreport of loadngcdculation, and that acopy of the operation manud
isavailable.
(2) In caseof modificationsimplying changesin the main data of the ship, the loading nstrumert
is tobe modified accadingly and reapproved
(3) The operation manud and the instrument output must be prepared in a angua@ understood
by the users. If thislanguag is not English, a translation into Englishisto be induded
(4) The operation of the loading instruments is to be verified upon installation. It is to be checked
that the operationmanual and the approved test loading conditions are available on board.

2.2.9 Direct cdculation of wave loads
2.2.9.1The dired cdculation of wave loadsisto be based on the following assumptions:
(1) The cdculation software is to be based on the three-dimensionad linear or non-linear wave
theory and approved by the classifcation sodety.
(2) Wave statistics based on the marine environmert of the North Atlantic, asgiven in IACS RE4,
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are used in the prediction of wave loads.

(3) The requirements for wave frequencies, wave headng angles and the considered ship speed
are given in Sedion 5, Chapter 1 of this PART.

(4) The wave spedrum and energy spread fundion under consideration are given in Sedion 5,
Chapter 1 of this PART.

(5) Thelong-term prediction results at the probability level of 1078 are taken as caculation results.

2.2.9.2The hydrodynamc modds used in cdculation are to compy with the following

requiremerts:

(1) The massmoded isto corredly refled the massand its distribution of the rea ship, ensuring
that the error between massof the model and that of the red ship isnot greater than 0.1%and
that the error between position of certer of gravty of the mode and that of the rea ship is
not greater than 0.1%.

(2) The modd of wetted surface is to be sufficiently refined for an accuate simulation of the
shape of the rea ship from the hydrodynamic perspedive. The error between displacement of
the mode and that of the rea ship is not to be greater than 0.1%, the error between position
of certer of buoyancy of the model and that of the read ship is not to be greater than 0.1%lL,
and the number of elements is generally not to be lessthan 2,000.

2.2.9.3The wawe bendng momerts and shea forces obtained by the linear wawve theary are to be
subjed to non-linear correction as follows:
(1) The hogging wave bendng moment MW (+) and the saggng wave bendng moment My,(-) are
to be cdculated by the following formulas:
Mw (+FMtni.n My, KN-m
Mw (b)=bMfni.s Mw i kKN-m
where: My @ maximum verticd wave bendng moment between 0.4L and 0.6L,

obtained by direa cdculation based on linear wave theory;
M @ distribution fador of bending momert along shipQ &ngth, see Fgure 2.23.1
of this Chapter;
fricn » frics @ non-linear corredion fadtor, determined by the following formulas:
~ 190C,
950+ 35C;, +0.7)

110(C, +0.7)

95, + 55(C, +0.7)
where: G @ block coefficient, taken not lessthan 0.6.
(2) The hogging wave shear forog () and the sagging wave shear forgedFb 0 I NJsulaied®
by the following formulas:

Fv(+FFai Fwy maxkN
Fu(b)=F 2 Fuwy  maxkN
where: F 1, Fn2 T distribution fadors taking non-linear corredion into acount, see
Hgures 2.29.3(1) and 2.29.3(2) respedively. For fnich, fni¢sin the
Hgures, see (1) above.
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Fwv, max is tobe cdculated by the following formula:

= m:u;{ e |Fm'.c&__i| _ max |thcﬁ_;—| : .
| 0.92 10 _I

F

W max

where: Fyy, ca aT wave shea force, in kN, diredly cdculated for sedionswith x/L < 0.5;

Fwv,ca e T wave shear force, in kN, diredly caculated for secionswith EK[ x nop
Fu
1.0 S 1=
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2.2.9.4Fa spedfic ships,e.g engneering sipswhich need to carry out short-term operation, short-
term prediction of wawve loads is to be used to determine wawe loads in the operating condtion
based on the most severe short-term sea state provided by the designer. The period of short-term
prediction is geneaally taken as 3 hours or the operating hours provided by the designer, whicheve
isgreater.

SECQION 3- SHELPLATING

2.3.1 Bottom shell
2.3.1.1Bottom shell meansthe shell plating between the plate keel and the bilge strake

2.3.1.2In a ship with transverse bottom framing, the thicknesst of bottom shell plating within
0.4L amidshipsis not to be lessthan the following:
fi=0.072sE'{(L+170) JE mm
K

n=70sf(d+h)FK mm

where: sT spadngof frames,in m, to be taken as not lessthan the standard spadang of frames;
dt draught, inm;
Lt length of ship, in m, to be taken asnot greater than 200 m;
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Fot redudionfador, see 2.25.6 of this Chapter;
E = 1+i
5" where Sis padng of girders or keelsons,in m;
h; =0.26 C to be taken asnot greater than 0.2 d;
Ct coefficient, see 2.2.3.1 of thisChapter;

Kt material fador.
2.3.1.3In a ship with longitudinal bottom framing, the thickness boftom shell plating withirD.4L

amidships is not to be less than the values obtained from the following:
,= 0.043s(L+230) \/E mm
K

I= 5.65,}((:’ +h )FK mm
where: st spadng of longitudinals,in m, to be taken as not lessthan the standard spadng
of longitudinals;
dt draught,inm;
Lt length of ship,in m, to be taken asnot greater than 190 m;
R, hiT see 2.31.2 of this Sedion;
Kt material fador.
2314 KS GKAOlySaa G 2F o242y akKStft LIXFGAy3
not to be less than that obtained from tHellowing formula:

r=[’0.035£—6'|,||£ mm
) NO.7

where: LT length of ship, in m, Lneed not be taken asgreater than 300 m;
st gpadngof framesor longitudinals,in m, to be taken asnot lessthan 0.7;
Kt material fador.

2.3.1.5The thicknessof bottom ghell plating is not to be lessthan that obtained by the following
formula:

t=(0.035+6WE  mm

where: L T length of ship, in m;
Kt material fador.
The thickness of bottom <hell plating beyond 0.4L amidships is to be tapered
gradudly to the end thicknessof bottom shell plating.

2.3.1.6The thicknessof bottom shell plating at fore end is, in addtion, to comgy with the relevart
requiremerts of Sec¢ion 15 of this apter.

2.3.2 Plate keel

2.3.2.1The width b of the plate ked isnot to be lessthan that obtained from the following formula:
b=900+3.5Lmm

where: Lt length of ship, inm.

The width of the plate keel need not be greater than 1,800 mm, and is to be maintained over the

whole length of the ship.
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2.3.2.2The thickness of the plate ked is not to be less than that of the bottom shell plating
cdculated accadingto 2.3.1 of this Sed¢ion in accadanc with its structural configuration plus 2.0
mm nor less han that of the adjacert bottom shell plating.

2.3.3 Bilge strake

2.3.3.1Where the bilge is framed transversely, the thicknessof the bilge plating isnot to be less
than the value obtained from 2.3.12 of this Sed¢ion, and where the bilge is framed longtudinally,
the thicknessof the bilge platingisnot to be lessthan the value obtained from 2.3.13 of thisSegion.

2.3.3.2Where both the bottom and side shells are framed longtudinally and the bilge longtudinals
are omitted, and where transverse stength memba's or corresponding bilge brackes are fitted in

accordance with the requirements of 2.6.15.5 of this Chapter, the thicknewediilge strake is
neither to be lessthan 165K (r being the radius of bilge, in mm, K beng material factor and Flbeing
reduction factor of bottom), nor to bé&ess than that of the adjacent bottomating.

2.3.4 Side shell plating
2.3.4.19de shell plating mearsthe shell plating between the bilge strake and the sheer strake.

2.3.4.2Where the side shell is framed transversely, the thicknesst of side shell plating within
0.4L amidshipsisto be asfollows:
(1) The thicknesst of side shell plating above %D from baseis not to be lessthan the following:

r1:0.0735E1(L+110)‘f% mm
ty=42s[(d + 1)K mm

(2) The thickness t of side shell plating with&#D, the centrepoint of which is 0.5D from base, is
not to be less than the following:

,=0.06s(Z+110) f% mm
z‘:=5.ls,||'[a'—h:]}£ nun

(3) The thickness t of side shell plating beleMd from base is not to be less than the following:

4,=0.072sE}(Z+110) % mm

=63sf(d +h)F,K mm

where: s T gpadng of frames,in m; to be taken as not lessthan the standad spaang of
frames;
L t length of ship,in m, Lneed not be taken asgreater than 190 m;
D t draught, inm;
Fa, FU redudionfadors, see 2.2 5.6 of this Chapter;
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Fn T redudionfadors,to be taken asFd or Fh, whichever isthe greater;

E=1+5_
$*  where Sis the spadng of side stringers, in m;
h,=0.5C to be taken asnot greater than 0.36d;
hy, Ct see2.3.1.2 of thisSdion;
Kt material fador.
(4) In calculation of t1, except the minimum range of high tensile steel stipulated in Section 2 of
this Chapter, the material factor K may be taken as 1.

2.3.4.3Where the side shell isframed longtudinally, the thicknesst of side shell plating within 0.4L
amidships is to be as follows:
(1) The thicknesst of side shell plating above ¥2D from baseis not to be lessthan the following:

1, =0.06s(L + ll())v"ﬂ K mm

L=42s qu—:—li—l:: ) K 1

(2) The thicknesst of side shell plating below ¥D from baseis not to be lessthan the following:

h :0.065'(1[ +110),,‘E_,> /K mm

t,=5.4s(d+h)F,K mm
where: st spadng of longitudinals,in m, to be taken as not lessthan the standard spadng
of longitudinals;
Lt length of ship,in m, Lneed not be taken as greater than 190 m;
dt draught, in m;
Fse, Rt redudionfadors, see 2.2.5.6 of this Chapter;
h; T see2.3.1.2of thisSedion; h2 1 see 2.3.4.2 of thisSedion; Kt material
fador.
(3) The thickness t of side sheilating between¥sD and%2 D from base is to be obtained by
interpolation between the values of t2 in (1), (2) above, but not less than t1 in (2) above.
(4) For the calculation of t1, except the minimum range of high tensile steel stipulated in Section 2
of this Chapter, the material factor K may be taken as 1.

2.3.4.4The thicknessof side shell plating within 0.075Lfrom the shipQ @nds isto comgy with the
requiremerts of 2.3.14 of this Sedion.

2.3.4.5The thicknessof side shell plating is not to be lessthan that obtained by the following
formula:

t=(0035L+6WK mm

where: L@ length of ship, in m;
Ko material fador.
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The thickness of side shell plating beyond 0.4L amidships is to be tapered gradudly to the end
thicknessof side shell plating.

2.3.5 Sheer strake
2.3.5.1The width of the sheer strake is not to be lessthan:
b =800 + 5L mm, but need not be greater than 1,800 mm where:
Lt length of ship, in m.
2.3.5.2Where the side shell is framed transversely, the thicknesst of the sheer strake within 0.4L
amidships is not to be less than tf@lowing:

= 0.085sE" (L1+110) [f+  mm

t,=1.055 (L+75)K mm

where: st spadng of frames, in m, to be taken as not lessthan the standad spadng
of frames;
Lt length of ship, inm;
L1 =L, in m, need not be taken asgreater than 200 m;
Fd, ET see2.3.4.2of this Sdion;
Kt material fador.

2.3.5.3Where the side shell is framed longtudinally, the thicknesst of the sheer strake within 0.4L
amidships is not to be less than the following:

4= 0.06s(ZL1+110) [ mm
K

=09 [(L+75K mim

where: st spadng of longitudinals,in m, to be taken as not lessthan the standad spadng
of longitudinals;

Lt length of ship,in m;

L1 =L, inm, need not be taken as greater than 200 m in cdculation;

Fdt reductionfadors,see 2.2.5.6 of this Chapter;

Kt material fador.

2.3.5.4The thicknessof sheer strake within 0.4L amighipsisin any casenot to be lessthan 0.8 times
that of the stringer plate of the strength deck nor less tan that of adjacert side shell plating, and
may be gradudly tapered to the end thicknessof the side shell plating.

2.3.5.5Where the sheer strake is conneded to the stringer plate by welding, the upper edge of the
sheer strake isto be dressed smooth, and any fittings welded to the top of the sheer strake within
0.5L amidhips are to be avaded. Scuppe openings are not to be cut in the sheer strake which is
protruded abowe the ded within 0.5L amighips or in way of breaks of superstructures. Where a
rounded sheer strake isadopted, the radiusisnot to be lessthan 15 times the thicknessof the plate.
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The thickness of rounded sheer strake is to be at least equd to that of ded plating. Efedive
measuresare to be taken to maintain the required properties of material after shaping. Dedk fittings
welded diredly to the rounded sheer strake within 0.5L amidhips are to be avaded, wherever
possble.

2.3.6 Locd strengthening

2.3.6.1The thicknessof shell platesconneded to the stern frame or fitted in way of the shaft bossing
in single screw shipsand in way of the palms of propeller struts in multi-screw ships,isneither to be
lessthan 1.5 timesthe thicknessof shell plating at ends, nor to be lessthan the thicknessof the shell
plating amidships.

2.3.6.2The shell plating in way of hawse pipe and one plate below are to be increased in thickness
or to be fitted with doublemplates. The outlet of hawse pipe is to have adequate coradus. It is
recommendel that the corner radiusof chding lps made of stedl plate or cast steel be not less han
12 timesthe diameter of ancha chain.

2.3.7 Openingsin shell plating

2.3.7.10penings cut in the turn of the bilge strake within 0.5L anmships are to be avaded as far as
possble, but if necessary, the openings are to be ellipticd with the major axis arranged in the fore
and aft diredion.

2.3.7.2Ingenaal, compersation will not be required for circular openingsin the sheer strake which
are clear of the gunwale and the ded openings outside the line of hatchwaysand whosedepth does
not exceal 20%of that of the sheer strake or 380 mm, whicheve isthe lesser. Circular openings in
sheer strake are to be kept well clear of the ends of superstructures. Openings cut in a rounded
gunwale are not allowed.

2.3.7.3Sa inlets and other openings are to hawe well rounded corners. The thicknessof sea inlet
box plating and its steel grade are not to be lower than the adjacert shell. Fa shipsof 90 m or over
in lengh, thisthicknessis not to be less han 12 mm, but need not exceal 25 mm.

2.3.7.4Cargo door openings are to hawe well rounded corners, and are to be kept clear of the ends
of superstructures and the dedk openings outside the line of hatchways. Sut openings within 0.5L
amidships are to be fully compersated by insert plates or doubler plateswith a sufficient lengh in
the fore and aft direcion.

2.3.8 Bilge keels

2.3.8.1Where bilge keels are fitted, they are to be attached to a cortinuousflat bar which may be
welded to the shell. All butts of bilge keels, flat bars and shell plating are to be properly shifted from
one anather. Bilge keels and flat bars are not to be interrupted abruptly, but to be gradudly
tapered at their endsand terminated on a witably stiffened pand.

114



PART B HULLSURVEYS

SECION 4 ¢ DECKS

2.4.1 General requirements

2.4.1.1This S=dtion appliesto all dedkswith longitudinal or transverseframing.

2.4.1.2Where the platform dedks terminate within 0.4L amidships, horizontal bradkets are to be
provided at their endsand are to extend over a suitable length.

2.4.2 Strength deck

2.4.2.1The thicknesst of strength ded plating outside the line of openings within 0.4L amidships
is,in addtion to complying with the requirements for midship secion modulus, not to be lessthan
the following:

(1) For transverseframing:

+=0.085sE" (L1+1 m)JE mm
i E

t,=1.055 J(L+T5)K mm

where: st spadng of frames,in m, to be taken as not lessthan the standad spadng of
frames;
Lt length of ship,inm;
L =L, in m, need not be taken asgreater than 200 m in caculation;
Fst redudion fador, see 2.25.6 of this Chapter;
E =1+>—
57, where Sis gadng of ded longitudinals;
Kt material facor.

(2) For longitudinal framing:

t,= 0.06s(L,+110) Iﬂ
K

£=09sJ(L+79)K
where: st spadng of longitudinals, in m, to be taken as not lessthan the standad
spadng of longitudinals;
Lt length of ship,inm;
L, =Linm, need not be taken asgreater than 200 m;
Fst redudionfador, see 2.25.6 of this Chapter;
K1 material fador.

2.4.2.2The thickness t of strength deck plating inside line of openings and within 0.075L from
0KS aKALIQEZ SYRAX ANNBALISOGAGS 2F f2y3IAGdzZRAY I

from the following formula:
t =09s . J(L+75)K mm

where: st spadngof frames,in m, to be taken as not lessthan the standard spadng of frames;
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Lt length of ship, inm;
Kt material fador.

2.4.2.3The minimum thickness t of the strength deck plating (including deck plating at ends) is not
to be less than 6 mm.

2.4.2.4Where the long bridge dedk within 0.5L amidships isregarded as the strength dedk, the
midship sedion modulusand the minimum thicknessare to comply with the requirements of 2.25
and 2.42.1 of this Qiapter.

2.4.2.5The thicknessof strength ded plating is to be maintained for 0.4L amidships and is to be
gradudly tapered to the end thickness.

2.4.2.6Where the strength dedk at the shipQ fore end is not proteded by a forecastle, the plate
thicknessof strength dedk forward of 0.15Lfrom the fore perpendicular isto meet the requirements
for forecastle ded.

2.4.3 gringer plates

2.4.3.1The thicknessof strength dedk stringer platesis not to be lessthan the thicknessof strength
dedk plating. The breadth of strength dedk stringer plates within 0.4L amidships isto comply with
the relevant requirements of Sedion 3, Chapter 1 of this PART. The breadh of strength dedk
stringer platesat endsof the ship is not to be less han 65%of that amidships.

2.4.4 Dedk openings

2.4.4.1\Where the corners of engine/boiler room or hatch openings in the strength ded are
parabdic or ellipticd, insert plates are not required, but the requirements as shown by Fgure
2.44.1 are to be complied with.

Not less than &/10 .l
‘ |

520

Not
less | Nor
than | greater
300 |(than
mm |60
mm

Breadth b of hatchway

Fgure2.4.4.1

2.4.4.2Where the corners of engine/boiler room or hatch openings in the strength ded are
rounded, insert platesare required, and the radius of the rounded corner isnot to be lessthan 1/20
of the breadh of the opening, but not lessthan 1/10 provided that ded girders are not fitted in
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way of the hatch coamings. Rounded corners are to have a minimum radius of 300 mm if the deck
plating extends inside the coaming, or 150 mm if the coamings are welded to the inner edge of the
dedk platingin the form of a gigot.

The extension of the insert platesisto be asshownin FHgure 2.4 4.2 (Risthe radiusof hatch corners,
eisnot to be lessthan 760 mm and for longitudinal framing, not to be lessthan one longitudinal
spadng). The butt of the insert plate isto be kept well clear of the butt in coaming and the fillet
welds of ded framing. The thicknessof the insert plate isto be 4 mm greater than the thickness
of strength dedk framing. If the thickness or extension of the insert plate can not meet above
requirements, direc caculation covering yield, budkling and fatigue is to be adopted

for verification.

2 One frame 2 One frame

| space | space
f————— >]< -

4 A

-t

(A
z21.75R \

Hatch breadth

Fgure2.4.4.2

2.4.4.30penings in the strengtdeck outside the line of hatchways are to be kept to a minimum
and are to be arranged clear of hatch corners. The corners of all openings are to be well rounded
and with the edges smoothe@penings in the strength deck between midship bridge or deckhouse
end bulkheads and hatches are to be avoided so far as possible.

2.4.4.4Compersation is not required for openings in the strength dedk outside the line of

hatchways and situated within 0.5L amidships provided that they comply with the provisions of

2.24.7 of this Chapter. Edge reinforcement will not be required for:

(1) ellipticd openings having their major axis in the fore and aft diredion and an asped ratio not
lessthan 2;

(2) openings of other shapes provided that it has been shown by suitable tests that the stress
concentration fador doesnot exceed 2 for low carbon steel and 1.5 for higher tensilestedl.

2.4.4.5Where the openings in the strength deck within 0.5L amidships and outside the line of
hatchways do not comply with the provisions of 2.2.4.7 of this Chapter, compensation is required.
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Compensation is normally arranged by increasing the deck plate thickhésse the openings do

not comply with the provisions of 2.4.4.4(1) or (2) of this Section, the edge reinforcement in the
form of a spigot as shown in Figure 2.4.4.5 is to be adopted, or alternative arrangements will be
considered. Where a spigot is adeqt the sectional area A of the ring plate is not to be less than
that obtained from the following formulaA=0.5rt mm? where: r t radius of opening, in mm, and

to be taken asthe half breadth of the openingsfor elliptica openings;t T thicknessof dedk plating,

in mm.

,%.JI
Figure2.4.45

2.4.4.6Lower ded openings are to comply with the following requirements:

(1) Insertsarerequired for machnery spacesand cargo hatch openingcornerson secordtier dedks,
and the thicknessof inserts isto be 2.5 mm greater than the dedk thickness. hsert plates will
not generally be required for hatch corners on third tier dedks and deds below (induding
platform decks).

(2) Openings outside the line of hatchways are to be as far as pradicalde kept clear of hatch
corners and other areas of high stress.The provisionsof 2.44.4 and 2.4 4.5 of this Sedion are
generally also applicalde to openings in lower dedks, but compensation will not be required
unless he total breadh of openngs (see shadow areas as shown in Hgure 2.24.7 of this
Chapter) in such dedks exceeds 15% of the breadth of dedk plating used in midship sedion
moduluscdculation.

2.4.4.7The abowe requiremerts for dedk openingsare, in geneal, alsoapplicale to regiors outside
0.5L amidghips.

2.4.5 Lower decksand platform deckswith loading not excealing 40 kPa
2.4.5.1The thicknesst of secord tier ded plating outside the line of hatchways and within 0.4L
amidshipsis not to be lessthan that obtained from the following formula:

t =12s Kmm, and not less han 6 mm
The thicknesst of secord tier dedk plating inside the line of hatchways and within 0.075L from the
shipQe@éndsis not to be less han that obtained from the following formula:

t =10s Kmm, and not less han 6 mm
where: sT spadngof frames,in m, to be taken as not lessthan the standard spadng of frames.

2.4.5.2The thickness t of third tier deck or platform deck plating is not to be less than that obtained
from the following formula:
t =10s Kmm, and not less han 6 mm
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where: ST spadng of frames,in m, to be taken as not lessthan the standad spadng of frames;
Kt material fador.

2.4.6 Raised quarter decks
2.4.6.1For the requirementsfor raised quarterdedks, see 2.17.8 of this Qiapter.

2.4.7 Superstructure ends
2.4.7.1The dedk strengthening at ends of superstructuresis to comply with the requirements of
2.17.6 of thisChapter.

2.4.8 Dedk covelings
2.4.8.1The deck coverings are to be of materials which are not corrosive to steel, or they are to be
effectively insulated from the steel by a noncorrosive protective coating.

2.4.8.2Wood sheahing on exposed steel dedk is to have a thickness not lessthan 50 mm for
pine and 45 mm for teak wood in ships less than 120 m in length, and 60 mm and 50 mm
respedively in shipsof 120 m or over in length. For endosed gaces, the thicknessof pine heahing
on the steel ded is not to be lessthan 40 mm. The thicknessof steel ded plating sheahed with
wood planks may be reduced by 1 mm, but ead plank is to be well secured to the dedk plating at
every beam by studs.

2.4.8.3Where chemicd covering is used as a substitute for wood sheathing, the thicknessof the
steel ded platingis not to be reduced.

SECION 5- SNGLEBBOTDMS

2.5.1 Application
2.5.1.1This Section applies to transversely framed single bottom ships of not greater than 90 m in
length.

2.5.2 Centre keelson

2.5.2.1The centre keelsons are to be provided in way of the certral longitudinal sedion of the
ship. The depth of the centre keelson is to be the same as that of floors, and the web thicknesst
and the sediond area A of the face plate of the certre keelson are not to be less tan the following:

Within 0.4L amidships ?=VZK+2 mm. and not lessthan 6 mm
A=0.67LKcm?, and not lessthan 125 cn?

Within 0.075Lfrom the shipQ énds: t=JIK +05 mm.5nq not lessthan 6 mm
A=0.52LK cn?, and not not lessthan 125 cn?
where: LT length of ship, inm; Kt material factor.
In the forepe&k tank, the centreline keelson may have the same depth and thicknessand the same
sedional area of face plate asthe floor.
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2.5.2.2The centrekeelson is normally to extend as far forward and aft as practicable. Where the
centre keelson is cut in way of a bulkhead, it is to be connected to the bulkhead by one of the
following means:
(1) The web plate of the certre keelson isto be gradudly raised, within one frame spadng to 1.5
times the original web depth at the bulkhead, and the face plate of the centre keelson is to extend
and to bewelded to the bulkhead as shown in Hgure 2.52.2(1).

Bulkhead

Centre Keelson

| -frame
< Space
) vy
] -
! a &Y

Foure 2.5.2.2(1)

(2) The certre kedson isto be attacheal to the bulkhead by brackds having a face plate or flange
and the depth and lengh of the brackes are to be equd to the depth of the kedson. In this
case, the face plate of the centre kedson may not be welded to the bulkhead The thicknessof

the brackes is to be the same as that of the web of the certre kedson, as shown in Hgure
2.5.2.22).

Bulkhead)

Figure 2.52.2(2)

(3) The face plate of the centrieeelson is, within one frame spacing, to be gradually widened to

twice its original width at the bulkhead, and to be welded to the bulkhead, as shown in Figure
2.5.2.2(3).
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Bulkhead

Centre keelson
O

|-frame !
space

Figure 2.5.2.2(3)

2.5.2.3In the machinery space the thickness of the centre keelson web is to be equal to the value
obtained from 2.5.2.1 of this Section plus 1 mm. Where a single main engine is fitted, the centre
keelson may be omitted in the machinery space provided that thegitadinal girders under the
engine seating extend over the whole length of the engine room and brackets are fitted at the
outside of both end bulkheads of the engine room for transition. Within the engine room where the

centre keelson is cut, however, guaally tapered brackets having a length not less than two frame
spaces are to be fitted for transition, as shown in Figure 2.5.2.3.
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Figure25.2.3

In machinery paces situated at the aft end, such engine seating girders are to be caried as far aft
as pradicabe and the ends effedively supported by web frames or transverses. Where it is
impradicale to provide transition bradets abdt the aft peak bulkhead becatsethe aft body of the
ship istoo fine, such bradkets may be dispensed with.

2.5.3 dde keelsons
2.5.3.1The depth of side keelsonsis to be the same as that of floors, and the web thicknesst and
the fae plate sediond area A of side keelsonsare not to be less tian the following:
t=yIK mm, and not less than 6 mm

A=0.25L+5 cm?, and not less than 10 cm?
where: LT length of ship, in m; Kt material fador.
In the machnery gace the web thicknessof side keelsonsis not to be lessthan that of the centre
keelson asrequired in 2.52.1 of this Sedtion.

2.5.3.20ne side kedson at leastisto be fitted on ead side of the certre kedson where the breadth
of ship isequd to 9 mor less,and two at least where the breadth exceed 9 mbut does not exceeal
16 m. In addtion, continuous or intercostal longtudinal stiffeners are to be fitted where the pand
asped ratio exceed 4. Sde kedsonsare to be uniformly fitted and are to extend asfar forward and
aft as practicable. Outboard of the main engine seating girders, side keelsoeguasd in 2.53.1
of this Sedtion are to be fitted, and attention is to be given to structural continuity. In the case of
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ships having duplicate main engines situated at the aft end, where it is mpradicale to fit the side
keelsons owing to the confined space in the engine room, such keelsons may be dispensed with.

2.5.3.3 The attachment of side keelsons to the bulkheads is to be the same as required for the
centre keelson (see 2.5.2.2 of this Section).

2.5.4 Floors

2.5.4.1Pate floors are to be fitted at every frame and are, at the centreline, to have a web depth
h, a web thicknesst and a sdiond area A of face plate not lessthan:

h=42(B+d)¢70 mm

t = (0.013+3) JK mm. pyt not lessthan 6 mm and need not be greater than 14 mm
A= (4.8d-3) Kcne
where: Bt breadh of ship, inm; dt moulded draught, in m; Kt material fador.

2.5.4.2The thikness of the face plate of the floor is niat be less than thaof its web plate. The
breadth of the face plate is not toe less than 10 times ithickness, but need notxeeed 15 times.

2.5.4.3In ships having considerable rise of floor (or towards fore and aft ends), the depth of floor
platesisto be increased. The floor platesforming part of a watertight, deep tank or tank bulkhead
are not to be lessthan 900 mm in depth measured at the certreline, and have a thicknessnot less
than that required for the bott om strake of a bulkhead For small ships,the depth of the floor plates
at the centreline may be suitably reduced.

2.5.4.4In machinery gaces the web thicknessof floors is not to be lessthan that of the cerre
keelson as required in 2.52.1 of this Sedion. In way of machnery spaces situated amidships, the
depth of the web plate and the face plate sectiona area of floors are to be increased by 10%above
those obtained from 2.54.1 of this Sedtion. In way of machnery gaces situated astern, the face
plate area of floors is to be increased by 10% above those obtained from 2.5.4.1 of this Sedion.
The floors are not to be flanged instead of having face plates.

In way of machnery spaces situated aft or where there is considerable riseof floor, the depth of
floorsis tobe appropriately increased in accadanae with the shipQ lénesand strength.

2.5.5 Bilge brackets

2.5.5.1Hoors are to be comeded to the frames by bilge bradkets. The depth of the bilge
bradkets measured from the baseline isto be twice that of the floorsin way of the centreline, and
the lengh of the bradets, measured from the inner edge of frames, is to be equal to the floor
depth on the centreline. The thicknessof the bradkets isto be equd to that of floors. The bradets
are to have a flange or face plate. When flanged, the width of the flange is neither to exceed 10
timesthe thicknessof the bradket nor to be lessthan 50 mm.

2.5.5.2Where it is impradicalde to arrange the bilge bradkets due to the shipQ &nes or other
reasons, the floors are to extend to the shipQ side and to be raised to the required depth for bilge
Bradkets.
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2.5.5.3Where bilge brackets or floors are connected to the frames by means of a welded lap joint,
the length of overlap is to be as follows:
(1) when the depth of frames is100 mm or less,the length of overlap is not to be lessthan twice
the depth of frames;
(2) when the depth of frames exceeds 100 mm, the length of overlap is neither to be lessthan 1.5
timesthe depth of the frame nor lessthan 200 mm.

2.5.6 Drain holes

2.5.6.1Drain holes are to be cut in the floors and side keelsonsin way of the bottom. Provision is
to be made for the free passage of water from all parts of the bottom to the suctions, taking into
account the pumpingratesrequired.

SECION 6- DOUBLE BOTOMS

2.6.1 General requirements
2.6.1.1Double bottoms are to comply with the requirements of this Sedion and in addition, the
relevant requirements of Sedion 12, Chapter 1 of this PART.

2.6.1.2Where the double bottom is interrupted, the continuity of bottom longitudinal members
isto be maintained. The certre and side keelsons within the single bottom in way of the break are
to be the continuation of the centre and side girders of the double bottom. The inner bottom
platingisto extend beyond the break of the double bottom and to be gradudly tapered for alength
of not lessthan three frame spaces to form the face plate of the keelsons, and the breadh of the
face plate at the break of the double bottom is not to be less han half the spadng of side keelsons.
The margin plate isalsoto extend not lessthan three frame spaces beyond the break of the double
bottom. Where the margin plate is indined, the extension portion isto have a face plate or flange,
and the width of the margin plate may be reduced gradudly. Within the single bottom, side
keelsons, which are not the direc continuation of the girders in the double bottom, are to be
extended into the double bott om and to be gradudly tapered off over a length of not lessthan three
frame spaceswith their free edges flanged.

2.6.1.3ufficient girdersare to be arranged in way of the main machinery and structural continuity
is to be maintained. In midship machinery spaces, thesegirders are to extend for the full length of
the space and are to be caried for at leastthree frame spaaesbeyond the fore and after bulkheads
of the engine room. However, the extension beyond the after bulkhead is also to support the
foremost shaft tunnd beaing; in machinery gpaces situated at the aft end such girders are to be
caried as far aft as pradicalde and the ends effedively supported by web frames or transverses.
Outboard of the main engine seating girders, side girders are to be arranged and attention isto be
given to the structural continuity.

2.6.1.4Manholes are to be cut in thidoors and side girders. Except for lightened floors, the depth of
manholes is not to exceed 50% of that of the double bottom, unless edge reinforcement is provided.
Manholes cut in floors are to be arranged along a straight line in the fore amtiraftion for easy
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access. Manholes or lightening holes are not permitted within the range ofdtais (generally taken

as 1 spacing of longitudinals in way of the longitudinal bulkhead or 600 mm, whichever is greater)
and in the side girders for one frame sgarom transverse bulkheads, unless the edges of holes are
strengthened. The edges of all holes are to be smoothed.

2.6.1.5Air and drain holes are to be cut in floors, side girders and bottom and inner bottom
longitudinals to ensure the free passage of air arader from all parts of the tanks to the air pipes
and suctionsaccaint being taken of the pumpingratesrequired.

2.6.1.6 The minimum thicknessof floors and girders of double bottomsis tobe 6 mm.

2.6.1.7The strake comedingthe inner bottom plating to the shell platingis the margin plate.

2.6.2 Centregirders
2.6.2.1Centre girders are to be provided in way of the certral longitudinal section of the ship. The
depth hy of centre girdersisto comply with the requirements for the depth of double bottomsin
Sedion 12, Chapter 1 of this PART and not to be less than that caculated by the following
formula:
hg =25B +42d + 300 mm, nor less than 760 mm
where: Bt breadh of ship,inm;dt draught, in m.

For double hull ships (with double bottom and double side skin), the distanae from midpoint
between outer and inner shells at one side to that at the other side may be taken as equivalent
breadh in lieu of the breadth B of ship (see Hgure 2.6.2.]). Be isgenerally not to be less tian 0.9,
and if the double bottom strength is in compliance with the ISCcriteria for dired strength
cdculations,not to be lessthan 0.8B.

Equivalent breadth B, of ship

f

| Breadth B of ship

Figure 2.6.2.1

n -
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2.6.2.2The thickness t of centre girders is not to be less than:
(1) For 0.4Lamidships:

t=(0.0077ho+4)yE mm

where: hy T considered height of double bottom, in mm;
Kt material fador.
(2) For 0.075L from the shipQ @nds, the thicknesst of certre girders may be deaeased by 2 mm
from that required in (1) above.
(3) The thickness of certre girders in boiler spaces is to be increased by 2.5 mm above that
required for certre girderswithin 0.4L amidships.
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2.6.2.3The certre girders within 0.75L amidhips are to be continuous and to extend as far as
practicable to the stem and stern frame.

2.6.2.4Manholes or lightening holes are not be cut inthe centregirders within 0.75L amidships,

but if such holes are essential in exceptional cases, suitable compensation is to be provitsedie

0.75L amidships, holes may be cut in centre girders (excluding one frame space forward and aft of a
transverse bulkheadyith a depth not exceeding 40% of that of the cengneders at that place

2.6.3 Duct keels

2.6.3.1Duct keels (pipe tunnels)may be substituted for centre girders. The thicknessof side plates
of the dud keel is not to be lessthan that of the watertight floors. The side plates are in general
not to be spaced more than 2 mapat; for shipsof 150 m or above in length, the side plates may be
spaced not more than 3 m apart upon verificaion by dired caculation.

The bottom shell and inner bottom within the region of dua keels are to be suitably increased in
thickness.

2.6.3.2The framing membae's of the dud ked are to be asfollows:

(1) Bottom and inner bottom stiffening members are to be fitted to the dud keel at every frame,
and the sedion modulus W of theseframingmembers isnot to be lessthan that obtained from
the following formula:

W =22sdI2K e
where: st spadngof frames,in m;
dt draught,in m;
I T span, inm, to be taken asthe distance between side plates;
Kt material fador.

(2) Bottom and inner bott om stiffeningmembeasare to be gradudly increased in scartlingsat both
endsand are to be conneded to the side plates of the dua ked. The enlarged portions are to
hawe a kengh and depth not lessthan 1.5 times the depth of the membes. In such acase,
brackes having the same thicknessasthe plate floors are to be fitted outside the side plates at
ead frame where no floor is fitted, and are to be attached to the longtudinals.

(3) Bottom longitudinals are to be fitt ed within the dua keel on the certreline of the ship, which
may be intercostal in way of transverseframing members.

2.6.3.3At the connetion between the dud ked and the ordinary certre girder, they are to be
overlapped over alengh not less han 3 frame spacesfor transition.

2.6.4 Transverseframing@ side girders
2.6.4.1The thicknessof side girdersisnot to be lessthan that obtained from the following formula:

t=(00077The*1)yK  mm
where: hy T considered height of double bottom, in mm.
Kt material fador.
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The thicknessof watertight side girdersis to be increased by 1 mm above that obtained from the
above formula. Where the double bottom tanks are interconneded with side tanks or cofferdams,
the thicknessof side girdersisto be asrequired for deep tanks.

2.6.4.2At least one side girder isto be fitted on ead side of the centreline when the breadh of the

ship exceeds 10 m, and at least two side girders spaced apart generally not more than tbioeare

fitted on each side of the centreline when the breadth of the ship exceeds 18 m. Butrtboiv@.2L

from the F.P., the spacing of side girders is not to be greater than 3 frame spaces. Side girders are
to be equally spaced as far as practicable.

2.6.5 Transverseframing @ plate floors
2.6.5.1The thicknesst of plate floors in cargo holds or machnery acesis not to be lessthan that
obtained from the following formula, but need not exceed 15 mm:
t=(0.0077he+1)yK mm
where: hy T considered height of double bottom, in mm;
K1 material fador.
The thicknessof plate floors in boiler rooms and in way of the bilge wells isto be 2.5 mm
greater than that given by the above formula.

2.6.5.2Pate floors are to be fitted at least 4 frame spaces apat at a adng not exceedng 3.2 m.
Where the lengh of ships exceed 90 m or the depth of floors exceed 0.9 m, verticd stiffeners
spaced not more than 1.5 m apat are to be fitted on the plate floors, geneally having the same
thicknessasthat of floors and the width of which isnot to be lessthan 150 mm. Fa shipslessthan
90 m in length, the width of such stiffeners is note less than 1.65L, with a minimum of 50 mm.

2.6.5.3Plate floors are to be fitted at every frame in the engine room and under the boiler bearers,
thrust seatings, transverse bulkheads and heels of pillars. Plate floors are to be fitted at every frame
forward of0.2L from the F.P.

2.6.6 Transverseframing @ watertight floors

2.6.6.1The thicknessof watertight floorsis tobe asfollows:

(1) The thicknessof watertight floorsisto be 2 mm greater than that of the plate floorsin cargo
holds,but generally need not exceed 15 mm. Watertight floorsare to be fitted below transverse
watertight bulkheadswherever pradicale.

(2) The thickness of oailtight floors in oil tanks is to be the same as required for the above
watertight floors.

2.6.6.2Where the depth of watertight floors is greater than 0.9 m but does not exceal 2 m, they
are to be fitted with verticd stiffeners spaced not more than 0.9 m apart. Both ends of stiffenersare
to be snipped, the thicknessand depth are to compy with the requiremens of 2.6.52 of this
Sedtion, and the sedion modulus W of which isnot to be lessthan that obtained from the following
formula:
W =5.5shI2ZK cnm?
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where: st spadngof stiffeners,in m;

ht verticd distance in m, from the inner bottom to the top of overflow;
| T gpan of stiffener, inm, i.e. the considered height of double bottom;
Kt material fador.

The sedion modulus of the stiffeners on the oiltight floors in oil tanks is to be the same as
required in the above formula.

2.66.3 Where the double bottom tanks are interconneded with side tanks or cofferdams, or the
depth of the plate floor is greater than 2m, the scartlings of the watertight floors are not to be less
thanthoserequired for deep tanks,furthermore, verticd stiffenersare to be bradeted at both ends.

2.6.7 Bracke floors

2.6.7.1Where transverse framing is adopted in the double bottom, bradket floors are to be fitt ed
at every frame where no plate floor isfitted. The breacth of the bradets attachng the framesand
the reversed framesto the certre girder and margin plate isnot to be less tian 75%of the depth of
the centre girder, and the thicknessof the bradkets isto be the same asthat of plate floorsin that
region. Where the depth of the double bottom isequd to 800 mm or more, the bradets are to have
aflange or face plate on the unsupported edge and the breaah of the flange or face plate isto be
10 times the thicknessbut need not exceed 90 mm. Siffeners having the same scartlings as the
reversed frames are to be fitted on one side of the side girders (see Hgure 2.6.7.1). Where | as
shown in the Hgure is greater than 2.5 m, struts as required in 2.6.7.2 of this Sedion are to be
fitted.

Ipner bottom
plating
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ool S
A “4 e~ YT T — v ermrrrer T
/ i [
= \ \;T‘
P e Sulivin Gl S e iy’
N Centre | Reversed \ Side g
| \_ girder \ frame \ irder N Bottom frame
Figure2.6.7.1

2.6.7.2The bottom frames of bracket floors are to have a section modulus W not less than that
obtained from the following formula:
W =(15-2.511)sdI?Kcm?
where: st spadng of frames,in m;
dt draught, inm;
I T span of bottom frames, in m, measured from the edge of the bradcet to the side
girder (see Fgure 2.6.7.1);
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;T thesameasl, but |, is tobetakenas25mfor|>25m;
Kt material fador.

Where struts are fitt ed at the mid-point of the span |, the section modulus W of the bottom frames
is not to be lessthan half of that given by the above formula. The crosssediond area A of the
strutsisnot to be lessthan the following:

A=238+0.04W cn® for W > 85 cn?

A=0.32W cmé for W X@5 cm?

where: W1 sedion modulusof bottom frames,in cme.
The reversed frames are to have a sedion modulus not lessthan 85%of that given above for the
bottom frames.
In boiler rooms, the thicknessof the bottom frames, reversed frames and struts isto be increased
by 2 mm.

