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REVISION HISTORY*

Paras/Chapters/ Information on amendments Remarks/References
Sections
Para 3.3.5.3 Reference to 3.3.1.6.3 has been deleted due to RCN No. 23-247251
exclusion of para 3.3.1.6.3
Appendix 2, Reference to 3.3.1.6.3 has been deleted due to RCN No. 23-247251
para 2.1 exclusion of para 3.3.1.6.3

1 with the exception of amendments and additions introduced by Rule Change Notices (RCN), as well as
of misprints and omissions.
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1 DESIGN PRINCIPLES

1.1 GENERAL

1.1.1 Application.

1.1.1.1 Unless provided otherwise, requirements of this Part of the Rules for
the Classification and Construction of Sea-Going Ships! apply to steel ships of welded
construction, from 12 to 350 m in length.

The requirements of this Part (except for 3.10) do not apply to double hull oil tankers
of 150 m in length and above and to bulk carriers of 90 m in length and above, contracted for
construction on or after 1 July 2015. The scantlings of hull members, essential to the strength
of hull and the construction of the said ships are regulated by the Common Structural Rules
for Bulk Carriers and Oil Tankers?.

1.1.2 General.

1.1.2.1 All hull structures regulated by this Part are subject to the Register survey.
For this purpose an access shall be provided for their survey.

1.1.2.2 The structures regulated by this Part shall comply with the requirements of
Part XIIl "Materials" and Part XIV "Welding" and with the approved technical documentation
listed in Part | "Classification”.

1.1.2.3 Tightness test of ship's hull shall be carried out according to the provisions
of Appendix 1.

1.1.3 Definitions and explanations.

The definitions and explanations relating to the general terminology of these Rules are
given in Part | "Classification".

For the purpose of this Part the following definitions and explanations have been adopted.

Upper deck is the uppermost continuous deck extending the full length of the ship.

Moulded depth D is the vertical distance measured amidships from the top of
the plate keel or from the point where the inner surface of shell plating abuts upon the bar keel,
to the top of the upper deck beam at side. In ships having a rounded gunwale, the depth is
measured to the point of intersection of the moulded lines of upper deck and side, the lines
extending so as if the gunwale were of angular design.

Moulded depth D;; is a moulded depth in accordance with the International
Convention on Load Lines?, taken as the vertical distance, in m, from the top of the plate keel
to the top of the freeboard deck beam at side. In wood and composite ships this distance is
measured from the lower edge of the keel rabbet. Where the form at the lower part of
the midship section is of a hollow character, or where thick garboards are fitted, the distance
is measured from the point where the line of the flat of the bottom continued inwards cuts
the side of the keel.

In ships having rounded gunwales, the moulded depth shall be measured to the point of
intersection of the moulded lines of the deck and sides, the lines extending as though
the gunwale were of angular design.

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

1 Hereinafter referred to as "these Rules".

2 Hereinafter referred to as "the Common Structural Rules".

3 The International Convention on Load Lines, 1966 (LL-66), as modified by the Protocol of 1988 relating thereto
(revised in 2003).
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Length L isthe distance, in m, measured at the draught d from the fore side of the stem
to the after side of the rudder post, or the centre of the rudder stock if there is no rudder post;
the length L shall not be less than 96 %, and need not be greater than 97 %, of the ship's
length measured on the waterline at the draft d from the forward side of the stem to the after
side of after end of the ship.

In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the length L shall
be taken equal to 97 % of the ship's length measured on the waterline d from the forward side
of the stem to the after side of after end of the ship.

Length L;,; isthe length in accordance with the International Convention on Load Lines,
taken as 96 % of the total length on a waterline at 85 % of the least moulded depth measured
from the top of the keel, or as the length from the fore side of the stem to the axis of the rudder
stock on that waterline, if that be greater. In ships designed with a rake of keel, the waterline
on which this length is measured shall be parallel to the designed waterline.