2.6.7.3The attachmern of bottom frames and revarsed frames to brackds is to be the same as
required in 2.5.5.3 of thi€hapter for the attachment of frames to bilge brackets.

2.6.8 Lightened floors

2.6.8.1Where transverse framing is adopted in the double bottom, lightened floors may be fitt ed
at every frame where no plate floor isfitted, as substitutes for bradet floors. The thicknessof the
web plate of lightened floors isnot to be lessthan that of the plate floor in the same region. The
distancae from the edge of the lightening hole to bottom and inner bottom isnot to be lessthan 0.2
times the depth of the certre girder; the distance from the edge of the lightening hole to the certre
girder and margin plate is not to be lessthan 0.5 timesthe depth of the certre girder; the distance
from the edge of the lightening hole to the side girder is not to be lessthan 0.25 times the depth of
the centre girder; and the length of the the lightening hole is not to exceed 1.2 times the depth of
the certre girder, as shown in Fgure 2.6.8.1.The dimensions of the verticd stiffeners on the floors
are to comply with the requirements of 2.6.5.2 of this Sedion, and the spadng of the stiffenersis
not to be more than 2.2 m.
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Figure2.6.8.1
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2.6.9 Transverseframing @ inner bottom platingand margn plate
2.6.9.1Thethicknesst of the inner bottom plating is not to be lessthan the following:
t=(0.04L+55+2. 1)K mm for 0.4L amidships
t=(0.055L+4.8)VK mm for engine spaces
where: LT length of ship, in m, to be taken asnot greater than 400 m;
ST spadngof frames,in m;
Kt material fador.
For 0.075L from the shipQ @nds, the thicknessisto be 0.9 timesthat required for 0.4L amidships.
The thicknessof the inner bottom plating in other regions s to be tapered gradudly to the end
thicknessfrom the thicknesswithin 0.4L amidships.

2.6.9.2Locd strengthering of inner bottom plating:

(1) Where the double bottom tanks are used to carry oil fuel, the thicknessof the inner bottom
platingis not to be lessthan 8 mm.

(2) The thicknessof the inner bottom plating under hatchways is to be increased at least by 2
mm if no wood celling is fitted. If cargo is regularly discharged by grabs or other similar
means and where no wood ceiling as required in 3.31.5 of this PARTIs fitted, the
thicknessof the inner bottom plating under hatchwaysis tobe increased at least by 5 mm.

2.6.9.3Where the margin plate is inclined downwards, the breadth of the margin plate is not to be
less than 80% of the depth of the centre girder. Where the margin plate is horizontal, the breadth is
not to be less than that of bilge brackets plus 50 mm.

Where the margin plate is inclined downwards, the thickness of the margin plate throughout the
hold is to be 1.5 mm greater than that required for the inner bottom plating when the length of the
ship is equal to 110 m or less, and 2 mm when the length of thesgigater than 110 m. lengine

rooms and boiler rooms, the thickness of the margin plate is not to be lessthan that required

for the inner bottom plating within such spacesrespedively.

2.6.10 Longitudinal framing~  bottom girders

2.6.10.1 The depth and thicknessof the cenre girder are to be the same as required in 2.62.1
and 2.6.2.2 of this Sedion. Between plate floors, bradkets having the same thicknessas the plate
floors are to be fitted on ead side of the centre girder, extending to the adjacert longitudinals.
uch bradkets are in general to be spaced not more than 1.20 m apat. Where the certre girder is
watertight, verticd stiffeners spaced not more than 0.9 m apat are to be fitted between the plate
floors and bradkets (when the distanae between them is greater than one frame spac). For these
stiffeners, the sedion modulusis to comply with the requirements of 2.6 6.2, the thicknessisto be
the same as that of the certer girder web and in general, the breadh is to comply with the
requirements of 2.65.2.

2.6.10.2 Atleastone side girder isto be fitted on ead side of the centreline when the breaah of
the ship exceeds 12 m but not greater than 20 m, and at least two side girders spaced apat
generally not more than 5 m are to be fitted on ead side of the cerntreline when the breadth of

the shipsexceeds 20 m. Forward of 0.2Lfrom the F.P. the spadng of side girdersisnot to be greater
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than four longitudinal spaaes. The side girders are to be equdly spaced asfar aspradicale.

The thicknessof side girders and watertight side girders are to comply with the requirements of
2.64.1 of this Sedion. Where the double bottom tanks are interconrected with side tanks or
cofferdams, the thicknessof side girdersis tobe asrequired for deep tanks.

Sde girders and watertight side girders are in general to be fitted with verticd stiffeners. \érticd
stiffeners of side girders are to be spaced not more than 1.5 m apart, having the same thicknessas
that of side girder webs and generally, a breadh is to comply with the requirements of 2.65.2.
Verticd stiffeners of watertight side girders are to be spaced not more than 0.9 m apat, the
thickness isto be the same as that of watertight side girder web and generally, the breadh isto
comply with the requirements of 2.65.2 and the sedion moduus W is to comply with the
requirements of 2.6.6.2.

Where side girders and watertight side girders are fitt ed with horizontal stiffeners, the thicknessof
stiffeners isgenerally the same as that of side girder webs and the breaah isto comply with the
requirements of 2.65.2. The sedion modulus W of horizontal stiffeners on watertight side girders
is tocomply with the requirements of 2.6.6.2.

2.6.11 Longitudinal framing @ plate floors

2.6.11.1 In machnery spaces, plate floors are to be fitted at least at alternate frames, and are to
be fitted at every frame under the main engine seating, boiler bearers, thrust seatings, transverse
bulkheads and heds of pillars. Plate floors are to be fitted at alternate frames within the region
forward of 0.2Lfrom the F.P. El@where, the spadng of the plate floorsisnot to exceed 3.6 m.

2.6.11.2 The thicknessof plate floors for longitudinally framing is to be 10% greater than that
requiredin 2.6 5.1 of this Section, but need not exceed 15 mm, and the thicknessof watertight and
oiltight floorsisto be the same asrequired in 2.6.6.1 of this Sedtion.

Verticd stiffeners are to be fitted at ead longitudinal. The thickness of verticd stiffeners for
floors isto be the same as that of the floors and the width of which is to comply with the
requirements of 2.65.2. In addtion, the scartlings of verticd stiffeners for watertight floors are to
comply with the requirements of 2.6.6.2 of this Sedion. Verticd stiffenersare to be attached to the
inner bottom and shell longitudinals by welding.

The ratio of thickness todepth of the floors isnot to be lessthan 1/130. Where the double bottom
tanks are interconnected with side tanks or cofferdams, the thicknessof watertight floors and the

stiffenersare to be asrequired for deep tanks.

2.6.12 Longitudinal framing @ bottom longitudinals
2.6.12.1The spadng of bottom longitudinalsis not to be greater than 1 m.
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2.6.12.2The section modulus W of bottom longitudinalsis not to be less han that obtained from
the following formula:
85f

= _(d+h)sl'K om’
173-F,

where: st gpadngof longitudinals,in m;

| T spanof longitudinal, in m, but not lessthan 1.5m;

dt draught, in m;

ft fador, taken as 0.52 when intermediate vertica struts are fitted, or 1.0 when no

intermediate verticd strut isfitt ed;

Fot redudionfador, see 2.25.6 of this Chapter;

h, T see2.31.2of thisChapter;

Kt material fador.
Where the spadng of plate floors is greater than 2.5 m, verticd struts conneding the bottom
longitudinalsand inner bottom longitudinals may be fitt ed at the midpoint of the spadng, and the
crosssediona area A of the verticd struts is not to be lessthan the following:

A=238+0.04W cn®? for W>85 cn?
A=0.32W cm? for W X@5 cm?
where: W1 sedion modulusof longitudinals,in cne.

2.6.12.3The sedion modulus of inner bottom longitudinals isto be equd to 85% of that of the
bottom longitudinals. In boiler rooms, the thicknessof the longitudinals, struts and bradkets is to
be increased by 2 mm.

2.6.12.4Where longitudinals pass through non-watertight floors, they are to be welded to the
floors and the verticd stiffeners on the floors in way. Where longitudinals are cut in way of
watertight floors, they are to be bradketed to the watertight floors. The scartlings of the bradkets
are to comply with the requirements of 1.2.6 of this PART. Where the length of the ship exceeds
200 m or higher tensile sted is used, the bottom longitudinals are to be continuous in way of
watertight floors, or alternative arrangements may be considered.

2.6.13 Longitudinal framing = inner bottom plating and margin plate

2.6.13.1The thicknessof the inner bottom plating is to comply with the requirements of 2.6.9 of
this Sedion. But for the cdculation of the thickness of the inner bottom plating within 0.4L
amidships, the s in the formula is to be taken as the spadng of longitudinals, and the value
considered may be reduced by 1 mm.

2.6.13.2The thicknessof the margin plate is to comply with the requirements in 2.6.13.1 of this

Sedion and in addtion, is to be increased in accadance with the requirements of 2.69.3 of this
Sedion.

2.6.13.3The margin plate isto be provided with bradkets at every frame, extending to the adjacert
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longitudinal, as shown in Hgure 2.6.13.3. The edges of the bradets are to be strengthened and
the thicknessof the bradkets is tobe the same asthat of floors.

-1

Bracket
{

B)Y

Foure2.613.3

2.6.14 Reinforcement for using fork lift trucksin cargo holds

2.6.14.1Where fork lift trucks are used for handing cargo in holds, the inner bottom plating and
framing are to comply with the relevant requirements of Secion 21 of this Chapter for vehicle
dedks.

2.6.15 Tank side brackets

2.6.15.1Tank side bradkets are to be fitt ed at every frame and their thicknessis to be the same as
that of plate floors. Circular lightening holes may be cut in the tank side bradkets and the distance
from any point of hole edges to the side of bradkets is not to be lessthan 1/3 breadh of the
bradket.

2.6.15.2Tank side bradkets are to be flanged or provided with a face plate on the free edge, and
the breadh of the flange or face plate is generally to be 10 timesthe thicknessof the bradket.

2.6.15.3The standard depth and breaah of tank side bradkets are to be asfollows:

The depth of tank side bradets conrecting cordary members is to be equd to 10% of the
distance between the inner bottom and nearest dedk or 2.2 timesthe depth of the web of frames,
whichever is the greater. The depth of tank side bradkets conmneding primary membes is to be
equd to 1.65 timesthe depth of the web of web frames. The breadh of tank side bradets isto be
equd to their depth. The breadth and depth of tank sde bradkets are to be measured in accadance
with Hgure 2.615.3. Where the inner bottom margin plate of the double bottom is horizontal,
verticd stiffeners are to be fitted to the floors under the toes of the bradkets (as shown in Hgure
2.615.3). The requirements for the stiffeners are to be the same as required in 2.65.2 of this
Sdion.
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Web frame

main frame Web frame
A BC e . _— ——

Stiffener AN

depth

o

Depth

Breadth Breadth

Foure2.615.3
2.6.15.4Where lap joint is adopted for the connection of tank dmtackets to frames, the length of
overlap is to comply with the requirements of 2.5.5.3 of this Chapter.

2.6.15.5Where bottom and sides of the ship are framed longitudinally and no bilge longitudinals
are fitted, the transverse strength members or correspondirigebbrackets in way are to have a

2.6.15.6spacing S not exceeding:

s=8x10° L mm
Drir
where: t T thicknessof bilge plating, in mm;
Dt moulded depth, inm;
r t radiusof the bilge, in mm.
Furthermore, a suitable number of intermediate bilge bradkets comeded to the longitudinals

situated at the upper and lower turns of the bilge are to be fitted between the plate floors.

SECION 7-SDEFRAMNG

2.7.1 General requirements
2.7.1.1The maximum spadng of frames or side longitudinalsis not to be greater than 1.0 m.

2.7.2 Frames
2.7.2.1The sedion modulus W of main frames (except those infore and after peaks) isnot to be

lessthan that obtained from the following formula:
W=cesdl'E  em?

where: st spadngof frames,in m;
dt draught,in m;
Kem3
I T gpan of frames, but in no caseis it to be taken as lessthan D (D being moulded
depth), in m. For frames between callision bulkhead and 0.2L from F.P,, it isto be

the greatest frame span of the similar structural arrangment in that region:
0.65d
+
D-—
145-32
I

clt coefficient: c1 =1.05for L<90m; c1 =1.00for L)x90 m; Kt material fador.

~

=

134



PART B HULLSURVEYS

2.7.2.2Corredionsto the secion modulus of main frames:

(1) Where the depth of tank side bradkets is lessthan that required in 2.55.1 or 2.6.15.3 of this
Chapter, the sedion modulus of main framesisto be increased by 2.7%of the value required
in 2.72.1 of this Sedion for each reduced 100 mm.

(2) Where the arm length of the bradets connecting main frames to beams or dedk longitudinals
at sideisgreater than that required in 1.2.6.7 of this PART,the sedion modulus of main frames
may be deaeased by 1.3% of the value required in 2.72.1 of this Sedion for ead increased
100 mm of difference

2.7.2.3Where side stringers are uniformly fitted in compliance with the requirements of 2.7.3.1 of

this Section, thesection modulus of main frames may be reduced in accordance with the following:

(1) Where one stringer is fitted, the sedion modulus of main frames may be 1/2 of the value
requiredin 2.72.1 or 2.7 2.2 of this Section.

(2) Where two stringers are fitted, the sedion modulus of main frames may be 2/7 of the value
requiredin 2.72.1 or 2.7 2.2 of thisSedion.

(3) Where three stringers are fitted, the section modulus of main frames may be 1/5 of the value
requiredin 2.72.1 or 2.7 2.2 of this Section.

2.7.2.4The secion modulus of the main frames under hatch end beansis not to be lessthan 1.67
times that of normal main frames as required in this Section.

2.7.2.5In midship machnery spaces where web framesare not fitted in accadanc with 2.7.42 of
thisSetion, the section modulus of mainsframesin the machinery spaces isto be 50%greater than
that normally required.

2.7.2.6The scartlings of main frames are in no case tobe less han those of Q {(e@n decks above
and the main frame sedion modulusisnot to be lessthan 20 cn?.

2.7.2.7The momert of inertial | of main frames is not to be lessthan that obtained from the
following formula:
| =3.2M/Kcem*
where: W1 sedion modulusof main framesasrequired in this Sedion, in cmg;
| T span of frames,in m, as required in 2.72.1 of this Sedion where fitted with no side
stringer, or beingthe verticd distance measured from the upper edge of floor or top
of inner bottom to the side stringer or between sde stringers or from the side
stringer to the lowest ded at side where fitt ed with side stringers;
Kt material fador.

2.7.2.8The framesin fore and after peaks are to comply with the following requirements:

(1) The sedion modulus W and the momert of inertia | of frames below the lowest ded in fore
and after peaks are to be respedively not lessthan the values obtained from the following
formulae:

W =4 .6sdDKcm?
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| =3.5WI/K cntt

where: s@ spadngof frames,in m;

d@ draught,inm;

D@ moulded depth,inm;

Lo span of frames,in m, beingthe verticd distance measured from the upper edge of floor
to the side stringer (perforated flat), or distana between side stringers (perforated
flats) or from the side stringer (perforated flat) to the lowest ded;

Ko material fador.

(2) Where the lowestdedk in the fore peak isbelow 1.0 m abowe the full-load waterline, the Q (een
dedk framesfitted from the lowest dedk up to 1.0 m abowe the full-load waterline are also to
compy with the requremerts of (1) above

(3) Other Q (e@ ded framesin the fore peak are alsoto comgy with the requiremerts of 2.7.29
of this Setion.

2.7.2.9The sedion modulus W of the frames in Q (eéh decks and superstructures is not to be less
than that obtained from the following formula:
W=CCisdINDK cmp
where:
ST spadngof frames,in m;
dt draught, inm;
I T spanof frame, in m.
Fa framesin Q (eén ded space where the adual span isless han 2.6 m,
| =2.6 mis to be taken and for thosein superstructures where the adual span is less
than 2.3 m,
[ =2.3mis tobe taken,
Dt moulded depth, in m;
c=07+4% :
Ct codficient, to be taken as B
G 1 codficient, to be determined by the position of frame
C. = 1.0 for those in the firstQ (eeéh ded below the upper ded;
G =1.1 for thosein the second @veen ded;
C, = 1.45for thosein the third and lower Q {eén dedks:;
Cl1 =0.90for thosein forecastle; C1 =0.80 for thosein bridge and poop;
Kt material fador.

27210 ¢ KS &aSO0lA2Yy Y2RdzZ dza 2F GKS FNIYS&a dzy RSNJ K

G2 0SS tSaa (GKIy mdct GAYSaAa GKI G 2ZJectigh? NY I §

2.7.2.11 In midship machinery spaces where web frames are not fitted in accordanc@ with2

2F GKA& {SOGA2y> GKS aSOlA2y Y2Rdzdza 2F GKS

load waterline is to be 50% greater than that normaéiguired.
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2.7.2.12 Where the length of the forecastle or poop exceeds 0.25L, the scantlings of the two
frames fitted at the after end of the forecastle or at the fore end of the poop are to be calculated by
GKS F2N¥dzZ I dzaSR F2NJ Qi ¢ SuPpér deckiday af té feré&castlefo’ O (i
poop.

2.7.2.13 The scantlings of four frames fitted at each end of the bridge are to be calculated by the
F2NXdzZ I dzZASR F2NJ QigeSSy RSO1 FTNrXryYSa t20F0SR o

2.7.2.14 The end connections of framease to comply with the following:

(1) The scartlings of bradkets connecting beamsto upper ends of frames are to comply with 1.26
of this PART. Where dedks are framed longitudinally, the bradkets at the upper end of frames
are to be extended to the nearest dedk longitudinal and welded to it.

(2) The tank side bradets at the lower ends of main frames are to comply with the relevant
requirementsin Sedions’5 and 6 of this Chapter.

(3) WheNXE eéhidetk framesterminate at lower dedks, their lower endsare to be bradketed. The
scartlings of the bradkets are to be the same asthoseat the upper end of Q (e&n deck frames.
Where the Q (eeéh dedk frames and the frames thereunder are diredly attached to the lower
dedk by welding, the lower end of the W (e@n dedk frames may not be bracketed.

2.7.3 9de stingers
2.7.3.1Where side stringers are fitted to support the main frames and Q (eén ded frames, the
sedion modulus W and the moment of inertia | of the side stringers are not to be lessthan those
obtained from the following formulae respedively:
W =7.8hbl2K cm3
| =2.5M/K cm*

where: b1 width of areas supported by the side stringers,in m;

ht verticad distance in m, measured from the mid-span of side stringer to upper ded at

side;
| T span of side stringers,in m;
Kt material fador.

2.7.3.2Brackds are to be fitted at the connedion between side stringers and transverse bulkheads,
and the requiremerts of 1.2.7 of this PART are to be comgied with. Sde stringers and web frames
are to be soconneded that an adequde continuity of the face plate or flange of side strngersis
kept.

2.7.3.3In transversely framed machinery gaces, side stringers are to be fitted to support main
frames where the main frame span exceeds 6m and their section modulus and moment of inertia
are to comply with 2.7.3.1 of this Section and their web depth is not to be lessthan 2.5 timesthat
of main frames.

2.7.3.4In transversely framed machnery spaces, an arrangement of intercostal side stringers
spacal generally 2.5 m apat may be accepted as an alternative to the side stringers spedfied in
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2.73.3 of this Sedtion and their web depth is to be the same as that of main frames, their web
thicknesst and sediond area A are to be respedively not lessthan those obtained from the
followingformulae:
t =0.023L+6 mm
A=(0.24L+ 1)Kcne
where: LT length of ship, in m, to be taken asnot greater than 215 m in caculation;
Kt material fador.

2.7.4 Transverse faming - web frames

2.7.4.1The scartlings of web frames supporting sde stringers are to be determined by direc
cdculation based on the assumptionsthat their both endsare rigidly fixed and that they are subject
to concentrated loadings transmitted by side stringers (the considered presaure head being the
distance from the mid-span of side stringers to upper ded at side, in m), with the permissble
bendng stress being taken as 932/K, in N/mm?2 and the allowable shear stress as 83.4/K in
N/mne.

2.7.4.2\Where machinery spaces are situated aft and the shipQ sides are transversely framed web
frames are to be fitted and spaced not more than five frame spaces apat in the machnery gaces,
extending from the inner bottom to the upper deck

2.7.4.3In the areas of transversely framed machnery faces, the scartlings of web frames
supporting side stringersare to be determined in accadance with 2.7 4.1 of this Sedion.

2.7.4.4In the areas of transversely framed machinery aces, the sedion modulus W of web frames
not supporting side stringers is not to be lessthan that obtained from the following
formulas:

W= 5ShPK cm? for spaces below the lowest deck

W=355dINDK cm? for “tween decks

where: St spadng of web frames,in m;
ht verticd distance in m, measured from the mid-span of web frame to upper ded at
side;
I T span of web frame, in m;
dt draught, in m;
Dt moulded depth, inm;
Kt material facor.

2.7.4.5In the areas of transversely framed machinery spaces, the web depth of web framesis not
to be lessthan 2.5 timesthe depth of adjacert frames.

2.7.4.6The end connections of web frames for transverse framing are to comply with the relevant
provisions in 2.6.15 and 2.8.7.9 of this Chapter.
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2.7.5 9de longitudinals
2.7.5.1The sedion modulus W of side longitudinals below the upper dedk (induding bilge
longitudinals)is not to be lessthan that obtained from the following formula:

85,
W=—hsl"g cmd
f

where: st spadngof longitudinals,in m;
I T spanof longitudinals,in m;
f1 fador, to be taken in accadance with following two formulae, and to be taken as
not greater than 1.077:
f=173-F, Z-Z.  for Z=Z
: ‘D-Z,
Z-Z

for<Z

f=173-F,

ht design presaure head to be taken from the following formula:

Z . .
h=026C+d -Em_nﬁc +d)

ZnT the height of horizontal neutral axis, from baseline, of hull crosssedion, in m;

Dt moulded depth, in m;

dt draft, inm;

Ct codficient, see 2.2.3.1 of this Chapter;

Fo, [d T redudionfadors, see 2.25.6 of thisChapter; Zt height of longitudinalsfrom base
line, inm; KT material fador.

2.7.5.2Within the region between 0.2L from the FP. and the forepe& bulkhead the sedion
modulus of side longitudinals below the upper dedk is to be in accadance with 2.75.1 of this
Sedion and alsoin accadance with 2.7 5.4 of this Section.

2.7.5.3For machnery gpaces situated aft, the sedion modulus of side longitudinalsin the areas of
the machinery spacesisto bein accadancewith 2.75.1 of this Sedion and in addtion, not less han
0.8 timesthat obtained from the formulain 2.75.5.

2.7.5.41In the forepe&, the seaion modulus W of side longitudinals is to be taken as not less
than that obtained from the following formula:
W =7.5shI2ZK cm?
where: st spadngof longitudinals,in m;
ht verticd distance in m, measured from the longitudinal to 3 m above the minimum bow
height required by the load line, not less than the verticd distanee from the
longitudinal to upper ded at side;
I T gpan of longitudinals,in m, but taken asnot lessthan 1.5 m;
Kt material fador.

2.7.5.5In the aft peak, the section modulus W of side longitudinals is to be taken as not less than that
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obtained from the following formula:
W =8.5d2(h +0.167D)K cm?
where: st spadngof longitudinals,in m;
I T span of longitudinals,in m, but taken asnot less han 1.5 m;
ht verticd distance from the longitudinal to upper ded at side, in m, but not to be less
than 3m;
Dt moulded depth, in m, but taken asnot greater than 20 m;
Kt material fador.

2.7.5.6The section modulus of side longitudinals (induding bilge longitudinals)need not be greater
than that of bottom longitudinalswith the same spadng.

2.7.5.7The side longitudinals are to penedrate web frames and the intersedions of longitudinal
webs and frame webs are to be welded. Where a side longitudinal is cut in way of a transverse
bulkhead bradkets are to be fitted at the comnedion between the longitudinal and the bulkhead,
and the bradkets are to comply with the relevant provisionsin 1.2.6 of this PART.

2.7.6 Longitudinal framing¢@ web frames

2.7.6.1Where the side is framed longitudinally, web frames supporting ste stringers are to be
fitted in line with plate floors. In general, the spadng of web framesis not to be greater than 3.6 m
for shipsof 100 m in length or less,and not greater than 0.006L+ 3.0 m (Lbeing kength of ship) for
ships more than 100 m in length. In the forepeak and aft peak, the spadng of web framesis not to
be greater than 2.5 m for ships of 100 m in length or less,and not greater than 3.5 m for ships of
300 m or over in length. The intermediate valuesare to be obtained by interpolation.

2.7.6.20ther than in machinery spaces and forepeak and aft peak, the section modulus W of web
frames is not to be less than that obtained from the following formula:
W =10SH2K cmB

where: St spadngof web frames,in m;

ht verticd distance in m, measured from the mid-span of the web frame to upper dedk

at side;
I T span of web frame, in m;
Kt material fador.

2.7.6.3In longitudinally framed machnery spaces, the section modulus W of web framesis not to
be lessthan that obtained from the following formula:
W=10ShPPK cm? below the lowest deck

W=4.45dl \.5 K om’ in “tween decks
where: St spadngof web frames,in m;
ht verticd distance in m, measured from the mid-span of the web frame to upper deck
at side;
I T spanof web frame, in m;
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dt draught, inm;
Dt moulded depth, in m;
Kt material fador.

The web depth of web frames is not to be less than 2.5 times that of the side longitudinal
supported by it.

2.7.6.4Inthe longtudinally framed forepeak the section modulusW ard the momert of inertia | of
web framesare respectively not to be less than those obtained from the following formulae:
W =14SHK cm?
| =25WI/Kcmtt
where: St spadngof web frames,in m;
ht verticd distance in m, measured from the mid-span of the web frame to tank top or
half of the verticd distance from the mid-span of the web frame to the top of
overflow, whichever is the greater;
| T span of web frame, in m;
Kt material fador.

Where struts are fitt ed, the web frames and struts are to comply with the relevant provisions of
Sedion 5 of Chapter 6 of this PART.

2.7.6.5In the longtudinally framed aft peak the sedion modulus W is not to be lessthan that
obtained from the following formula:
W =10SH2K cm?

where: St spadngof web frames,in m;

ht verticd distance in m, measured from the mid-span of the web frame to upper dedk

at side;
| T span of web frame, in m;
Kt material fador.

2.76.6 The end comections of web frames for longitudinal framing are to comply with the
relevant provisionsin Sedions 6 and 8 of this iapter and Chapter 5 of this PART.

SECION 8 - DECKFRAMNG

2.8.1 Generdrequiremens
2.8.1.1The design head h of dedks is to be determined accading to Table 2.81.1, and the
correspondingdesign load p is to be caculated by the following formula:
981k
r=

kP:

where: h @ design head in m, see Table 2.8.1.1 of this Sedtion;
1@ stowagerate, in m3/t, taken asthe standad rate of 1.39 m3/t.
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For dedks in deep tanks, the relevant requirements in Sedion 13 of this Chapter are alsoto be

complied with, and the corresponding design load Pisto be cdculated by the following formula:
p=9.81"hkPa

where: h @ design head in m, see Section 13 of this Chapter;

" @ densityof liquid, in t/ m3, to be taken not lessthan 1.025 t/ m3.

Table 2.8.1.1-Design Heads of Dedks

Permissible Cargd

Name and Location of Deck Design Head, h (m) Load (kPa)
Weather Decks (minimum sizes of structural members):
Forward of 0.075L from F.P. t NAYFNE YSYGSNAY Ke b oT 8.5
Between 0.075L and 0.1%om F.P. t NAYINE YSYGSNEY Ke b HT 8.5
Aft of 0.15L from F.P. Ke 8.5
Weather Decks (specified cargo load):
Forward of 0.075L from F.P. néndpll b Ke b MOPH p(>85
Between 0.075L and 0.15L from F.P. ndoTlI b Ke b MODH p(>8.6)
Aft of 0.15L from F.P. némnll b Ke b M®H p(>8.9

0.14p, but not to be less than mean height H (in m) of

Cargo Decks (not exposed to weather) Qis8Sy RSO| 4 Max (p, 7.06H)

Accommodation Decks 1.2 T
Decks for Stores 2 T
Decks for Engine RooRiatform, Workshop and Stores 2.6 T
Superstructure Decks:

1st tier nopons AYONBI &A&SR F2NJ SELRA

2nd tier ndocns AYONBI &SR F2NJ SELRA T
3rd tier and above nonps AYONBIaSR F2N SELRA 1
Forecastle deck (forward of 0.2L from F.P.) Same as weather decks in corresponding locations T

Notes:

hy in the Table is not to be lessthan that obtained from the following formula, but it is neither to be lessthan
1.2 m, nor greater than 1.5 m:

. L
By =120+ —— (100 3L
1000 D-d

where: Lt length of ship,inm; D T moulded depth, inm; dt draught, in m.

Fa ships lessthan 90 m in length, the design head of primary members within the areas of fore and aft ends
of ships may be appropriately reduced, but not lessthan that of secondary members at the same location.
The auperstructure dedk isdefined in 2.17.1.6 of this (apter.

—150) m

2.8.2 Dedk beans
2.8.2.1The sedion modulus W of dedck beams is not to be less than that obtained from the
following formula:
W = (C1C2Dd + C3shl2)K cn?
where: CL 1 cosfficient, dependent on the number of dedks (induding bridge, poop dedsand
engine room platform) at the position of the beam under consideration: C1 =
2.0 for 1sttier, C1 = 1.33 for 2nd tier, C1 = 1.05 for 3rd tier, C1 = 0.93 for 4th tier
and above, C1 =1.33for forecastle ded;
@, @1 codficients, see Table 2.82.1;
D1 moulded depth, inm;
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dt draught, in m;
ST spadngof beams,in m;
ht design head,inm, see 2.8.1.1 of this S=dion;

I T gpan of beam, inm, to be taken not lessthan 2 m;
Kt material fador.

Table 2.82.1-Coefficients G and G

Location of deck c2 C3

Weather/strength deck or exposed forecastle deck forward of 0.075L from F.P. 0.8 0.54B
Weather/strength deck or exposed forecastle deck between 0.075L and dBIE.P. | 0.8 | Beams connecteq
Weather/strength deck or exposed forecastle deck aft of 0.15L from F.P. 0.54 to ship side:

. 0.36BBeams
Short bridge and poop deck where exposed to the weather 0.14| glsewhere: 0.33B
Cargo decks and other decks (engine room, forepeak tank and aftpeak tank platfo| 0.4 4
Accommodation strength decks or lower decks 0.52 4

Note: Bin the Table isthe breadth of ship, in m.

2.8.2.2The sedion modulus W o weather ded beansneed not be greater than that obtained from
the following formula:
W =Bdl2ZKcm?
where: BT breadh of ship, in m, to be taken asnot greater than 215 m;
s h, 1T see2.82.1of thisSedion;
Kt material fador.

2.8.2.3The web depth of dedk beansisnot to be lessthan 60 mm.

2.8.2.4The connedions between beans and frames are to compy with the requiremertsin 1.26
of this PART.

2.8.2.5Beams are to pass through deck girders, and they are to be connected to the girder web by
welding. Where beams are to be cut in way of the web of hatch side girders or deck girders, the
beams are to be bradketed to the girders and the scartlings of bradets are to comply with the
provisionsin 1.2 6 of this PART. The bradets are to be extended to the face plate of dedk girders.

2.8.3 Transverseframing ¢ dedk girders

2.8.3.1For weaher strength dedk forward of 0.075L from FP., the spadng of ded girders
supporting beamsis not to be greater than 3.6 m. For the upper and lower dedks after the aft peak
bulkhead the spadng of dedk girders supportingbeamsis not to be greater than 3 m.

2.8.3.2The section modulus W of degkders supporting beams is not to be léban thatobtained
from the following formula:
W =4.75bhi2K cm?
where: b1 mean width, in m, of dedk area supported by dedk girders;
ht design head of dedk, in m, see 2.8.1.1 of this S=dion;
| T spanof dedkgirder,in m;
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Kt material fador.

2.8.3.3Where deckgirders arramed to suprt beams are subject to a conueated load, their
section modulus W is tbe not less than that obtained from the following formula:
W =0.102cPIKcm?
where: PT concentrated load, in kN;
I T spanof dedkgirder,in m;
ct codfficient, to be obtained from Table 2.8.3.3 where ais the distance in m, between
the applicaion point of concentrated load P and the farther one of two supports of
the girder;
Kt material fador.

Table 2.8.3.3-Coefficient ¢
all 0.94 0.9 0.85 0.8 0.75 0.7 0.6 0.5
c 1.44 3.36 5.68 7.36 8.64 9.2 9.6 10

2.8.3.4Where declgirders arramed to support beams are subject to two or three pdids, their
section modulus W is to be determined by direct calculations assuming fixed ends and using an
allowable bending stress of 124/K,Nihmm2.

2.8.3.5The section moment of inertia | of degkders is not to be less than that obtained from
the following formula:
| =2WI/K cm?
where: Wt sedion modulusof dedk girdersrequired in this Sedion, in cn;
| T spanof dedkgirder, in m;
Kt material fador.

2.8.3.6The web depth of decgirders is not to be less than 1.6 times theptie of cutouts for the
passae of beams. The cwduts in declgirders are to be degned to minimize the creation of stress
concentration onthe web.The web thikness of deckjirders is notto be less than 1% of the web
depth plus 4 mm.

2.8.3.7Holes cut for the pasge of pipes ocables irthe web of declgirders are tchave a depthnot

greater than 25% of that of the web and a width not exceeding 60% of the spacing of betdras or
web depth, whichever isthe greater, otherwise compensation isrequired. Normally the
compensation iachieved by fitting doublers, spigots or insert plates for strengthening, and the cross
sectional area of such strengthening pieces is to be not less than that lost from the web due to
openings. The strength level of the material of strengthening piecesti to be lower than that of

the web material. The edges of holes are not to be less than 40% of the web depth from the face
plate of girders. The edges of the holes are to be smooth and well rounded. The holes are not to be
concentrated in the adjacert frame spaces.Noholesare to be cut on the girder web within 200 mm

from the toe of girder bradets.
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2.8.3.8The ends of decirders are to be conected to transerse bukheads in accorahce with the
relevant provisions in 1.2.7 of thiBART. For decfirders contributing to the logitudinal strergth,
special attention is to be paid to the Igitudinal structural continuity at trangerse bukheads.

2.8.4 Transverseframing ¢ ded transverses

2.8.4.1For ded transverses supporting ded girders, the scartlings are to be determined by direct
cdculations assuming fixed ends and the fundion for sustaining concentrated loads transmitted by
ded girders and using an allowable bending stressof 124/K; in N/mm?2.

2.8.4.2Thesection moment of inertia | of deck traverses suporting deckgirders is not to be less
than that obtained from the following formula:
| =2WI/Kcn
where: W1 sedion modulus of ded transverses, in cm?, obtained accading to 2.8.4.1 of this
Sedion;
I T spanof dedtransverse,in m;
Kt material fador.

2.8.4.3The thi&kness and cutouts of the web of deck traasses supporting decgirders are to
comply with the preisions in2.8.7.7 and 2.9.8 of thisSection.

2.8.4.4The conmections between deck tranerses supporting deakirders and frames or web frames
or longitudinal bukheads are tacomply with the preisions of 2.87.9 of thisSection.

2.8.5 Dedk longtudinals
2.8.5.1The sedion modulus W of weather/ strength ded longitudinals isnot to be lessthan the
greater obtained from the following formulae:

W =¢q shi2K cnp
W =(cp sh+cg sPL2 x 104K cm?
where:
sT spadngof longitudinals,in m;
ht design head of dedk, in m, to be determined accadingto 2.8.1.1 of this Sedion, but
outside the line of dedk openingswithin 0.4L amidships:

22.6L
1780-L°

_:}

I T span of longitudinal, in m, to be taken asnot less han 2 m;

C1, &, C3 T codficients, to be determined accadingto Table 2.85.1;
Lt length of ship, in m, Lneed not be taken as greater than 200 m;
Kt material fador.

Table 2.8.5.&Coefficients5, G, G
Item | Location of Deck Longitudinal Region Cs Oi o1
1 Forward of 0.075L from F.P. 12.5 63.5 7.8
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Between 0.075L ~ 0.15L from F 12.5 57 7.2
At 0.15L from F.P. Outside the line of openings 9 48.5 6.2
Inside the line of openings 7.5 40 5.5
4 | Between 0.15L ~ 0.3L from F.P.| Outside the line of openings See note
Inside the line of openings 7.5 40 5.5
5 0.4L amidships Outside the line obpenings 10.5 T T
Inside the line of openings 7.5 40 5.5
6 Between 0.075L ~ 0.3L from A.f Outside the line of openings See note
Inside the line of openings 7.5 40 5.5
7 | Aft of 0.07L from A.P. 7.5 40 5.5

Note: The sedion modulus W of dedk longitudinals in way of the regon may be determined after tapering the
section moduli of amidships and end deck longitudinals.

2.8.5.2The sedion modulus W of cago dedk longtudinals (induding longtudinals of
decls/platforms within the engne room, fore and aft pealks)is not to be lessthan the following:

W =(2.5shl2 + 0.6s)K cme for Lx90 m

W =5shl2K cme for L<90m

where: s, h, |, L, KT seethosein 2.85.1 of this Sedion.
2.8.5.3The sedion modulus W of accommod#éon and superstructure ded longtudinalsis not to
be less than the following:

W =(2.5shl?2 + 0.52s)K cms for L90 m

W =4.4shl2K cm? for L<90m

where: s, h, |, L, Kt seethosein 2.85.1 of this Sedion.

2.8.5.4The web depth of ded longtudinalsis inno caseto be lessthan 60 mm.

2.8.5.5The dedk longtudinalsoutside the line of ded openingsare to passthrough ded transverses
and to be conneded to the ded transversewebs by welding. Where the dedk longtudinals are cut
in way of the web plates of hatch end bearns or dedk transverses (only for those inside the line of
dedk openings or at the shiL¥X¥ends), brackds are to be fitted at the connedion between dedk
longtudinals and hatch end beans or ded transverses and the scartlings of the brackes are to
compy with the relevart provisionsin 1.26 of this PART. The brackes are to be exenddd to the
face plate of hatch end beans or dedk transverses along the web plates of hatch end beans or deck
transverses.

2.8.5.6Where deck longitudinalare cut in way of transverse bulkheads, brackets are to be fitted at

the connection between deck longitudinals and transverse bulkheads and the scantlings of the
ONI O1Siéa FINB G2 O2YLX @& 6AGK GKS NBf SOlefigih LINE ¢
exceeds 200 m or higher tensile steel is adopted, the ded longitudinals outside the line of dedk

openings are to be continuous through the transverse bulkheads, but alternative arrangements

maybe considered.

2.8.5.7The deck longitudinaleutside the line of deck openings are not to be terminated at the
same transverse section and their ends are to be suitably shifted from one another. These ends are
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to extend to the adjacent transverse members.

2.8.6 Longtudinal framing ¢ dedk girders

2.8.6.1For ded girders supporting dedk transverses, the scartlings are to be determined by direct
cdculations assuming fixed ends and the fundion for sustaining concentrated loads transmitted by
ded transverses and using an allowable bending stressof 124/ K, in N/mm?2.

2.8.6.2The sedion moment of inertia | of dedk girders supporting ded transversesis not to be less
than that obtained from the following formula:
| =2WI/Kcem'
where: W1 sedion modulus of ded girders, in cm3, obtained accading to 2.86.1 of this
Sedion;
I T gpanof dedk girder, inm;
Kt material fador.

2.8.6.3The thicknessand cutouts of the web of ded girders supporting ded transverses are to
compy with the relevart provisionsin 2.8.36 and 2.8.37 of this Sec¢ion respedively.

2.8.6.4The connetions between ded girders supporting ded transverses and transverse
bulkheads are to comgy with the relevart provisions of 2.8.38 of this Sedion.

2.8.7 Longtudinal framing ¢ ded transverses

2.8.7.1Where the ded is framed longitudinally, dedk transverses supportingthe ded longitudinals
are to be fitted in line with plate floors. In general, the spadng of ded transverses is not to be
greater than 3.6 m for ships of 100 min length or lessand not greater than 0.006L + 3.0 m(Lbeing
length of ship) for ships more than 100 m in length, In the forepea and aft peak, the gpadng of
ded transversesis not to be greater than 2.5 m for shipsof 100 min length or lessand not greater
than 3.5 m for ships of 300 m or over in length. The intermediate values are to be obtained by
interpolation.

2.8.7.2In the machnery spaces and aft peak tank, ded transverses supporting ded longtudinals
are to be fitt ed in frames spaces of web frames.

2.8.7.3The sedion modulus W of dedk transverses supporting ded longtudinals is not to be less
than that obtained from the following formula:
W =5SH2K crm?
where: St spadng of ded transverses,in m;
ht design head of ded, in m, to be determined accadingto 2.8.1.1 of this Sedion;
| T spanof dedktransverses,in m;
Kt material facor.

2.8.7.4The sedion modulus of dedk transverses insingle ded shipsisto be 15%greater than that
obtained from the formulain 2.8.73 of this Setion.
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2.8.7.5Where the dedk transverses supporting dedk longtudinals are subjed to concenrated loads
their inceased sedion modulus may be determined by cdculations in accadane with the
requiremerts for dedk girdersin 2.8.33 or 2.8.34 of this Sed¢ion.

2.8.7.6The section moment of inertia | of deck transverses supporting deck longitudinalstis
be less than that obtained from the following formula:
| =2WI/Kcmd
where: W1 sedion modulusof dedk transverses,in m3, asrequired in this Sedion,
I T gpan of dedk transverses,in m;
Kt material fador.

2.8.7.7The web depth of ded transverses is not to be lessthan 1.6 times the depth of cut-outs
for the passage of ded longitudinals. The cutouts in ded transverses are to be designed to
minimize the creation of stressconantration on the web. The web thicknessof ded transversesis
not to be lessthan 1%of the web depth plus4 mm.

2.8.7.8Holes cut for the passage of pipes or caldesin the web of ded transverses are to have a
depth not greater than 25% of that of the web and a width not exceedng 60% of the spadng of
dedk longitudinals or the web depth, whichever isthe greater, otherwisecompensation isrequired.
Normally the compensation is achieved by fitting doublers, spigots or insert plates for
strengthening, and the crosssedional area of such strengthening piecesisto be not lessthan that
lost from the web due to openings. The strength level of the material of strengthening piecesis not
to be lower than that of the web material. The edges of holes are not to be lessthan 40% of the
web depth from the face plate of ded transverses. The edges of the holes are to be smooth and
well rounded. The holes are not to be concentrated in the spacings of adjacert longitudinals. No
holes are to be cut on the web of dedk transverses within 200 mm from the bradet toe of deck
transverses.

2.8.7.9The ends of deck transverses are to be bradketed to frames or web frames or longitudinal
bulkheads, and the scartlings of bradkets are to comply with the relevant provisionsin 1.2.7 of
this PART. Where the conrection between dedk transverses and web frames or longitudinal
bulkhead verticd websis designed as an integral structure, a ring system isgenerally to be formed
and conrecting bradets are to have the form of an circular arc with a radius generally not less
than the web depth of dedk transverses or web frames or longitudinal bulkhead vertica webs,
whichever is the smallest. The bradets are to be provided with a face plate to conrect the face
plate of dedk transverses and that of web frames or longitudinal bulkhead verticd webs, and the
scartlings of the face plate are to be the same asthoseof the face plate of ded transverses.
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2.8.8 Dedk hatch side girders
2.8.8.1Where weather ded hatch side girders (induding weather dedk hatch side coamings) ad as
dedk girdersand are supported at both ends of the hatchway, their section modulusW and sdion
momernt of inertia | are not to be lessthan thoseobtained from the following formulae respedively:
W =7hbl2ZK cnm?
| =2.6WI/Kcmt
where: h 1 design head of dedk, inm, see 2.8.1.1 of this Sedion;
bt meanwidth, inm, of deck area supported by dedk hatch side girders;
I T span of dedk hatch side girder, inm;
Kt material fador.

2.8.8.2The sedion modulus W and sedion momert of inertia | of Q (eén ded hatch side girders
are not to be lessthan thoseobtained from the following formulae respedively:
W =5.2hbl2K cm?
| =2WI/Kcnt

where: h1 design head of ded, in m, see 2.8.1.1 of this Sedion;

bt meanwiddth, in m, of dedk area supported by @veen ded hatch side girders;

| T span of Q (e@n dedk hatch side girder, in m;

Kt material fador.

2.8.8.3Where Q (eén dedk hatch side girdersare subjed to concerirated loads, the section modulus
isto beincreased to 1.1 timesthat obtained accadingto 2.8.33 or 2.8.34 of this Sedion.

2.8.8.4The depth of the web of dedk hatch side girders below ded is not to be lessthan that of the
beam web to which it isconneded.

2.8.8.5The thickness of the web of deck hatch side girders isobeé less than 1% of its depth plus
4 mm. The thickness and structure of hatch coamings are to comply with the requirements of
2.20.3.2 of this Chapter.

2.8.8.6In the cdculation of the section modulus and sedion momert of inertia of dedk hatch side
girders (induding hatch coanings), the upper edge of the horizortal face plate (exduding holesin
the face plate) of hatch coamngsmay be induded, or only the upper edge of the horizortal stiffener
is tobe induded if no horizortal face plate isfitt ed.

2.8.8.7A gradud transition in depth is to be made for the extension of dedk hatch side girders.

2.8.8.8Where the ded is framed longtudinally, ded hatch side girders are to be brackded to dedk

transverses. Where the web depth of dedk hatch side girders below ded isthe same asthat of dedk

transverses, the girders and transverses are to be direcly conne¢ed. Where the spadng of dedck

transversesis greater than two frame spaces, an addtiond tripping bracke isto be fitted between

the transverses. Thistripping bracke isto extend to the face plate of the dedk hatch side girder and

to the adjacen dedk longtudinals. The thicknessof the bracke isto be the same asthat of the web
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plate of adjacert dedk transverses, and the flange or face plate of the brackd isto compy with the
provisionsin 1.2.66 of this PART.

2.8.8.9Where the ded is framed transversely, a bracke isto be fitted at the connedion between
ead beam and ded hatch side girders. Thesebrackds are to extend to the face plate of dedk hatch
side girders, and the scartlings of the brackes are to compy with the provisions in1.26 of this
PART.

2.8.9 Hatch end beans
2.8.9.1Hatch end beamsare to be fitted in accadance with the following requirements:

(1) Where a pillar complying with the requirements of Section 10 of this Chapter isfitted at each
corner of the hatchway (i.e. hatch end beams do not support hatch side girders), the sedion
modulus of hatch end beamsis to meet the requirements of 2.8 2.1 of this Sedion, but in this
case, sin the formulais tobe the acual width of dedk area supported by hatch end beams.

(2) Where hatch end beams support the full load of hatch side girders, pillars are fitt ed below the
beams at the longitudina certerline of ded and ded longitudinal girders or longitudinal
bulkheacs are also fitted at the longitudina certerline, hatch end beams are to be
continuous within the breadh of ship and their sedion modulus W and sedion momernt of
inertia | are not to be lessthan thoseobtained from the following formulae respedively:

W =4 .6¢chAlKcm?

[ =3wWl/Kcent
where: | T span of hatch end beams,in m;
Kt material fador;
AT load area, in m?, to be determined accadingto the following condtions:

Where the ded is framed longitudinally and the extension of hatch side girders supports
one or more dedk transverses, see Agure 2.89.1(1): A=FL +2F3 + 4 + 5
Where the ded is framed longtudinally and the extension of hatch side girders does not
support any dedk transverse, see Figure 2.8.9.12): A= F1 + F2 + F3
2 KSNBE (KS RSOl Aa FTNIXYSR UN}yaoBhamm@t e oAl
A=FL+F4
2 KSNBE GKS RSO1 A& FNIYSR (NI} yagSNBFgbré | yR
2.8.9.1(4)A=F1 + F4;
ht design head of dedk, in m, see 2.8.1.1 of this Sedtion;
c1 codficient, to be taken accadingto the distance a between the hatch side

girder and the longitudinal certreline: c =1.6 for axl/2 (I being span of hatch end beams), c=1.5for
I I/3¢and cisto be obtained by interpolation for I/3 <a <I/2.
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Figure2.8.9.1

2.8.9.2The connections between hatch end beams and frames or web frames or longitudinal
bulkheads are to comply with the requirements of 2.8.7.9 of this Section.

SECION 9 ¢ CANILE/ERS

2.9.1 General requirements

2.9.1.1Cantilevers covered by this Sedion are the ded transverses extending from ship side to the
dedk hatch side girders supported by them. The structural configuration of cartilevers and their
supportingframesisas shownin Hgure 2.9.1.1.

- l*”_ —

\K,
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b,
" _
i
./
=
"
3
X

Figure2.9.1.1

2.9.1.2The considered sections of the cantilever and its supporting frame are to be the
corresponding sections at the toe of the connecting bracketdt.éhe tangential point of the arc of
the bracket).
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2.9.1.3The requirements of this Section are applicable to ships having cantilevers approximately
equally arranged, hatch side girders supported by cantilevers and uniform loading on decks and
hatch covers.

2.9.2 Cantilevers
2.9.2.1The sedion modulus W; of the considered sedion of cartileversis not to be lessthan the respedive
values given below:
(1) Where cartileversare not supported by hatch side girders:
W, =3069(li hy + bo ho)Kems3
where: St load width of cartilever, in m;
lit spanof cartilever, in m;
bot width of hatch,in m;
h;T design head of ded outside the line of hatch openings, in m, see 2.8.1.1 of this
Chapter;
h,t design head of ded or hatch cover inside the line of hatch openings, in m, see
2.81.10r 2.202 of this apter;
Kt material fador.

(2) Where both ends of hatch side girders are fitted with the hatch end beams complying with the
requirements of 2.8.9 of this Chapter and cantilevers are partially supported by hatch side
girders:

W =Wob GeneB
where: Wo=306 S (i hy + b hy)Kem?®
where: S i, bo, h1, h2T see (1) above;
where: Wy T sedion modulus of the hatch side girder derived from 2.8.8.1 or 2.88.2 of this
Chapter, in cm?, and the span of cartileverstaken asthe spadng of cartilevers;
W, T sedion modulus of dedk girders on the extension line of hatch side girders, in cn®,
derived from 2.8.3 of this (hapter, and W, is tobe taken not greater than Wh,;
nt number of cartileversbetween hatch end beams;
InT length of hatch,in m;
lit spanof cartilevers,in m.

(3) Where both ends of hatch side girders are supported by transverse bulkheads and cantilevers
are partially supported by hatch side girders:

=g L i —QG—(I—Q}E] cm’?
L R

]

where: W, G, ntT see (2) above;

O='r_"‘:

’rb
where:
In, Ib T See Agure 2.92.1(1) of this Sedtion,
4 (7, +W,) ncm in cm? for hatch end beams the midpoint of which is not supported

n+l by pillars, etc., or
F=_4 [ (7, + H-'JJ—E—I-‘{IT': Ay in cnmB, for hatch end beams the midpoint of which is supported
n+1 b, by pillars or bulkheads,
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where:

W1, W2 and W3 are sedion moduli of hatch end beans, in cm?, as shown in Fgure
2.92.1(2), W2 isto be taken as the lesser of the secion moduli of hatch end beamsat both
sides of the line of hatch openings; li, bo T see Fgure 2.9.2.1(1) of this Sedion.

And in addition, the secion modulus Wi of the cartilever isnot to be lessthan that obtained
from (2) above.

3 T
= e
T2 OO TR O S B [N N, S
| =&
<[ 2 j i 3
ol I
L E S f |
B s N I e
= A -

Figure2.92.1(1) Figure2.9.2.1(2)

(4) Where loading is concentrated at hatch side girders and cantilevers are partially supported by
hatch side girders:

W= Wo— g  omd
L

where: WQ T sedion modulus,in cm?, of the cartilever when subjeced to conentrated
loading and uniform loading, with no support from hatch side girders. In
the cdculation, the cartilever isto be assumed fixed at one end, and the
allowable bending stress is tdbe taken as 1152 N/mmz;
li, SWht see(1)and (2) above.
And in addtion, the sedion modulus Wi of the cartilever isnot to be less han thoseobtained from
(2) and (3) above.

2.9.2.2The moment of inertia | of theantilever at the section under consideration is not to be less
than that obtained from the following formula:
| =9 Wili/Ki cm?
where: Wit sedion modulus of cartilevers, incng, derived from the formulain 2.92.1 of this
Sedion;
lit spanof cartilevers,in m;
Kit material fador.

2.9.2.3The net sectional area A the cantilever web is not to be less than that obtained from the
following formula:
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-

4

0.283 I,
IT'."—‘

P

Ax=043 Ei 2h X + b b, +

Lo

where: S b0, h1, h2 1 see 2.92.1(1) of this Sedion;

X1 distance in m, between the sedion of cartilever under consideration and the hatch

side girder;

Wo T see2.92.1(2) of this Sdion, in crm?;

Wi 1 sedion modulusof cartilevers,in cm?, asrequired in 2.92.1 of this Sedion;

Pct concentrated loading, in kN, applied on the hatch side girder for cdculation in
accadance with 2.9.2.1(4) of this Sedion. Pc=0, if no concentrated loading is
applied.

2.9.3 Supporting frames
2.9.3.1The sedion moduus W at the considered sedion of supporting frames is not to be lessthan that
obtained from the following formula:

W, =S irf:—rf:,,_], cm?
fog | e

where: di, H, b, iT see Fgure 2.9.1.1 of this Sedion;
Wi T Sedion modulus of supporting frames of the cartileversonthe it 1 tier dedk, incms,
and Wg;+,1) =0 for the upper ded;
W, T sedion modulusof cartilevers,in cn?, asrequired in 2.92.1 of this Sedion;
i T tier sign of declks,i =1 for upper ded, i =2 for 2nd tier ded and soon.

2.9.3.2The scantlings of the supporting frames of the lower deck are, in general, not to hbdesthose
2F GKS &dzLL2 NI AYy3I FNIYSa 2F (GKS QieSSy RSO| 6208

2.9.4 Structural requirements

2.9.4.1Cantilevers and supporting frames are to be comeded by bradets. The radius of the arc of the
bracket is not to be less han ui. The sediond area of the face plate and the web thicknessof the bradket are
not to be less han thoseof the larger one of connected members. Tripping brackets are to be fitted at the
toes of the bradkets (i.e. in way of the considered sedion of the cartilever and supporting frame), and an
adequate number of stiffenersisto be fitt ed to the web comeaing the bradket. See Hgure 2.9.1.1.

2.9.4.2Where the deck is framed longitudinally, cantilevers are to be provided with tripping brackets in
accordance with the requirements @f2.5.4 of this PART; where the deck is framed transversely, the tripping
brackets of cantilevers are to be generally spaced 3 m apart.

2.9.4.3The minimum thickness of the web plate of cantilevers and supporting frames is not to be less than
1% of the web deptiplus 4.5 mm. Where the web depth is greater than 700 mm, vertical stiffeners are to be
fitted and spaced not greater than 1.5 times the web depth apart.

2.9.4.4The web depth and the sectional area of face plates of cantilevers and supporting frames may be
gradudly tapered from the considered section to the ends, but the minimum web depth at ends is not to be
less than 50% of the web depth at the considered section, and the sectional area of face plates at ends is not
to be less than 60% of that at the considersection. Longitudinals passing through cantilevers and
supporting frames are, in addition, to comply with the relevant requirements of 2.8.7.7 of this Chapter.
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2.9.4.5The effective area of the attached plating of cantilevers and supporting frames is to b&tealcu
according to the requirements of 1.2.2.1 of this PART.

2.9.4.6Where cantilevers and supporting frames consist of two or three combined members having a T
shaped cross section, they are to be regarded as a single cantilever, and the section modulus of such
combined cantilevers is to be determined according to 2.9.2.1 of this Section, and the individual modulus of
each cantilever is then determined by dividing this modulus by the actual number of cantilevers.

2.9.4.7The supporting frames in holds are to be secucelgnected to the inner bottom by brackets. Plate
floors or other stiffening arrangements are to be provided in the double bottom in line with cantilevers and
supporting frames.

2.9.4.8The web depth of hatch side girders below the deck is in general not tsbéhan that of the web
plate at the end of cantilevers. Cantilevers and hatch side girders are to be securely connected with each
other.

155



PART B HULLSURVEYS

SECION 10-PILIARS

2.10.1 Load supported by pillars
2.10.1.1The load P supported by the pillar is to be cdculated accadingto the following formula:
P=7.06abh + PO kN
where: at length of dedk areasupported by the pillar, in m, asshown in FHgure 2.10.1.1;
b1t mean width of dedk area supported by the pillar, in m, as shownin Fgure 2.10.1.1;
ht design head of the deck supported by the pillar, in m, see 2.8.1.1 of this Chapter;
Pot load transmitted from the pillar above, in kN.

Figure2.101.1

2.10.2 Crosssectional area of pillars
2.10.2.1The crosssedion area A of pillarsis not to be lessthan that obtained from the following

formula;
KP cm?

where: PT see 2.10.1.1 of this Sedion;

I T the effedive length of pillars, in m, to be taken as 0.8 times the whole length of
pillars;

r T minimum radius of gyration of the crosssedion of pillars,in cm;

Kt material fador, but it isnot to be taken lessthan 0.72.

2.10.3 Minimum wall thickness of pillars
2.10.3.1The wall thicknesst of tubular pillarsis not to be lessthan the following:
P

e
0392d, - 49] i
d

r=—2 mm
40

where: Pt see 2.10.1.1 of this Sedtion;
T see2.102.1 of this S=dion;
dp Tt mean diameter of tubular pillars, in mm.
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The minimum wall thicknessof tubular pillars isto be 5 mm for shipQ &ngtli L <60 m; 6 mm for
60 m X_<90 m and 7 mm for L90 m.
2.10.3.2The built or rolleesection pillars are taomply with the following requirements:
(1) The wall thicknesst of hollow readangular pillars or the web thicknesst of I-shaped
or chamel-sedion pillarsis not to be lessthan the lesser of the following:
br

.r=—_
60/

mimn

f=—

55

where: bt length of hollow recangular pillars or web depth of I-shaped or channel-
sedion pillars,in mm;
l,r T see2.10.2.1of thisSedion.

The minimum wall thickness of hollow recangular pillars or the minimum web
thickness of I-shaped or chamel-sedtion pillars is not to be lessthan 5 mm for ship@
length L< 60 m, 6 mm for 60 m >¥_<90 m and 7 mm for L>x90 m.

(2) The side thickness t of angular pillars and the face plate thickness t of cksautien pillars

are not to be less than the lesser of the following:
o
f= b_ mm
18
where: bt side length of angular pillars or face plate breadth of channel-sedion pillars,
in mm;
I, r T same asdefined in 2.10.2.1 of this Sedion.

(3) The thickness t of face plate ethaped pillars is not to be less than the lesser of the

following:

br
f=—
401

b
36
where: bt breadh of face plate of I-shaped pillars,in mm;

I, r T same asdefined in 2.10.2.1 of this Sedion.

t mm

2.10.4 Strengthening of structures at heads and heels of pillars

2.10.4.1The structures at the heads and heels of pillars are to be so arranged that loads are
reasonablysupported and transmitted. Tubular and hollow rectangular pillars are to be attached at their
headsto plates supported by efficient bradkets. Longitudinal and transverse brackets are to be fitted at the

heads and heds of the built or rolled-section pillars. Doubler or insert plates are to be fitted below pillars.

2.10.4.2Pillars are to be fitted on plate floors or girders, and these plate floors or girders are to be fitted
with verticd stiffeners. Widely spaced pillars are to be fitted at the intersection of plate floors and girders
and if they are not fitted at the intersection, partial floors or girders are to be fitted below such pillars.
Manhdesare not to be cut in the floors and girders below pillars.

2.10.4.3Where pillars are fitted on a shaft tunnd or any weak framing, structural strengthening is equired
in way of the pillars.

2.10.4.4For pillarsfitted inside ballast tanks or other tanks, attention isto be given to the effeds of possble
tensions.
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2.10.4.5Tubular or hollow rectangular pillars are not to be used inside oil tanks.
SECION 11 - NON-WATERTIGHTPILLARBULKHERDS

2.11.1 General requirements
2.11.1.1 The minimum thickness of bulkhead plating is to be 7 mm in lower holds and 6 mm in
G6SSy RSO1&a YR #KSNB (KS akKALIQa fSy3aidk Aa €S

2.11.1.2 The maximum spacing of bulkhead stiffeners is to be 1,500 mm.

2.11.1.3 The sectional area A of bulkhead stiffeners (including attached plating not excesifing
mm in width), which support beams, longitudinals, girders, transverses, etc., te betless than
the following:

: s
A= EE cm®  for—<80
i

. < 8
A= cm- for—=120
486-1475— J

~E

s
4 1s to be obtained by interpolation for 80 <—< 120
t

where: P, r 1 see 2.10.21 of this Qiapter;
| T span of stiffeners,in m;
ST gpadngof stiffeners,in mm;
t T thicknessof bulkhead plating, in mm;
K@ material fador, to be taken not lessthan 0.72.

2.11.1.4 The minimum web depth of stiffeners is to be 150 mm in lower holds and 100 mm in
QisSSy RSO14a4 YR 6KSNB (GKS akKALIQa fSyadkK Aa f
and 75 mm respectively.

SECTION I2VATERTIGHT BULKHEADS

2.11.2 Generalrequirements
2.11.2.1 Watertight bulkheads are to comply with the requirements of this Sedion and in
addition, the relevant requirements of Section 12, Chapter 1 of this PART.

2.11.2.2 The total number of transverse watertight bulkheads is, in general, not to be less than

that given in Table 2.12.1.2. For ships over 190 m in length, this number is to be determined by
dired cdculation.
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Table 2.121.2-Total Number of TransverseWatertight Bulkheads

« A yp f MApP f| MHpP f| Mnp f| MCcp f
tKALQA T3 X qen 105 125 145 165 190
Machinery amidships| 4 4 5 6 7 8 9
Machinery aft 3 4 5 6 6 7 8

2.11.2.3 Transverse watertight bulkheads are to be fitted ancordance with the following

requirements:

(1) All transverse watertight bulkheads are to extend to the bulkhead dedk, except callision
bulkheadsand after peak bulkheads.

(2) The bulkheadsin the holdsare to be spaced at uniform intervals. Where the length of ahold is
greater than 0.15L or 30 m, whichever is the greagter, transverse structures are to be
strengthened and relevant supporting documents are to be submitted.

(3) Where it is impradicalde for the arrangement of transverse watertight bulkheads to comply
with Table 2.12.1.2 due to the requirements of a edal trade, one or more of thesebulkheads
may be dispensed with, subjed to suitable structural compensation and demonstration by
dired cdculation that the transversestrength is adequate.

2.11.2.4 Where the bulkheads form the boundaries of deep tanks, the bulkhead structures are also
to satisfy the requirements of Section 13 of this Chapter for the deep tank bulkheads.

2.11.2.5 The bulkheads may be of the plane, symmetrically corrugated or deplated type.

2.12.2 Gollision bulkhead
2.12.2.1For the cdculation of structural members of callision bulkheads, the value hiisto be 1.25
timesthe height required accadingly.

2.12.3 Plane bulkhead plating
2.12.3.1The thikness t of the plane watedht bulkhead plating is not to bkess than that obtained
from the following formula, nor less than 5.5 mm:
r=4sﬁ min

where: st spadngof stiffeners,in m;

ht verticd distance in m, measured from the lower edge of the plate in a strake to the

bulkhead dedk at side, to be taken asnot less han 2.5 m;
Kt material fador.

2.12.3.2The thikness of bukhead plating in way of lgiés or bige wells is to be increased By mm,
and the thickness of bulkhead plating in way of the passage of the stern tube is to be doubled.

2.12.3.3The lowest strake of bkiheads is not to be less than 900 mm ingmtimeasured from the
inner bottom, or from the bottom in the case of gla bottom. Where a doble bottom is preided
on one side and a gife bottom on the other side of the bkihead, the lowest strige is to etend at
least 300 mm abee the flat portion of the dable bottom.
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2.12.3.4Where the differena in thickness between the bulkhead and the web of longitudinal
girders attacheal to the bulkhead istoo great, the thicknessof bulkhead plating in way is to be
increased.

2.12.4 Plane bulkhead stiffeners
2.12.4.1The sedion modulus W of bulkhead stiffeners is not to be lessthan that obtained from
the following formula:
W =Cdsl2ZKcm?
where: st spadngof stiffeners,in m;
ht verticd distance in m, measured from the mid-span of stiffeners to the bulkhead
ded at side, but not to be taken aslessthan 2 m;
| T gspan of stiffener, inm;
Ct codficients, to be taken asfollows:
C =6, for stiffeners unattached at both ends, or direcly attached to unstiffened plating;
C=3, for stiffeners braceted at ends; stiffeners directly lapped to longitudinal members
at ends; stiffeners diredly conmneded to longitudinally framed ded plating (inner
bottom) at ends, and the stiffeners are in line with the webs of longitudinals;
stiffeners diredly conrected to ded plating or girder web at ends, provided that
the other side of the dedk plating or girder is conneded to an adjacent member
having at least the same cross dion asand in line with the said stiffener;
Kt material fador.

2.12.4.2Where atransverse bulkhead supports dedk girders, bulkhead stiffeners are to be fitted in
way of the dedk girders. The sedtiond area of thesestiffenerstogether with attached platingisalso
to comply with the requirements of Sedtion 11 of this Chapter for non-watertight pillar bulkheads.

2.12.4.3The scartlings of end bradkets of bulkhead stiffeners are to comply with the provisions in
1.2.6 of this PART. Siffeners unattached at ends are applicalde only in the upper @veen dedk
spaces.

2.12.4.4The bradkets at the ends of stiffeners are to be extended and efficiently welded to the
beams or floors adjacert to the bulkhead respedively. Where the ded or bottom is framed
longitudinally and where the bradkets at ends of stiffeners are not in line with longitudinals,
stiffening bars are to be fitt ed between the ends of bradets and longitudinals.

2.12.4.5The minimum web depth of stiffenersis to meet the requirements of 2.111.4 of this
Chapter, and the thicknesst of the web is tomeet the following requirements:
._d,

.
For rolled or combined stiffenerswith flange or face plate: ~ 60k

=

du
For flat bar stiffeners  18VE
where: dw @ depth of stiffener webs,in mm;

1
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Ko material fador.

2.12.5 Bulkheads with symmetricd corrugaions
2.12.5.1 Symbols for the dimensions of corrugations are as shown in Hgure 1.24.3, Chapter 1 of
this PART.

2.12.5.2Dimensions of corrugationsare to comply with the followingrequirements:
(1) The sedion modulusW of a corrugation over a padngisnot to be lessthan that obtained from
the following formula:
W =Cdl2Kcm?
where: | T span of corrugation, in m;
ht verticd distance inm, measured from the mid-span of the corrugation
to the bulkhead dedk at side, but not to be taken aslessthan 2 m;
ST spadngof corrugations,in m;
Ct codficient, to be taken accadingto the end fixity as spedfied in Table 2.12.5.2;
Kt material fador.
(2) Theandeh twé&en web and flange of corrugaionsisnot to be lessthan 40°.
(3) Where the span of corrugaion exceed 15 m, adiaphragm plate isto be arranged near the mid-
span or equivalent measuresfor strengthening are to be taken.

Table 2.125.2-Value of Coefficient C

ren . -
Upperend Directly connected to deck | As shown in Figure 2.12.5.2(2) or (
Lowerend
As shown in Figure 2.12.5.2(1) or (2) or 5.04 3.84
Deck Deck
1 / .
| (1 Deck or
: : girder
; T
Lo | I
i Inner 'l | Inner l Inner
It bottom [ | bottom bottom
! | | —— L poias
1L/ ! L
Floor L Floor Floor{ FkUFloor Floor L loor
(1) (2) (3)

Figure2.125.2

2.12.5.3rhe plating thickness t of bulkheads with symmetrical corrugations is to comply with

the requirements of 2.12.3.1 of this Section, and the following formula is to be complied with:

= a biiiin at top

85K

tZ2—— mm at bottom

where: a @ width of corrugation flange, in mm;

K@ material fador. Inthe caseof higher tensile steel where the material factor for a
lower strength level can still satisfy the requirements for plate budling check (see
als01.5.9 Chapter 1 of this PARYT) in dired cdculation, the value of Kfor a lower
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strength level may be taken.

2.12.5.4The plating thickness at the m&pan of corrugated bulkheads is to be kept up to not
less than 0.2l above the nmispan.

2.12.6 Double plate bulkheads
2.12.6.1 The seaion modulus W of webs of double plate bulkheads is not to be lessthan that
obtained from the following formula:
W =Csl2Kcm?

where: s@ spadngof webs,in m, see Hgure 1.24.4 of Chapter 1 of thisPART,

h @ verticd distance in m, measured from the mid-span to the bulkhead ded at side,

but to be taken as not lessthan 2 m;

| T spanof webs,inm;

Ct coeficient, to be taken acordingto the end fixity as spedfied in Table 2.126.1,;

Kt material fador.

Table 2.126.1-Value of coefficient C
Upper end

Lower end Directlyconnected to deck | As shown in Figure 2.12.5.2(2) or (

As shown in Figure 2.12.5.2(1) or (2) or 3.96 3.00

2.12.6.2 The scartlingsof double plate bulkheads are to compy with the requiremerts of 2.123.1
and 2.126.1 of this Sedion and in addition, the following requirements:
(1) The platingthicknesstp of double plate bulkheadsisto comply with the following requirements:

5

ISNKE

= mm at top

mm at bottom

65K

where: & gpadngof webs,in mm;

K@ material fador. Inthe case of higher tensile steel where the material fador
for alower strength level can still satisfy the requirements for plate buckling
check (see also01.5.9 Chapter 1 of this PART) in dired cdculation, the value
of Kfor a lower strength level may be taken.

(2) The plating thicknesstw and the shear area Aw of the web of double plate bulkheads are to
comply with the following requirements:

. b
he>——0 mm  at top
85VK
w .
A4w2012— cm?
[z b mm  at bottom
75VK

W %
Aw 201 ST cm?

where: b ¢ spadng of plates of double plate bulkheads,in mm;
W1 sedion modulusrequiredin 2.126.1 of this Sedion, in cn®;
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| T spanof webs,inm;

K@ material fador. In the case of higher tensile steel where the material facor
for a lower strength level can still satisfy the requirements for plate budling
check (see als01.5.9 (hapter 1 of this PART) in dired cdculation, the value
of Kfor a lower strength level may be taken.

2.12.6.3 The plating thickness at the mgpan of double plate bulkheads is to be kept up to not
less than 0.2] above the mgpan. Manholes or similar openings are not to be cut in the webs of
double platebulkheads within onehird of their length from either end.

2.12.7 Girders
2.12.7.1 The sedion modulusW of girdersis not to be less han that obtained from the following
formula:
W =6.6bhl2K cnm?

where: bt breadh of the area supported by the girder, in m;

ht verticd distance in m, measured from the mid-span of girdersto the bulkhead dedk at

side, but to be taken not less tian 2 m;

I T spanofgirder,inm;

Kt material fador.
2.12.7.2 The web depth of girdersis not to be lessthan 2.5 timesthat of the supported bulkhead
stiffeners, and the breadh of the face plate of girders isnot to be more than the web depth or 35
timesthe thicknessof the face plate.

2.12.7.3 The girder ends are to be conneded by brackds. The brackds are to extend to the
adjiacert frames or bulkhead stiffeners. The scartlings of brackes are to comgy with the relevart
provisionsin 1.2.7 of this PART.

2.12.8 Watertight bulkhead steps
2.12.8.1 The sedion modulus W of beams of dedks or flats forming the stepsin bulkheads is not
to be lessthan that obtained from the following formula:
W =4 .2shl2ZK cnm?

where: sT spadngof beams,in m;

ht verticd distance in m, measured from the dedk or flat forming bulkhead stepsto the

bulkhead dedk at side, but to be taken not lessthan 2 m;
| T span of beams,in m, but to be taken not lessthan 2 m;
Kt material fador.

2.12.8.2 The thicknessof plating of the dedk or flat forming the stepsin bulkheadsisto be 1 mm
thicker than that required in 2.12.31 of this Se¢ion, and in thiscasesin the formulaisto be taken
asthe spadng of beans.

2.12.8.3 The thickness of plating of the ded or flat forming the steps in bulkheads and the
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scartlings of beans are in no caseto be lessthan thoserequired, asappropriate, in Se¢ions4 an8
of this Chapter for deck plating amgams.

SECIDN 13 - DEEPFTANKS

2.13.1 Generd requirements
2.13.1.1 The deep tanks referred to in this Sedion are those loaded with liquids, such as water,
oil fuel, vegetable oil, spail, etc., which form a part of hull within tank or Wveen dedk.

2.13.1.2 For ballast tanks with ballast water excharge by overflow method, the design presaure
head h is, in addtion to complying with the requirements of this Sedion, not to be lessthan the
verticd distance from the cdculation point to the overflow point.

2.13.2 Plane bulkheads
2.13.2.1 The thicknesst of plane bulkhead plating is not to be lessthan that obtained from the

following formula:
t=3.955+JphK +2.5 mm

wheresso aLJ OAy3 2F A0GAFFSYSNREZI Ay YT
ht vertical distance, in m, measured from the lower edge of the plate in a strake to
the top ofthe deep tank, or half the distance to the top of overflow, whichever is
the greater,
" 1 densityof liquid, in t/ m3, to be taken not less han 1.0%5;
K@ material factor.
The thicknessof bulkhead plating is not to be lessthan 8 mm for L 90 m; not to be lessthan 7
mm for 60 m X< 90 m; and not to be less than 6 mm for L<60 m.
2.13.2.2 The thicknessof bulkhead plating in way of bilges or bilge wellsisto be increased by
25 mm.

2.13.2.3 The sedion modulus W o stiffeners of bulkheads is not to be lessthan that obtained
from the following formula:
wW=8s KKcm?
where: s@ spadng of stiffeners,in m;
| T gpan of stiffener, inm;
ht verticd distance in m, measured from the mid-span of the stiffener to the top of the
deep tank, or half the distance to the top of overflow, whichever isthe greater. The
ends of stiffeners are to be conneded by bradkets, and the scartlings of these
bradkets are to be in accadance with the relevant requirements in 1.26 of this
PART. The ends of the stiffeners may also be conrected diredly to the dedk plating
or girders provided that the other side of the dedk plating or girder is comeded to
an adjacert member having at least the same crosssedion as and in line with the
said stiffener;

" 1 densityof liquid, in t/ m3, to be taken not less han 1.025;
K@ material fador.
The sedion moment of inertia | of stiffenersis not to be lessthan that obtained from the following
formula:
| =2.3WI/Kcmt
where: W, | T same as defined above.
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2.13.3 Bulkheads with symmetrical corrugations
2.13.3.1The scartlings of the bulkheads are to be in accadance with the following requirements:
(1) The sedion modulusW of a corrugation over a gpadngisnot to be lessthan that obtained from

the following formula:
W =G hl’Kcm?

where:| T span of stiffener, inm;

ht verticd distance in m, measured from the mid-span of the corrugation to
the top of the deep tank or half the distanceto the top of overflow, whichever
is the greater;

" 1 densityof liquid, int/ m3, to be taken not less han 1.025;

ST gpadngof corrugation, in m;

C1 codficient, to be taken acwording to the end fixity as spedfied in Table

2.133.1;

K@ material fador.

Table 2.133.1 - Value of coéfficient C
Upper end

Lower end Directly connected to deck | As shown in Figure 2.12.5.2(2) or (

As shown in Figure 2.12.5.2(1) or (2) or 13.30 10.30

(2) The ande " between web and flange of corrugaionsisnot to be lessthan 40°.
(3) Where the span of corrugations exceed 15 m, a horizorntal girder is to be arranged nea the

mid-span.

2.13.3.2The plating thicknesst of corrugaed bulkheads is to compy with the requiremernts of of
this Sedion, and the following formulais to be complied with:
a
10K
where: a1t width of corrugation flange, in mm,

K@ material fador. Inthe caseof higher tensilesteel where the material facor for
alower strength level can still satisfy the requirements for plate budling
chedk (see als01.5.9, Chapter 1 of this PART)in dired cdculation, the value
of Kfor a lower strength level may be taken.

= mim

2.13.3.3The plating thicknessat the mid-span of corrugaed bulkheads isto be kept up to not less
than 0.2l aboe the mid-span.

2.13.4 Double plate bulkheads
2.13.4.1 The sedion modulus W of webs and the spadng b of plates of double plate bulkheads
are not to be lessthan thoseobtained from the following formulae:
W=G"hl’Kem?
b =40 mm
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where: st spadng of webs,in m;
ht verticd distance in m, measured from the mid-span to the top of the deep tank or
half the distance to the top of overflow, whichever is the greater;
" 1 densityof liquid, int/ m3, to be taken not lessthan 1.025;
I T spanof web, inm;
Ct coefficient, to be taken accadingto the end fixity as spedfied in Table 2.134.1;
Kt material fador.

Table 2.134.1 - Value of coefficient C
Lower end Upp Directly connected to deck As shown in Figure 2.12.5.2(2) or (3)
As shown in Figure 2.12.5.2(1) or (2)3r 10.20 8

2.13.4.2 The plating thickness tp of double plate bulkheads is to comply with the requirements of
2.13.2.1 of this Section and in addition, the following formulae are to be complied with:

- 5
| — mm at top
P =

15K

- 5

fo=—"_ mim at bottom
P =

65K

where: st spadng of webs,in mm;
Ko material fador. In the caseof higher tensile steel where the material factor for a lower
strength level can still satisfy the requirements for plate buckling ched (see also1.5.9,
Chapter 1 of this PART)in dired cdculation, the value of K for a lower strength level
may be taken.

2.13.4.3 The plating thicknesstw and shear area Aw of webs of double plate bulkheads are to

comply with the following requirements:
b

w2 —— mm  attop
85VK
A= 0_071 cm?
I
1 s_® mm  at bottom
WK
Aw= 0.10”7 cm?

where: b T spadng of plates of double plate bulkheads,in mm;

W1t sedion moduusrequiredin 2.134.1 of thisSedion, in cne;

| T spanof webs,inm;

Ko material fador. In the case of higher tensile steel where the material facor for a
lower strength level can still satisfy the requirements for plate budling ched (see
als01.59, hapter 1 of this PART)in dired cdculation, the value of Kfor a lower
strength level may be taken.

2.13.4.4 The plating thicknessat the mid-span of double plate bulkheads isto be kept up to not
lessthan 0.2| aboe the mid-span.

Manhdes or similar openings are not to be cut in the webs of double plate bulkheads within
one-third of their length from either end.
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2.13.5 Girders
2.13.5.1The sedion modulus W of girdersis not to be less han that obtained from the following
formula:
W=11.70 "|&Kcm?

where: b1 breadth of the area supported by the girder, in m;

ht verticd distance in m, measured from the mid-span of girder to the top of the

deep tank, or half the distanae to the top of overflow, whichever is the greater;

" 1 densityof liquid, in t/ m3, to be taken not lessthan 1.05;

| T spanof girder, in m;

K@ material facor.

2.13.5.2The sedion momert of inertia | of girders is not to be lessthan that obtained from the
following formula:

| =2.5WM/Kcmt
where: W, I, Kt same asdefined in 2.13.5.1 of this Sedion.

2.13.5.3The web depth of girdersis not to be lessthan 2.5 times that of the supported bulkhead
stiffeners, and the breadh of the face plate of girders isnot to be more than the web depth or 35
timesthe thicknessof the face plate.

2.13.5.4The girder endsare to be conneded by brackes. The brackds are to extend to the adjacent
frames or bulkheal stiffeners. The scartlings of the brackds are to compy with the relevart
provisionsin 1.2.7 of this PART.

2.13.6 Transverseside framing

2.13.6.1Famesare to comply with the following requirements:

(1) The sedion moduus of frames other than those of forepes and aft peak tanks is to be
increased by 15%above that required in Sedtion 7 of this Qapter.

(2) The sedion modulusW and sedion moment of inertia | of frames are to be not lessthan those
obtained from the following formulae in addtion to the requirement mentioned above:

W=6.85" RKcm?
| =35WI/Kemt

where: st spadngof frames,in m;

I T spanof frame, in m, the verticd distance measured from the upper edge of floor or
inner bottom to the side stringer, or between side stringers or from the side stringer
to the @veen ded;

ht verticd distance inm, measured from the mid-span of frame to the top of the deep
tank or half the distance to the top of overflow, whichever is the greater;

" 1 densityof liquid, int/ m3, to be taken not lessthan 1.025;
Kt material fador.
(3) Thearm lengh of end brackes of framesisto be increased by 20%above that required in 1.2.6
of this PART.
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2.13.6.29de strirgers supporting thérames are to comply with the requirements 2.13.5.3to
2.13.5.4 of this Section and in addition, to have a section modulus W and a moment of inertia | not
less than those obtained from the following formulae:
W=11.7b" RKcm?3
| =25WI/Kentt
where: b1 breadh of the area supported by the stringer, in m;
ht verticd distance in m, from the mid-span of stringer to the top of the deep tank, or
half the distanae to the top of overflow, whichever is the greater, but not lessthan
the distanae measured from the mid-span of stringer to the upper ded, or to a point
1.4d (d being the draught, in m) above the plate keel, whichever is the lesser;
" 1 densityof liquid, in t/ m3, to be taken not lessthan 1.025;
| T span of stringer, inm;
Kt material fador.

2.13.6.3 In deep tanks forward of 0.2L from F.P., side stringers are to be fitted and spaced not more
than 5 m apart, or perforated flats having scantlings complying with the requireme@td®fl.11 of

this Chapter are tde fitted. Where the length of the t&k exceeds 14 m and perforated flats are
fitted in lieu of the side stringers, web frames or transverse wash bulkheads are to be fitted.

2.13.6.4 The scartlings of web frames supporting the side stringers are to be cdculated accading
to 2.7.4.1 of this Chapter. But the design head h is to be taken as the vertica distance measured
from the side stringer to the top of the deep tank, or half the distance to the top of overflow,
whichever isthe greater, in m; but not to be lessthan the distance measured from stringersto the
upper dedk or to a point 1.4d (d being the draught, in m) above the plate keel, whichever is the
lesser.

2.13.7 Longtudinal side framing
2.13.7.1In addtion to complying with the requirements of Sedion 7 of this Chapter, the sedion
modulusW of side longitudinalsis not to be less than that obtained from the following formula:
W=8.8s" RKcm?
where: st spadng of longitudinals,in m;
ht verticd distance in m, measured from the longitudinal to the top of the deep tank or
half the distance to the top of overflow, whichever is the greater;

" 1 densityof liquid, in t/ m3, to be taken not lessthan 1.025;

| T gpan of longitudinal, in m;

Kt material fador.
The end conrections of side longitudinals are to comply with the relevant requirements of 2.75.7.
The arm length of the end bradkets is to be increased by 20% above that required in 1.26 of this
PART.

2.13.7.2The sectiormodulusW of the web frames supporting the side longitudinals is not to be less
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than that obtained from the following fonula:
W=11.7s" RKcm®
where: st spadngof web frames,in m;
ht verticd distance in m, measured from the mid-span of web frame to the top of the
deep tank, or half the distance to the top of overflow, whichever is the greater;

" 1 densityof liquid, in / m3, to be taken not lessthan 1.025;
I T spanof web frame inm;
Kt material fador.