After perpendicular is a vertical line run through the ship centreline, which limits
the ship length L at the aft end.

Block coefficient C,is the moulded block coefficient at the draught d, based on
the length L and moulded breadth B:

__ Displacement(m?)
- LBd

Cyp

Summer load waterline isthe waterline on the level of the centre of the load line
ring for the ship's position without heel and trim.

Engine room aft corresponds to the position of the mid-length of the engine room
beyond 0,3L aft of amidships.

Midship section isthe hull section at the middle of ship's length L.

Superstructure is a decked structure on the upper deck 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 of the ship.

Tight structure is a structure impervious to water and other liquids.

Lower decks are the decks located below the upper deck.

Where the ship has several lower decks, they are called: second deck, third deck, etc.,
counting from the upper deck.

Forward perpendicular is a vertical line run through the ship centreline at a point
where the draught d and the fore side of stem intersect.

Ship's ends are portions of the ship's length beyond the midship region.

Summer draught is the vertical distance, in m, measured amidships from the top of
the plate keel, or the point where the inner surface of the shell plating abuts upon the bar keel,
to the summer load waterline. In ships with timber freeboard the draught shall be measured at
side to the summer timber load waterline.

Draught d is adraught, in m, corresponding to the summer load waterline or exceeding
scantling draught dg, whichever is greater.

Main frames are vertical side framing members fitted in the plane of floors or bilge
brackets within a spacing of each other.

Freeboard deck isthe deck from which the freeboard is calculated.

Superstructure deck is a deck forming the top of a tier of superstructure. Where
the superstructure has several tiers, the superstructure decks are called as follows: first tier
superstructure deck, second tier superstructure deck, etc., counting from the upper deck.

Bulkhead deck is the deck to which the main transverse watertight bulkheads are
carried.
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Deckhouse top is adeck forming the top of a tier of a deckhouse.

Where the deckhouse has several tiers, the deckhouse tops are called as follows: first tier
deckhouse top, second tier deckhouse top, etc., counting from the upper deck. If a deckhouse
is fitted on a superstructure deck of first tier, second tier, etc., the deckhouse top is called
accordingly the top of second tier deckhouse, third tier deckhouse, etc.

Platform is a lower deck extending over portions of the ship's length or breadth.

Intermediate frames are additional frames fitted between main frames.

Scantling waterline is a waterline corresponding to the scantling draught.

Scantling draught d; is adraught, in m, at which the requirements for the scantlings
of the ship are met and represents the full load condition. The scantling draught d; shall not
be less than that corresponding to the assigned freeboard.

Strength deck is the deck forming the upper flange of hull girder. The uppermost
continuous deck, long bridge deck, long forecastle or long poop deck outside end regions, or
quarter deck outside the transition area may be considered as the strength deck
(refer to 2.12.1.2).

Deckhouse is a decked structure on the upper deck or superstructure deck with its
side plating, on one side at least, being inboard of the shell plating by more than 4 % of
the breadth of the ship.

Specified speed of ship v, is the maximum speed of the ship, in knots,
at the summer load waterline in still water at rated engine speed of propulsion plant.

g = 9,81 m/s? — acceleration due to gravity;

p = 1,025 t/m® — density of sea water.

Midship region is the part of the ship's length equal to 0,4L (0,2L forward and aft of
amidships), unless expressly provided otherwise.

Moulded breadth B is the greatest moulded breadth, in m, measured amidships at
the draught d.

Spacing is the distance between primary members, determined on the basis of
the value of standard spacing a,, in m, determined by the formula

ap = 0,002L + 0,48.

Deviation from normal spacing may be permitted. In this case, it is recommended to
assume the spacing of more than 0,6a, and less than 1,25aq,.

In the fore and after peaks it is not recommended to assume the spacing of more
than 0,6 m, between the fore peak bulkhead and 0,2L aft of the forward perpendicular — of
more than 0,7 m.