2.13.7.3The section mment of inertia | of web frames is not to be less than that obtained from the
following fomula:
| =2.5WM/Kcmt
where: W, I, Kt same asdefined in 2.13.7 2 of this Sedion.
2.13.7.41In deep tanks forward of 0.2L from F.P., the section modulus of web frames supporting the
side longitudinalss to be increased by 20% above that obtained from 2.13.7.2 of this Section.
In general, the spadng of web framesis not to be greater than 3.0 m for ships of 100 m in length
or lessand not greater than 4.2 m for shipsof 300 m or over in length, and the intermediate values
are to be obtained by interpolation. Where the depth of the tank exceeds 16 m, perforated flats
are to befitted, and transversesare to be fitt ed in way of the web frames.

2.13.8 Dedk plating and framing

2.13.8.1In addtion to complying with the requirements of Section 4 of this Chapter, the plating
thicknesst of the dedk (or flat) of deep tanksis not to be less han that obtained from the following
formula:

t=3.955.JphK +3.5 mm
where: st spadng of frames,in m;

ht verticd distance in m, measured from ded (or flat) to the top of the deep tank, or
half the distance to the top of overflow, whichever is the greater;

" 1 densityof liquid, in t/ m3, to be taken not less han 1.025;

Kt material fador.

The plating thicknesst of the dedk (or flat) is not to be lessthan 8 mm for ship@ kength L
90 m;

7 mm for 60 m >X{_<90 m; 6 mm for L<60 m.

2.13.8.2In addtion to compying with the requiremerts of Sec¢ion 8 of this Chapter, the sedion
modulus W o longtudinals or bearns of the decks (or flats) in deep tanksis not to be less han that
obtained from the following formula:
W=8.8s RKcm?
where: st spadng of longitudinalsor beams,in m;
ht verticd distance in m, measured from dedk (or flat) to the top of the deep tank, or
half the distance to the top of overflow, whichever is the greater;

" 1 densityof liquid, in t/ m3, to be taken not lessthan 1.025;
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| T span of longitudinal or beam, in m;
Kt material fador.
The sedion moment of inertia | isnot to be less thian that obtained from the following
formula:
| =2.3Wl/Kcmt
where: W, I, Kt same asdefined above.

2.13.8.3In addtion to compying with the requiremerts of Sec¢ion 8 of this Chapter, the sedion
modulus W o girders or transverses of decks (or flats) in deep tanks is not to be lessthan that
obtained from the following formula:
W=11.7S RKcm?
where: St spadng of girdersor transverses,in m;
ht verticd distance in m, measured from ded (or flat) to the top of the deep tank, or
half the distance to the top of the overflow, whichever is the greater;

"1 densityof liquid, int/ m3, to be taken not lessthan 1.025;
| T spanof girder or transverse, in m;
Kt material fador.
The sedion moment of inertia | isnot to be less thian that obtained from the following
formula:
| =2.5M/Kenmtt
where: W, |, Kt same asdefined above.

2.13.8.4The web depth of dedk girders or transversesisto compy with the relevart requremens
of Setion 8 of this Chapter.

2.13.8.5Indeep tanksforward of 0.2Lfrom F.P, the spadng of ded transverses supportingthe dedk
longtudinalsis tobe the same asthat of web frames as provided in 2.13.74 of this Setion.

2.13.9 Bottom framing

2.13.9.1The transversely framed single bottom in deep tanks forward of 0.2Lfrom F.P. isto comply

with the following requirements:

(1) Plate floors are to be fitted at every frame space, and the scantlings of floors are not to be less than
those required in 2.15.1.1 of this Chapter. In way of web frames, the depth of floors and scantlings of
face plates are not to be less than thogeveb frames.

(2) The section modulus W of the centerline girder is not to be less than the greater ofabtaseed
from the following formulae:

W =9a1I2Kcm?
W =9.8s" h2I2Kcm?
where: ST mean spadng supported by certerline girder, in m;
| T span of centerline girder, in m;
h, T verticd distance in m, measured from the mid-span to upper dedk at side; for the

region forward of 0.15L from FP, to 3 m above the ded for measuring minimum
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bow height (see Regulation 39 of the Internationa Convention on Load Lines, 1966);
h, T verticd distance in m, measured from the mid-span to the top of the deep tank,
or half the verticd distance to the top of overflow, whichever is the greater;
" 1 densityof liquid, int/ m3, to be taken not lessthan 1.025;
Kt material fador.
The sedtion moment of inertia | isnot to be less han that obtained by the following formula:
| =25WI/Kemtt
where: W, |, Kt same asdefined above.

(3) Intercostal side girders are to be fitted and spaced not more than three figraees apart. The
scantlings of intercostal side girders are to be the same as those of floors.

2.13.9.2Fa longtudinally framed single bottom in deep tanksforward of 0.2Lfrom F.P, the gpadng
of plate floors supporting longtudinals isto be the same asthat of the web frames as provided in
2.13.74 of this Setion. The plate floors are to be supported by a cortinuous certreline girder or a
longtudinal bulkhead The scartlings of plate floors and certreline girders are to compy with the
relevart requiremerts of Secion 3, Chapter 6 of this PART.

2.13.10 Wash bulkheads

2.13.10.1Where a deep tank extends from side to side of the ship, a wash bulkhead is to be
fitted on the certreline. Where the widest breadh of the tank exceeds 0.5B within the region
forward of 0.3Lfrom FP., awashbulkhead isto be fitted on the certreline of the tank. Where the
widest breadth of the tank exceeds 0.7B, it isrecanmended that a longitudinal bulkhead be fitt ed
on the certreline of the tank.

2.13.10.2 The thicknessof the washbulkhead isto be the same asthat required for the bulkheads
mentioned in this Se¢ion. The sedion modulus of the stiffeners of the washbulkhead is tobe equd
to 50%of that of thosebulkheads, but histo be measured to the top of the deep tank The stiffeners
are to be conneded by brackes at both ends. The area of perforations isnot to be lessthan 5%nor
more than 10%of the total area of the bulkhead

SECQION 14 - STIMS,STRN FRAMES BULBQJS BAVSAND PROPELLEBHAFT BRAKETS

2.14.1 Sems
2.14.1.1 The cross-sediond area A of bar stems up to 0.5 m above the summer load waterline is
not to be lessthan the following:
A=12Lcn? forL<90m

A=1.63LL38cn?  forL)x90m
where: Lt length of ship, inm.
Fom a position above 0.5 m from the summer load waterline, the cross-seciond area may be
gradudly tapered to the stem head where the area may be reduced by 25%

2.14.1.2 Thethicknesst of plate stemsup to 0.5 m abowe the summer load waterline isnot to be
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less than that obtained from th®llowing formula:
t=(0.08L +55WK mm

where: LT length of ship, in m, but not to be taken greater than 230 m;

Kt material fador.
From a position above 0.5 m from the summer load waterline, the plate thickness may be
gradudly tapered to the stem head where the thicknessmay be the same as that of the shell at
ends.
Plate stems are to be supported by horizontal webs spaced not more than 1 m apat, and the web
thickness isnot to be lessthan the thicknessof the adjacert shell plating. The webs are to be
extended aft to be conmneded to frames or side stringers, but at least beyond the butts of stem
platesand shell plating.
Where the radius of curvature of the stem is large, a cerntreline verticd web isto be fitted, having
the same thicknessasthe horizontal webs.

2.14.1.3 Caststeel stemsare to be easyfor manuadure, and all filletsare to hawe adequade radii.
The sediona area of cast steel stems isnot to be lessthan that of bar stems required in 2.14.11 of
this Sedion. Cast steel stems are to be provided with rib reinforcemert.

2.14.2 Sern frameswithout rudder post
2.14.2.1The stern frame without rudder post is composed of sole piece propeller post and
propeller boss.

2.14.2.2The scartlings of fabricated propeller posts(as shown in Fgure 2.14.2.2) are not to be less
than thoseobtained from the following formulae:

Length of stern frame: a=464L mm

Thickness of stern frame: =23 /L +3 mm

where: LT length of ship, in m.

2.14.2.3The scartlings of cast propéller posts (as shown in Hgure 2.14.2.3 are not to be less han
thoseobtained from the following formulae:

Length of stern frame: a=414L mm
Thickness of stern frame: fn= 3L mm

n= 4L mm
Radius of fillet: R=49.L mm

where: Lt length of ship, inm.

0\8a

| I - -

Figure 2.142.2(1) Figure 2.14.22(2) Fgure 2.14.2.2(3)
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0.8qa

Figure 2.14.2.3

2.14.2 AFalyicated or cast propeller postsare to be strengthenel by horizontal brackes at positions
dependngupon the hull framingand the structural arrangemerts of propeller posts,but the spadng
of the websis not to exceal 650 mm. Cast steel stern frames are to be easyfor manuadure, and
all fillets are to hawe adequde radius; where the radius of curvature is large, a verticd web is tobe
fitted.

2.14.2.5The sedion moduus Wz of sole pieces (see Fgure 2.14.2.5 abou the verticd neutral axis
(z-axis) at any considered section, is not to be less than that obtained from the following formula:

W =£Px cm?
* 80
where: P1 supporting force exerting by the sole piece on rudder blade, in N, to be cadculated

accadingto the relevant provisionsof Sedtion 1, Chapter 3 of this PART;

Kt material fador accadingto 1.3.17 of this PART for fabricated sole pieces; material
fador accadingto 3.1.1.3 of thisPART for cast sole pieces;

xT distana between the axis of rudder stock and the sedtion under consideration, in m,
to be taken not lessthan 0.5ls, Isbeing the maximum distance in m, (see Fgure
2.142.5).

=5

Fgure2.1425

2.14.2.6The section modulus Wef solepieces about the horizontal neutral axisgyis) at any
considered sedion isnot to be lessthan that obtained from the following formula:

Wy =0.5Wzcn?
where: Wz 1 sedion modulus,in cm?, to be caculated accadingto 2.14.2.5 of this Sedion.
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2.14.2.7The sectional area As at any section of the sole piece is not to be less than that obtained
from the following formula:
A;=£P mim*
48

where: P, KT see2.14.2 5 of this Sedion.

2.14.2.8 Within the length Is, the equivalent stress of any section of sole pieces is to be
determined from following formula:

0, =y0" +3] 115K N/mm®
where:
,in N/mmz2, where: P, x T see 2.14.2.5 of this Sedion, Wz being the sedion
modulus of the considered sedion abou z-axis,in cms;
v =2 in N/mm?, where: P1 see 2.142.5 of this Sedion, As being the sediona
A

area of the sedion under consideration, in mmg;
Kt see2.14.25 of this S=dion.

EIE

2.14.2.9In fabricated sole pieces, transverse webs are to be fitt ed and spaced not more than 760
mm apat. Where the breadh of the fabricated sole pieces exceed 900 mm, a cerireline vertica
web is tobe fitted.

2.14.2.10The sole piece isto extend forward from the fore end of the propeller bossfor at least 3
frame spaces and to befficiently connected to the plate keel. The sectional area of the extended
portion may be reduced gradually to the area required for effective connection with the plate keel.

2.14.2.11The stern tube shaft is to be efficiently conneded to the floor or bulkhead and the
thicknessof the floor is tobe increased by 3 mm.

2.14.2.12The finished thicknesst of the propéller bossin way of the passage of the stern tube shaft
or propeller shaft isnot to be lessthan that obtained from the following formula:

t =0.1ds + 60 mm, but not greater than 0.3ds
where: ds T diameter of stern tube shaft or propeller shaft, in mm.

2.14.3 Propeller postsof twin screw ships
2.14.3.1The dimensions of propeller postswhich are built integral with the hull of twin screw ships
(see Hgures 2.14.3.1(1), (2)) are not to be lessthan as given below:

Breadh of section: B=334J1 mm
Thicknessof sedion: n=33 x-"£ mm

=374 mm
ts=4.5 xI num

) . R=44.L
Radius of fillet: .

where: Lt length of ship, in m.
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Figure 2.14.3.1(1) Figure 2.14.3.1(2)

2.14.4 Propeller clearances

2.14.4.1 It is reconmendal that the minimum clearances (see Fgure 2.14.4.1) between the
propeller and the stern frame or between the propeller and the rudder be not less than the
following:

a=0.12Dm
b=0.20Dm
c=0.14Dm
d=0.04D m

where: D1 diameter of propeller, in m.

\
S

4
Rudder ‘

J/

L
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~_propelier
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"7 Sterm frame

\

L
“:
i
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Figure2.144.1

2.14.5 Bulbous bows

2.14.5.1Where a bulbous bow is fitted, the structural arrangemerts are to be such that the bulb

is adequately supported and integrated into the fore peak structure. The bulb is in general to be

strengthened asfollows:

(1) Atthe fore end of the bulb, the structure is to be supported by horizontal diaphragm plates
spaced about 1 mapart in conjunction with the certer girder;

(2) Verticd transversediaphragm plates are to be arranged in way of the transition from the peak
framingto the bulb framing;

(3) In way of a long bulb, addtionad strengthening inthe form of transverse wash bulkheads or
web frames spaced abou 5 frame spacesapat are generally to be fitted;

(4) In way of awide bulb, addtiona strengthening in the form of a certreline wash bulkhead is
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generally to be fitted;

(5) The shell platingisto be increased in thicknessat the fore end of the bulb and in other areas
likely to be damaged by the anclors and chan cales. The increased plate thicknessmay be
the same asthat required for plate stems.

2.14.6 Propeller shaft brackes

2.14.6.1 Propeller shaft bradkets may be made of stedl castings or fabricated from plates, or
made of cast or forged pieces conmneded by welding. The connedion of the arms to the bearing
bossis to be made by full peneration welding.

2.14.6.2 The scantligs of each arm and shaft bossing of hegtiane propeller shaft braket are
not to be less than agiven below:
Thicknessof arm: t=045d, mm

Crosssediond areaof arm:  4=04542 mm?

Thicknessof shaft bossng: t=033d;, mm
Length of shaft bossng: I=3d; mm

where: ds T diameter of stern tube shaft or propeller shaft at the location of shaft bradet, in mm.

2.14.6.3 The hull framing in way of the briget palm is to be stregthened and the shell plating in
way is to be increased in thitess agequired in 2.36.1 of this ChapterBradket arms are to be
carried throwgh the shell plating and efficiently attachedfloors, girders and shell platm

SECIDN 15 - SRENGTHENING AT ENDS OFSHP

2.15.1 Fore peak strengthening
2.15.1.1 Solidfloorsare to befitted at every frame The web depth h and thicknesst and the face
plate sedional area A of the floors are not to be lessthan those obtained from the following
formulae:
h =85D + 140 mm, but need not be greater than 1500 mm
t= (0.03L+6) K mm
A=0.8BKcn?
where: Bt breadh of ship, in m;
D1 moulded depth of ship, inm;
Lt length of ship,in m, to be taken asnot greater than 200 m;
Kt material fador.

2.15.1.2 Centreline keelson is to be fitted at the longitudinal cerntreline sedion. The web depth
and thicknessand the face plate sediond area are to be as those required in 2.15.1.1 of this
Sedion for solid floors.
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2.15.1.3 For the extremely narrow bottom, the certreline keelson not extended to the bottom
may be acceped, but the depth of the keelson is to be approximately equd to 1/3 of the floor
depth. Oralternatively, the certreline keelson may be entirely omitted provided that the web of
floorsisfitt ed with horizontal stiffeners and that a perforated flat, instead of a face plate, is fitt ed
at the top edge of the web.

2.15.1.4 In the case as mentioned in 2.15.1.3 of this Sedion, a cenreline keelson gradudly
tapered off over several frame spaces is to be fitted forward of the callision bulkhead as the
continuation of the certreline girder or centreline keelson abdt the callision bulkhead

2.15.1.5 Where the side shell is framed transversely, parnting beams spaced not more than 2 m
apat verticdly are to befitt ed at alternate frames,from the top of floorsup to the lowestded, and
at least to 1 m above the full-load waterline. The crosssediond area A and minimum sedion
moment of inertia | of the pantingbeamsare not to be lessthan:

A=(0.27L+8)Kcn?

| =cehil2 cn?

where: Lt length of ship, in m, to be taken asnot greater than 250 m;
ct horizontal spadng of panting beams,in m;
e 1 verticd spadngof pantingbeams,in m;
hi T verticd distance in m, measured from the beam to 3 m above the minimum bow
height required by load line, and not to be lessthan that to upper ded;
| T spanof partingbeam, inm;
Kt material fador.

2.15.1.6 Where afore peak ace isused asatank and the breadth of the tank at its widest point
exceeds 0.5B (B being the breadh of ship), efficient supporting members or washbulkheads are to
be fitted to support the panting beans. The wash bulkheads are to comply with the requirements
of 2.13.102 of this Chapter.

2.15.1.7 Where the length of the fore pea&k spae exceeds 10 m, addtiond transverse
strengthening in the form of transversewashbulkheadsor web framesisto be provided. Transverse
wash bulkheads are to comply with the provisionsin 2.13.102 of this Chapter while web frames
are to comply with the provisionsin 2.7 2.8 of this Chapter.

2.15.1.8 Where the side shell is framed transversely, side stringers with flange or face plate are
to befitted at eadh parting beam, and are to have a web depth h and thicknesst not lessthan:
h=5.6L+166 mm for L<90m
h=3.0L+400 mm for L)x90m
t=0.023L+6 mm
where: LT length of ship, in m, to be taken asnot greater than 250 m.

177



PART B HULLSURVEYS

2.15.1.9 Bradkets are to be fitted at the lower edge of conrections between side stringers and
frames, the thickness of bradets is not to be lessthan that of the side stringer web and the
bradkets are to be extended to the flange or face plate of side stringers. Where parting beams are
fitted, the arm length of bradkets along the framesis not to be less han 75% the web depth of side
stringers,and where no panting beamsare fitt ed, the arm length is not to be less han 50%the web
depth of side stringers. The webs of side stringersare to be welded to the frames.

2.15.1.10Where the side shell isframed transversely and if perforated flats are fitted in lieu of the
panting beams in assodation with stringers, the flats are to be spaced not more than 2.5 m apart
and are to befitted verticdly from the top of floorsto the lowest ded above the full-load waterline,
but not below 1.0 m above the full-load waterline.

2.15.1.11Where the side shell is framed transversely, the perforated flats are to comply with the

following requirements:

(1) The areaof perforationsin ead flat is not to be lessthan 10%of the total area of the flat.

(2) The plate thicknesst of the perforated flat is not to be lessthan that obtained from the
following formula:

t =0.023L+5 mm
where: LT length of ship, in m.

(3) Where the perforated flat is framed transversely, one beam is at least to be fitted at alternate
frames below the perforated flat, and their sectional area A without attached plating is not to
be less than that obtained from thelfowing formula:

A=(0.13L+4)CK  em?

where: LT length of ship, in m.

Ct codficient, C=1when beams are fitted at alternate frames; C=0.5 when beams

are fitted at every frame

Kt material fador.
Where the perforated flat is framed longitudinally, an appropriate number of transverses are
to be fitted below the perforated flat, and the size of transverses and longitudinals isto be
spedally considered.

(4) Scarlings of the brackes conneding the beans of the perforated flat to the frames are to

compy with the requiremensin 1.2 6 of this PART.

2.15.1.12Where the side shell is framed longtudinally and the depth of the forepea exceed 10
m, one or more perforated flats are to be provided at suitable positions, or one or more parting
beansasrequired in 2.15.15 of this Sec¢ion are to be provided in way of ead web frame.

2.15.1.13Where the side shell isframed longtudinally, an adequde number of transverses are to
be arranged at the top of the forepeak and at perforated flats (if fitted). The brackds conneding
transversesto web frames are to be in accadanc with the requiremerts of 1.2.7 of this PART.

2.15.1.14Where the side shell isframed longtudinally, the perforated flats are to compgy with the
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requiremerts of 2.15.1.111) to (3) and brackes are to be fitted at the connedion between the
beans of perforated flats and the side plating and extended to the adjacert side longtudinals.

2.15.1.15Brackes are to be fitted in way of fore edge of the connedion between web framesand
side longtudinals. The thicknessof brackes isnot to be lessthan the web thicknessof web frames
and the brackes are to be extended to the face plate of web frames. Where panting beans are
fitted, the arm lengh of brackes along the side longtudinalsis not to be lessthan 75%of the web
depth of web frames and where no parnting beans are fitt ed, the arm lengh of brackes along the
side longtudinalsis not to be less han 50%of the web depth of web frames.

2.15.1.16Longiudinally framed bottom structure is to be spedally considered.

2.15.2 Srengthening at sides abaft the fore peak tank

2.15.2.1 Where the side shell is framed transversely, side framing within the region from 0.15L

from F.P. to the callision bulkhead is to be strengthened asfollows:

(1) Where the span of main frames does not exceed 9 m, intercostal side stringers are to be fitted
in line with the side stringers or perforated flats in the fore peak tank

(2) Where the span of main frames does not exceed 9 m and if intercostal side stringers are
omitted, the side shell plating in the region concerned isto be increased in thicknessby the
percentagesgiven below:
where L)XL50 m, by 15%o0f the thicknessas required in this Chapter;
where L200 m, by 5%o0f the thicknessas required in this Chapter.

For intermediate values of L, the percentage increaseis tobe obtained by interpolation.

(3) Where the span of main frames exceeds 9 m, intercostal side stringers are to be fitted and to
extend abaft to 0.2L from the F.P. in line with the side stringers or perforated flats in the fore
peak tank.

(42 KSNB GKS aLly 2F FTNIYSa SEOSSRa udc Y Ay
deck, intercostal side stringers are to be fitted. Where the shell plating is increased according
to the requirements in (2) above, the side stringers rbayomitted.

2.15.2.2 The web depth of intercostal side stringers as required in 2.15.2.1 of this Section may be
the same as that of frames. However, the web plate of such stringers is to be gradually increased in
depth for at least two frame spaces to the cotlisibulkhead so that the depth at the bulkhead is
the same as that of the side stringers in the fore peak tank. Where perforated flats are fitted in the
fore peak tank, the depth of the web of side stringers is to be calculated accordnt5d.8 of this
Sdion. The web thicknesst and the face plate sectiond area A of the intercaostal side stringersare
not to be less han thoseobtained from the following formulae;

t =0.023L+6 mm, but need not be greater than 12 mm

A=0.14L+1 cm?, but not to be lessthan 7 cr?

where: Lt length of ship, inm.

2.15.3 Srengthening of bott om forward
2.15.3.1 Where the length L of the ship is equd to 65 m or over and the draught forward in
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navigation is less than 0.04L, the flat portion of bottom from EP. is to be strengthened. The
transverse extent of strengthening isnot to be lessthan 0.014B (B being the breadh of the ship)
above the baseline, but need not be greater than 0.28 m, and the length Xfrom the end line of the
longitudinal extent of strengthening to F.P. is hot to be lessthan that obtained from the following
formula:

X:|rﬂ.65—%1l m
where: LT length of ship, in m;
ot block codficient, to betaken as0.7 for Oy <0.7,and 0.8 for G >0.8.
For every oil tanker subjea to Regulation 18 of MARPOLANNex I, the minimum forward draught is

to be determined accadingto the condtionsin which only segregated ballast tanks are used.

2.15.3.2 Where strengthening is required, double bottom framed transversely is to be
strengthened as follows:
(1) Pate floorsareto be fitted at every frame space
(2) dde girdersare in general to be fitted not more than three frame spaces apat, and half-depth
flanged side girders are to be fitted midway between the side girders. The side girders
and half-depth side girders are to be extended asfar forward as pradicale.

2.15.3.3 Where strengthering is required, double bottom framed longtudinally is to be

strengthenal asfollows:

(1) Pate floorsareto befitted at alternate frames,and spaced not more than 2.5 m apart.

(2) The section modulus of bottom longitudinals isto be increased by 10% above that obtained
from the formulain 2.6.12.2 of this Chapter, and in this case, | in the formula is not to be less
than 1.85m.

(3) dde girdersare in general to be fitted not more than three times the spadng of longitudinals
apat and are to be extended asfar forward as pradicale.

2.15.3.4 Where strengtheringisrequired, single bott om framed transversely isto be strengtheneal

asfollows:

(1) In addtion to complying with the requirements of 2.15.1.1 of this Sedion, floors are to be
increased gradudly in depth towardsthe fore end asfar as pradicalde, and the floor web isto
be adequately increased in thicknesssoasto ensure its stability. The sediona area of the face
plate of floorsisto be increased by 50%over the value required in 2.151.1 of this Sedion and
flanges are not to be substituted for face plates of floors.

(2) dde keelsons are to be fitted not more than three frame spaces apat, and half-depth side
keelsons or other equivalent bottom longitudinal stiffening members are to be fitted midway
between the side keelsonsand extended asfar forward as pradicale.

2.15.3.5 In the Where strengthening is required, the forward bottom plating is to be strengthened
as follows:
(1) The thicknesst of the forward bottom plating is not to be lessthan that obtained from the
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following formula:

mm

r=cc,[18-269] [2X

L 5,

where: LT length of ship, in m;

d1t minimum draught forward in navigation, in m;

ST gpadngof frames,in m;

sh T standad spadngof frames,inm;

e 1 corredion coefficient of longitudinal position, see Table 2.15.3.5;

Ct codficient: C=7.3+0.08LLfor 65 m »_>K145 m;
C=190 for 145<L>Q00 m;
C=23650.023Lfor 200 <L300 m;
C=16.7 forL>300m;

¢, =12-5 ,wherelisthe spadng of primary membes, Cl isto be taken as 1
2 forCL>1
Kt material fador.

Table 2.153 5 - Correction Coefficient e

Pasition e
Between Xb 0.125Lto Xfrom EP. Ul(‘}.f —(1:
05-C,
Between FP. and Xt 0.2Lfrom FP. 05+ gf .
Others 1

where: b1 see 2.15.3.1 of this Sedion;
f1 theratio of the distance of x, in m, from F.P and length of ship L, inm, i.e. f =X/L;
X1 see2.15.3.1 of this S=dtion.
(2) The strenghened forward bottom plating is to be gradudly tapered to adjacert shell plating.

2.15.3.6 he forward bottomstrengthening is to be verified by direct calculation assessment as
specified in Appendix 4 of this Chapter if any of the following conditions applies:
(1) where the minimum forward draught of a sip is less tian 0.01L;
(2) where the arrangements of primary members do not comply with the relevant requirements
of 2.153 of this Sedtion.

2.15.3.7 Inthe strengthering region for single bottom framed longtudinally:

(1) Pate floors complyingwith the provisionsof 2.153.4 (1) are to befitted at alternate frames.

(2) The sedion modulus of bottom longitudinals is to be increased by 10% above that obtained
from the formulain 2.6.12.2 of this Chapter, and in this case, | in the formulais not to be less
than 1.85 m; side keelsons are to be fitted not more than three times the spadng of
longitudinals apat and extended as far forward as pradicale.

2.15.4 Aft peak strengthening

2.15.4.1 Plate floors are to be fitted at every frame space, the thickness of which is to be 1.5 mm
thicker than that in the fore peak as required in tlisction. In single screw ships, floors are to be
carried well above the stern tube. In way of propeller posts, propeller shaft brackets and rudder
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horns, the floors are generally to be carried to the top of the space and are to be increased in
thickness.

2.15.4.2 Where the side shell is framed tramssel, panting beams and side stgers spaced
vertically not more than 2.5 m apart are to be fitted aleothe floors, or alternativel perforated
flats compying with the requirements of 2.15.1.11 of tHisction areto be provided. The panting
beams and side strgers as well as the coention of these members to framese to comply with
the requirements for the fore pel

2.15.4.3 Where the side shell is framed Igitudinally, suitable trangerses are to be arraged at
the top of the tank and the br&ets conrecting the transerses to web frames are to comply with
the requirements of 1.2.7 of thiRART.

2.15.4.4 A centreline wash bihead is irgeneral to be arraged in tarks, the ugper part of the after
peak space andounter or cruiser stern. Where theverhang isvery large, additional logitudinal
wash bukheads may be required port and starboard. The waslkHh=dds are to comply with the
requirements of 2.13.10.2 of this Chapter, and stiffeners are to be fittedetydrame spae.

2.15.5 Sde strengthening abowe the aft peak

2.15.5.1 Where the side shell of Q (eéh dedk spaces above the after peak tark is transversely
framed and the height of such spaces is more than 3 m, intercostal panting stringers are to be
provided, of which the web depth is to be the same asthat of frames. The web thicknessand the
sedional area of face plates of these intercostal stringers are to comply with the requirements of
2.152.2 of this Sedion. Where no intercostal side stringer is fitted, the thicknessof shell plating
within the region is to be increased in accadance with the requirements of 2.15.2.1(2) of this
Sedion. 2.155.2

2.15.5.2 Where the side shell of Q (@ dedk spaes above the after peak tank is transversely
framed web framesare to be fitted not more than 4 frame spacesapart. The secion modulus W of
web framesis not to be lessthan that obtained from the following formula:
W=355dhDK cm?

where: St spaadng of web frames,in m;

dt draught of ship, inm;

ht height of @veen dedk spaces,in m;

D1 moulded depth, inm;

Kt material fador.

2.15.5.3 Where the side shell of Q (eén dedk spaces abowe the after peak tank is framed
longtudinally, web frames supporting longtudinals are to be fitted. The spadng of web frames is
not to be greater than 2.5 m for shipsof 100 min lengh or less;and not greater than 3.5 m for ships
of 300 m or over in lengh; the intermediate values are to be obtained by interpolation. The sdion
modulus W df the framesis not to be lessthan that obtained from the following formula:
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W =4.454dh x-"'EK cm?
where: S d, h, Dand KT the same asthosein 2.15.5.2 of thissedion.

2.15.6 Structural strengthening for bow flare

2.15.6.1 For container ships, ro-ro ships, passenger ships, car cariers and the ships with the
similar bow flare, the side structural strengtheningat bow isto meet the requirements of Secion 8,
Chapter 7 of this PART.

SECIDN 16 - ENGINESEATINGSAND SHAFT TUNNELS

2.16.1 Main engne seatings

2.16.1.1 The main engine seating is to be of ample strength and rigidity. It is generally to consist
of two longitudinal girders with transverse diaphragms and transverse bradets fitted at every
frame space. Transverse diaphragmsare to be fitt ed between longitudinal girdersand are to extend
to the face plate of girdersasfar as pradicalle. Transverse bradets, the width of which isgenerally
not to be lessthan their depth, are to be fitt ed at the outside of the longitudinal girdersand welded
to the face plate of the girders.

2.16.1.2 The longitudinal girders of the seating are to be in line with the bottom side girders. If it
isimpradicalde to do so, partial girders of the same thicknessas the bottom side girders are to be
fitted under the longitudinal girders. In particular cases, the partial girder may be in the form of a
half-depth girder welded to the inner bottom plating and floors only.

2.16.1.3 Scartlingsof structural members of main engine seatings
(1) For large low-speed diesel engines having apower of more than 1,470 kW, the horizontal face
plate thicknesst and the web thicknesst; of longitudinal girders, and the thicknesst, of

transverse diaphragmsand transversebradkets are not to be lessthan the values given below:
=144 3fp+10s mm

n =065t (1+"-1)  mmforL=90m
10

1 =070t mm for L < 90 m
t2 =077 mm for L =90 m
t2 =080t mm for L <90 m

where: PT main engine power, in KW;
ST spadngof frames,inm;
ht web depth of longitudinal girders,in m.

(2) For main emineshaving a power of 1,478W or less, the web thimess of logitudinal girders
is to be increased by 60% alsothat of the bottom sidegirders (for doulle bottom) or side
keelsons (for sigle bottom) in way of the egine room in the case of diesel gnes,and by 30%
in the case of turbines or propulsion motors. In both cases, thgitiatinal girders are to be
provided with a continuas horzontal face plate hang a thi&kness 40%yreater than their web
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thickness. The logitudinal girders are tabe gradually tapered off at their endslhe thickness of

the transverse diaphragms and transverse brackets is to be increased by 40% above that of the
floors in the case of diesel engines, and by 30% in the case of turbines or propulsion motors. The
transverse diapragms and transverse brackets are to be provided witdica plate or flange.

(3) The scantligs of main egine seatirys may be suitably reduced in the case aghkpowered
turbines, propulsion motors or mediumAh speed diesel egines.

2.16.1.4 Thehorizontalfaceplatesof longitudinalgirdersareto be stiffenedin wayof holding-down
bolts bya suitable number ofertical bragets, and the depth of the br&ets is to be twice their
breadth.

2.16.1.5 Where the main egine seating or the thrust seating is directly tedl to the inner bottom,

the thickness4of the inner bottom plating in way is not to be less than that required as follows:

(1) for large low-speed diesel engines having a power of more than 1,470 kW, t; =t, t as defined
in 2.16.1.3(1) of this S=dion;

(2) for main engines having a power of 1,470 KW or less,t3 isto be equd to twice the thicknessof
the inner bottom platingin the region, but isnot to be lessthan 20 mm;

(3) for high-poweredturbines,t3 will be speaally considered. The double bottom tanks within the
above regions are not to be used for carrying oil fuel or water. Partial or half-depth girders are
to be fitted closeto holding-down bolts. The longitudinal division bulkheadsand side girdersin
the adjacent oil or water tanks may be regarded asthe partial girders at holding-down bolts.

2.16.2 Shat tunnels
2.16.2.1 Shdt tunnelsare to be of watertight construction.

2.16.2.2 The thicknessof tunné plating is to compy with the requiremens of 2.12.31 of this
Chapter for watertight bulkheadk. If the top plating is curved, the thicknessmay be reduced by 10%
in dry cargo holds. If the top plating isflat, it isnot to be lessthan 1.1 timesthe thickness equired
for the watertight bulkheads. The thicknessof top plating of the tunnd under hatchways isto be
increased by at least 2 mm, unlesscovered with wood ceiling asrequired in 3.3.15 of this PART.

2.16.2.3 Siffeners of shaft tunnes are to be in line with the frames wherever possble, and their
sedion modulus W isnot to be lessthan that obtained from the following formula:
W =6shl2Kcm?
where: st spadng of stiffeners,in m;
ht the verticd distance in m, measured from the mid-point of the verticd part
of the stiffener to bulkhead ded;

I T thelength of the verticd part of the stiffener, in m;

Kt material fador.
Where the tunnd top isflat, the scartlings of the top beamsare not to be lessthan thoserequired
for the beamsin way of the stepsin watertight bulkheads (see 2.12.8 of this Chapter).
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The lower end of the verticd part of stiffenersis tobe welded to the inner bottom.

2.16.2.4 Where shaft tunnéspassthrough or are adjacent to deep tanks, the adjacert bulkheads
and their stiffeners are to comply with the requirements of Sedion 13 of this Chapter for deep
tanks.

2.16.2.5 The structure of the thrust and tunnd recessesis to comply with the requirements for
the seps in watertight bulkheads. Where these ecesses are endosed by deep tanks, the
requirements for bulkheads and stiffeners of deep tanks are to be complied with.

2.16.2.6 The shaft tunnd isto be provided with an emergency exit leadng to the weather deck
and the construction of the trunk of the exit is to comply with the requirements for watertight
bulkheads. The closing appliance for the exit is to be capable of being operated from both sides.

SECIDN 17 SUPERSTRUQURE SAND DECKHQUSES

2.17.1 Generdrequirements

2.17.1.1 Allshipsare to be provided with forecastles or increased sheer to such aminimum bow
height asto meet the requirements of their respedive flag Administrations. The forecastles of bulk
cariers, ore cariers and combination cariers are to be also in compliane with Sedion 13,
Chapter 8 of this PART.

2.17.1.2 Where superstructures and dedkhouses are subjed to loadng in excess of that as
spedfied in this Sedion, the scartlings of their structural members are to be appropriately
increased in addtion to complying with the requirements of this Sedtion.

2.17.1.3 Where long superstructuresare provided within 0.5L midships,the dedk structure of the
1st tier isto comply with the requirements for strength dedks and side shell is to comply with the
requirements for shell plating.

2.17.1.4 Where long dedhouses are provided within 0.5L midships, the thicknessof plating and
the size of framing of the 1st tier is to be increased accading to the contribution of these
dedkhousesto the longitudinal bendng of hull girders.

2.17.1.5 The dedkhouses on forecastle dedk of offshore supply ships are to comply with the
requirements of Sedion 5, Chapter 11 of this PART.

2.17.1.6 Definitions of tiers of superstructures/dedchouses: The lowest, or first tier, is normally
that tier which is diredly situated on the uppermost continuous ded to which the Rule moulded
depth Dis tobe measured. The secord tier is the next tier above the lowesttier and soon.
2.17.1.7 The ded plating of No.N tier of superstructure/dedkhouseis the top plating of this tier
of superstructure/ dedkhouse.

2.17.1.8 Where afreeboad correspondingto or exceedngthe uncareded tabuar values of the
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Internationd Gonvention on Load Lines, 1966 can be obtained for a $ip with excessive freeboad,
i.e. by considering the ship to have avirtual moulded depth D at least one standard superstructure
height lessthan the Rule moulded depth D (see Fgure 2.17.1.8), the 1st tier eredion may be
treated as the 2nd tier, and the 2nd tier as the 3rd tier when applying the requirements of this
Sedion. The standard superstructure height hs is to be obtained asfollows:

hs =1.05+0.01LLm, and 1.8 Xs #Q2.3
where: LL T load line length of ship, in m.

However, thisdoes not apply to type BGhipswith reduced freeboad.

Freeboard deck
Standard
. superstructure height A,
Virtual freeboard deck fi
- - T T ] ' , Rule

Iy Virtual moulded
f\ ,‘>:f0 h\ — = moulded depth D

depth D

4/ ' 1

f: Actual freeboard

J*Uncorrected tabular freeboard as required by the
Load Line Convention

Figure2.17.1.8

2.17.2 Design presaure head

2.17.2.1 The design presaure head h for end bulkheads of exposed superstructuresand boundary
bulkheads (end and side bulkheads) of dedhousesis to be obtained as follows and not lessthan
the minimumvalue in Table 2.17.2.1:
h=hi(i<bi)m
where: i, <and{ 1 coefficients, to be determined respedively accadingto 2.17.2.2,2.17.23,
2.1724and 2.17.25 of thisSedion;
1 1 verticd distance, in m, measured from summer load waterline to mid-span

of stiffener or mid-point of pand.
Table 2.17.2.1

Design presaure head hmin (m)

Length of ship L(m) | Lowest tier of unproteced fronts Ekewhere
LAS0 3.0 15
50<L<250 0.01L+25 0.005L+1.25
L>x250 50 25

217221 2SFFAOASY G h X&a (2 0S RSUSN¥YAYSR la F2ff
h =0.0083L1 +2.0, lowesttier of unproteced fronts
h =0.0083L1 + 1.0, secord tier of unprotected fronts
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h =0.0067L1 + 0.5, third tier of unproteded fronts and above, proteded fronts and

sidesof all tiers

h =0.001L1 5 0.8 (X/L) +0.7, aft ends of all tierswhere aft of amidships

h =0.00LL1 b 0.4 (X/L) + 0.5, aft ends of all tierswhere forward of amidships

where: L, L1 1 length of ship, in m; L1 need not be taken greater than 300 m;
X T distance in m, between bulkhead considered and A.P. When determining sides
of a deckhouse, the deckhouse is to be subdivided into parts of approximately
equal length, not exceedng 0.15L each and X is to be taken as the distanae
between A.P. and the certre of eadh part considered.

21723/ 2STFFTAOASY G i A& (G2 06S RSUSNNYAYSR lFa ¥F2f¢f
B= 1o+| (X[L-045) o <045
h, b
f=10+15 ‘X‘r‘ 045 ] for X/L = 0.45

where: LT length of ship,in m;
X1 see2.172.2;
ot block coefficient, where (o < 0.6, to be taken as 0.6, where (b > 0.8, to be taken as
0.8, where the aft end bulkhead of the superstructure is forward of amidships, G
used in determining the valuei for the aft end bulkhead is not to be taken asless
than 0.8.

217241 2SFFAOASY G < Aa (2 0S RSGUSNNYAYSR Fa F2ftf

)_=£E_L:3.3[:_[1_Ei}3] for 150 mU L <300 m
10 150
P =£€_;.-m; where: Lt length of ship, in m.
= 15°
A=11.03 for L0 300 m

2.17.2.5 Qoefficient 1 is tobe determined as follows:

52072203 and not lessthan 0.475

B

where: b1 breadth of dedkhouseat the position considered, in m;
B1t adua maximum breadh of ship on the exposed weather dedk at the position
considered, in m.

For exposed parts of superstructures, machnery casings and dedhouses proteding pump room
openings,! is tobetaken as 1.

2.17.3 End bulkheads of superstructures and boundary bulkheads of deckhouses
2.17.3.1 The thicknesst of end bulkhead plating of superstructures and boundary bulkhead
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plating of dedkhousesis not to be lessthan:

t=3s5+hK mm

The minimum thicknessof the plate, tmin, is to comply with the following requirements:
If L1 <65 m:

t=(0.01L, +504/K  mm, for lowesttier
t=(001L, +40K MM for upper tiers, and not lessthan 5 mm

If L1 <65 m: tmin =50 mm, for the lowest unproteced front

tmin =40 mm ,for all other cases

where: st spadngof stiffeners,in m;
ht design presaure head in m, to be cdculated accadingto 2.17.2 of this Sedion;
L1 T length of ship, in m, L1 need not be taken greater than 300 m;
Kt material fador.