1.14 Basic provisions for determining the scantlings of hull members.

1.1.4.1 The scantlings of hull members are regulated based on the design loads,
calculation methods and safety factors specified in this Part with due regard to corrosion
allowance (refer to 1.1.5).

1.1.4.2 Determination of the scantlings of hull members in these Rules is based on
structural idealization using beam models subject to bending, shear, longitudinal loading and
torsion having regard to the effect of adjacent structures.

1.1.4.3 For the purpose of these Rules, the design characteristics of the material used
for hull structures shall be as follows:

R,y = upper yield stress, in MPa,;

o, = design specified yield stress for normal stresses, in MPa, determined by the formula

Op = =2 (1.1.4.3-1)

where n =  application factor of mechanical properties of steel, determined from Table 1.1.4.3;
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T, = design specified yield stress for shear stresses, in MPa, determined by the formula

T, = 0,570,. (1.1.4.3-2)
Table 1.1.4.3

Ry 235 315 355 > 390

1 1,0 0,78 0,72 0,68

1.1.4.4 The requirements for strength of structural members and structures as a whole
aiming at determining their scantlings and strength characteristics are set forth in these Rules
by assigning the specified values of permissible stresses for design normal o,, = k0, and
shear 1, = k.1, stresses (where k, and k. = factors of permissible normal and shear stresses
respectively).

The values of k, and k. are given in the relevant chapters of this Part.

1.1.45 The buckling strength requirements are imposed upon the structural members
subject to considerable compressive normal and/or shear stresses (refer to 1.6.5).

1.1.4.6 The thickness of hull structural members determined according to
the requirements of this Part shall be the minimum thickness specified for particular structures
in the relevant chapters of this Part.

For ships of restricted areas of navigation R2, R2-RSN, R2-RSN(4,5), R3-RSN and R3,
a reduction in the thickness of hull members is permitted, but not in excess of the values given
in Table 1.1.4.6.

In all cases, unless expressly provided otherwise, the hull member thickness shall not be
less than 4 mm.

Table 1.1.4.6
Permissible reduction of minimum hull member thickness
Hull members Service area
R2, R2-RSN and R2-RSN(4,5) R3-RSN and R3
Primary support members in way of ballast tanks 15% 30%
Other hull members 10 % 20 %

1.1.4.7 In this Part, the requirements for determining the hull member scantlings are
based on the assumption that during the construction and service of a ship measures are
taken for the corrosion prevention of the hull in accordance with current standards and other
current normative documents.

1.1.4.8 On agreement with the shipowner, a reduction in the scantlings of certain hull
members may be permitted.

The reduced scantlings as well as scantlings determined in accordance with
the requirements of these Rules for the 25-years service life of the ship shall be expressly
indicated in the hull structural drawings submitted to the Register for review. A special entry
shall be made in the Classification Certificate of such ships (refer to 2.4.1 of Part|
"Classification").

1.15 Corrosion allowance.

1.1.5.1 Corrosion allowance As, in mm, is set for the structures whose planned service
life exceeds 12 years and is determined by the formula

As = u(T —12) (1.1.5.1)

where u = average annual reduction in thickness of the member, in mm per annum, due to corrosion
wear or tear according to 1.1.5.2;

T = planned service life of structure, in years; if service life is not specially prescribed, T shall

be taken equal to 25.
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For the structures whose planned service life is less than 12 years, As = 0.

In the drawings of hull structures, which planned service life has been taken to be less
than 25 years, scantlings determined at T = 25 shall be additionally indicated. A special entry
shall be made in the Classification Certificate of such ships (refer to 2.4.1 of Partl
"Classification").

1.1.5.2 When there are no special requirements for service conditions and means of
corrosion prevention of the hull for determining the scantlings of hull members according to
these Rules one shall be guided by the data on the average annual reduction in thickness of
structural member u given in Table 1.1.5.2 depending on the group of ships and
the designation of the space.