2.17.3.2 The sedion modulus W of end bulkhead stiffeners of superstructures and bounday
bulkhead stiffeners of deckhotsesisnot to be lessthan:
W=3.5shI’>K cm?®

where: st spadngof stiffeners,in m;

I T span of stiffener, in m; to be taken as height of dedhouse,

but not lessthan 2.0 m in anycase;

ht cdculated presaure head in m, to be obtained accadingto 2.17.2 of this Sedion;

Kt material fador.
Except asrequired in 2.17.3.3 and 2.17.3.4 of this Sedion, the end of stiffeners of endosures of
the dedkhousemay not be fitt ed with bradkets, provided that the webs of stiffeners are welded to
the dedk effedively. The section modulus of house side stiffeners need not be greater than that of
side frameson the dedk situated diredly below, taking account of spadngand span.

2.17.3.3 The ends of following stiffeners are to be brackded or conneded by equivaent

arrangemerts. The scartlings of brackes are to be determined accadingto the relevart provisions

of 1.26 of this PART:

(1) Font stiffenersof the lowest tier;

(2) Font stiffenersof upper tiersin shipsover 150 min length;

(3) dde stiffeners of single tier dedkhouse;

(4) Aftstiffenersof the lowest aft dedkhouse;

(5) Sde stiffeners of upper dedkhouses when the length of ship is greater than 150 m, side
stiffeners of the lowest dedhouse iftwo or more tiers of dedkhouses are fitted; where such
stiffeners are not bradeted but diredly welded to the dedk, their sedion modulus isto
be increased by 20%

2.17.3.4 Fa exposed machnery and pump-room casings, the front stiffeners on amidships casing
and all stiffenerson aft end casingswhich are situated on the dedk to which the moulded depth Dis
measured are to be brackded at top and bottom. Where such stiffeners are not brackeed but
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direaly welded to the deck their sedion modulusisto be increased by 20%above that required for
the stiffeners of deckhowses in the corresponding positions. All other stiffeners on exposed
machnery and pump-room casings are to be welded to the decks at top and bottom.

2.17.4 Sdes of superstructures

2.17.4.1The side framing of superstructuresisto comply with the following requirements:

(1) Where the side shell is framed transversely, the relevant requirements of Sedion 7 of this
Chapter are to be complied with.

(2) Where the sides of superstructures are framed longitudinally and locaed within the range of
0.3Lfrom A.P. forward the bow, the sedion modulus of longitudinalsis not to be lessthan:

W =6.5s1"(0.6+0.167D)K cm?
where: st spadng of longitudinals,in m;
I T gpan of longitudinal, in m, not lessthan 1.5 m;
D, =d +Hy, in m, not greater than 20 m,

where: H, T the minimum bow height asrequired by load line assgnmert, in m;
dt draught,inm;
Kt material fador.

The sedion modulus of web frames supporting the side longitudinalsis not to be lessthan:
W =8.851°(0.6+0.167D,)K cm’®
where: D1, Kt the same asthosein the above formulg;

St spadng of web frames,in m;
I T span of web frames,inm.

(3) Where the sides of superstructures are framed longitudinally and located beyond the range of
0.3Lfrom A.Pforward the bow, the section modulus of longitudinalsis not to be lessthan:

W =175s5"(0.6+0.167D)K cm?

where: st  spadng of longitudinals,in m;
It gpan of longitudinal, in m, not lessthan 1.5m;
D =d+Hp,inm;

where: Hpt the minimum bow height asrequired by load line assgnment, in m;
dt draught, inm;
Kt material fador.

The section modulus of web frames supporting the side longitudinalsis not to be lessthan:
W =105 (0.6 + 0.167D,)K em’

where: D,, KT the same asthosein the above formulg;
St spadngof web frames,in m;
I T span of web frames,inm.
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Where the superstructure is locaed within the range of 0.4L amidships and contributes to the
longitudinal strength, the relevant requirements of 2.2.7, Sedion 2 of this Chapter are alsoto be
complied with.

2.17.4.2The side plating of superstructuresis tocompy with the following requiremerts:
(1) The thicknesst of side plating of forecastlesis not to be lessthan:

+=(0.028L +5.5) |

mimn
b

where: Lt length of ship, inm;
ST spadngof framesor longitudinals,in m, to be taken asnot lessthan sb;
sb1 standad spadng of framesor longitudinals,in m;
Kt material fador.

(2) The thicknesst of side plating of bridge and poop is not to be less han
sK

55

t=(0.025L +5) mm

where: Lt length of ship, inm;
ST spadngof framesor longitudinals,in m, to be taken asnot lessthan sb;
sb1 standad spadng of framesor longitudinals,in m;
Kt material fador.

2.17.5 Decks

2.17.5.1 The ded framing of superstructures isto comply with the relevant requirements of

Sedion 8 of this Chapter. The dedk framing of the forecastle isalsoto comply with the following

requirements:

(1) Within the region forward of 0.075L from F.P, the spadng of ded girders supporting the
beamsis generally not to be more than 3.5 m, and that of the transverses supporting the dedk
longitudinalsis generally not to be more than 2.5 m;

(2) The web depth of ded girdersand transversesisnot to be lessthan twice the depth of cutouts
for the passage of beams or longitudinals being supported.

2.17.5.2 The section modulus W of the deck longitudinals or beams of deckhouses ish®oletss
than:
W =5shPK cm?, and not lessthan 25s
where: st spadng of ded longitudinalsor beams,in m;
| T span of dedk longitudinalsor beams,in m;
ht design presaure head in m, to be determined asfollows:
0.9 m, for thoseon first tier ded;
0.6 m, for thoseon secord tier dec;
0.45 m, for thoseon third tier ded and above;
Kt material fador.
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2.17.5.3 The scartlings of dedk girders and transverses of dedkhouses are to be cdculated in
accadance with the relevant requirements of Sedion 8 of this Chapter, but the design presaure
head isto be as spedfied in 2.17.5.2 of this Sedion. The web thicknessof girders of dedkhousesis
not to be lessthan 1%of their depth plus2 mm, but not to be lessthan 4 mm.

2.17.5.4 Thethicknesg of deckplatingof superstructuregexceptthe forecastle)anddeckhouses
is not to be lesshan:
K mm, and not lessthan 5 mm
t=(0.02L+C) g’

where: LT length of ship, in m; not to be taken as greater than 100 m;
st gspadngof dedk longitudinalsor beams,in m, to be taken as not less tan sb;
b1 standad spadngof dedk longitudinalsor beams,in m;
Ct coeficient, to be taken asfollows:
5.5, for thefirst tier dec;
5.0, for the secord tier ded;
4.5, for the third tier dedk and above;
tct tc=1for dedks of dry spaces within superstructures or dedkhouses;
tc=0in other cases;
Kt material fador.

2.17.5.5 The thickness t of forecastle deck plating is not to be less than:

-

sK

r=(0.02L+6) mm

Sy

where: LT length of ship, in m;
st gspadngof dedk longitudinals or beams,in m, to be taken as not less tan sb;
b1 standad spadngof dedk longitudinalsor beams,in m;
Kt material fador.

2.17.6 Locd strengthening of superstructures

2.17.6.1 Web framesor partial bulkheads spaced abou 9 m apart are to be fitt ed within the poop
or bridge that have large dedhouses or other erections above, to support side and end bulkheads
of the dedhouses. Appropriate strength members are alsoto be fitted in other areas under high
loading.

2.17.6.2 The web frames or partial bulkheads within superstructures are to be arranged where
pradicalde, in line with the watertight bulkheads or other strength members below.

2.17.6.3 PBillars, diaphragns, bulkheads or other strength members are to be arranged under the
ends of superstructuresfor support.

2.17.6.4 Toreduce stressconceriration in main hull structure in way of ends of superstructures
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which are flush with shipQ side, the side plating of the superstructures isto extend beyord their
ends and the height of the side plating is to be gradudly reduced to that of the sheer strake in a
smooth transition (free edges of extension plating geneally in an ova shape with horizortal axs,
see Hgure 2.17.6.4. This plating is to be supported by stiffened brackds and to be efficiently
stiffened at the upper edge by a face plate having the same thicknessas the extension plating and
abreadh not lessthan 10 timesits thickness. The extension plating isto compgy with the following
requiremerts:

(1) For end bulkheads of superstructures situated within 0.5L amidships, the length of the
extension platingis not to be less tian 1.5 times that of the superstructure and its thicknessis
to be increased by 25%

(2) For end bulkheads of superstructures situated within 0.2L from the shipQ énds, the length of
the extension plating is not to be lessthan the height of the superstructure and its thickness
need not be increased,

(3) For end bulkheadsof superstructuressituated between 0.2Land 0.25L from the shipQends,the
increased length and thicknessof the extension plating is to be obtained by interpolation.

i g ——
,/ ' ~
L & b

Height of superstructure 2

___r_%;_

Length ol
extension plating

Figure 2.17.6.4

2.17.6.5 The thicknessof the upper ded stringer plate and the sheer strake isto be increased at

the ends of the superstructure from at least two frame spaces inside the superstructure to two

frame spaces beyord the extension of side plating (see Hgure 2.17.6.5 in accadance with the

following requiremerts:

(1) Where the end bulkheads of the superstructure are situated within 0.5L amidships, the
thicknessof stringer plates and sheer strakesis tobe increased by 20%

(2) Where the end bulkheads of the superstructure are situated within 0.2L from the shipQ @nds,
the thicknessof stringer plates and sheer strakesneed not be increased,

(3) Where the end bulkheads of the superstructure are situated between 0.2Land 0.25L from the

shipQ ands, the increased thicknessof stringer plates and sheer strakes is to be obtained by
interpolation.
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/ Fnd bulkbead of

sSuperstructise
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I Increased thickness of strmger plates
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N, Increased thickness of sheer strakies

Figure2.17.6.5

2.17.7 Locd strengthening of deckhouses

2.17.7.1 Adequate support under the ends of deckhouses is to be provided in the form of pillars,
diaphragms, bulkheads or other strength members.tiA¢ corners ofhouses and irway of
supporting structures, attention i$o be given tothe connection tothe deck, and inserts or
equivalent arrangements are generally to be fitted.

2.17.7.2 All openings cut in the sides of long deckhouses are to be adequately strengthened and
have well rounded arners. Continuous coamings with adequate height are to be fitted below and
above doors or similar openings. House tops are to be strengthened in way of boats and davits.
Special care is to be taken to minimize the size and number of openings in theikkdedals in the
region of the ends of deckhouses within 0.5L amidships.

2.17.7.3 The sides and ends of the long deckhouses on the lowest tier deck are generally to be
strengthened by partial bulkheads or vertical webs spaced about 9 m apart, and these stiffening
members are, as far as practicable, to be arranged in line with the strengthening members within
GKS QisSSy RSOl aL)I OS 06St2¢g (GUKS RSO1K2dzaSo

2.17.8 Raised quarterdecks

2.17.8.1 The scartlings of the main framesin way of the raised quarter ded are to be determined
accadingto the requirements of Section 7 of this Chapter. In this casethe span of the frame is to
be measured to the raised quarter deck.

The scartlings of the ded frames in way of the raised quarter ded are to be determined in
accadance with the relevant requirements for the strength dedk as spedfied in Sedtion 8 of this
Chapter.

The thickness of the raised quarter dedk sheer strake isto be determined accading to the
requirements of Sedion 3 of this Chapter, and the thicknessof ded plating is to be determined in
accadance with the relevant requirements for strength ded as spedfied in Sedion 4 of this
Chapter. In such casesthe moulded depth is tobe taken asthat at the raised quarter deck.

The thickness of break bulkheads and the scartlings of stiffeners are to be determined in
accadance with the requirements for end bulkheads of corresponding superstructures.
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2.17.8.2 Strengthening at the break within 0.5L amidships

(1) For L<65m, the strength dedk stringer plate and the raised quarter ded stringer plate are to
extend respedively for 3 or 4 frame spaces on either side of the break bulkhead and are to be
gradudly tapered off;

(2) For Lx 65 m, the upper and raised dedk plating at the break is to overlap for 2 or 3 frame
spaces,and in this casethe stringer plates of both dedksare to extend forward for 2 or 3 frame
spaces beyond the end of overlapped plating. Vertica diaphragm plates spaced not more than
1.5 mapat in parallel with the longitudinal centreline are to be fitted between the overlapped
dedk plating. The thicknessof the diaphragm plates is to be the same as that of the break
bulkhead plating, and the diaphragms are to be efficiently stiffened and their free edgesare to
be flanged or provided with a face plate.

2.17.8.3 Wherethe break is located outside of 0.5L amidships, the strength deck stringer plate is
to extend for 3 frame spaces beyond the break and is to be gradually tapered off.

2.17.8.4 The sheer strake is to be increased in thickness by 30% for a distance of 3 to 5 frame
spaces on either side of the break bulkhead. Where a raised quarter deck is connected to a long
bridge, the sheer strake of side plating within the raised quarter deck area is to be increased in
thickness by 25% for a distance of at least 2 frame spaceglar side of the break, and the side
plating of the bridge is to be gradually tapered in a curve line from the end of the bridge deck stringer
plate into the sheer strake of side plating within raisgabrter dedk area over a length more than
1.5timesthe height of the bridge above the raised quarter ded.

2.17.9 Machinely casings

2.17.9.1 Machinery space openings in the exposed dedk are to be proteced by strong steel
casings. Machnery casings situated on the freeboad or raised quarter dedk are to be endosed in
the superstructuresor dedkhousessofar as pradicale.

2.17.9.2 Doors in machnery casings are to be of steel and rigid construction, and are to be
capable of being operated from both sides.

2.17.9.3 The scartlings of boundary bulkheads of exposed casings are to be determined in
accadance with the requirements for thoseof the dedhousesin the corresponding positions.

2.17.9.4 The scartlings of boundary bulkheads of non-exposed casings are to comply with the
following requirements:
(1) The minimum thicknessof boundary bulkheads of the casingsis not to be lessthan 6.5 mmin

way of cargo spacesand not to be lessthan 5 mm in way of acommodation spaces,
(2) The sedion modulus W of the stiffeners of boundary bulkheads of the casingsis not to be less

than that obtained from the following formula:

W =8slKcm?
where: st spadng of stiffeners,in m;
| T spanof stiffener, inm;
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Kt material fador.
For shipsof 65 m or over in length, the depth of stiffenersisnot to be lessthan 60 mm.

2.17.9.5 Where casing stiffeners support the dedk transverses or girders or where they are in line
with pillars below, they are to be suitably strengthened

2.17.9.6 Where the casing sides ad as girders supporting decks above the openings for doors,
windows, etc., in the sides are to be effedively strenghened Paticular attention isto be paid to
stiffening where the casing supports the funnd or exhaust uptakes.

2.17.10 Breakwaer
2.17.10.1The load under consideration isto be determined with the requirements for fronts of
superstructuresin 2.17.2 of this Sedion asreference

2.17.10.2The thicknessof breakwater plating and the scartlings of breakwater stiffeners are to be
determined acordingto 2.17.3 of this Sedtion.

2.17.10.3The scartlings of main members (horizontal girders and vertica webs) supporting
breakwatersare to be determined by dired cadculations,and the permissble stressis asfollows:

[6,]=Vo?+3r2 =235/K  N/mm®

where: Kt material fador.
SECIDN 18 - HELOQOPTERDEXKS

2.18.1 Generd requirements
2.18.1.1This Sedion applies to all ships fitted with areas and fadlities for normal takeoff and
landing of helicopters.

2.18.1.2Helicopter dedks covered by this Section mean helicopter dedk structure only.

2.18.1.3For helicopter dedk conmneded by bolts and splice other than welding, spedal consideration
is tobe given to the requirements for structural strength.

2.18.2 Plans and documerts

2.18.2.1The following plansand documents are to be submitted for approval:

(1) Detailed arrangemert of helicopter dedk, induding overall dimensions, landing area/secuing
areg, if any;,

(2) Sructural plan for helicopter dedk (appropriate strength cdculations are submitted for
information).

2.18.2.2 Loading manud is toindude information on modes and parameters of helicoptersto be
used, including maximum takeoff weight, overall length of helicopter (including rotation of rotor),
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size of wheel print and tracking width.

2.18.3 Arrangement of helicopter deck

2.18.3.1 The arrangement and construction of helicopter dedk isto meet the applicalde standards
accepged by the flag Administration, such as the annex to IMO MSC/CGrc.8% and
MSC.1/drc.152¢p Recommendaion on Helicopter Landng Areas on Ro-Ro Passenger Ships,
Internationa Chambea of Shipping (ICS- Guide to Helicopter/ Ship Operations, Internationa
Aeronauicd and Maritime Search and Rescue Manud (IAMSAR) and Offshore Helicopter Landng
Areas-Guidance on Sandads (CA2437.

2.18.4 Design conditions

2.18.4.1 The supporting stiucture of the helicopter platform is to be designed to the following

three condtions: overall distributed loading, helicopter landng impad loadng and stowed

helicopter loading (if provisions are made to accanmodate the helicopter secured to the dedkin a

predetermined position):

(1) Overall distributed loadng:
aminimum distributed loading of 2 kN/m? isto be taken over the entire helicopter dedk.

(2) Helicopter landng impad loadng: Combination of the following loads is to be taken into

account:
for normal landng, verticd impad loadng PH= 1.5P (P being the maximum takeoff
weight), uniformly distributed on both whed prints when landng (landing of both whees
at the same time is generally assumed). Where no data on adual size of whed prints are
available, the size of ead print may be taken as a square area of 0.30 m x 0.30 m. The
structural members are to be designed accading to the worst landing position with regard
to forcesading on them. Where the upper ded of a superstructure or dedhouseis used
as a helicopter platform ded and the spaces below are normally manned (control room,
quarters, etc.), the above verticd impad loading PH =1.75P,
the structural weight of the helicopter ded;
where necessry, a uniformly distributed loadng of 0.5 kN/mz2, representing wet snow, ice
or other environmental loading, isto be considered.

(3) Sowed helicopter loadng: Combnation of the following loadsis tobe taken into accourt:
whed loadng at maxmum takeoff weight, with landng area being assumed as that for
helicopter landing impad loading;
the structural weight of the helicopter ded;
where necessary, a uniformly distributed loadng of 0.5 kN/mz2, representing wet snow, ice
or other environmental loading, isto be considered;
in addtion, where stowage of helicopters is possble, the inertial forces of helicopter and
helicopter platform due to shipQ@otion under correspondingenvironmertal conditionsare
to be considered. If no proper data are available, both the horizontal and verticd inertial
forcesmay be taken as 0.5 timesthe loading corresponding to the weight of helicopter and
helicopter platform structure.
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2.18.4.2For helicopters fitted with landng gear other than wheels, the landng area is to be
determined accadingto the data provided by manufacurers.

2.18.5 Hdicopter ded plating

2.18.5.1The initial plate thicknessof the helicopter dedk may be cdculated in accadance with
2.212.1(1) of this Chapter, with loading being the whed impad loadng required for the above
design condtions.

2.18.5.2Where the helicopter ded isthe strength dedk within 0.4L amidships, the whed impad
loading obtained accading to 2.18.5.1 of this Sedtion is to be multiplied by a facor of 1.18. This
fador is Inearly reduced to 1.00 within 0.4Lamidshipsaft or forward along shipQ l&ngth.

2.18.5.3The helicopter dedk plate thicknessis to be based on the initial thickness cdculated
accading to 2.184.1 or 2.18.42, and is to comply with the strength verification of the entire
helicopter ded structure by direa caculation.

2.18.5.4Hatch covers used as helicopter ded are to comply with this Sedion and in addtion,
Sedion 20 of this hapter.

2.18.5.5Where the helicopter dedk forms part of aweather ded or other deds, the scartlingsare
not to be lessthan thoserequired for dedksin the same position.

2.18.6 Srength verification by direct caculation

2.18.6.1 Dired cdculation of helicopter dedk structure is to be preformed by 3-dimensiona
finite element structural andysis,and recagnized programs and structural idedization methods are
to be used.

2.18.6.2 The permissble bendng stress [ ], shea stress [_] of helicopter dedk plating, dedk
framing and their supporting structure and the permissble stress[" ch] of compressed componerts
are asfollows:

(1) The permissble bendngstress| ] is tobe determined accadingto Table 2.186.2.

Table 2.186.2 - Permissble Bending Sress| " ]

Longitudinals, Girders, web beams and other mair
Structural member
Deck transverses deck members
Design Condition Plating and other secondary | Stanchions, supports and other trus
deck members supports of platform
Overall Distributed Loading 0.6 Ru 0.6 Ru 0.6 Ru
Helicopter Landing Impact
Loading Ren Ren 0.9 Ren
Stowed Helicopter Loading Ren 0.9 RH 0.9 Ren

Notes: ReHT Yyield stressof material, in N/mmZ; for aluminium alloy, taken as Rn0.2, see Sedtion 3, Chapter 1 of this
PART.
Components under axial compresson are to be checked to the lesser of permissble bending stressand permissble
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critica bucKing stress.

Fa helicopter landing impad loading, where the stressof helicopter deck plating is obtained acarding to a four-
sides supported plate subjected to vertically distributed loading, the permissble stressmay be taken as 1.1 ReH.
Fa overall distributed loading, the helicopter deck plating thicknessis not to be lessthan the minimum thickness
required by 2.18.5 and the Rules.

(2) Peamisdble shea stress[_]: w] =[]/ 3.
@)t SNX¥Aaaaoft S O2 Y]LsNGbé sdakcwbfed accondiBoitdi2.208.5(0 @nd 2.2.7.6 of
this Chapter.

2.18.6.3The value of the permissible bending stress for framing and girders of strength deck used
as helicopter deck is to be multiplied by a reduction factor in Table 2.18.6.3.

Table 2.18.6.3 - Reduction Fador
Location of helicopter deck Reduction factor | Location of helicopter | Reduction factor
dedk

Area 0.4Lamidships 0.7 A.P./FP. area 1.0
Areabetween A.P.and FP. | Linear interpolation

SECIDN 19 - BULWARKSAND GUARDRA.S

2.19.1 Generd requirements

2.19.1.1CGuardrails or bulwarks are to be fitted around all exposed dedks. The height of the
bulwarks or guardrailsis to be at least 1 m from the ded, provided that where this height would
interfere with the normal operation of the ship, a leser height may be approved, if the
Administration is satisfied that adequate protedionis provided.

2.19.1.2The ship designed for the cariage of timber dedk cargoes is to be fitted either with
permanert bulwarksat least 1 min height, speadally stiffened on the upper edge and supported by
strong bulwark stays attachel to the ded and provided with necessry freeing ports, or with
efficient rails of the same height and of spedally strong construction.

2.19.2 Bulwarks

2.19.2.1The plating thicknessof bulwarks on freeboad dedksis not to be lessthan 5 mm for ships
having a length lessthan 65 m and not to be lessthan 6 mm for ships having a length equd to 65
m or over. The plating thicknessof bulwarks elsewhere may be suitably reduced.

2.19.2.2The top edge of bulwarksis tobe stiffened by aflat bar or profile steel.

2.19.2.3Bulwarks are to be supported by stays with flange or face plate from the ded in line with
the beams or beam webs. Where the frame spadng does not exceed 620 mm, the spadng of stays
is not to exceead 3 frame spaces. Where the frame spadng exceeds 620 mm or where the ship is
intended for the carriage of timber dedk cargoes, the spadng of stays is not to be greater than 2
frame spaces. Where the bulwarkson the forecastleded have agredt flare, staysare to befitted at
every frame
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2.19.2.4The sedion modulus W at the bottom of bulwark stays is not to be less than that
obtained from the following formula:
W =(30+0A45L)SH K oppp

where: St spadng of stays,inm;

Lt length of ship, in m, not to be taken asgreater than 100 m;

Ht height of bulwark, in m;

Kt material fador.
Where the flange of the stay is not welded to the dedk, such aflange isnot to be considered for the
sedion modulus.

2.19.2.5 Bulwarks are to be adequately strengthened in way of mast shrouds or eyeplates for
cargo gear and in way of fairleade's.

2.19.2.6 Where bulwarks are cut to form a gangway or other openings, stays of increased
strength are to be fitted at the ends of the openings. Bulwarks are not to be cut for gangway or
other openings nea the breaks of superstructures.

2.19.2.7 Bulwarks are as far as pradicalle not to be welded to the sheer strake amidships so as
to ensure their freedam from the longitudinal bending of the hull.

2.19.3 Guardrals

2.19.3.1 Guardrailsfitted on superstructure and freeboad dedsare to have at leastthree courses.
The opening below the lowest courseof the guardrailsis not to exceed 230 mm. The other courses
are to be not more than 380 mm apart. In the case of ships with rounded gunwales the guardrail
supports are to be placal on the flat of the dedk. In other locaions, guardrails with at least two
cousesare to be fitted.

2.19.3.2 Where externa glass balustrades are fitted, referenee may be made to relevant
requirements of Seaion 8, Chapter 9 of this PART.

SECION 20 - HATCHWAYSAND HATCH QOVERS

2.20.1 Generd requiremens

2.20.1.1In addtion to the requirements of this Sedion, exposed hatchways and hatch covers are
to comply with the relevant requirements of the Amendments to Annex | to Annex B of the Protocd
of 1988 Relatingto the Internationa Convention on Load Lines, 1966.

2.20.1.2The structural scartlings of non-exposed hatch covers may be determined acording to the
relevant requirements of this Sedion, depending on their structural configuration and with only
permissble cargo loads being taken into accaunt.
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2.20.1.3The scartlings of steel hatch covers for deep tanks may be determined accading to the
relevant requirements of this Sedion and depending on the position of hatch covers, but in no case
are to be lessthan thoserequired in Section 13 of this Chapter for deep tank dedk and its framing.

2.20.1.4Where wheéed vehicles are to be stowed on hatch covers or used for cargo handing, the
scartlings of hatch covers are alsoto comply with the requirements for vehicle deck in Sedion 21
of thisChapter.

2.20.1.5The scartlings of hatch covers used as helicopter dedk are also to comply with the
requirements for helicopter decksin Sedion 18 of this Chapter.

2.20.1.6Excep as otherwise provided, the width of the attached plating of hatch cover stiffeners
and girdersis to be determined accadingto 1.22 of Sedion 2, Chapter 1 of this PART. However,
the areasof stiffenersare not to be induded in the area of the attached plating of girders.

2.20.1.7For the hatch covers on the lower ded within cargo holds, the strength is to be cheded
accadingto the requirements of 2.20.3.

2.20.1.8Height of hatch coamings

(1) at Position 1, the height is not to be less hhan 600 mm;

(2) at Position 2, the height is not to be less han 450 mm;

(3) for ships provided with steel weathertight hatch covers, with the consent of the flag Sate
Administration, the height of hatch coamings may be suitably reduced provided that
efficient measureshave been taken and that the safety of the ship is not impaired;

(4) for hatchways on unexposed freeboad dedks or exposed superstructure dedks, hatchway
coamings with a suitable height may be provided depending upon the position of the
hatchways and the protedion necessitated by such hatchways.

2.20.1.9Hatch cover types

(1) 9ngle skin cover
A hatch cover made of sted or equivalent material that is designed to comply with ICLL
Regulation 16. The cover has continuoustop and side plating, but is open underneath with the
stiffening structure exposed. The cover is to be weathertight and fitted with gaskets and
clamping devices unlessspedficdly exempted from such fittings.

(2) Double &in cover
A hatch cover as above but with continuous bottom plating such that all the stiffening
structure and internalsare proteced from the environmert.

(3) Pontoon type cover
A spedal type of portable cover, secured weathertight by tarpauins and battening devices.
Quch coversare to be designed in accadance with ICLLRegulation 15.
Note: Modern designs of lift-away hatch covers are in many cases cdled pontoon covers. This
definition does not fit to the (3) above. Modern lift-away hatch covers are to fall into one of
the two categories of single skin covers and double in covers.
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2.20.2 Weathertight steel hatch covers
2.20.2.1 General requirements
(1) These requirements apply to all ships except CSRbulk cariiers, and are for all cargo hatch
covers and coamings on exposed dedks. Asspedfied in this Sedion, parts of the requirements
are for some spedfic ship types as caegorized below:
Type-1 ships, induding all ships except bulk carriers, self-unloadng bulk cariers, ore
carriersand combination carriers.
Type-2 ships, induding all bulk carriers, self-unloadng bulk cariers, ore cariers and
combination carriers.
(2) The strength requiremerts are applicalde to hatch covasand hatch coamings of stiffened plate
construdion and their closing arrangemerts.
(3) Theserequiremerts are applicalde to hatch coves and coanings made of steel. The materials
of hatch coversand hatch coaningsare to meet the relevart requiremerts of Sec¢ion 3, Chapter
1 of this PART. The material class| is to be applied for top plate, bottom plate and primary
supporting membeas of hatch coves. Equivalent materials and nove designs subjed to
approvd by ISC

(4) Primary supporting membas and seconday stiffeners of hatch cove's are to be continuous
over the breadth and lengh of hatch coves,asfar aspradicd. When thisisimpradicd, sniped
end connedionsare not to be used and appropriate arrangemerns are to be adopted to provide
sufficient load carrying capadty.

The spaang of primary supporting members parallel to the diredion of secordary stiffeners is
not to excead 1/3 of the span of primary supporting member. When strength cdculation is
caried out by FEandysisusing plane strain or shell elements, this requirement may be relaxed
appropriately. Seconday stiffeners of hatch coamings are to be continuous over the breadth
and length of hatch coamings.

(5) Unlessstipulated otherwise, the thicknesst in theserequirements is net thickness.
The net thicknesses are the membe thicknesses necessary to obtain the minimum net
scartlings required by 2.202.3t0 2.20.2.6 and 2.20.2.8 of this Section.
The required grossthicknessis obtained by adding the corrosion addtion ts, given in 2.20.2.10
of this Sedion, to the net thicknessts.
Srength cdculationsusing FEMare to be performed with net scartlings.

2.20.2.2 Hatch cove and coaning load modd
The structural strength evaluation of hatch covers and hatch coamingsis to be carried out using
the design loadsdefined asfollows:
Definitions:
L=length of ship, in m;
LL =load line length, in m;
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x = longitudinal distance measured from midpoint of structural member to the aft end of L
or L, inm;

Dmin =the least moulded depth, in m, as defined in Regulation 3 of ICLLANNex ;

hN = standad superstructure height, in m, to be cdculated asfollows:

hn=1.05+0.01y ,and1.8¢ hy ¢ 2.3.

(1) Verticd weather design load

The presaure pH, in kKN/m?2, on the hatch cover pand is given by ICLLThis may be taken from
Table 2.202.2(1). The verticd weather design load is not to be combined with cargo loads in
2.202.2(3) and (4).

For Position 1 and Position 2, see FHgure 2.20.2.2(1).

Where an increased freebaard is assgned, the design load for hatch coverson the acual freeboad
dedkmay be asrequired for a superstructure dedk, provided that the summer freeboad is such that
the resulting draught will not be greater than that corresponding to the minimum freeboad
cdculated from an assumed freeboad dedk situated at a distance at least equal to the standad
superstructure height hN below the adual freebcard dedk, see Fgure 2.202.2(2).

Table 2.20.2.2(1)Vertical Design Load pH of Weather Deck Hatches

Position Vertical design loadiP kN/n?
X <075 0.75<—<10
L L
For 24m{, YKL00Om
981

On freeboard deck: |:(=1-_28L;_ + 2:2,)1;i -1.71L; + 95:|
L

981 . e
?ﬂ-:iz +116) Upon exposed superstructure decks located at least one superstructure standard

height above the freeboard deck: &(15‘[[’ +116)
76

For I. >KLOOm
On freeboard deck for type B ships according to ICLL:

9.8[|:(0.0296£1 + 3-.04)1i —0.02221 +1.22}
L

On freeboard deck for ships with less freeboard than type B according to ICLL:

9.81 x3.5 9.81{(0.1452}11—8.52)%—0.1089.[1—9.89}
L

L1=L;. but not more than 340 m

Upon exposed superstructure decks located at least one
superstructure standard height above the freeboard deck: %81
3.5

For 24m{ >K100m

081
—(1.1L; +87.6
26 (1.1L; )

For LL >100 m
9.81x2.6
Upon exposed superstructure decks located at least supgerstructure standard
height above the lowest Position 2 deck: %811

202



PART B HULLSURVEYS

NN
—_

*
L —
-
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Freeboard Deck 1

Y
\| 0.8*5Dmin

0.25 Ly,

4

Length L

* 1 reduced load upon exposed superstructure decks locaed at least one superstructure standard
height above the freeboard deck
** 1 reduced load upon exposed superstructure decks of vessels with LL.> 100 m locaed at least
one superstructure standard height above the lowest Pasition 2 deck

Figure 2.20.2.2(1) Positions 1 and 2

Actual Freeboard Deck 2 2 s bl /

Eii"

$
\ 0.%5Dmm

0.25 L

Length L

*1  reduced load upon exposed superstructure decks located at least one superstructure sandard
height above the freeboard deck
** 1 reduced load upon exposed superstructure decks of vessels with LL > 100 m located at least
one superstructure gandard height above the lowest Pasition 2 deck

Figure 2.202.2(2) Positions 1 and 2 for an Increased Freeboard

(2) Horizorntal weather design load
General horizontal weather design load
The horizontal weather design load pa, in kN/m?, for determining the scartlings of outer
edge girders (skirt plates)of weather dedk hatch coversand of hatch coamingsisto be caculated
by the following formula:
Py =ac(bfc; —z) kN/m?

where:
f=£+4.1 ,forL <90 m;
25
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) 15 for 90m>{_<300m ;
300-L : :
=10.75-
f [ 100 ]
£=10.75 , for 300M»X_<350m ;
) 15, for 350m{_>500m ;
[ L-350 ]
=10.75-
retors-|
e =1 , forL <90 m;

G =1, for bxk90m ;

4204 L, for unprotected front coamings and hatch cover shidtes;
12
. =10+£ , for unprotected front coamings and hatch cover skirt plates, where the diste
12 from the actual freeboard deck to the summer load line exceeds the minimur
non-corrected tabular freeboard according to ICLL by at least one standard
superstructure height;
g 5+£ , for side and protected front coamings and hatch cover skirt plates;
15

1, sx foraftends of coamings and aft hatch cover skirt plates abaft amidshif
a=T+—-—
100 L

goss b A for aft ends of coamings and aft hatch cover skirt plates forward of
100 L  amidships;

L: =L, but need not be taken as greater than 300 m;

3

£ l.' =
=045 g
b=10+ for L{ 045,
C, +0.2 L
S .ox -
b=10+15 L—— | . Tor —=>045;
C,+0.2 L

G T block coefficient0.6 XXG, XP.8 , when determining scantlings of aft endscofirmings and

aft
hatch cove skirt platesforward of amidships, Cbtaken less than 0.8;

E 1 Wistanee in m, between the transverse coaning or hatch cove skirt plate considered and
aft
end of the lengh L. Fa side coamngs or side hatch cove skirt plates, the sde is to be
subdivided into parts of approximately equd length, not exceedng 0.15 L each and & &is
to be taken as the distanae between aft end of the lengh L ard the certre of eadt part
considered,

z1 verticd distance in m, from the summer load line to the midpaint of stiffener span, or to
the middle of the plate field;
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b’ X isnot to be lessthan 0.25
c=03+0.7—.the —
B B
b breadh of coaming, in m, at the position considered,;
B® adua maximum breadh of ship, in m, on the exposed weather dedk at the position

considered.

The horizontal design load is not to be taken less than the minimum values given in Table
2.202.2(2).
Table 2.20.2.2(2) Minimum Horizontal Design Load PAmin

L Unprotected Fronts Elsewhere
X pn Y 30 15

>50 mand <250 m 25 + L/10 12.5 + L/20
X Hpn Y 50 25

| 2NRT 2y Gt ¢ SapplickifeNd ceafiags & Vydstips R
The presaure Peoam, iNkN/m?2, on the No. 1 forward transverse hatch coaring is given by:
Peoam=220kN/m?  when a forecastle is fitted in accordance with SectionQi8apter 8 of this
PART:
Peoam=290kN/m? in the other cases;
The presaure Pcoam, inkN/m?, on the other coaningsis given by:
Peoam=220kN/m 2
Note: The horizontal weather design loads pa and P.oamneed not be induded in the dired
strength cdculation of the hatch cover, unlessit is utilized for the design of substructures of
horizontal support accadingto 2.202.92)y .
(3) Cargo loads

Distributed loads

The uniform cargo load on hatch covers due to cargo loads pL, resulting from heave and

pitch (i.e. ship in upright condtion) is to be determined ac®rdingto the following formula:

pr =pcllvay) KN/m?

where: pcT uniform cargo load, in kN/m?;
a, T verticd accderation addtion as follows:
ay =Fm:
0.11vg .

pat
VL

x
’"="’o‘5('"o—1)‘2‘ for 0—<0.2;

m=10for 0.2<—<0.7:

=

"'OHri—O.? for 0.7 < i-:'51‘0:
03 | L L

m, =15+F;

m=1+

Vo— maximum speed at summer load line draught, is not to be taken less than J/Z . in kn.
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Point loads
The load P, in kN, due to a concerirated force PSin kN, excep for container load, resulting from
heave and pitch (i.eship in upright condition) is to be determined as follows:
P=P(l+a;) kN
(4) Container loads

The loads defined in  to are to be applied where containers are stowed on the hatch
cover.

Corner loads for ship in upright condtion
The load P, in kN, applied at eact corner of a container stac, and resulting from heave and
pitch (i.e. ship in upright condition) is to be determined asfollows:

M
RﬂﬁfmﬂkN

where:
ay @ verticd accderation addtion acordingto (3) w ;
M ¢ maximum designed massof container stad, in t.

Corner loads for ship in heel condition
2 KSNBE O2ydFAYSNB IINB aG26SR 2y KIFGOK O2@SNEX
motion are to be determined as follows (see Figure 2.20.2.2(4)):

M h
4,=981=(1+a, )] 0.45-0.42 KN

hy,
\ b )

A ' h, )
B. =9.SlT!(l+aI- [ 0,45+o.4:% | kN

B, =24M kN

where:

ay T verticd acceleration addtion accadingto 2.20.22(3);

M 1T maximum designed massof container stad, in t;

h,, 1 designed height of centre of gravty of stadk above hatch cover top, in m, may be
cdculated as weighted mean value of the stac, where the centre of gravty of eath
tier isassumed to be locaed at the certre of ead container, =[i;

Z distance from hatch cover top to the certre of ith container, in m;

Wit massof ith container, in t;

bt distane betweenfoot points,in m;

Az, Bzt support forcesin z-direcion at the forward and aft stadk corners;

By 1 support forcesin y-diredion at the forward and aft stad corners.

Values of Az and Bz applied for the hatch cover strength evaluation are to be shown in the
drawings of the hatch covers.

Note: It isrecommended that container loads as cdculated above are considered as limit for foot
point loads of container stadksin the caculations of cargo seauring (container lashing).
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RS

rass

Figure 2.20.2.2(4)
Load cases with partial loading
Theload casesin YR F62@S NS |faz2 G2 0 Shonogyedaus RS NS
loading which may occur in practice, e.g. where specified container stack places are empty. For
each hatch cover, the heel directions, st®own in Table 2.20.2.2(4), are to be considered. The
load caseof partial loading of container hatchcoversmay be evaluated usinga simplified
approach, where the hatch cover is loaded without the outermost stacks that are located
completely on the hate cover. If there are additional stacks that are supported partialiyhe
hatch cover and partially by container stanchions then the loads from these saidks may be
negleded, refer to Table 2.20.2.2(4) Partial loading of container hatch covers. In addtion, the
case where only the stack places supported partially by the hatch cover and partially by
container stanchons are left empty is to be asessd in order to consider the maxmum loads
in the verticd hatch cover supports.
It may be necessary to also consider partial load cases where more or different container stadk
places are left empty. Therefore, ISCmay require that addtiond partial load cases other than
thosein Table 2.202.2(4) be considered.

Table 2.20.2.2(4)-Partial loading of container hatch covers

Heel diredtion <
Hatch covers supported by
the longtudinal  hatch
coaming with all container
stadks located completely on
the hatch cover

Hatch covers supported by
the longtudinal  hatch
coaming with the outermost
container sadk supported
partially by the hatch cover
and partially by container
stanchions

[———
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Hatch covers not supported
by the longitudinal hatch
coaming  (center  hatch
covers)

——— 1 | /™™™

aAESR 4026138 2F wnQ YR nnQ O2yilAySNAE 2y K
In the case of mixed stowage (20'+40' container combined stack), the foot point forces at the fore
and aft end of the hatch cover are not to be higher than resulting from the design stack weight
foranQ O2y Gl AYySNARZI YR (KS F220G LRAYy(d F2NOSa |
NBadzZ GAy3 FNRBY (KS RSaA3ay aaGrO1 ¢SAIKG F2NI H

(5) Hatch cove's,which in addtion to the loadsaccading to (1) to (4) abowe are loaded in the ipQ a
transversediredion by forces due to elastic deformations of the shipQ aull, are to be designed
such that the sum of stresses doesnot exceeal the allowable value givenin 2.20.2.5

2.20.2.3 The net structural scantling of weathertight steel hatch covers itin compliance with
the following requirements:
(1) Locd net plate thickness
The locd net plate thicknessof the hatch cover top platingis not to be less than that obtained
from the following formulae, and not lessthan 6 mm:
p
95R
t=0.01s mm

t=0.0158F s

where:
Fo 1 fador for combined membrane and bendingresponse, cdculated as follows:
Fp=15in general;
F 109 for 9 508 for the attached plate flange of primary
? c, T, supporting members;
st stiffener spacing, in mm,;
pT pressure
pxand p, calculated according to 2.20.2.2 of this Section, in kN/m2;
* T maximum normal stress of hatch cover top plating, in N/mm2, determi
according to Figure 2.20.2.3;
“al T permissible stress, see Table 2.20.2.5,, in N/mm2;
ReHT yield stress of materials, N/mm2.

For flange plates under compresson, the budkling strength requirements of 2.202.6 of this
Sdion are to be complied with.
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o= max (o, 0,)
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Figure 2.202.3

The locd net plate thicknessof hatch covers for whed loadingis alsoto meet the relevant
requirements of Sedion 21 of this Chapter.

The locd net plate thicknessof lower plating of double skin hatch covers and box girders
are to comply with the following requirements:

The thicknessto fulfill the strength requirements isto be obtained from the cdculation
accading to 2.202.4 under consideration of allowable stresses accading to 2.20.2.5 of
this Sedion. When the lower plating is taken into accaunt as a strength member of the
hatch cover, the net thickness, inmm, of lower plating is to be taken not lessthan 5 mm.
When projed cargo isintended to be carried on a hatch cover, the net thicknessis not to
be less han:

I=6.55%x10" mm

where: st stiffener spadng, in mm.

When the lower plating is not considered as a strength member of the hatch cover, the
thicknessof the lower platingis not to be lessthan 5 mm.

Note: Projed cargo means espedally large or bulky cargo lashed to the hatch cover. Exanples are parts of

cranes or wind power stations, turbines, etc. Cargoes that may be considered as uniformly distributed
over the hatch cover, e.g. timber, pipes or sted coils need not to be considered as projec cargo.

(2) The stiffeners of hatch covers are to comgy with the following requiremerts:
The net sedion modulus Z and net shear area Ashr of uniformly loaded hatch cover

stiffeners constrained at both endsare not to be lessthan:

7
Z = ps cm?
l/fgil’."o-ﬂ
Am, = w 107 eme
a

a

where: | T secordary stiffener span, in m, to be taken as the spadng of primary supporting
members or the distane between a primary supporting membe and the edge
support, as applicalde. When brackets are fitted at both ends of all stiffener spans,
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the secordary stiffener span may be reduced by an amount equd to 2/3 of the
minimum bradkets arm length, but not greater than 10%of the unsupported gan,
for eadh bradket;
ST spadngof stiffeners,in mm;
pPT pyandpy to be cdculated accadingto 2.20.2.2 of this Section, in KN/ m?;
fpc T boundary coefficient of stiffener, taken equd to:

flye =8, inthe caseof stiffener simply supported at both endsor simply supported

at one end and clamped at the other end;
foc=12, inthe case of stiffener clamped at both ends.

S a1 dalowable stressasdefined in Tab.2.202.5,in N/mm2.

For secordary stiffeners of lower plating of double skin hatch covers, requirements mentioned
above are not applied due to the absence of lateral loads. For double skin hatch covers of holds
designed for ballast or liquid cargo, the stiffeners on lower plating are to be strengthened
accadingto ISQequirements.
The net thickness,in mm, of the stiffener (except U-beams/trapeze stiffeners) web isnot to be
less han 4 mm.
The net sedion modulus of secordary stiffeners is to be determined based on an attached
plate width assumed equd to the stiffener spaang.
Siffeners parallel to primary supporting membes are to be continuous at crossng primary
supporting members, and may be considered for cdculations regarding cross-seciond
properties of primary members. It isto be verified that the combined stressof those stiffeners
induced by the bendng of primary supportingmembers and lateral presaures does not exceed
the allowable stressesaccadingto 2.202.5 of this Sedion. When the lower platingisnot taken
into accownt asa strength member of the hatch cover, the requirements of this paragraph are
not necessary for the stiffeners of lower plating.
For hatch cover stiffeners under compresson, sufficient safety against lateral and torsional
budklingaccadingto 2.20.2 6 of this Sedion is tobe verified.
For hatch covers subjed to whed loadng, the relevant requirements of Sedion 21 of this
Chapter are to be complied with. For hatch covers subjed to point loads, stiffener scartlings
are to be determined by dired cdculations under consideration of the allowable stresses
as required in 2.202.5 of this S=dion.
(3) The net scartlings of primary supporting membeas are to compy with the following
requiremerts:
Scartlings of primary supporting members are to be obtained from dired cdculations
accading to 2.202.4 under consideration of allowable stresses accading to 2.202.5
of this Sedion.
For all componernts of primary supporting membes sufficient safety against budkling is
to be verified acording to 2.202.6 of this Sedion. For biaxially compressed flange
plates, the budkling strength is to be verified within the effedive width accading to
2.20.2.63) of thisSedion.
The net thickness,in mm, of webs of primary supportingmembersis not to be lessthan:
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t=6.55x10" mm
t=35 min
where: st spadng of stiffeners,in mm.

The net scantlings of edge girders are to comply with the following requirements:
Scantlings of edge girders are to be verified according to 2.20.2.4 under consideration of
allowable stresses according to 2.20.2.5 of this Section.

The netthickness of the outer edge girders exposed to wash of seawater is not to be less
than the largest of the following values:

=0.0158s P mim
O5R
t=855%10" mim
=6 mim

where: st spadngof stiffeners,in mm;
Pat horizontal weather design presaure, caculated accading to 2.202.2 of
this Sedtion, in kN/m?;
For the required momert of inertia of edge girders, refer to 2.202.9(1) Y .

2.20.2.4Srength cdculation

The stressesin hatch covers are to be determined by FEandysis.

The stresscdculation modd in this sedion is to be used for both yielding and budkling strength
asesanentsin acordane with 2.202.5 and 2.20.2.6, respedively.

The net scartlingsas definedin 2.20.2.1(5) are to be used.

(1) General requirements for FBM caculations

For strength cdculations of hatch covers by mears of finite elements, the cover geometry isto be
idedized as redlisticdly as possble. In no case element width is to be larger than stiffener spadng.
In way of force transfer points and cutouts the mesh hasto be refined where applicable. The ratio
of element length to width isnot to exceed 3.

The elemert height of webs of primary supporting membersis not to exceed one-third of the web
height. Siffeners,which support platessubjeced to lateral presaure loads,are to be induded in the
FEmodd idedizaion. Siffeners may be modelled by using beam elements, or shell/ plate elemernts.
Buckling stiffeners may be disregarded for the stresscaculation.

Hatch covers fitted with U-type stiffeners as shown in Fgure 2.20.2.4(1) are to be asessd by
mears of FE andysis The geometry of the U-type stiffeners is to be accuately moddled using
shell/ plate elements. Nodal points are to be properly placed on the intersecionsbetween the webs
of a U-type stiffener and the hatch cover plate, and between the webs and flange of the U-type
stiffener.
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FHgure. 2.20.2.4(1) Example of hatch cover fitt ed with U-type stiffeners

Aright-handed coordinate system isto be used with:

the x-axismeasured in the longitudinal diredtion, positive forward;

the y-axismeasured in the transversediredion, positive to port from the certerling;
the z-axismeasured in the verticd diredion, position upward.

The FEM is to be performed with net scartlings.

The finite elemernt model isto be limited asfollows:

(a) for symmetry of the hatch cover girders, loads and supporting boundary condtions
abou only the x-axis or y-axs, it may be limited to a half of the hatch cover for ched;
(b) for non-symmetry of hatch cover girders,loads or supportingboundary conditionsabou any

of the axes, the whole hatch cover may be taken for strength evaluation, see Hgure
2.202.4(2).

™~

X

Figure 2.20.2.4(2) Finite Eement Hatch Cover Model

¢ KnSdel element is to comply with the following requirements:

(a) all plating, induding girders and stiffeners, is to be represented by the finite element
modd,;

(b) all plating, such as top plates, bottom plates, bradkets, and girder webs, face plates of

primary supportingmembersisto modeded using plate elemerts, triangular elements are to
be avoided where possble;

(c) all stiffenersare to be modeded using beam, rod or plate elements.
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The element meshsize is to be controlled asfollows:

(a) the meshsize isnot to be greater than the spaadng of stiffeners;

(b) the girders are to be represented by at least 3 elementsin the depth;

(c) triangular and distorted quadilateral elements with corner angleslessthan 60 degreesand
greater than 120 degrees are to be avoided.

Bounday condtionsare to be determined asfollows:

(a) for symmetry of the hatch cover girders and loads about the xz-plane, the longitudinal
displacament of nodesin the symmetric plane and the rotations about the y and z axes
are to be taken as O respedively, i.e. dx =qy =0z =0, asshown in Figure 2.202.4(3);

(b) for symmery of the hatch cove girdersand loads abou the yzplane, the transverse
displacement of nodes in the symmetric plane and rotation about the x ax@z are to
be taken as 0 respedively i.e. dy = dx = qz =0, asshownin Figure 2.202.4(3);

(c) boundary nodes inway of bearing pads on the hatch coamings are generally to be fixed
against displacement in the zdiredion,i.e.d ,=0;

(d) lifting stoppers are to be fixed against displacements in the direcion determined by the
stoppers;

(e) hingesin folding type hatch covers are to be represented asrigid links which tie together
displacementsin the zdiredion.

__CLX
e i = (5\:0
‘ 0,00
\
\
CLY
8,0

Y

\b 0.=60.=0
X

Figure 2.20.2.4(3) Boundary Gonditi ons of Hatch Gover Model

2.20.2.5YEld strength and defledion criteria of hatch cover structures
(1) Allowable stresses
All hatch cover structuresare to comply with the following formulae:
Swm S for shell element;
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S ¢

aia *Sa | for rod or beam elements.
where: s g1 alowablestressin Talde 2.20.2.5;
Ry, T yield stress of the material;

s,m T theequivalent stressmay be taken asfollows:

I 2 2 N2 I 2

Oy = A o, —0,- O-_r + O._r +a7 N/mm-
where: sy T normal stress,in N/mm?, in x-direction;
SyT normal stress,in N/mm?, in y-diredion;

tT shear stress,in N/mm?, in the x-y plane
S ia T @al stressin rod or beam elemerts,in N/mm2,

In case of FEM cdculations using shell elements, the stressesare to be read from the certre of the
individua elemert. It isto be observed that, in particular, at flanges of unsymmetricd girders, the
evaluation of stressfrom elemen centre may lead to non-conservative results. Thus, a sufficiently
fine meshisto be applied in these cases or, the stressat the elemert edges isnot to exceed the
allowable stress.Where shell elemerts are used, the streses are to be evaluated at the mid plane
of the elemert.

For steelswith ayield stressof 390 N/mm?, it is taken as 368 N/mm? for caculation.
Sressconeentrationsare to be evaluated accadingto the adual condtions.

Table 2.202 .5 - Allowable stress

Members of Qbjed to S a, iINN/mm?
External presaure, asdefined 0.80ReH
in2.20.2.2(1)
0.90RgH for static+dynamic
Hatch cover structure load case
Other loads, as defined in
2.202.2(2)~©) 0.72ReH for static load case

(2) Deflection
The verticd deflection of primary supporting members due to the load stipulated in 2.202.2
of this Sedtion is to be not more than 0.0056 lg, where Ig is the greatest span of primary
supporting
member.

Note: Where containers are arranged on hatch covers and mixed stowage is allowed, i.e., a 40Qcontainer stowed
on top of two 20Qcontainers, particular attention is to be paid to the deflections of hatch covers. Futher the
posdble contaa of deflected hatch covers with cargo in hold hasto be considered.

2.20.2.6Buckling strength of hatch cover structures
(1) Geneadl
Buckling strength of all hatch cover structures isto be cheded. Buckling assessments are to be
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performed in compliance with the requirementsin Appendix 5.
The net scartlingsasdefinedin 2.20.2.1(5) are to be used for bucking ched.

(2) dendernessrequiremerts

The slendernessrequirements are to be in acmrdance with thosespedfied in Sec 2 of Appendx
5. The slenderness equirements need not be applied to the lower boundary of double skin
hatch covers unlessthe cargo hold is designed for carriage of ballast or liquid cargo.

The breadh of the primary supporting member flange is to be not lessthan 40%of their depth
for laterally unsupported spans greater than 3.0 m. Tripping bradkets attached to the flange
may be considered asa lateral support for primary supporting members.

(3) BucHKingrequremerts

These requirements apply to the budling assesament of hatch cover structures subjeded to
compressive and shear streses and lateral presaures. The budling assesanent is to be
performed for the following structural elemerts:

1 Siffened and unstiffened parels, induding curved pands and pands stiffened with U-

type stiffeners.

1 Web parelsof primary supporting members in way of opening.

The budkling strength assesament of coaming parts is to be done acwrding to this paragraph.
For rule application, the panel types and assessnent methods,the applied lateral pressure and
stresses, safety fadors and budkling ched criteria are defined in 2.20.2.6(3) -2.202.6(3)

, respedively. The procedure and detailed requirements for budkling assesament are
given in Sedion 4 of Appendx 5, induding idedization of irregular plate pands, definition of
reference stressesand bucking criteria.
Unlessotherwise spedfied, the symbols used in 2.20.2.6(3) are defined in Appendx 5.

Pand types and assessnent methods

The plate panel of a hatch cover structure is tobe modelled as stiffened panel () or
unstiffened pand (UP) as defined in 4.2, Sedion 4 of Appendx 5. Asesanent Method A (-A)
and Method B (-B) asdefined in 1.3, Sedtion 1 of Appendix 5 are to be used in accadance with
Table 2.202.6(3) , Hgure 2.202.6(3) and Hgure 2.20.26(3) . For a web pand with
opening, the procedure for opening should be used for its bucking assessnent.

For a hatch cover fitted with U-type stiffeners, the additiona budkling assessment
requirements edfic for pandswith U-type stiffenersin 5.25, Section 5 of Appendx 5 are also
to be followed.

Table 2.20.2.6(3) w - Sructural membersand assessanent methods

Assessment
Method M@

Hatch covertop/bottom plating structures6 8 SS CA 3dzNBE H PH N dPH Pc bo UV U
Length: between transverse

Structural Elements Normal Panel Definition

Hatch cover top/bottom plating SRA girdersWidth: between longitudinal
girders
Irregularly stiffened panels URB Plate between local stiffeners / PSM

Hatch cover wetpanels of primary supporting members 8 SS CA 3dzZNB H OPH N DPH DPc 60 0

Plate between local stiffeners / face
plate / PSM

Web of transverse/longitudinal girder (single skin typg URB
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Web of transverse/longitudinal girder (double skin

type)

SRB(3)

depth

Length: between PSMWidth: full web

Web panel with opening

Procedure for

Plate between local stiffeners / face

opening plate / PSM
. Plate between local stiffeners / face
Irregularly stiffened panels URB plate / PSM

Notes:

1. SP and UP stand fetiffened panebndunstiffened panetespectively.

2. A and B denotMethod AandMethod

3. In cases where buckling carlings or brackets are irregularly arranged in the web of a transverse or long

Brespectively.

girder, the UPB mehod may be used.
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Fgure 2.20.2.6(3) Y

Applied lateral presaure and stresses
The bucKing assesament of hatch covers isbased on the lateral presaure asdefined in2.1 and 2.2,
and stresses obtained from FEandysis,refer to 2.20.2 4.

Safety fadors
For all hatch cover structural membes, safety facdor S=1.0 is to be applied to both of the plating
and stiffener budkling capadty formulas as defined in 5.22, Section 5 of Appendx 5and 5.2.3,
Sedion 5 of Appendix 5, respedively.

Buckling acceptance criteria
A structural member is considered to have an accepable bucKing strength if it satisfies the
following criterion:

hact ¢ hall
where: hag T Buckling utilisation factor based on the applied stress, as defined in 1.32.2,

Sedion 1 of Appendix 5 and Sedion 4 of Appendx 5, and cdculated per
Sedion 5 of Appendx5.

hallt Allowable budkling utilisation factor, taken as given in Tab.2.202.6(3) Z .

Table 2.20.2.6(3) Z - Allowable buckling utilisation factors

Sructural ubjed to ha,  allowabe  budling
componert utilisation factor
External presaure, as defined in| 0.80
Patesand stiffeners 2.202.2(1)
Web of P Other loads,as defined in 0.90 for statictdynamic load
2.202.2(2)~() case0.72 for static load case

2.20.2.7Details of hatch covers

(1) Container foundation on hatch covers
Gontainer foundationson hatch covers are to be in compliance with the relevant requirements
of Appendx 1 of Chapter 7 of this PART. The cdculated stresses of substructures of
container foundations under cargo and container loads accading to 2.20.2.2 of this Sedion
are to comply with the requirements of 2.20.25 of this Sedtion.
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(2) Weathertightness

In addtion to the following requirements, the hatch covers are also to meet the relevant

requirements of IACSREQ4.
Packng material (general)
The padking material is to be suitable for all expeded service condtions of the ship and is
to be compatible with the cargoesto be transported. The padking material isto be seleced
with regard to dimensions and elasticity in such a way that expeded deformations may be
caried. Forcesare to be carried by the steel structure only.
The padkings are to be compressed so as to give the necessary tightness effec for all
expeded operating conditions. Soedal consideration is to be given to the pading
arrangemert in shipswith large relative movemerts between hatch covers and coamings or
between hatch cover sedions.
Digensation of weathertight gaskets
For hatch covers of cargo holds intended solely for the transport of containers, upon
request by the Owner and subjea to compliance with the following conditions, the fitting
of weathertight gaskets accadingto 2.202.7(2) may be dispensed with:
1 The hatchway coamings are to be not less than 600 mm in height
1 For weather deck hatch covers located above a depth HH{X)x) is to comply with the

following criterion:
H(X)2 T+ fy+hm
where: Ty, T draught, in m, correspondingto the assgned summer load line;
fo T minimum required freeboad, in m, determined in acordance with ICLL

h=4.6m for Y <0.75;
L

h=6.9m for * . g.75.
'L

Regulation 28 as modified by further regulationsas applicalde;

T

Labyrinths, gutter bars or equivalents are to be fitted proximate to the edges of el in
way of the coamings. The clear profile of these openings is to be kept as small as possible.
Where a hatch is covered by several hatch cover panels, the clear opening of the gap in between
the panels is to be not wider than 50 mm.
The labyrinths ad gaps between hatch cover panels are to be considered as unprotected
openings with respect to the requirements of intact and damage stability calculations.
With regard to drainage of cargo holds and the necessaryfifjrging system, refer to the
relevant requirements of Chapter 6, PART EIGHT of the Rules.
Bilge alarms are to be provided in each hold fitted with megathertight covers.
Furthermore, Chapter 3 of IMO MSC/Circ.1087 is to be complied with for the storage and
segregation of containers carng dangerous goods.

Crosgjoint of multi-panel covers are to be provided with efficient drainage arrangements.

2.20.2.8Hatch coamings are to comply with the followingrequirements:
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(1) The net thicknessof weather ded hatch coamings is not to be lessthan the larger of the
following values:

1 For Typel ships:

t=0.0142s Py mm
0.95R,,

=6+ mm
100

1 For Type2 ships:

t=0.016s M mm
0.95R

t. =95 mm

nun

where: st stiffener spadng, in mm;
P, T horizontal weather design load, in kN/m?, to be cdculated accadingto
2.202.2(2)
of thisSdion;
p T horizontal weather design load, in kN/m?, to be caculated acording to
2.202.2(2)
of thisSdion;
L1 =L, but need not be taken as greater than 300 m.

The continuous longitudinal hatch coamings within 0.4L amidships are also to comply with
the relevant requirements of Section 2 of this Chapter.

(2) The stiffeners of hatch coaming are to meet the following requirements: The stiffeners are
to be continuous at the coaming stays. For stiffeners with both ends constrained, the net

sedion modulus Z and net shear area Ashr, , cdculated on the basisof net thickness,are
not to be lessthan:

1 For Typel ships:

sl
7= Py cm?
f;CRﬂH
sl- .
A, = P& 102 em?
Rr:H

where: f =12 in general

=8 for the end spans of stiffeners sniped at the coaming corners,
I T stiffener span, in m, to be taken asthe spadng of coaming stays;
st stiffener spadng, in mm;
P, 1 horizontal weather design load, in kN/m?, to be cdculated accading to
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2.202.2(2)  of this Sedtion.

For sniped stiffeners of coaming at hatch corners, sedion modulus and shea area at the
fixed support have to be increased by 35% The grossthicknessof the coaming plate at the
sniped stiffener end is not to be lessthan:

s(1-0.0005s)
t =198 P-d—
y 1000R,

1 For Type2 ships:

. PopST ,
Z=121—= cny’

e Ry

where:fo,c T 16 in genergl12 for the end spans of stiffeners sniped at the coaming corners;
| T stiffener span, in m, to be taken #se spacing of coaming stays;
st stiffener spacing, in mm;
PaT horizontal weatherdesignload,in kN/m?, to be calculatedaccordingto
HPHANDPHDHOHD 2T GKA&A {SOlA2YT
PeoamT horizontalweatherdesignload,in kN/m ,to be calculatedaccording
t02.20.2.22) Y of thisSdion;
G 1 ratio of the plastic sedion modulus to the elasticsedion modulus of the

stiffenerswith an attached plate breadth, in mm, equd to 40t, wheret isthe
plate net thickness

G 1 1.16inthe absence of more preaseevaluation

The horizontal stiffeners of continuous longitudinal hatch coamings within 0.4L
amidships are also to comply with the relevant requirements of Section 2 of this
Chapter.

(3) Coaming stays are to be designed for the laaassmitted through them and are to comply
with the following requirements, in addition to the allowable stresses stipulated in 2.20.2.5

of this Section.
Goaming stay sedion modulusand web thickness
At the conrection with dedk, the net section modulus Z, in cm?, and the gross
thickness tw, in mm, of the coaming stays designed as beams with flange
(examples1 and 2 are shown in Hgure 2.20.2.8(3)) are to be taken not lessthan:
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£ = % cm?

19R,;
2Ps H,
t,=———— mm
hR,,

where:HcT stay height, in m;
ST stay spacing, in mm;
ht staydepth, in mm, at the connection with the deck;
pT pressure on coaming, in kNAmtaken as pA defined in 2.20.2.2(2)
in general and aB.oamdefined in 2.20.2.2(2) for Type2 ships.

For other designs of coaming stays, such as those shown in Fgure 2.20.2.8(3), examples 3

and 4, the stresses are to be determined through a grillage andysisor FEM. The cdculated

stresses are to comply with the permissble streses accading to 2.20.25 of this Sedion.

Coaming stays are to be supported by appropriate substructures. Face plates may only be
induded in the cdculation of sedion modulus of coaming stays if an appropriate

substructure is provided and welding provides an adequate joint.

Webs are to be conneded to the dedk by fillet welds on both sideswith athroat thickness
of not lessthan 0.44tw. For Type-2 ships,toes of stay websare to be comeded to the dedk
plating with full or partial pendration double bevel welds extending over a distance not

less han 15%of the stay width. For other ship typesthe size of welding for toes of webs at

the lower end of coaming staysisto comply with the relevant requirements of Chapter 1 of

this PART.
T nd \m D

a4

[ o e o )

o ——— R — )

Exanple 3 Exanple 4
Figure 2.20.2.8(3) Examples of coaming stays
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For coaming stays, which transfer friction forcesat hatch cover supports, fatigue strength is
to be considered.

(4) (The hatch coaming is also to comply with the following requirements:

Hatch coamings which are part of the longitudinal hull structure are to be designed
accadingto the relevant requirements of Section 2 of this apter.

For structural members welded to coamings and for cutouts in the top of coamings,
sufficient fatigue strength is tobe verified.

Longitudinal hatch coamings with a length exceedng 0.1L are to be provided with tapered
bradkets or equivalent transitions and a corresponding substructure at both ends. At the
end of the bradkets, they are to be comeded to the dedk by full penetration welds of
minimum 300 mm in length.

The locd details are to be designed to transfer the loads on the hatch coversto the hatch
coamings, and, through them, to the dedk structuresbelow. Hatch coamingsand supporting
structures are to be adequately stiffened to accanmodate the loading from hatch covers,
in longitudinal, transverse and vertica diredions. Sructuresunder ded are to be cheded
against the load transmitted by the stays. Unless otherwise stated, welding and material
are to comply with the relevant requirements of ISC
Onshipscarying cargo on dedk, such astimber, cod or coke, the staysare to be spaced not
more than 1.5 m apart.
Goaming plates are to extend to the lower edge of the dedk beams or hatch side girders
are to be fitted that extend to the lower edge of the ded beams. Extended coaming plates
and hatch side girders are to be flanged or fitted with face bars or half-round bars. See
Houre 2.202.8(4).

~ Hatch coaming

A :}# . .
O U 2 Hatch side girder

Deck bearm

Figure 2.20.2.8(4) Example for the Extension of Coaming Plates

Drainage arrangemert at the coamingis tocomply with the following requirements:

If drain chamels are provided inside the line of gasket by mears of a gutter bar or vertica

extension of the hatch side and end coaming, drain openings are to be provided at

appropriate positions of the drain chamels.

Drain openings in hatch coamings are to be arranged with sufficient distanee to areas of

stressconcentration (e.g. hatch covers, transitionsto crane posts).

Drain openingsare to be arranged at the ends of drain chamelsand are to be provided with

non-return valves to prevent ingressof water from outside. It is unaaeptable to conrect
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fire hosesto the drain openingsfor this purpose.
If a continuous outer steel contad between cover and ship structure is arranged, drainage
from the space between the steel contad and the gasket is alsoto be provided.

2.20.2.9Closing arrangements of weathertight steel hatch covers

(1) Securing arrangements
General requirements
Secuing devices between cover and coaming and at crossjoints are to be installed to provide
weathertightness. Qufficient pading line presaure is to be maintained. Securing devices are
to be appropriate to bridge displacaments between cover and coaming due to hull
deformations.
Secuing devices are to be of reliable construction and effedively attached to the hatchway
coamings, dedks or covers. Individua secuing devices on ead cover are to have
approximately the same stiffness chaaderistics. Accading to the requirements of
2.202.3(3)  of this Sedion, a sufficient number of secuing devices is to be provided at
ead side of the hatch cover, indudingthat consisting of several parts.

The materials of stoppers, fcuingdevicesand their welding are to comply with the relevant
requirements of ISCRules for Materials and Welding. Soedfications of the materialsare to be
shown in the drawings of the hatch covers.

Rod cleats

Where rod cleats are fitted, resilient washers or cushionsare to be incorporated.
Hydraulic cleats

Where hydraulic cleating is adopted, a positive mears is to be provided sothat it remains
mechancdly locked in the closed position in the event of failure of the hydraulic system.
Crosssediona area of the securing devices

The grosscrosssediona area of the securing devicesis not to be less han:

A=028g5,k cm?

where: q T padingline presaure, in N/mm, minimum 5 N/mm;
Sp T spadngbetween securing devices,in m, not to be taken lessthan 2 m;

235
JE

b= ()

et

R T the minimum yield stressof material, in N/mm?2, but not to be taken
grea[er than 07R'n ;

Rm 1 tensile strength of material, in N/mm?;
e=0.75for R,;>235N/mm3,

e=1.00for R, ¢235 N/mm”.

Rods or bolts are to have a gross diameter not less than 19 mm for hatchways
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exceedng 5m? in area. Securing devices of spedal design in which significart bending
or shea streses occu may be designed as anti-lifting devices accading to
2.202.9(1) .Thedesign load istaken asthe packing line pressure q multiplied by the
spacing SSD between securdwyices.
Anti-lifting devices
The securing devices of hatch covers, on which cargo isto be lashed, are to be designed
for the lifting forces resulting from loads accading to 2.202.2(4) of this Sedtion, refer
to Hgure 2.202.9(1). Unsymmetricd loadngs, which may occu in pradice, are to be
considered. Under these loadings the equivalent stressin the securing devices is not
to exceed

oy = 150 N/mm?

k,

where: kit asin 2.20.2.9(1) .

Note: The partial load cases given in Table 2.20.2.2(4) may not cover all unsymmetricd loadings,
criticd for hatch cover lifting.

I I ey
ray T

= Laftimgr Foree

Figure 2.20.2.9(1) Lifting Forcesat a Hatch Cover

The anti-lifting devices may be dispensed with accading to the following
requirements:

In the absence of hatch cover lifting under loads arising from the shipQrolling motion,
securing devices for hatch covers may be omitted. In such cases, it is to be proven by
mears of grillage or finite element andysis that an equilibrium condtion isacheved
using compresson only boundary elements for the verticd hatch cover supports.
If securing devices are omitted, transverse cover guides are to be effedive up to a
height hg , asshown in Fgure 2.202.9(2), where hg isnot to be less han

he =1.75(2se+d")*™ —0.75d mm

hgmn = height of the cover edge plate + 150 mm

where: e T largest distance from the inner edge of the transverse cover guide to
the end of the cover edge plate, in mm;
st total clearance within the transversecover guide, with 10 XXs X40, in mm;

d1 distanae between upper edge of transversestopper and hatch cover
support, in
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Figure 2.20.2.9(2) Height of TransverseCover Guide

The transverse cover guides and their substructure are to be dimensioned in
accordance witlthe transverse loads acting at a height hE .

(2) Hatch cover supports, stoppers and supporting structures
Horizortal massforces

For the design of hatch cover supports, the horizontal massforce isto be taken asfollows:
Fh=ma

where: Fht  horizontal massforce, in kN;
a,=0.2g in longitudinal diredion;
a,=0.5¢9 in transversediredion;

mt sum of massof cargo lashed on the hatch cover and massof hatch cover.

The accderations in longitudinal diredion and in transverse diredion need not be
considered as ading simultaneotsly.
Hatch cover supports
For the transmisson of the support forces resulting from the load cases spedfied in
2.202.2 of this Sedtion and of the horizontal massforces spedfied in (2) , supports are to be
provided which are to be designed such that the nominal surface presaures in general do not
exceed the values obtained from the following formula:

-

Pomax = dp N/mm*

n

where: d=3.75-0.019;
dmax=30;
dmin = 1.0, in general;
dmin =2.0, for partial loading condtions, see 2.202.2(5);

Pn 1 Allowable nominal surface presaure, see Table 2.20.2.9(2).
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Table2.20.2.9(2) Allowable Nominal Surface Pressuke P

) Pn (N/mm2) when loaded by
Support Material - -
Vertical Force Horizontal Force (on stoppers)
Hull structural steel 25 40
Hardened steel 35 50
Lower frictionmaterials 50 T

For metallic supporting surfaces not subjected to relative displacanents, the following
nominal surface presaure applies:

pnmax: 3pn N/mm2

Note: When the maker of verticd hatch cover support material can provide proof that the material is suficient for the
increased surface pressue, not only staticdly but under dynamic conditions ircluding relative motion for
adequate number of cycles, permissible mminal suface pressuremay be elaxed at the disretion of ISC
However, redlistic long term distribution of spedra for verticd loads and relative horizontal motion is to be
assuned and agreed with ISC

Drawings of the supports are to be submitted for approval. In the drawings of supports, the
permitted maximum presaure given by the material manuadurer is to be indicaed. Where large
relative displacements of the supporting surfacesare to be expeded, the useof material havinglow
friction propertiesis recanmended The substructures of the supports are to be of such a
design that a uniform presaire distribution is acheved. Irrespedive of the arrangement of
stoppers, the supports are to be able to transmit the following force Pn in the longitudinal and
transversediredion:

where: R, T verticd supportingforce;
nt frictiond coefficient;
m=0.5 steel to stedl.

For non-metallic, low-friction support materials on steel, the friction coefficient @may be reduced
but not to be lessthan 0.35 and it is to be submitted to ISCfor approval. Supports as well as the
adjacent structures and substructures are to be designed such that the allowable stresses in
2.202.5 of this Section are not exceeded For substructures and adjacert structures of supports

subjeded to horizontal forces P, afatigue strength isto be considered.

Hatch cover stoppers

Hatch covers are to be sufficiently secured against horizontal shifting. Soppersare to be provided
for hatch covers on which cargo is carried.
The greater of the loadsresulting from 2.202.2(2) of this Sedion and 2.202.92) isto be

applied for the dimensioning of the stoppersand their substructures.
The allowable stressin stoppers and their substructures, in the cover, and of the coamings isto
be determined acording to 2.202.5 of this Sedion and in addtion, the requirements in
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2.20.29(2) areto betaken into consideration.

Fedficdly for Type-2 ships, the following addtiona requirements are to be complied with:
Hatch covers are to be effedively secured, by mears of stoppers, against the transverse rces
arising from a pressure of 175 kN/m?.

With the exclusion of No.1 hatch cover, hatch covers are to be effedively secured, by mears of
stoppers, against the longitudinal forces ading on the forward end arising from a presaure of 175
KN/m?2,

No. 1 hatch cover isto be effedively secured, by means of stoppers, against the longitudinal forces
adingon the forward end arising from a pressure of 230 kN/ m?.

This pressure may be reduced to 175 kN/ m? when a forecastle isfitt ed in accadance with Section
13, Chapter 8 of thisPART.

The equivalent stressin stoppers and their supporting structures, and caculated in the throat
of the stopper weldsis not to exceed the allowable value of 0.8R.

2.20.2.10Corrosion addition and steel renewal
(1) Corrosion addition for hatch covers and hatch coamings

For scantlings of hatch e#er components, thegeneral corrosion additions tS, as shown in Table
2.20.2.10, is required.

Table 2.20.2.10Corrosion Additiongfor Hatch Coves and HatctCoamings

Application Structure ts[mm]
Weather deck hatches of Hatch covers 1
container ships, car carriers, 15fort>X mn
paper carriers and passenger . 0.r 5. but not greater than 3.
vessels Hatch coamings \."E+ -

for r>10
Weather deck cargo hatches o] Hatchcovers in general 2
Type2 ships Top and bottom plating of double skin hatch 5
covers
Internal structure of double skin hatch covers 15
Hatch coamings and coaming stays 15
Hatch covers in general 2
Weatherexposed plating and bottom plating ¢
. 1.5
double skin hatch covers
Weather deck hatches of all  ['|nternal structure of double skin hatch covers 1
other ships and closed box girders
Hatch coamings not part of the longitudinal 15
hull structure '
1.5fort>X mn
Hatch coamings part of thengitudinal hull 0¥ | o.5- but not greater than 3,
structure VK
for t>10
Coaming stays and stiffeners 15

Notes: t: net thicknessof hatch coaming required by the Rules.
K material factor.

(2) Steel renewal
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Sed renewal isrequired where the gauged thicknessis lessthan tnet +0.5 mm for
wsingle skin hatch covers,

wthe plating of double skin hatch covers,and

wcoaming structuresthe corrosion addtionstS of which are given in Table 2.20.2.10.

Qoating is to be maintained in GOODcondtion, as defined in 5.15.1(15), Chapter 5 of PART
ONEof the Rules.

For internal structure of double kin hatch covers, thicknessgauging is required when hatch cover
top or bottom plating renewal is to be carried out or when it is deemed necessary by ISCsurveyor,
on the basisof the plating corrosion or deformation. Inthesecases, steel renewal for the internal
structuresis tobe required where the gauged thicknessis lessthan tnet.

For corrosion addition tS= 1.0 mm, the thicknessfor steel renewal istnet and coaing or annual
gauging may be used for substitution of renewal when gauged thicknessis between tnet and tnet

+0.5mm.
For coaming structures, the corrosion addtionstS of which are not given in Table 2.202.10, steel

renewal and coaing or annual gauging are to be in accadance with the relevant requirements
of ISC

2.20.3 Steel pontoon covers
2.20.3.1The design load of steel pontoon coversisto comply with the following requirements:
(1) The design load of verticd exposed hatch covers is to be cdculated acwording to
Table 2.20.2.2(1) of this Sedtion.
(2) The permissble cargo load p on hatch coversisto be spedfied by the Owner or designer and
induded in the loadng manud, complying with the following requirements:
The permissble cargo load p for Q (eeén dedk hatch coversis not to be less han:

p =7.06h kN/m?

where: ht the verticd distance in m, measured from the hatch cover to the underside
of hatch cover stiffenerson dedk above.
This requirement does not apply to multi-purpose ships of which the Q (eén ded hatch

covers are used as Q (eén ded, see Figure 2.20.3.1(2) of this Sedtion.

e

il
o

T
i.;H

Figure 2.20.3.1(2)

i

LUE__I

Thepermissible cargo load p for hatch covers in the accommodation spaces is retto b
lessthan 12.7 kN/m?,
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2.20.3.2The locd scartlings of hatch covasare to comgy with the following requirements:
(1) The thicknesst of the top plating of steel hatch covers isnot to be lessthan that obtained
from the following formula:
=001  mm, but in no caseto be lessthan 6 mm.

where: st spadng of stiffeners,in mm.
(2) The scantlings of stiffeners and girders of steel pontoon covers arenply with the
followingrequirements:
Where the uniformly distributed design load of vertica exposed hatch covers is applied,
the sedion modulus W and the section moment of inertia | of stiffenersare not to be less
than:
W =782Kspi” x10™

cm’

I=144spl* x107° -

where: pt verticd weather design load, in kN/m?; st spadng of stiffeners,in mm;

It span of stiffener, in m; Kt material fador.
Where the uniformly distributed cargo load is applied, the secdion modulus W and
the s2dion momert of inertia | of stiffenersare not to be lessthan:

W =1.064Kspi* x107 3

cm

I=18spl* x107 -

where: pt permissble cargo load, in kN/m?; st spadng of stiffeners,in mm;
It span of stiffener, in m; Kt material fador.

Where the ends of stiffenersare effedively bradeted or continuous, the values of section
modulus and momernt of inertia may be reduced respedively by 33%and 80%than those
obtainedfrom or .

The scartlings of girders of steel pontoon covers are to be determined by dired
cdculations. Where steel pontoon covers are subjed to uniformly distributed loading and
girders are fitted in one diredion only, however, the scartlings of girders may also be
determined acordingto  and

2.20.3.3The dired strength cdculation of steel pontoon covers is to be in compliance with the
requirements of 2.20.2.4 of this Secion.

2.20.3.4YEld strength and deformation criteria of steel hatch cove's of steel pontoon coves. The

yield strength and defledion of steel pontoon coves are to meet the requiremerts of Table
2.20.3.4

Table 2.203 .4 - Sed Pontoon Covers

Load Allgwalgle Positive AIIovv_abIe
{ U NB @aNdmmé) * {  Deflection (m)
Vertical weather design load 0.70 Rn 0.0049
Loads other than vertical weather design loa 0.65 RH 0.0044l
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2.20.3.5The bucHKing strengh of steel pontoon coves is to meet the requirements of Table

2.20.3.5(1).

Table 2.20.3.5(1) - Buckling Srength Criteria of Seel Pontoon Covers

Structural Member

Criteria

Top panels of
hatch covers

Girders fitted in

The normal stress of top panels in compression of girders is not to exceed

uni-axial GAYSa GKS ONRGAOFE o0dzOltAy3a aiNBa
direction: 2.20.3.5(1).

Girders fitted in | The biaxial compressive stress of {mnels, when calculated by means of a
bi-axial finite plate element model, is to comply with the relevant requirements in
directions: 2.20.2.6(1) of this Section.

Girder webs

The shear stress of girder web panels is not to exceed 0.8 times the criticg
AKSI N 6dzO1tAy3 aaNBaazr _O0d _ O YI @&

Stiffeners parallel to girders

The normal stress of the attached plating of stiffeners, in compression of
girders parallel to stiffeners, is not to exceed 0.8 times the critical buckling
daGNBaas " O O YIe& 6S OFfOdA I GSR

(1) Hatch cover plating critica stress

The compressie stress ™ in the hatch cover plate pands, induced by the bendng of primary
supporting members parallel to the diredtion of secordary stiffeners, isnot to exceed 0.8 times
the criticd bucking stress’ c1, to be evaluated asdefined below:

G2 = 0E2 for Op < Rez
G = Rz (1 —%) for op, > R;H
52 2
where: Rezr — yield stress of the material. in N/mm?;
or2 = 0.9mE( 2 )* . in N/mm?;
1000s,
Sy 2

m = c[l-'—(—z::—)‘]' i
E — modulus of elasticity, n N/mm?, = 2.06 x 10° for steel:
t — net thickness of plate panel. in mm:
s; — length of the shorter side of the plate panel. in m;
I: — length of the longer side of the plate panel. in m;
w — ratio between smallest and largest compressive stress:
¢ = 1.3 when plating 1s stiffened by primary supporting members:
¢ = 1.21 when plating 1s stiffened by secondary stiffeners of angle or T type:
¢ = 1.1 when plating is stiffened by secondary stiffeners of bulb type:
¢ = 1.05when plating 1s stiffened by flat bar.

The biaxial compressie stressin the hatch cover pands, when cdculated by mears of FEM shell
element model, is tobe in accadance with the requirements of 2.20.2.6, Chapter 2 of this PART.

(2) Hatch cover secordary stiffeners criticd stress

The compressie stress * in the top flange of secordary stiffeners, induced by the bending of
primary supporting members parallel to the diredion of secordary stiffeners, is not to exceed 0.8
timesthe critica bucking stress’ cs, to be evaluated as defined below:
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R
Gcs =0gg for ops < T‘H

Oes = Rer (1 R ) for ogs >R;‘H
T s 2
where: Roez — vield stress of the material. in N/mm?;
ors — 1deal elastic buckling stress of the secondary stiffener. in N/mm?. = minimum

between or3 and gz4:

o8 = 0'001,':1" . in N/mm?;
Al
E — modulus of elasticity. in N/mm?. = 2.06 x 10° for steel:
I, — moment of inertia of the secondary stiffener. in cm®. including a top flange equal to
the spacing of secondary stiffeners;
4 — cross-sectional area of the secondary stiffener, in cm?®. including a top flange equal
to the spacing of secondary stiffeners;
I — span of the secondary stiffener. in m:
o = ZFEL o0 Ky +0385E L Nimm?:
10° 1,17 m" 1,
4
k = 9 xos
~ElL,
m — number of half waves. given by Table 2.20.3.5(2);
I, — sectorial moment of inertia of the secondary stiffener about its connection with the
plating, in cm®:
3.3
I, = %- x1078 . for flat bar secondary stiffeners;
. A :
W 107° . for “Tee” secondary stiffeners:
byhs b3 +2b 2 0% . f ! d bulb
w=—————— 1t (by +2b.h, +4h,)+31,.b.h, ]x1 . for angles an u
12(by + hy)
secondary stiffeners:
I, — polar moment of inertia of the secondary stiffener about its connection with the
plating. in cm*:
3
I,= h“% x10~* _ for flat bar secondary stiffeners;
I —(&+h2b t,)x107* for flanged secondary stiffeners:
= 3 w ‘s > g : Iy 5
I; — St'Venant’s moment of inertia of the secondary stiffener without top flange. in cm*:

Ity

I x107*, for flat bar secondary stiffeners:
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- G t :
I,= %[hwrj +b,t7 (1—0A63b—f)] x107* . for flanged secondary stiffeners:

7w — web height of the secondary stiffener, in mm;
tw — web net thickness of the secondary stiffener. in mm:
by — width of the secondary stiffener bottom flange. in mm:
tr  — net thickness of the secondary stiffener bottom flange. in mm:
s — spacing of secondary stiffeners, 1n m:
C — spring stiffness exerted by the hatch cover top plating, calculated by the following
formula:
i k,Et, ‘ 03
3s(1+ %—)
1000sz>

k, =1-n,. to be taken not less than zero: for flanged secondary stiffeners. &, need

not be taken as less than 0.1:
= g: 3
* Or
g —normal stress of the attached plate of the wing plate of the primary supporting
member;
gr1 — as given 1 2.20.3.5(1):
t» — net thickness of the hatch cover plate panel, in mm.