Table 1.1.5.2 provides for division of all ships into two groups depending on corrosion
wear conditions:

Group I: dry cargo ships and similar ships as regards the service conditions;

Group II: tankers, bulk carriers, combination carriers and similar ships as regards
the service conditions.

For the webs separating the different purpose compartments, u is determined as
the average value for adjacent compartments.

For ships of restricted service intended to operate only in fresh water basins, the value
of u may be reduced 2,5 times for group | and 1,2 times for group II; for ships intended to
operate in fresh water basins only for a part of time, u shall be determined by linear
interpolation in proportion to that part of time.

In the drawings of hull structures, which scantlings have been adopted with regard to
the reduced value of u, the reduced scantlings determined at u according to Table 1.1.5.2
shall be additionally indicated. A special entry shall be made in the Classification Certificate of
such ships (refer to 2.4.1 of Part | "Classification").

Table 1.1.5.2
Average annual reduction in thickness of structural members
Nos. Structural member u, in mm per annum
Group | Group Il

1 Plating of decks and platforms
1.1 Upper deck 0,1 0,242
1.2 Lower deck 0,11 —
1.3 Deck in accommodation and working spaces 0,14 0,14
2 Side plating
2.1 Side (no inner skin is provided):
2.1.1 Freeboard 0,1 0,132
2.1.2 in the region of alternating waterlines 0,17 0,192
2.1.3 below the region of alternating waterlines 0,14 0,16
2.2 Side (inner skin is provided) (compartments of double skin side

are not designed to be filled):
221 Freeboard 0,1 0,1
2.2.2 in the region of alternating waterlines 0,17 0,17
2.2.3 below the region of alternating waterlines 0,14 0,14
2.3 Side (inner skin is provided) (compartments of double skin side

are designed for the of carriage cargo, fuel oil or water ballast):
231 freeboard:

.1 tanks filled with fuel oil 0,19 0,19

.2 tank for reception of water ballast 0,21 0,21
2.3.2 in the region of alternating waterlines:

.1 tank filled with fuel oil 0,18 0,18

.2 tank for reception of water ballast 0,21 0,21
2.3.3 below the region of alternating waterlines:

.1 tank filled with fuel oil 0,17 0,17

.2 tank for reception of water ballast 0,18 0,18




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

9
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3 Bottom plating
3.1 Bottom (inner bottom is not provided):
3.1.1 including bilge 0,14 —
3.1.2 in way of cargo tanks — 0,17
3.1.3 in way of fuel oil tanks 0,17 0,17
3.14 in way of ballast compartments 0,2 0,2
3.2 Bottom (inner bottom is provided):
3.2.1 including bilge 0,14 0,14
3.2.2 in way of fuel oil tanks 0,15 0,15
3.2.3 in way of ballast compartments 0,2 0,2
4 Plating of inner bottom, hopper tank and trapezoidal stools
under transverse bulkheads
4.1 Inner bottom in the area of cargo holds (tanks):
41.1 in way of fuel oil tanks 0,12 0,17
4.1.2 in way of ballast compartments 0,15 0,2
4.1.3 in way of boiler room 0,3 0,3
4.1.4 in way of engine room 0,2 0,2
4.1.5 with no wood sheathing in holds if cargo is expected to be 0,3 0,3
discharged by grabs
4.2 Hopper tanks, trapezoidal stools under transverse bulkheads,
margin plate:
4.2.1 plating of hopper tanks and trapezoidal stools:
bottom strake 0,25 0,3
other strakes 0,12 0,17
4.2.2 margin plate (inclined and horizontal) 0,2 0,22
4.2.3 margin plate in boiler room:
Inclined 0,28 0,3
Horizontal 0,23 0,28
5 Plating of longitudinal and transverse bulkheads of inner skin
5.1 Watertight bulkheads:
5.11 top strake (0,1D from the upper deck) 0,1 —
5.1.2 middle strake 0,12 —
5.1.3 bottom strake 0,13 —
5.2 Bulkheads between holds loaded with bulk cargoes:
5.2.1 top strake (0,1D from the upper deck) — 0,13
5.2.2 other strakes — 0,18
53 Bulkheads between holds loaded with oil cargo or bulk cargo:
53.1 top strake (0,1D from the upper deck) — 0,16
5.3.2 other strakes — 0,18
5.4 Bulkheads between cargo tanks:
54.1 top strake (0,1D from the upper deck) — 0,22
5.4.2 middle strake — 0,132
5.4.3 bottom strake — 0,18
55 Bulkheads between cargo and ballast compartments:
55.1 top strake (0,1D from the upper deck) 0,13 0,3
5.5.2 middle strake 0,15 0,25
5.5.3 bottom strake 0,16 0,2
5.6 Topside tanks 0,12 0,2
6 Framing of decks and platforms
6.1 Deck longitudinals and beams of decks and platforms forming
boundaries of:
6.1.1 holds loaded with general cargoes 0,12 —
6.1.2 holds loaded with bulk cargoes — 0,15
6.1.3 holds loaded with crude oil and petroleum products or bulk — 0,18
cargoes
6.1.4 cargo tanks — 0,252
6.1.5 fuel oil tanks 0,15 0,17
6.1.6 ballast compartments 0,18 0,2
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Nos. Structural member u, in mm per annum
Group | Group Il