Table 2.203.5(2) - Number of Hdf Waves (m value)

K

(Mmb 1)2m < KX¥n?(m + 1)?
0 < KK 4<KX6 36 < K)KL44

m

1 2 3 m

(3) Web pands of hatch cover primary supporting members criticd stress

Thischedisto be caried out for the web panrelsof primary supportingmembers, formed by web
stiffeners or by the crossng with other primary supporting members, the face plate (or the
bottom cover plate) or the attached top cover plate.

The shea stress_ in the hatch cover primary supporting member web pandsis not to exceed 0.8
timesthe criticd bucKing stress_c, to be evaluated as defined below:

:
e =1E fore=_L
2

T T
e=1r(1— —4‘: ) for 1z ':’TF

TE A
where:
O T yield stress of the material, in N/mm2;
O T spacing of stiffeners, in m;

E 1 span ofstiffener, in m;

material factor.

—

tprn
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k = (d}
535+ 4.0| —|
¢

a T greater dimension of web panel of primary supporting member, in m;
d t smaller dimension of web panel of primary supporting member, in m.

For primary supporting membe's parallel to the diredion of secordary stiffeners, the adual
dimensionsof the parelsare to be considered.

For primary supporting members perpendicular to the diredion of secordary stiffeners or for
hatch covers built without secordary stiffeners, a presumed square pand of dimension d isto be
taken for the determination of the stress_c. In such a case, the average shea stress_ between

the values cdculated at the ends of this pand is to be considered.

2.20.3.6Sed pontoon coveas are to be provided with tarpauins and secuing dewuces in
accadance with the following requiremerts:
(1) At least two layers of tarpadin in good condtion are to be provided for each hatchway in
exposed freeboad and superstructure deds.
(2) Tarpauinsare to be free from jute, and the minimum weight in unit area of the material before
treatmernt is tobe:
0.65 kg mm?, if the material is tarred;

0.65 kg mm?, if the material is chemicaly dressd,;

0.55 kg mm?, if the material is dressed with blad oil.

(3) Ckats are to be welded to the hatch coanings or the horizortal stiffeners, and the cleats are
to be soset asto fit the taper of the wedges. The width of cleas isnot to be lessthan 65 mm,
and the cleats are to be spaced not more than 600 mm from certre to centre. The first and last
cleats along ead side or end are to be arranged not more than 150 mm from the hatch covers.

(4) Wedges are to be of tough wood. They are to hawe ataper of not more than 1 in 6 and are not
to be lessthan 13 mm in thicknessat the point.

(5) Fa all hatchways situated in exposed freeboad and superstructure decls, steel bars or other
equivalent mearsare to be provided in order to efficiently secure eac sedion of hatch coves
after the tarpauins are battened down. Hatch cove's of more than 1.5 min lengh are to be
secured by at least two such securing appliances.

(6) Fa all hatchways situated in other exposed positions, ring bolts or other fittings for lashings
are to be provided.

2.20.3.7The hatch coamings of steel pontoon coveas are to compy with the following
requiremerts:

(1) Gonstruction of exposed hatch coamings

The thicknesst of hatch coamings is not to be lessthan that obtained from the following
formula:

t=0.06L+6.5mm
where: Lt length of ship, in m, need not be greater than 90 m.
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Coamings of 600 mm or more lreight are to be stiffened on their upper edges or at about
250 mm below the upper edge by a horizontal bulb flat or equivalent strength member. The
web depth of the horizontal bulb flat is not to be less than 180 mm, and an addisoppbrt
isto be afforded by fitting verticd stays or bradkets from the bulb flat to the deck at intervals
of not more than 3 m. The web depth of the stiffeners or bradets isto be not less tan that
of the horizortal bulb flat and they are to be flanged or fitted with a face plate. Where the
coamings are more than 900 mm in height, the spadng of the above-mentioned stays or
bradkets is to be suitably reduced. Where the coamings are equd to or more than 1,200 mm
in height, an addtiona horizontal bulb flat or equivalent strength member is tobe fitted in
way of half height of the coaming. Where the coamingsare subjed to loaded containers, the
hatch coamingsand their supporting members are to be strengthened correspondingly.
Where no face plate is fitted, thepper edges of coamings are to be stiffened by half round
bars or other rolled bars to ensure the rigidity of coamings and the smoothness of their upper
edges.
Where the deck plating does not extend inside the coamings, the coamings at the corners of
hatchways are tde rounded. For openings within 0.5L amidships, the radius of the rounded
corner is to comply with the requirements of 2.4.4 of this Chapter.
If the dedk plating extends nside the coamings, he coamingsat the corners of hatchways
may be square provided that the corners of ded openings are in compliane with the
requirements of 2.4 4 of this Chapter and that the longitudinal coamings at hatch cornersare
extended in the form of a tapered bracket.

Extension brackets aailsarranged approximately iline with the cargohatch side
coamings and intended for the stowage of steel covers are not to be welded to a deckhouse or
masthouse, unless upon calculation it shows that the hatch coamings may duk ass
longitudinal strength members of the hull.

Where the exposed hatch coamings act as deck girders, they are also to comply with the
relevant requirements of 2.8.8 of this Chapter.

(2) Where the @veen dedk hatch coamnings ad as ded girders, they are also to compy with the

relevart requiremerts of 2.88 of this Gapter.

2.20.4 Hatch covers with portable beams

2.20.4.1The design load of hatch coveas with portable beans is to compy with the following
requiremerts:

(1) Theverticd weaher design load of expaosed hatch covasisto compy with Table 2.20.2.21)
of this Setion.

(2) The permissble cargo load on hatch coversisto compy with the requiremens of 2.20.3.12)
of this Setion.

2.20.4.2Hatch coveas with portable beans are to be in comgiancee with the following
requiremerts:

(1) Hatch coves with portable beamns, where the cove is made of steel, are to meet the
requiremerts of 2.20.3.41) of this Setion; where the cove is made of wood, the thicknesst isnot
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to be lessthan that obtained from the following formula:
t =40Smm, but in no caseto be lessthan 60 mm

where: St spadng of portable hatch beams,in m.

Where the design load exceeds 184 kN/m2, the thicknessof wood covers is to be increased
in direa proportion to the load.

Both ends of wood hatch covers are to be proteded by enarcling galvanzed steel bands, abou
65 mm wide and 3 mm thick, efficiently secured.

(2) Where the verticd design load is applied, the exposed hatch coves with portable beans are
to compy with the following requirements:

Thesection modulus W and the section moment of inertia | of the portable beams an® not
be less than:
W =0.782kSp 2 cm?
| =1.44Sp 3 et
where:

p T vertical weather design load, in kNfxto be calculated according to
2.20.4.1 otthis Section;

S T spacing of stiffeners, in m;
(. span of stiffener, in m;

K 1 material factor.

Theends of web plates are to be doubled, or inserts fitted for at least 180 mm along length of
web.

The portable beams are to be stiffened at their upper and lower edges by continuous face
plates. The width of the upper face plate is to be sufficientrovie a bearing surface of not

less than 65 mm for hatch covers, and a vertical flat bar with a height of 50 mm is to be arranged
on the upper face plate

Carriers or sockets are to provide means for the efficient fitting and securing of portable hatch
beams. The width of bearing surface is at least to be 75 mm.

The section modulus W and the section moment of inertia | of stiffeners of steel covers are
not to be less than:

W =0.664KSp 2 ¢

1=1.13Sp 3cnt
where;

p T vertical weather design load, in kN#yto be calculated according to 2.20.4.1 of
this Section;

| T span of stiffener, in m;
S T spacing of stiffeners, in m;

K 1t material factor.
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(3) Where the uniformly distributed cargo load is applied, the hatokers with portable beams
are to comply with the following requirements:
The section modulus W and the section moment of inertia | of portable beams are not to be

less than:
W=1.064KSp? cm?
|=1.8Sp3 cm?
where:

p T permissble cargo load, in kN/m?;
S T spadng of portable beams,in m;

I T span of portable beam, in m;

K T material factor.

t2NIFofS o0SkFYa INB ftaz2 G2 O2YLX EdgAlK (KS
Thesection modulus W and the section moment of inertia | of portable beams are not to be

less than:
W =1.064KSp? cn?
|=1.8Sp3 cm?
where:

p T permissble cargo load, in kN/m?;
I T span of portable beam, in m;

S T spadng of portable beams,in m;
K T material factor.

(4) The scartling of stiffeners and girders with a variable crosssedion for hatch cove's with
portable beanms are to comgy with the requirements of 2.20.3.23) of this Se¢ion.

2.20.4.3The dired strength cadculation of hatch coves with portable beansisto compy with the
requirements of 2.20.2.4 of this Section.

2.20.4.4Theyield strength and deformation of hatch covers with portable beansisto compgy with
the requirements of 2.20.3.4 of this Section.

2.20.4.5The bucHing strength of hatch coveas with portable beans is to comgy with the
requirementsof 2.20.3.5 of this Section.

2.20.4.6The closing appliances of hatch coves with portable beans are to comgy with the
requirementsof 2.20.3.6 of this Section.

2.20.4.7The hatch coamings of hatch coves with portable beans are to compy with the
requirementsof 2.20.3.7 of this Section.

2.20.5 Miscellaneous openings
2.20.5.1Miscellaneows openingsare to compy with the requiremerts of 1.127 of Chapter 1 of this
PART.
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2.20.5.2Smadl hatchways on exposed decks are alsoto compy with the following requiremerts:

(1) The height of coamings of small hatchwaysis to comply with the requirements of 2.20.1.8 of
this Seaion. The thicknessof the coamingsis not to be lessthan the minimum thicknessas
required in this Chapter for the dedk inside the line of openings for that position, or 11 mm,
whichever is the lesser;

(2) Snall hatchwaysare to be provided with steel weathertight hatch coversand reliable securing
devices. The mears of securing are to be such that weathertightnesscan be maintained in
any condtion. The thicknessof the hatch coversis not to be lessthan the minimum thickness
required by this Qiapter for the dedk inside the line of openings for that position, or 8 mm,
whichever isthe lesser;

(3) Srength and securing of small hatches on the exposed fore ded are alsoto comply with the
relevant requirements of Sedion 7, Chapter 1 of this PART.

SECTION 2IVEHICLE DECKS

2.21.1 General requirements

2.21.1.1Where wheeded vehicles are to be stowed on the ded or used for cargo handing, the
scartlings of the ded or hatch coves are to compy with the relevart requiremernts inthis PART
and in addition, are to be checkel for strengh in accadanae with the requiremernts of this Sedion.

2.21.1.2Where wheded vehiclesare to be stowed on the inner bottom or used for cargo handing,
the strength of inner bottom plating in way may also be checkel by reference tothe requiremerts
of this Setion.

2.21.2 Deck plating
2.21.2.1Thethickness of deck plating is to comply with the following requirements:
(1) The thikness t of deck plating is not tee less than that obtained from the following formula:

t=CJIPKE +15 mm
where;

p T load,int, on the tyrgrint. Two closely spaced wheels may be regarded
combined wheel print and the sum of loads on both tyre prints is to be
taken;

K Tt material factor.

CJ 1 codficients,to be cdculated asfollows:

For 'I}.S*_:ii =1:
v

458

J=073(085-2)+—

v Y062
5

T

c=1-(0099Y+0013)25-1)
5 5
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u
Forl=—<=1:
,
.q
7=051(0.79 - Xy« 28
v Zio062
5

C=1-(01562+0009)25-1)
5 5

LU
For2=_<=173:
v

J=04(0.66-4)y+_430
Vo Xio057

5
v I
C=1-{0196—+0013)(25-—)
& &5
where:
u T  aspect ratio of tyre print, see Figure 2.21.2.1(1). For 2 tyre prints

on one plate panel. see Figure 2.21.2.1(2), & = 2u; where X =73,
"
. —
calculating by u; = vy =vuv;
| 1t spanofframes, inm;
S 1 spadngof frames,in m; when|/s>2.5, to be taken as 2.5.

u u

| , |
Figure 2.21.2.1(1) Figure 2.21.2.1(2)

(2) Where forklift trucks are to be used for cargo handling on decks and no data for tyre print and
deadweight, etc., are available, the thickness of deck plating may be obtained in accordance
with the following formula:

& 111

—

= +27
it P+1

where:
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t 1T thicknessof ded plating, in mm;
S T spadngof dedlongitudinalsor beams,in mm;
P 1 cagoweight lifted by the forklift truck, int.

(3) Where wheeled vehicles are to be stowed or used on insulated decks, attention is to be paid to
the effect on theinsulation coating due to deck deformation when the permissible loading of
decks is determined based on the thickness of deck plating.

2.21.2.2The sedion modulus of dedk beans and longtudinals are to comgy with the following
requiremerts:
(1) Where forklift trucks are to be used for cargo handing on cargo deck the section modulus W
of deck beansor longtudinalsisnot to be lessthan that obtained from the following formula:

W = (0.375J1P1 + 1.25J 2k

where:
P 1 total weight of forklift truck, int;
h t design head onthe ded, in m, see 2.8.1.1 of this Chapter;
S T spadngof frames,in m;
| T gpanofframes,inm;
K 1 material fador;
J, b 1 codficients,to be taken accadingto Table 2.21.2.2.
Table 2.21.2.2 - (oefficients J, and b
J 0.1 0.2 0.3 04 0.5 and over
J 154 14.6 13.35 11.8 10.1
N 1.89 1.85 1.73 1.55 1.30

Note: J=wheel spadng/ span of frame, where wheel spadngisto be taken asthe gpadng between the two outermost
wheels on the same axe.

(2) Where decls are permanertly intended for the carriage of vehicles, the sedion modulus W
of dedk beansor longtudinalsisnot to be lessthan that obtained from the following formula:
W = (0.5363,PI+ 1.25pshl?)K cm?
where:

P 1 load on one axe, in t, i.e. total weight of the vehicle divided by the
number of axles. Where the distribution of weight is not uniform, Pis to
be taken as the maxmum axle load.

h t design head on ded, in m, in accadance with 2.8.1.1 of this Chapter,
but h need not be morethan 2.5 m;

S T spadngof frames,inm;
| T spanofframes,inm;
K 1 material fador;
J, b T codficients,to betakenaccadingto Table 2.21.2.2.
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(3) In addition to the abovanentioned requirements, the strength of deck beamdamitudinals
is tobe checkal accading tothe following requiremerts: the allowable bendng stressis not
to excea 104K, inN/mmz if it isassumed that both ends of beans or longtudinals are fixed
rigidy and that the beam is only subjeded to the concenrated load of wheels.

2.21.2.3The sedion modulus of ded transverses or girders is to compy with the following

requiremerts:

(1) Wherethe dedktransversesor girdersare subjed to uniformly distributed loading, the secion
modulus W is not to be lessthan that obtained from the following formula:

W =4.75bhl2K cnB
where:

P 1 spadngof transversesor girders,in m;

h t gpanoftransverseor girder, in m;

s 1 design head ondedk, in m, in accadance with 2.8.1.1 of this Chapter;
K t material fador;

(2) Where the dedk girders or transverses are subjec to concerrated loads, with or without the
addtion of uniformly distributed load, the sedion modulus is to be determined by
cdculations. During the cdculation, 100% end fixity is to be assumed, and the permissble
bendng stressisto be taken as 118/ K, in N/mm2.

2.21.3 Hatch covers
2.21.3.1Where wheeled vehicles are to be stowed or used for cargo handling on hatch covers, the
thickness of hatch cover plating is to comply with the provisions in 2.21.2.1 of this Section.

2.21.3.2Where wheded vehiclesare to be stowed or used for cargo handing on hatch covess, the
sedion modulus W of hatch cove stiffenersisnot to be lessthan that obtained from the following
formula:

W = (&PI+ 1.67HUshl?)K cm?
where:

P 1 loadononeaxle, int, see2.212.2 of thisSedion;

h 1 design head on the hatch cover, in m; h =0.14 p, where p is the
verticd weather design load on the hatch cover givenin 2.202.2(1) of this
Chapter;

S T Spaadngof stiffeners,in m;
K 1 material fador;
% J T codficients,to be taken accadingto Table 2.21.3.2
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Table 2.213.2 - Qoefficients B and U

J 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
N: 11.96 | 10.69 | 9.58 8.46 7.46 6.51 5.55 4.23 2.38
J 2.32 1.89 1.55 1.28 1.07 0.91 0.73 0.36 0.11

Note: J= wheel spadng/ span of stiffeners, where wheel spadngisto be taken asthe spaang between the two
outermost wheels on the same axe.

SECTION 2S5TRENGTHENED FOR HEAVY CARGOES

2.22.1 General requirements
2.22.1.1Ships complying with the requirements of this Section will be assigned the class notation:
Strengthened for Heavy Cargoes.

22212{ KALJA 2F f2FRAYy3 NI GS + 1y4.215 ofIONSpterilfadd tai K I y
comply with the requirements of this Section, except when loaded by steel coils on a wooden
support.

2.22.1.3Special considerations are to be given to the strengthening requirements where the inner
bottom plating of the cargo hold Isaded by bulky cargo or bearing concentrated load.

2.22.2 Requirements for hull structures
2.22.2.1The strength dedk and bottom in way of cargo holds are to be framed longtudinally, and
the ship is tobe provided with adouble bottom within the region of cargo spaces.

2.22.3 Strengthening of bottom framing
2.22.3.1The plate floors are geneaally to be spaced not more than 2.5 m apat, and the thickness
of the floorsisnot to be less han that required in 2.6.112 of this Chapter.

2.22.3.2The bottom girders are geneaally to be spaced not more than 3.6 m apat, and the
thicknessof side girdersis not to be lessthan that required in 2.6.102 of this Qapter.
2.22.3.3Thethicknessof watertight or oiltight floorsisto compy with the requiremertsof 2.6.11.2
of this Chapter.

2.22.3.4The thicknesst of inner bottom plating is not to be lessthan that obtained from the
following formulae;

t=(0.04L +55 +1.1)JK +5 mm

t=4065s E 1
V¥

L t length of ship,in m, Lneed not be taken greater than 400 m;
S T spadngofinner bottom longitudinals,in m;
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11 stowagerate, in m3/t, but not to be greater than 0.833;

H 1 verticd distance in m, measured from the inner bottom plating to
dedk at side amidships;

K t material fador.

2.22.3.5The section modulus Wfdnner bottom longitudinalssnot to be less than 85%fdhat of
bottom longitudinakasrequired in 2.6.122 of this Chapter nor to be lessthan that obtained from
the following formula

85 HS!QK cm?

¥
¢

W=

where: ', Hand st same asdefined in 2.223 .4 of this Section;
| T gpan of inner bottom longitudinal, in m;
Kt material fador.

2.22.3.6Where verticd stays are fitted in way of the mid-span of inner bottom longtudinals and
the inner bottom longtudinals are subjed to uniformly distributed loadng, the scartlings of
bottom longtudinals and stays may be determined by direc cdculations.

2.22.3.7The construction of the dud ked is to comgy with the requiremerts of 2.6.3 of this
Chapter. But the sedion modulus W o the inner bottom stiffening members isnot to be lessthan
the values derived from 2.22.35 of this Setion, and in this case s is the spadng of the stiffening
membaeas,inm, and | isthe span of stiffening membe's,in m.

SECTION 25TRENGTHENING FOR GRABS

2.23.1 General requirements
2.23.1.1This Setion appliesto shipsintended to carry dry cargo in bulk, and indude such types as
bulk carriers, ore carriersand comhnation cariers.

2.23.2 Class notation

2.23.2.1The classnotation Grab*(X) isassgned to shipswith holdsdesigned for loadng/unloading
by grabs having a maxmum spedfic weight up to Xtons, in comgiana with the requiremerns of
this Sedtion.

2.23.3 Structural strengthening
2.23.3.1The thickness tGR, in mm, of the inner bottom plating is not to be less than that obtained
from the following formula:

ten =028(M_, +50)3/sK +50 mm
where: Mgz T massof unladen grab, in tons;
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S T spadng, in m, of ordinary stiffeners, measured at mid-span;
K Tt material fador.

2.23.3.2 The thicknesstGR, in mm, of hopper tank sloping plate, transverselower stool, transverse
bulkhead platingand inner hull up to aheight of 1.5 m above the lowest point of the inner bottom,
excluding bilge wells, is to be not lessthan the value obtained from the following

formula:
fop =028(M o +42)4sK +3.5 mm

where: Mcr T mass of unladen grab, in tons;
S T spacing, in m, of ordinary stiffeners, measured at-span;
K 1 material factor.

SECTION 24ANALYSIS OF TEMPERATURE FIELD AND THERMAL STRESS OF CARGO TANK
STRUCTURE

2.24.1 General requirements

2.24.1.1This Sedtion applies to ships carying liquefied gases in bulk, ships carrying dangeous

liquid chemcashavingatemperature higher than 803 at atmospheric presaure in bulk, oil tanke's

and asphdt cariers, and contains spedfic requiremerts for cargo tank thermal stresscdculation

asrequired in Chapter 10, PART EIGHTf the Rules, Chapter A4 of ISCRules for Gonstruction and

Equipment of Shps Carrying Dangeous Liquid Chemicas in Bulk, Chapter A4, PART TWOof ISC
Rulesfor Gonstruction and Equipment of Ships Carrying Liquefied Gases in Rilk, and other relevart

rulesof ISC

2.24.1.2Unlessapproved by ISCthe following two loadng modes are not to be used:
(1) cargoes of different temperaturesand natures are carried simultaneouslyin adjacent tanks or
in the cargo tank area;
(2) liquid cargo and ballast water of high (low) temperature are carried simultaneously incargo
tanks and adjacent ballast tanks.

2.24.1.3In this Setion, the thermal stresscaculation for cargo tanksindude two steps which are
to be performed in sequence At step 1, the distribution of temperature field of cargo tanks and
asdated structures is to be obtained through hea transferring andysis with the given
temperatures of hot/ cold sources of liquid cargo and the given amhbient temperatures. Sep 2 isto
usethe distribution of temperature field soobtained asinput condtion for thermal andysis,soas
to obtain the thermalexparsion-induced thermal stressof any structure in the temperature field
due to temperature difference

2.24.1.4The hea transferring cdculation in this Sed¢ion is based on an assumed steady state heat
transferring in threedimensional space, no change of material parameters and boundary
conditions is made in conjunction with any temperature change in the analysis of linear heat
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transferring, and only the effects @fansferring through structures and insulation are considered.

2.24.1.5The thermal cdculation in this Sedion is based on the assumption of a dsequertially
couped hea-structure (®quertially coupged problS Y v iée,, the effeds of change in the
temperature field on the machinery field are considered without taking accoun of the effeds of
the latter on the former. Moreove, the high temperature creeping effeds of structures are not
considered.

2.24.1.6In calculation it isassumel that hed is transferred between hull structurd members by
conduction and that hea exchang between air and hull structurd members exposel to it is
natura convection only

2.24.1.7In hea transferring cdculation and thermal stress andysis, recognzed finite elemert
thermal andysisprograms and finite elemert structural andysisprograns are to be used.

2.24.1.8Where methods or assumptions other than those pedfied in the Rules are to be used in
cdculation, they are to be approved by ISC

2.24.2 Plans and documents
2.24.2.1In addtion to cdculationsasgeneally required by relevart ISGlocumerts for dired finite
element structural cdculation, the following hea transferring cdculation and thermal stress
andysisdocumerts together with asodated drawings and documeris are to be submitted:
(1) Arrangemernt of insulation layers and details of their conrection;
(2) Thermal parameters of insulation layers (coefficient of thermal conductivity, etc.);
(3) Heat balance cadculation and andysisreport, indudingthe following:
a. maximum design temperature of liquid cargo to be caried (the tempeature indicaed
in classnotation);
b. design target values of external surface temperature of steel plating of inner side,
inner bottom and ded, if any;
c. lowest/highest ambient tempeature (atmosphere and seawater) for intended
operating route;
d. distribution of temperature field under consideration.
(4) Thermal stresscdculation report: thermal stresscaculation based on the
distribution of temperature field as obtained accading to (3) and performed
accading tothis Secion, induding ched of resultant stressesfor comhinations of
thermal stresswith corresponding sa condtionsand loading condtions.

2.24.3 Model for analysis

2.24.3.1Scoe of modd: Fa integal tanks, it is to be in accadane with the requiremernts of
Appendx 1, Chapter 5 of this PART. If necessary (temperature gradient is large), modding of the
fore end area of the foremast cargo tank and that of the aft end area of the aftermost cargo tank
are to be considered. Fa independen tanks, at least the entire tank structure isto be taken Fa
the effeds of temperature on the supporting stucture of cargo tanks and on the hull, see the
relevart requiremerts of Appendx 1, PART TWQof ISCRules for Gonstruction and Equipmert of
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Shps Grrying Liquefied Gases in Bulk. Faor hea transferring andysis, the modd is to cove all
contributing heat insulation materials and structures, excep that stainlessliner may be negeded,
for thermal stressandysis,the modd is merely a stuctural one.

2.24.3.2Sructural elemens: The princdpled requiremens for modding in resped to types of
elemerts and meshing, etc., are asgiven in Appendx 1, Chapter 5 of this PART.

2.24.3.3Insulation elemerts: Fa rock wool thermal insulation, the elemerts are geneally of solid-
element type, thicknessistaken asthat of the insulation layer (exduding stainlessliner), and other
princdples for modeing, e.g elemen type selecion and meshing, are similar to those for
structures. However, simplificaion isallowed, as appropriate, in way of comgex intersedion of
certain structures (insulation), e.g connedion of alongtudinal or transverse corrugated bulkhead
with upper stool.

2.24.3.4Bounday condtionsfor hea transferring andysis:

(1) Thethermal transferring andysisfor the determination of steel gradesrequired for structural
materialsused at low temperaturesis tobe in accadance with the following requirements:

a. For ships carrying dangerous chemicas in bulk, to which ISCRules for Construction and
Equipment of Ships Carrying Dangerous Liquid Chemicas in Bulk apply and for which
thermal stresscdculation isto be performed, the boundary condtionsregarding external
atmospheric temperature and seawater temperature are to be taken in accadance with
Chapter A4 of ISCRules for Construction and Equipment of Ships Carrying Dangerous
Liquid Chemicds in Bulk. For ships carrying liquefied gases in bulk, to which ISCRules for
Gonstruction and Equipmernt of Ships Carrying Liquefied Gasesin Bulk apply and for which
thermal stresscdculationisto be performed, the boundary condtions regarding external
atmospheric temperature and seawater temperature are to be taken in accadance with
Chapter A4, PART TWO of ISCRules for GConstruction and Equipment of Ships Grrying
Liquefied Gasesin Bulk.

b. For ships not covered by a above, the boundary condtions regarding external
atmospheric temperature and seawater temperature are as follows:
portionsof hull below draugtt line ¢ the defined surface temperature isthe lowest temperature
in water and if icingis possble for the intended operating route, thistemperature isto be taken as
03 ; portionsof hull above draught line ¢ the defined surface temperature is the possbly
lowest atmospheric temperature for the intended operatingroute, e.g. -203 .

(2) Inresped to the determination of maxmum thermal stress,the temperature load condtion
applied asinput for the thermal andysisisto be the maxmum differenae between the liquid
cargo temperature and the ambient temperature for the intended operating route.

(3) Fatheside of cargo tankinsulation or bare structural shell whichisin dired contad with liquid
cargo, the defined surface temperature isthe highest stable temperature of liquid cargo being
caried.

(4) Fa the space within double bottom and double side skin, the ambient temperature may be
direaly taken alittle higher than the externa temperature, and the assumed convedive hea
transfer between air and stedl plating asmentioned abowe (hea transferring by air isassumed
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to be little) isdefined in resped to external surfaces of inner side shell and inner bottom (the
surfaces not exposed to liquid cargo). Alternatively, this space may be taken as a three-
dimensiond finite element modd of air elemensand incarporated into the finite elemert hea
transferringmode. The heat transferring caculation is performed accading to the assumption
of 2.24.1.6 without taking account of the heat transferring by air. Where there are special
requirements for the highest temperature criterion regarding periphery of cargo tanks, the
surface temperature is to be definexs so required.

(5) Theexernal surface temperature of the independent tank structure isto be defined accading
to the abowe requiremerts, as applicabe.

(6) The gastemperature incargo tanksin the half-loaded condtion may be assumed asthe liquid
cargo temperature, and the boundary conditionsfor hea convedion of gas are to be used to
simulate the effeds of gason structure.

2.24.3.5In thermal andysis,the structural bounday condtionsfor the integral tank modd are to
be in accadane with the requirements of Appendx 1, Chapter 5 of this PART. Fa independent
tanks,the modd structural bounday condtionsare to be taken asthosefor the loading condtions
corresponding to temperature loads. In addition, restraint of linear displacenmertin the
direction d shiL¥lengh isto be released at a certain end (e.g end B) of secion mode for the
structural bounday condtion of above modd.

2.24.4 Thermalcalculation and loading conditions

2.24.4.1The distribution values of the three-dimensiona temperature field obtained from hea
transferring andysis are to be used as temperature loads in structural strength cadculation. Far
tankes as stipulated in the Rules, where independent tanks are fitted, temperature loads in the
full load condtion are to be cdculated; where integral tanks are fitted, the load condtions are to
be as diown in FAgure 2.24.4.1 and the following are to be comgied with:

(@ 1 only saggng mode is corsidered;

(b), (¢ T saggngand hoggng modesare considered respedively.

And for (a), (b) and (c), both full and half load condtionsin the above modes are to be considered.
The half load condtion mearsthe loading height of liquid cargo is half the height of tank.

Where any loading condtion spedfied in the loadng manud or occuringin service isworsethan
the above conditions under consideration, the temperature load cdculated to such loadng
condtion is to be induded For cargo tanks of other ship types, temperature loads in relevant
loading condtionsare to be cadculated in accadance with the requirements of the applicalde rules.

Horizontal sedion Longitudinal section

a
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a,

b

Figure 2.244.1

2.24.4.2 The tempeaature loads as cdculated above are to be applied to the model of each
corresponding loading condtion. The cdculation and application of routine loading condtionsare
to follow the applicade requirements in Appendix 1, Chapter 5 of this PART, Appendx 1 and
Appendx 2 of PART TWOof ISCRules for Construction and Equipment of Ships Carrying Lquefied
Gasesin Bulk and other relevant documents or routine pradice.

2.24.4.3 Where only longitudinal tension and compresson stresses lessthan 42/K N/mm?2 (K
being material factor) are applied in regard to thermal stressesinduced by temperature loads, the
longitudinal bendng momernt of hull girder may not to be applied to both ends of the mode under
consideration, subjec to agreemert of ISC

2.24.4.4 The hea conaduction coefficient and linear expansion coefficient of steel as well as the
convedive hea excharge coefficient of air are to be provided by designer. For asphdt cariers
during preliminary design, reference may be made asfollows:

Heat condudion coefficient of carbon steel: 60.6 W/(m-K)¢ for hea transferring cdculation

(thermal andysis);

Linear expansion co€fficient of carbon steel: 11><1O'6(1/K) ¢ for hea stresscaculation (structural

247



PART B HULLSURVEYS

andysi9;
Gonvedive hea excharge coefficient of air: 11.6 W/(mZ-K) ¢ for hea transferring cdculation
(thermal andysig. Where the length of the finite element modd is measured in mm, the value

taken is to be multiplied by 106,
The hea conduction coefficient for insulation material is to be taken accading to the adual
design.

2.24.5 Strength criteria

2.24.5.1 For an integral tank modd, the criteria are as given in Appendix 1, Chapter 5 of this
PART; for hull portion of an independent tank modd, the criteria are as given in Appendx 1 and
Appendx 2 of PART TWOof ISCRules for Construction and Equipment of Ships Carrying Lquefied
Gases in Bulk; for construction materials of independent tanks of petroleum asphdt carriers,the
criteriaare asgiven in Sedion 2 of Chapter 10, PARTEIGHDf the Rules.

2.24.5.2 Where wave loads are obtained by direct cdculation on the basisof dynamic loading,
the permissble stresstaken accading to 2.24.5.1 may be multiplied by 1.1 and the minimum
budkling safety facor may be multiplied by 0.9.

2.24.5.3 For a finite element mode, for which the longitudinal hull girder bendng momert is
not taken into account, the permissble stressisto be adjusted asfollows on the basisof Appendx
1, Chapter 5 of this PART, without any change to other requirements:

For all plating [e] =175/ K
For longitudinal plating [1]=110/K
For longitudinal girders [[]=83K
For transversemembers (indudingfloors, transverse bulkheads) [L]=93K

where: K@ material factor.

SECIDN 25 - SRUQURAL SRENGTHRING LAADEDBY STEEIOILS ONA WOODENSUPRORT
2.25.1 General requirements

2.25.1.1 The thicknessof inner bottom plating, bilge hopper sloping plate and inner hull plating
up to a height not lessthan the one corresponding to the top of upper tier in touch with hopper
or inner hull plating as well as sedion modulus and shear area of stiffeners for ships intended

to carry stedl cails are to comply with the requirements of this Sedion.

2.25.1.2 The provision is determined based on the assumption of Hgure 2.25.1.2 asthe standad
mears of securing steel coils on the dunnage.

2.25.1.3 Allsted coils are presumed to be of the same charaders.
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Figure 2.25.1.2 Inner Bottom Loaded by Seel Coils

2.25.2 Accelerations
2.25.2.1 In order to calculate the accelerations, the following coordinates are to be used for the
transverse and vertical positions of calculated point:

! fo pont
(e

Sl ]..[-; /4 for starboard
Y

V3|4
Z-sc =g *{1*’("1 —1)7}_.%'
where:

Bh T breadh in m, at the mid of the hold, of the cargo hold at the level of
comedion of bilge hopper plate with side shell or inner hull;

dsc T diameter of steel cails,in m;
hopge T depth of double bottom, in m.

Verticd ac@leration av, in m/s?, are to be cdculated by the formulae defined in 1.52 of Section 5,
(hapter 1 of this PART and tangential acceeration arRdue to roll, in m/s?, isto be cdculated by
the following formula:

where: ] , maximum angle of roll, TR, roll period T see the formulae defined in 1.52 of Sedion

5, Chapter 1 of this PART;

R=z__ —1ﬂi11(£+£,£\|
o 4 2°2)

where: dt draught, inm.

2.25.3 Inner bottom plating
2.25.3.1The thicknessof plating of longitudinally framed inner bottom is not to be lessthan the
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value obtained, in mm, from the following formula:

where: K;

te

+0.5a | F.
f=K1 u_l_ Ic mm
I{FREH
coefficient taken equd to:
175K, —0.73° K> —(1-1)
K = — 1- L /
o (25+2IK,)

corrosion addtion, in mm, generally taken 2.5 mm, to be taken 5 mm where
the cargo holds are designed for loadng/ unloadngby grabs;

vertica accderation, in m/s?, cadculated accading to the formula defined in
1.52, S=dtion 5, Chapter 1 of this PART

accderation due to gravity, g =9.81 m/s%;
equivalent massof sted cails, in kg, taken equd to:

W..nn,

F_=K_
St Ry

713

permissble bendng stresscoefficient of plating, generally taken 0.8, to be
taken 0.9 asthe cdculated structural member is not contributing to the hull
girder longitudinal strength;

length of long edge of elementary plate pand taken along the side length, in m;
length of short edge of elementary plate panel taken along the side length in
way of middle of span|, inm;

coefficient, taken equd to:

Ks =1.4 when steel cailsare lined up in one tier with a key coil;

Ks =1.0 in other cases;

massof one steel call, in kg;

minimum yield stressof material, in N/mm?;
number of tiers of steel cails;

number of load points per elementary plate panel of inner bottom (see Fi
2.25.3.1). For steel colil loading related to floor plates of inner bottom (see F
2.25.3.1(2)), s¥n3 ; for steel coil loading irrelevant to floor plates of inner bottc
(see Figure 2.25.3.1(1)), 2 n is to be consistent with Table 2.25.3.1(1). Fonoa
included in Table 2.25.3.1(1), 2 n is to be determined in accordance witl
following formula:

where: INT() is the integral function, taking the integral parts of values.
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Dunnage Steel coil
i T N0 | - O 10 § N S— O | El N |
[nner bottom
14 and ['are @iven by Tables Floor
2.25.3.1(1) and (2) Bottom
Steel ¢
Dunnage Steel coil
| 3N | X | NN | T 10 | 5
: -l Inner bottom
Floor
Bottom

Figure 2.253.1 Loading Condition of Sed Qoils

n; T number of dunnages supporting one steel cail;
Is T length of a see cail, inm;
Ko 1 codficient taken equd to:
' T distance in m, between outermost load points per elemertary plate panel

in ship@ kength (see Hgure 2.25.3.1). Fa sted coail loadng related to floor
plates of inner bottom (see Fgure 2.253.1(2)), ' is to be the distana
between the dunnages of the external ends supporting the steel cails; for
stedl cail loadingirrelevart to floor plates of inner bottom (see Fgure
2.253.1(1)), 1" is tobe consistent with Table 2.253.1(2). For cases not
included in Table 2.25.3.1(2), | " is to be determined in accordance kth t

following formula:
.| n =1 n -1
/:{ : +0.2-IN’T( : )]/
"3 ll;

where: INT() is the integral function, taking the integral parts of values.
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Table 2.253.1(1) - Number n2 of Load Points per Eementary Plate Panel

n, n=2 n,=3 n, =4 H,=3
1 0<Lz0s 0<L<033 0<L<02s 0<L<02
'l!.- 'l! !-. !_.
, 05<t<12 033<L<67 025<L<ps 02<L<p4
- ] ] L I
0, o 1 I
3 12<—<1. 0.67<—<12 05<—<075 04<—206
] ] ] i
S L] S g1 .
4 17<,-£24 12<- <153 075 <12 [:-.5-4?_.95
5 14220 153<L<187 122145 0g<L<12
] ] L
p 10536 187 Leny 1451 <17 12114
I ] ] I
- 16<t<a 14<L<ams 17<L <105 14l
f.' J!.' {'I J!.'
2 41<<48 173 L2307 195<—<24 16<—<18
] ] 1 1
9 4821253 307<L <36 14:1 206 18=L<20
] ] ] ]
L I R i 1.
10 5.:“:]!—"_-6.[] 36<—=303 265<—=219 2.0+ .!_;:4
. ] ] ,

Table 2.25.3.1(2) - Distance between Load Points in Ship Length Direction per Eementary Plate

Panel of Inner Bottom

n,
",
) 2 3 4 5

1 Actual breadth of dunnage

2 0.51 0331 0251 021
3 1 0.671 0.500, 0.4
4 L7 1200 0.751 0.61
5 241 153 1200 0.8
6 281 1871 1451 1
7 361 2400 1700 14
8 41 2,731 1951 160
g 4.8 3.071 2401 1.8
10 5.3 3.601 2651 200
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2.25.4 Bilge hopper sloping plate and inner hull plate
2.25.4.1 The thicknessof plating of longitudinally framed bilge hopper sloping plate and inner
hull isnot to be lessthan the value obtained, in mm, from the following formula:

where: K; 1 codficient, definedin 2.253;

tc T corrosion addtion, in mm, generally taken 2.5 mm, to be taken 3.5 mm for
bilge hopper sloping plate and inner hull plate within 1.5 m height from the
lowest point of inner bott om where the cargo holds are designed for
loading/ unloading by grabs;

R+ T  minimum yield stress of material, in N/nfm
anopper U fador taken equd to:

- | ¥ e | .
Bhopper —a_sin| tan”' -4 |+ geos|l —@ )
~ R L | - n “

O, 1 angle, in degree, between inner bottom plate and bilge hopper sloping plate or
inner hull plate, see Agure 2.251.2;

jm T indegree, see formulaspedfiedin 1.52 of Sedion 5, Chapter 1 of this PART;
T tangential accderation definedin 2.252;
g T accderationdueto gravity,g=9.81 m/s?
Yo T certre of grauvty in transversediredion, in m, defined in 2.25.2;
R t fador, definedin 2.252;
F&C 1 equivalent massof steel cails,in kg, taken equd to:

- W,
F“_ it ‘ A
5¢ A "

<p T permissble bendngstresscoefficient of plating, defined in 2.253;
(0%

T coeficient, taken equd to:

(k =3.2, when sted cails are lined up two or more tier, or when steel cails are
lined up one tier and key cail is locaed secord or third from bilge hopper
sloping plate or inner hull plate;

k =2.0, in other cases.

2.25.5 Stiffeners of inner bottom
2.25.5.1The sedion modulus W and the shea area A of single span stiffeners locaed on inner
bottom plating are not to be less tan the values obtained from the following formulae:

- (_g—O_Sa,. )F-SC

m=1.1K, cm?
3 8AR
s eH

097 _sing -
eH

where: K3 1 codficient, defined in Table 2.25.5.1, to be taken as 2le/3for n > 10;
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—~

s e |

T

effedive span of stiffeners,in m, see 1.2.3, Sedion 2, Chapter 1 of thisPART,

vertica accderation, in m/s?, cducaed accading to the formula defined in
1.5.2, Sedtion 5, Chapter 1 of this PART;

accderation due to gravity, g =9.81 m/s*

equivalent massof steel cails, in kg, defined in 2.253;

minimum yield stress of material, in N/nim

permissible bending stress coefficient of stiffeners, see 2.25.5.1;
shear yield stress of material, in N/mMnsee 2.25.5.1;

angle between stiffener web and shell plating, in degree, to be taken at the
middle of span of stiffener.

Table 2.25.5.1- Coefficient K

2 3 4 & T B 9 10

z 2
1 ] 21

S S
T ]

41* 3|, _se 11°
Tl

I -

it Y, SEETI I V7] ©

2.25.6 Stiffeners located on bilge hopper sloping plate or inner hull plate

2.25.6.1 The section modulusW and the net shear area A of single span stiffenerslocaed on bilge
hopper sloping plate and inner hull plate are not to be lessthan the values obtained from the
following formulae:

where: Kg

-~ <A <A ~

—~

a, VFT -
H'=1_1K3%°—'C e’
AR,

; =M;(10-3
097, sm¢
coefficient, defined in Table 2.25.5.1, to be taken as 2I/3 for n2 > 10;

effective span of stiffeners, in m, see 1.2.3, Section 2, Chapter 1 of this PAR

-
cm-

minimum vyield stress of material, in N/nim
coefficient, defined in 2.25.4.1;
shear yield stress of material, in N/mm2, see 2.25.5.1;

permissible bending stress coefficient of stiffeners, see 2.25.5.1;
equivalent mass of steel coils, in kg, defined in 2.25.4;
angle, in degree, defined in 2.25.5.
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APHENDIX 1
LOADING INSTRUIMENTS

1. General Reguirements

1.1 Application

1.1.1 ThisAppendixappliesto loadinginstrumentsconsistingof the onboard computer system as
requiredby 2.2.80f this Chapter.

1.1.2 This Appendix applies to onboard computers which are, as required by 1.9.1.3 of Chapter
this PART, capable of providimgact stability information, and to onboard computers having
stability software, as stated in 1.9.1.4 of that Chapter.

1.1.3The loading instruments covered by this Appendix are passive systems with manual data entry
and active systems in the dffie operation mode only, excluding any active system with sensors
reading and entering the contents of tanks, etc., and any integrated system which controls or
initiates actions based on the senssupplied inputs.

Thedefinitionsof passve, activeandintegrated systemsare given in paragraph2 of Appendix 2.

1.2 Class notations

1.2.1The class notation for laading instrument consists of any combination of Loading Computer
and the letters S, |, G and D, with each of these four letters indicating thamaldéng instrument is
capable of calculating and checking one of the following items:

S Hull strength in various loading conditions.

I: Intadt stahility.

G:Sability for the carriage of grain in bulk.

D: Damage stability.

For example, the classnotation of Loading Computer S |, D showsthat the ship is provided with a
loading instrument capale of cdculating and chedking the hull strength, intad stability and
damage stability in variousloadng condtions.

1.3 Inspections of loadingnstruments

1.3.1Inspections of loading instruments include hardware inspection, software approval, actual
installation inspection and inspection after construction. Steps of implementation for inspections of
loading instruments are shown in Figure 1.3.1.
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I Hardware inspection

Type Approval Certificate and

Manufacturer's certificate issued for

hardware ‘

Software approval

General approval of software

.. Certificate of general approval issued '

Specific software approval

Plan approval

-

Actual installation inspection

Inspection record and report issued

4

Class notation assigned

1

Inspection after construction

Figure 1.3.1 Sepsof Implementation for Qurveysof Loading Instruments

1.3.2 Software approval may be carried out by either one of the following two methods:

(1) Oncompletion of general approval of software, software approval is carried out for a spedfic
ship;
(2) Software approval iscaried out direcly to a edfic ship.

1.3.3Provision of loading instruments on board the ship may be made by either one of the following
two methods:
(1) a shgleloadinginstrument to be provided on board the ship;
(2) twosame loadinginstrumentsto be provided on board the ship, one for main useand the other
as standby.

2. Hardware Inspections

2.1 General requirements

2.1.1loadng instrument hardware inspedions are to be caried out in accadance with the
requirements for inspedions of products in Chapter 3 of PARTONEof the Rules and this Sedion
and, in general, consistof examination of plansand documents, type tests.

2.1.2 Hardware of loading instrumernts consists,in general, of computersand peripheral appaatus,
where the printer is supplied as a separate unit from the computer, the type test of such aprinter

isnot necessry.

2.1.3Where two available loadng instruments are installed onboard a ship, type approval
certificate may be exempted, however, installation testisto be carried out.
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2.2 Plans and documents

2.2.1Where an application for hardware inspections is made, the following plans and documents
should be submitted téSCfor approval:

(1) Techncd spedficaionsof hardware and peripheral appaatus;

(2) Hxingand installation of loadng instrumerts;

(3) Typetestprogram.

2.3 Type tests
2.3.1Type tests are to be carried out by a verification and test organization authoriz&Chy
and, in general, with the presence of tleCSurveyor.

2.3.2Type testitems

(1) Visual inspection;

(2) Performance;

(3) Ekdric power supply variations;
(4) Dryhed;

(5) Damp hed;

(6) Vibration;

(7) Indination and rolling;

(8) Protedion by endosure;

(9) Low temperatures;
(10)Ekdromagnetic compatibility.

2.3.3Where the loadng instruments, of which hardware isinstalled in an air-condtioned room, are
used only for the purposeof caculation, and no input of external signdsor output of cortrol sgnak
ismade the items of type testsmay be suitably reduced

2.3.4Where one main compuer together with a standby one are provided onboad the ship, the
hardware may not be subjed to the type tests.

2.3.5Fa the methods used in type tests, reference may be made to ISCGuidelines for Type
Approvd Test of Ekdric and Ekdronic Produds or the relevart requiremerts of standads
acceptale to ISC

3. FunctionalRequirements for Software

3.1 General requirements

3.1.1 The funaionsof loading instrumernts are to cover at least cdculating and indicating still water
bendng moment and shea force at the spedfied hull positions in any loading condtion or light
ship condtion quickly and easily. Where applicale, the maxmum permissble value of a still
water torsional moment resulted from the non-uniform loading of cargoesis tobe indicated.

3.1.2 dngle point loading instrumernts (i.e. with only one ched point on board the ship) are not
accepableto ISC

348



PART B HULL SURVEYS

3.1.3 Loading instrumerts are not to be substituted for the approved or confirmed final loadng
manud or stahility information (hereinafter referred to asthe final loadng manud), and the results
of the cdculationsare only applicalde to the ship for which it has been approved.

3.1.4 Fa a pedfic ship, the requiremerts for overall strength are mandaory. Where the installed
loading instrumernts hawe the fundion of stability caculations and are assgned an appropriate class
notation, however, the stability caculation software isto be capable of cdculations for all stability
requirements (including intact stability, gragarrying stability and damage stabilitygither as
mandatory or noAamandatory ones, applicable to the ship and is to contain relevant stability
information, subject to the approval Q§$C

3.1.51t isrecommende that software be provided with an online help fundion, i.e. the software
system may provide online help for input, output, caculation and printing.

3.1.6 The software isto be such that acomma user can not alter the inputted data of the acual
ship such asthe geomdrica charaderistics, Ight ship weight, certre of grauty, capadty table, curve
of allowable values.

3.1.7 The software isto be such that any user can not alter the inputted applicaion programs.

3.1.8 The software isto, asfar as possble, reduce significart or illogicd input errors and alert the
user to any input value exceedng the adual maxmum capadty of acompatment or any negdive
value of the capadaty.

3.1.9 The software isto be capable of clearly judgngwhether a lbading condtion comgieswith the
relevart requiremerts, i.e. cdculating for a certain loading condtion. Where the cdculation results
excedal the permissble values, the user isto be alerted by distinct mears such asprominent display,
speaal markings or visible and audble alarms, screen display or printout.

3.1.10 The software isto be provided with passwords sothat the compuer will refuseto work and
alert the user where any illegd password isinput.

3.1.11 The software isto be at least capalle of caculating the displacemert and certre of gravity
in any loading condtionsand comgeting caculation and criteria of overall strength (and stahility, if
applicade) of the ship, displaying and printing out date and time of performing cdculation and
saving cdculation results. Allinput data and caculation results displayed on the screen and printed
out, induding the fore and after draughts, are to be in definite and uniform measuremert units and
easily compaable with the approved final loadng manud to avad possble confusion and
misundestandng, with the idertification markingand version numbe of the software being clearly
indicated on eacd printed page

3.1.12 The software interface is to be fully user-friendy and to alert the user to any operationa
error. Data lossor dead stop of the compuer caused by the useNJIeréor is to be minimized
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3.2 Overdl strength
3.2.1The fundiona requirements for software in resped to overall strength are given in 2.28 of
this Chapter.

3.3 Intad stability

3.3.1The software isto use direct calculation tocheck intact stability andhe following

requirements are to be met:

(1) The software isto be capable of cadculating and displaying the height of the centre of grawty
and initial metacertric height of the ship and correding free surface effeds and comparing
such values with the permissble values,where applicalde. If any permissble value is exceeded
an alarm is tobe automaticadly initiated.

(2) The software is to be at least capale of cdculating and displaying GZcurves and correding
free surface effeds.

(3) The software isto be capable of caculating the intad stahbility in any loading conditions and
acheving the criteria for intad stabhility accading to the relevant requirements. The method
for acheving the criteria is to be in conformity with the final loading manud and any other
method used for this purposeis to be indicated in submissions and subjed to agreemert of
ISQolan approval unit. The software isto be capalle of automaticadly initiatingan alarm in case
of any permissble criterion being exceeded

3.3.21f damag stahility is checkel by the software accading to the provisions of 3.52 of this
Section, intact stability can be checked based on the same method.

3.4 Stability for carriage of grain in bulk
3.4.1 The software isto be in compliance with the relevant requirements in 3.3 of this Apperdix.

3.4.2 The software isto be capale of inputtingthe permissble indining moment curves.

3.4.3 The software isto be capalle of cdculating the stahility for the carriage of grain in bulk and
acheving the criteria for the stability accading to the relevant requirements. The method for
acheving the criteria is to be in conformity with the final loadng manud. The software is at least
to be able to cdculate the indining moment of actual shift of grain and the permissble indining
moment to which comparison is made The software isto be capable of automaticdly initiating an
alarm in caseof any permissble value being exceeded

3.5 Damage stability

3.5.11If the software uses dired cdculation to chedk damage stahility, the following requirements

are to be met:

(1) The software isto indicate whether the cadculation is performed by mears of lossof buoyancy
or increaseof weight, and the former is ecanmended

(2) The software is tobe capable of making corredions of free surface effeds for GZcurves.

(3) The software is tobe capabe of allowing for correctionsfor liquid lossof damaged tanks.

(4) The software isto define the damaged compartment(s) and assodated damage conditions in
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advance for seledion by the crew in cdculation, and be capale of caculating and displaying
the GZcurves after damage.

(5) The software isto be capable of cdculatingthe equilibrium position and stability in any damage
condition, covering fore, after and mean draughts, trimming values, heeling angles,distance
from equilibrium waterline to flooding openings, residud initial metacertric height, residua
stahbility etc., and acheving the criteria for damage stability accading to the relevant
requirements. The method for achevingthe criteriaisto be in conformity with the final loading
manud. The software is to be capable of automaticdly initiating an alarm in case of any
permissble criterion being exceeded

3.5.2 If damage stability is checked by the software on the basis of approved limit curves (the curve
of permissible vertical position of the centre of gravity or the curve of permissible initial metacentric
heights) or loading conditions, the following requirents are to be met:
(1) The software isto be capable of cdculating and displaying displacement, the position of the
centre of gravty, buoyancy and initial metacertric height of the ship in any loading condtion
and correding free surface effeds as required and comparing such values with the approved
data.
(2) The software is to be capalle of automaticdly initiating an alarm in case of any permissble
criterion being exceedd (if limit curves are used) or any accepable and safe tolerance being
exceedeal (compared with loading condtion).

3.6 Additional requirements for bulk carriers, ore carriers and combination carriers

3.6.11n addition to the above requirements, the loading instruments on board bulk carriers, ore
carriers and combination carriers are tcomply with the requirements of Section 7, Chapter 8 of
this PART.

4. Software Approval

4.1 Generalrequirements

4.1.1 Software approval consistsof general approval and spedfic approval, covering:

(1) verification that the data used are consistent with the current condtion of the ship;

(2) verification and approval of the test condtions;

(3) verificaion that the software is appropriate for the required type of ship and corresponding
cdculations.

4.2 Requirements for general approval of software

4.2.1 The general approval of software of loading instruments means approval of design and
calculation programs of the software, i.e. approval of the design methods, calculation functions and
principles and relevant doooents for programing and usage of the ssaftware through actual tests

on representative ships selected according to shemitted scope ofapplication.

4.2.2 The general approval of software of loading instruments may specifically include the following:
(1) Design methods, caculation fundions and princples of the software are to be in conformity
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with the classifcation/statutory requirements and comply with the relevant requirements in
sedion 3 of this Appendx.

(2) For ships of different types seleced for tests, the cdculation results for the typicd loading
condtionsseleded acording 4.6 of this Appendx are, by comparison with thoseof the loading
manud approved by ISCor ISCplan approval software, to comply with the acaracy
requirementsin 4.7 of this Appendx.

(3) UssNJageration manual of loading nstrumentsisto comply with the relevant requirementsin
4.8 of this Appendx.

4.2.3 ISCwill issue a Certificate of General Approval of Software of Loading Instruments to the
software upon general approval b$C

4.2.4 The application and restrictions, eapplicable ship types and functional restrictions, are to be
noted on theCertificate ofGeneral Approval doftware ofLoading Instruments.

4.2.5 A Certificate of General Approval of Software of Loading Instrunmentains valid for a period
not exceeding 5 years. When the certificate expires and if the applicant msniitat nocharge has
been made to the version of the said software, ISCwill renew the Certificate of General Approval
of Software of Loading Instruments. However, the plan approval unit responsible for the software
approval is to carry out nonscheduled assesaments of the software as necessary, e.g. in response
to complaints from users.

4.2.6 Where the applicant hagnade any change to the software without-approval bylSC the
Certificate of General Approval of Software of Loading Instruments issu&gisyno longer valid.

4.2.7 Where theversion ofthe loading instrument software, afhich general approval is grantég

ISC is upgraded or changed, resulssion for approval is required. Submission of plans and
documents which are the sae as those for the approved version is unnecessary, but the applicant
should indicate thign the application.

4.3 Sepsof implementation for general approval of software
4.3.1The general approval of software of loading instruments isto be caried out in accadance
with the relevant ISGequirements for plan approval.

4.3.2 The applicart isto fill in an application for software approval of loading instrumernts. For the
relevant contents of the application, refer to the relevant requirements of sedion 3 of this

Appendx.

4.3.3The test ships are to be so seleced that all ship types and their fundions as required in the

application are covered. And the following are to be complied with:

(1) forthe strength caculation software, the applicart isto seled the caculation results for at least
one test ship, which may be either the sample ship provided by ISCor the one determined by
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the applicart. Where the latter is leded, the prior agreemert of the plan approval unit is
negssry;

(2) for the stahility caculation software, test ships are to be selected in acordance with 6.1 of
Appendx 2 of this Chapter.

4.3.4The applicant is to submit the following plans and documentSt@lan approval unit. After

examination and approval, one set of their copies is to be returned to the applicant, one set sent to

the Headquarters ofSCand one set filed by the plan appravunit (where application for specific

LN @ E 2F GKS a2F0¢FNB Aa YIRS F2NJ 0KS (Said

operation manual and that of the calculation and test report are requiredS@surveyunit):

(1) Sedfication of the software system (for information), covering design method, cdculation
fundions and prindples, data structure as well as flowchart of the software, and explaining
funaiond items as determined in the application and computationa accuacy of the software
such as methods used for numericd integration, interpolation, etc.

(2) UseNJageration manud of loading instruments (for information).

(3) Data of test ship(s) inputted in the software (for information), such as main dimensions,
lightweight distribution and certre of gravity, Bonjean curves, hydrostatic data, tank capadty,
permissble still water shear forces, permissble still water bendng moments and, where
applicade, corredion faaors of bulkhead shear forces and permissble still water torsiona
moments. Where the software has computation fundions for intad stahility, stability for the
cariage of grain in bulk, damage stability, etc., corresponding data are also to be submitted
for approval.

(4) Testreport (for approval) of loading caculationsfor conditionsto be selecded accadingto the
requirements in 4.6 of this Appendx with the agreemert of the plan approval unit, covering
the input data and all output results.

(5) General arrangemert, lines, final loadng manud of the test ship(s)and other addtiona plans
or data required by ISCfor information or usein ched cdculations.

(6) Aset of installation discs, induding the executing software and internal testing data.

4.3.5 On satisfactory completion of examination of thBovementioned plans and documents, the
Certificate of Software Approval of Loading Instruments may be issued.

4.4 Requirements for spedfic approval of softw are

4.4.1 The spedfic approval of software mears, for the purpose of a spedfic ship, the approval of
loadng instrumeni Q &ftwage installed on board, i.e. the approval of the design method,
cdculation fundionsand prindples, input data, user@ operation manual, full-scde test report and
other documents.

4.4.2 The spedfic approval of software may spedficdly indude the following:

(1) Design methods, cdculation fundions and prindples of the software are to be in conformity
with the classifcation requirements and comply with the relevant requirementsin seaion 3 of
this Aopendx.
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(2) Allinput data of the software are to be consistent with thoseof the acual ship, i.e. beingtaken
from the finished documents approved or confirmed by ISC and in particular the lightweight
and certre of gravity are to be taken from the indining test report. Where the software is
capable of stahility cdculation, the input data are to comply with paragraph 6.2 of Appendx 2.

(3) The computation points along the shipQ &ngth and their number are to comply with ISC
rules.

(4) The permissble still water bendng moments, permissible still water shear forces, and where
applicade, permissble still water torsiona moments and corredion fadors of bulkhead shear
forces at the computation points along the shipQ kength are to be consisient with thosein the
final loadng manud.

(5) The cdculation results for the typica loadng condtions sleded acwording to 4.6 of this
Appendx are, by comparison with those of the fina loadng manud or ISCplan approval
software, to comply with the accuacy requirementsin 4.7 of this Appendix.

(6) UseNJ@geration manud of the loadnginstrument isto comply with the requirementsin 4.8 of
this Appendix.

4.4.3 For software with a Certificate of General Approval of Software of Loading Instruments and
in resped to the applicalle ship types and fundions stated in the Certificate, where application is
made for spedfic approval of the software, submisson of design methods,cdculation fundionsand
princplesof the software isunnecessary.

4.4.4 For software without a Certificate of General Approval of Software of Loadng hstrumerts,
the applicart may diredly apply to 1ISCfor spedfic approval of loadng instrument software.

4.5 Stepsof implementation for spedfic approval of softw are
4.5.1 The spedfic approval of software is to be carried out in accadance with the relevant ISC
requirements.

4.5.2 For the relevant contents of the application, refer to the relevant requirements of sedion 3
of this Appendix.

4.5.3 The applicart is to submit the following plansand documentsto ISC

(1) For software without general approval by ISCthe applicabde contents for the spedfic ship as
requiredin (1), (2), (3), (4), (5) and (6) of 4.3 4 of this Appendx are to be submitted.

(2) For software with general approval by ISC the applicade contents for the spedfic ship as
required in (2), (3), (4), (5) and (6) of 4.34 of this Appendx and a copy of the Certificate of
General Approval of Software of Loading Instruments are to be submitted.

4.6 Test conditions

4.6.1 Test condtionsare to be selected from the final loadng manud.

4.6.2 Test condtionsare at leastto contain loadng conditionsfor the following:

(1) for minimum displacement, such as lightship condtion or arrival condtion with light ballast;
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(2) for maximum still water bending moment, such as ballast or partially loaded conditions;

(3) for maximum displacement, such asfully loaded conditions;

(4) any condtion resulting in extremely large still water shear force, such as ore loaded in
alternate holds,etc,

(5) where the software is capalle of the stahility caculation for carriage of grain in bulk, the test
condtionsare to indude the one of afully loaded hold with even filling at its ends, the one of
a fully loaded hold with uneven filing at its endsand the one of a partly loaded hold,;

(6) where the software is capalle of both intad stahbility cdculation and damage stability
cdculation, the necessary typicd condtionsare to comply with paragraph 6.2 of Appendx 2.

4.6.3 The test conditions are to contain the arrival and departure conditions and cover all loaded
holdsand all fundionsof the software asfar aspossble.

4.6.4 The approved test conditions are to be stored as input data in such a way that no user can
alter them. A copy of the approved test condtionsis to be available on board.

4.7 Permissble values and error control
4.7.1 All selected permissble values and the cdculation points along the shipQ Eength are to be
taken from the finished documents approved by ISC

4.7.2 The curves of still water shear forces and still water bending moments are to be consistent
with the corresponding curve tendency in the final loading manud. The peak value of still water
bendng momert isnormally to occu at the position where the still water shear force is zero.

4.7.3 The maximum values of still water shear force, still water bendng moment and still water

torsional moment and their cdculated @ f dzSa G GKS OF f OdzA F GA2y L}RA)
compared with the calculation results of the final loading manual, to have their errors controlled
within the ranges given in Table 4.7.3.

Table 4.7.3 - Bror Control

Item Error (in comparison to approved value, %
Still water shear force Xobpi:
Still water bending moment X bpi:
Still water torsional moment Xobpil:

4.7.4 The errors of the software in stahii calculation are tacomply with paragraph 5 of
Appendix 2.

4.7.5 During examinabn, where the errors of the calculated values for indual calculation
points of the loadingnstrument are sigificant as compared with the values of the final loading
manual and naadequateevidence is av&able for wrong calculation of the loading instrumgn
checkis to be made by usin@(lan approval software and thedculation results by this oftware
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are to be accepied as standad ones. Where any prindpled error is found in the final loading
manud, the unit which has approved the manud isto be informed of this matter together with the
recanmendaion that the existing loading manud be revised.

4.8 Operation manual
4.8.1 At least one copy of operation manud of loading instrument of the ship is to be kept on
board.

4.8.2 The operation manud of loading instrumert is to be written in a language used by the users
on board, and the language is to be the same as that used for screen display, printout and the
approved final loadng manud kept on board. Where the language is not English, an English
translation is tobe available.

4.8.3 The operation manud is to be written in a clear and unambiguous mannea. The use of
flowcharts is recanmended for illustrating operationd processes.

4.8.4 The operation manud is to contain the following:

(1) particularsand version number of the software;

(2) a copy of the Certificate of General Approval of Sftware of Loadng Instruments (where
applicade);

(3) spedfication of hardware needed to run the software and guidance for software installation;

(4) software running steps shown in menus and dialogues, description of error messages and
warnings likely to be encauntered and unambiguous instructions for subsequent adions to
be taken by the user in ead case;

(5) lightweight and coardinatesof certre of gravity;

(6) full deadweight description of eac test condtion for loadng cdculation;

(7) diagramsof the permissble still water shear forcesand still water bendng moments and where
applicade, the permisgble cargo torque;

(8) where applicale, shear force corredion fadors;

(9) operation procedure shown by cadculation cases;

(10)input and output data, caculation results shown by screen display, with necessary explanaory
text;

(11)explanaion for fundion keys.

5. Actual Installation Inspections

5.1 General requirements

5.1.1 The Owner or the entrusting party isto submit application to ISCsurvey unit situated at the
port of cdl of the ship.

5.1.2 The crew may master the operation and cdculation of the loadng instrument on board
through learning or training. The installation inspedion is to be carried out by the crew.
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5.1.3 Actual installation inspedion is to be caried out soon after the loading instrument has
been installed on board the ship for verification of satisfadory operation and cdculation and for
ched of strength and stability. Where by that time the final loading manud has not been approved,
the installation inspedion may be postponed until the manud is approved.

5.2 Ingpedionsand tests

5.2.1 Where the loadinginstruments are provided as a main computer and a standby one on board
a ship, installation inspedions are to be caried out respedively and both computers are to be
found satisfadory.

5.2.2 The installation inspedions are to be caried out in the presence of ISCSurveyor. The

followingitemsare to be induded in the installation inspedions:

(1) chedingthe certificate of hardware;

(2) cheding that the useNJo@eration manud and test report of loading caculation are kept on
board the ship;

(3) examiningthe environmert and position for installing the system: confirming that the position
and method for installingthe system are asrequired in the spedfication;

(4) system stahility testing: the computer system is to be capalle of working normally after a
continuous running period of one hour;

(5) self-cheding capablity tests of hardware and peripheral apparatus: self-ched tests to be
caried out accading to the spedfication for hardware and peripheral appaatus with self-
chedk capability;

(6) transient power failure test: re-starting the system after a period of 30 s of transient power
failure, and confirming that:

it is stillcapable of working normally; and
its programsand data are not lost;

(7) software secuity tests: where an illegal password is inputted (or in case of human
maloperation), the system should refuseto work;

(8) software safety tests:a common user isnot to be capable of charging the application program
and the input shipQ data such as geometricd charaderistics, tank capadty table, curve of
permissble values;

(9) system performance tests:the cdculation results from the system operated by the crew of the
ship based upon the loadng conditions as stated in the approved test report of loadng
cdculations are to be the same as those in the approved test report. Where the software is
capable of stahility caculation, testsare alsoto comply with paragraph 8 of Appendx 2.

5.2.3 The testreport of loading calculations printed out Hye loading instrument during installation
inspection is to be confirmed and signed by the attending Surveyor. After satisfactory installation
inspection, the sttending Surveyor will issue a report E3@vill assign an appropriate class notation

to the loading instrument.
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5.3 Inspections of existing loading instruments on board ships

5.3.1 For ships provided with loading instruments approved by other member Societies of IACS, the
operation manual, test report of loading calculations approved and relatrtficates of loading
instrument hardware and software issuedby these Societiesmay be reviewed, and installation
inspections are to be carried out in accordance with 5.2.2 of this Appendix.

5.3.2 For ships provided with loading instruments not complying with the relevant requirements of
ISCor approved by a party which is not member of IACS, installation inspections are to be carried
out once again.
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be carried out in accordance with relevant requirements of 6.3.5 of Chapter 6, RéiRiie Rules.
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APHENDIX 2
IAGSURLS COMPUTERBO-TWAREFORONBOARD S ABUTY CAICULATIONS
(Rev.4, June 2020)

Application

This Unified Requirement is applicale to software which caculates the stability of acdual loading
condtions and which is installed on ships and on units subjed to compliana with the 1966 Load
Line Mnvention or the 1988 Protocd to the Load Lhe nvention, as amended the IMO MODU
Code and/ or the 2008 IS ©de.

The useof onboard computersfor stahility cadculationsis not a requirement of class.

Sability software installed onboard shall cover all mandaory class and statutory intad and
damage stahility requirements applicade to the ship. This UR, requires approval of software
installed on onboard computerswhich is capable of performing stahility caculations.

Active and passie systems are defined in paragraph 2. This URcovers passie systems and the off-
line operation mode of adive systemsonly.

The requirements in this URapply to stahility software on ships contraded for construction on
or after 1 July 2005

1 Generd

b The scope of a stahility cdculation software shall be in accadance with the stahility information
as approved by the Administration and shall at least indude all information and perform all
cdculations or checks as necessary to ensure compliane with the applicade stbility
requirements.

b Approved stability software isnot a substitute for the approved stahility information, and isused
asa supplement to the approved stahbility information to fadlitate stability caculations.

b The input/ output information shall be easily comparable with approved stahbility information
soasto avoid confusion and possble misinterpretation by the operator relative to the approved
stahility information.

b Anoperation manud is to be provided for the onboard computer stability software.

b The language in which the stability information is displayed and printed out as well as the
operation manud written shall be the same as used in the shipQ @pproved stability information.
The Sodgety may require a translation into a langua@ considered appropriate.

b Theonboard computer software for stability calculations is to be ship specific and the results

¢KS aO02y N} OGSR T2NJ O2yadNHzOGA2yé RFEGS YSI y aetween $e prdspedive dwherariA OK G K
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Changes introduced in Rev.2 of this URare to be uniformly applied by IACSSaieties on ships contraded for construction on or after 1 January
2007.
Changes introduced in Rev.3 of this URare to be uniformly applied by IACSSaieties on ships contracted for construction on or after 1 July 2018.
Changes introduced in Rev.4 of this URare to be uniformly applied by IACSSdieties on ships contraded for construction on or after 1 duly 2021.
of the cdculationsare to be only applicalle to the ship for which it hasbeen approved.
b In case of modificationsimplying charges in the main data or internal arrangemert of the ship, the spedfic approval of any origina stahility
cdculation oftware is no longer valid. The ftware isto be modified acwrdingly and reapproved.
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2 Calculation Systems
A passie system requiresmanud data entry;

an adive system replacesthe manud entry with sensorsreadng and enteringthe contents of tanks,
etc.; and a third system, an integrated system, controls or initiates adions based on the sensor-
supplied inputs and is not within the scope of thisUR.

3 Typesof Sability Sotware

Four types of caculations performed by stahility software are accepable dependingupon aves=lQ a
stahility requirements:

Type 1: Software cdculating intad stability only (for vessls not required to meet a damage stability
criterion).

Type 2: Software cdculating intad stability and checking damage stability on basisof a limit curve
(e.g. for vessels applicade to SOLASPart B-1 damage stabhility caculations, etc.) or cheding all the
stahility requirements (intad and damage stabhility) on the basisof a limit curve.

Type 3. Software cdculating intad stability and damage stability by dired applicaion of
preprogrammed damage cases based on the relevant Conventions or Codes for ead loading
condition (for some tankers, etc.).

Type 4: Software cdculating damage stability assodated with an actual loadng condtion and acual
flooding case, using dired application of user defined damage, for the purpose of providing
operationa information for safe return to port .

Damage stahility of both Type 3 and Type 4 stability software shall be based on a hull form moddl,
that is, diredly caculated from a full three-dimensiona geometric modd.

4 Funcdional Requirements

4.1 General requirements for any type of stability software

4.1.1 The cdculation program shall present relevant parameters of eat loadng condition in

order to assistthe Master in hisjudgemert on whether the ship is lbaded within the approval limits.

The following parameters shall be presented for a given loading condition:

deadweight data;

lightship data;

trim;

draft at the draft marks and perpendiculars;

summary of loading condtion displacement, VCGLCGand, if applicalde, TCG;

downflooding angle and corresponding downflooding opening (not applicade for Type 2

software which uses limit curve for cheding all the stabhility requirements. However, if intact

stability criteria are given in addtion to the limit curve, downflooding angle and the
corresponding downflooding opening shall be indicated);

b compliana with stability criteria: Liging of all caculated stbility criteria, the limit values, the
obtained values and the condusions (criteria fulfilled or not fulfilled) (not applicalde for Type 2
software which uses limit curve for cheding all the stabhility requirements. However, if intadt
stability criteria are given in addtion to the limit curve, the limit values,the obtained valuesand

[ v I ¢ i v i« A v

360



PART B HULL SURVEYS

the condusion shall be indicated).

4.1.2 A clear warning shall be given on screen and in hard copy printout if any of the loading
limitations are not comgied with.

Loadng limitations shall indude, but may not be limited to:

b Trim, draught, liquid densities, tank filling levels, nitial hed;

b Useof limit KG/GMcurves inconjundion with above for Type 2;

b Restrictions to the sibwage height for timber where timber load lines are assiged.

4.1.3 Type3 software is to include prdefined relevant damage cases for both sides of the ship
according to the applicable rules for automatic check of a given loading condition.

4.1.4 Thedate and time of a saved calculation shall be part of the screen display and hard copy
printout.

4.1.5 Eachhard copy printout shall contain identification of the calculation program including
version number.

4.1.6 Units of measurement are to be clearly identified and used consistently within a loading
calculation.

4.1.7 ForType 3 and Type 4 software, the system shalpbeloaded with a detailed computer
model of the complete hull, including appendages, all compartments, tanks and the relevant parts
of the superstructure considered in the damage stability caculation, wind profile, down-flooding

and up-flooding openings, crossflooding arrangemerts, internal compatment connedions and
escape routes, as applicalle and accading to the type of stability software.

4.1.8 ForType 1 and Type 2 ®ftware, in casea full three-dimensionaimodd is used for stability
cdculations,the requiremernts of the compuer mode are to be asper paragaph 4.1.7 abowe to the
extent as applicade and accading to the type of stahility software.

4.2 Furtherrequirements for Type 4 shbility softw are

4.2.1 Thenormal (Type 1, 2 and 3) and (Type 4) software need not be dotally separatedé. Where

the normal and software are not totally separated:

b the fundion of switching between normal software and Type 4 oftware shall be provided.

b the adual intad loading condition is tobe the same for both fundions (ormal operation and

b the module needs only to be adivated in case of an inddent. Approval of Type 4 softwareis
for stahility only.

4.2.2 In pasenge ships which are subjed to Type 4 softwareand hawe an onboad stability
compuer and shore-based support, such software need not be iderticd.
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4.2.3 Ead interna space shal be assgned its permealility as shown below, unless a more
accuate permeahlity has been refleded in the approved stability information.

Space Permeability
Space Type Default Full Partially Filled Empty
Container Spaces 0.95 0.7 0.8 0.95
Dry Cargo Spaces 0.95 0.7 0.8 0.95
RoRo Spaces 0.95 0.9 0.9 0.95
Cargo Liquids 0.95 0.7 0.8 0.95
Intended for Consumable Liquids 0.95 0.95 0.95 0.95
Stores 0.95 0.6 0.6 0.95
Occupied by Machinery 0.85
Void Spaces 0.95
Occupied by Accommodation 0.95

4.2.4 The system shall be capalble of accourting for applied momerts such as wind, lifeboa
launching, cargo shifts and passenge relocation.

4.2.5 The system shall accour for the effed of wind by using the method in SOLASreguation I+
1/7-2.4.12 as the default, but allow for manud input of the wind speed presaure if the on-scere
presaure is significartly different (P=120 N/m? equaesto Beaufort 6; approximately 13.8 m/s or
27knots).

4.2.6 The system shall be capable of assessing the impad of open main watertight doors on
stahility (e.g for eath damage caseprovided for verification, addtiona damage stability cdculation
shall be done and presented, taking into accour any watertight door locaed within the damagel
compatment(s)).

4.2.7 The system shall utilize the latest approved lightship weight and certre of gravity information.

4.2.8 The output of the software is to be such that it provides the master with sufficient clear
unambiguousinformation to enalde quick and acarate assessment of the stability of the ves<l for
any adua damage, the impad of flooding on the mears of escape and the controls of devices
necessary for managing and or controlling the stability of the ship. When the adua loadng
condtionisinput in the Type 4software, the following output (intad stahbility) shall be available:
deadweight data;

lightship data;

trim;

hed;

draft at the draft marks and perpendiculars;

summary of loading condtion displacement, VCGLCGand, if applicalde, TCG;

downflooding angle and corresponding downflooding opening;

free surfaces;
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b GMvalue;

b GZzvaluesrelevant to an adequate range of heding (not lessthan 60°) available indicatively at
the followingintervals: 0 5 10 15 20 25 30 40 50 60 deg;

b compliancee with relevant intad stability criteria (i.e. 2008 1S Code): listing of all caculated
intad stability criteria, the limiting values, the obtained values and the evaluation (criteria
fulfilled or not fulfilled);

b GM/KGIlimiting curve acordingto SOLAS Chll-1, Regulation 5-1.

When the adual loading condtion is asodated to the adua damage case(s)due to the casualty,

the following output (damage stahility) shall be available:

trim;

hed;

draft at the draft marks and perpendiculars;

progressie flooding angle and corresponding progressie flooding openings;

GMvalue;

GZvaluesrelevant to an adequate range of heding (not lessthan 60°) available indicatively at

the followingintervals: 0 5 10 15 20 25 30 40 50 60 deg;

b compliance with stability criteria: listing of all caculated stability criteria, the limit values, the

obtained values and the condusions (criteria fulfilled or not fulfilled);

the survivahility criteria for Type 4 software are left to the discretion of the Administration;

relevant flooding points (unproteded or weathertight) with the distance from the damage

waterline to ead point;

list of all flooded compatments with the permeaklity considered;

amourt of water in ead flooded compatment;

escape route immersion angles;

aprofile view, dedk views and crosssedions of the ship indicaing the flooded waterplane and

the damaged compartmerts.

gt ot Ut Ut Ut U
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4.2.9 Fa ro-ro pasenge shipsthere shall be algarithmsin the software for estimating the effea
of water accumuation on dedk (WQD) (e.g 1. In addtion to the predefined sgnificart wave height
taken from the approved stability documen, there shall be possbility for the crew to input manudly
the significart wawve height of the ship navigaion areain the system, 2. In addtion to the predefined
significant wawve height taken from the approved stability documert, cdculations with two
addtiond significart wave heights shall be submitted for checkngthe correcdnessof the algorithms
in the software for estimating the effead of WOD. ** This paragraph applies to Ro-RoPasnge
ships subjed to the Sockhdm Agreemert (IMO Cicular Letter No. 1891)

5 Acceptable Tolerances

Dependng on the type and scope of programs, the accepable tolerances are to be determined
differently, accading to 5.1 or 5.2 Deviation from these tolerances shall not be acceted unless
the Sodety considersthat there is a satisfadory explanation for the difference and that there will
be no adverseeffed on the safety of the ship.
Examges of pre-programmed input data indude the following:
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Hydrostaticdata: Diplacement, LB, L&, VCBKMt and MCT versus draught.

Sability data: KN or MSvalues at appropriate hed/trim angles versus displacement, stahility
limits.

Compatment data: Volume, LCG,VCG, TCGand F34/Grain heding momerts vs level of the
compartmen(i @axtents.

Exampes of output data indude the following:
Hydrostatic data: Diplacenent, L@, L&, VCB,KMt and MCT versus draught as well as acual
draughts, trim.

Sability data: FEC (free surface corredion), GZvaues, KG,GM, KG/GMIimits, allowable grain
hedling moments, derived stahbility criteria, e.g. areas under the GZcurve, weather criteria.
Compatment data: Calculated Volume, LCGVCG,TCGand FSMGrain heding momernts vs kvel
of the compartment@contents.

The computationa accuacy of the cdculation program results shall be within the acceptable
tolerances, spedfied in 5.1 or 5.2, of the results using an independent program or the approved
stahility information with identicd input.

5.1 Programs which use only pprogrammed data from the approved stability information as the
basis for stability calculations, shall have zero tolerances for the printouts of input@atiaut data
tolerances ardo be closeto zero,however,smalldifferences associategith calculation rounding
or abridged input data are acceptablédditionally differences associated with the use of
hydrostatic and stability data for trims that differ fromdke in the approved stability information
are acceptable, subject to review by the individual Society.

5.2 Programs which use hull form models as their basis for stability calculations, shall have
tolerances for the printouts of basic calculated data estéielis against either data from the

F LILINE SR adGF oAt AGE AYTF2NNIGA2Y 2NJ RFEGE 2001 AY
tolerances shall be in accordance with Table 1.

Table 1
Hull Form Dependent Tolerance
Displacement 2%
Longitudinal centre of buoyancy, from AP +1% /50 cm
Vertical centre of buoyancy +1%/5cm
Transverse centre of buoyancy +0.5% of B/5cm
Longitudinal centre of flotation, from AP +1% /50 cm
Moment to trim 1 cm + 2%
Transverse metacentric heigfGMt) +1%/5cm
Longitudinal metacentric height (GMI) +1% /50 cm
Cross curves of stability +5cm
Compartment dependent
Volume or deadweight + 2%

364



PART B HULL SURVEYS

Longitudinal centre of gravity, from AP +1% /50 cm
Vertical centre of gravity +1%/5cm
Transverse centre of gravity +0.5%o0of B/5cm
Free surface moment + 2%
Shifting moment 5%
Level of contents + 2%
Trim and stability
Draughts (forward, aft, mean) +1%/5cm
GMt (solid and corrected for free surfaces) +1%/5cm
GZ values +5%/5cm
Downflooding angle +2°
Equilibrium angles +1°
Distance frgm WL to ynprotected or weathertight openings, or other +50 /5 cm
relevant point (if applicable)

_— 1+ 5% /0.0012
Areas underighting arm curve

m-rad

Notes:

1. Deviation in % = [(base value b applicant@ value)/base value] @ 100 where the dbase valueé¢ may be from the
approved stability information or the societyQ éomputer model.

2. When applying the tolerances in Table 1 having two values, the allowable tolerance is the greater of the two
values.

3. Where differences in calculation methodology exist between the programs used in the comparison, this may be a
basis for accepting deviations greater than tepecified in Table 1 provided a software examination is carried out
in sufficient detail to clearly document that such differences are technically justifiable.

4. Deviation from these tolerances shall not be accepted unless the Society considers that thesatisfactory
SELX FyLFdA2y F2NJ 0KS RAFFSNBYOS yR GKFEG AG Aa Of SIN
deviation does not impact compliance with the required stability criteria for the ship under consideration.

6 Approva Procedure
Gonditions of approval of the onboard software for stability caculations
The onboard software used for stahility cdculationsis subjed to approval, which is toindude:

b verification of type approval, if any;

L verificatlion that the data used are corsistent with the current condtion of the ship (refer to
paragraph 6.2);

L verification and approval of the test condtions;

b verification that the software is appropriate for the type of ship and stability cdculations
required;

b verification of funaiona requirements under paragraph 4.1.2.

The satisfadory operation of the software with the onboard computer(s)for stahbility caculations

is to be verified by testing upon installation (refer to paragraph 8). A copy of the approved test

condtionsand the operation manud for the computer/software are to be available on board.
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