6.2 Deck girders, transverses of decks and platforms forming

boundaries of:
6.2.1 holds loaded with general cargoes 0,12 —
6.2.2 holds loaded with bulk cargoes — 0,13
6.2.3 holds loaded with crude oil and petroleum products or bulk — 0,15

cargoes
6.2.4 cargo tanks — 0,22
6.2.5 fuel oil tanks 0,19 0,19
6.2.6 ballast compartments 0,21 0,21
6.3 Cargo hatch coamings 0,1 0,12
7 Framing of sides and bulkheads
7.1 Longitudinals, main and web frames, cross ties, vertical stiffeners

and horizontal girders of sides and bulkheads forming boundaries of:
7.1.1 holds loaded with general cargoes 0,1 —
7.1.2 holds loaded with bulk cargoes — 0,13
7.1.3 holds loaded with crude oil and petroleum products or bulk — 0,15

cargoes
7.1.4 cargo tanks — 0,2 23
7.15 fuel oil tanks 0,183 0,18°
7.1.6 ballast compartments 0,21 0,21
8 Framing of bottom and inner bottom
8.1 Bottom centre girder, side girders, floors and bottom longitudinal

girders (inner bottom is omitted):
8.1.1 in general cargo compartments 0,14 —
8.1.2 in cargo tanks — 0,2
8.1.3 in ballast compartments 0,2 0,2
8.14 under the boilers 0,3 0,3
8.2 Bottom centre girder, side girders, floors, bottom and inner bottom

longitudinals in double bottom compartments:
8.2.1 not intended to be filled 0,14 0,14
8.2.2 in oil fuel tanks 0,15 0,15
8.2.3 in water ballast tanks 0,2 0,2
8.24 under the boilers 0,25 0,25
9 Superstructures, deckhouses and bulwarks
9.1 Shell plating 0,1 0,1
9.2 Framing 0,1 0,1

1 For combination carriers and ships for the carriage of bulk cargoes, u = 0,15 mm per annum.

2 With a compartment filled with inert gas, u is increased by 10 %.
3 For horizontal stiffeners arranged in the upper portion having a width of 0,1 times the compartment
height, u = 0,25 mm per annum.

1.1.5.3

The factor w, taking into account corrosion allowance with regard to the cross-

sectional area of the web and to the section modulus of members of rolled section is
determined by the formula

w,=14+a.As (1.1.5.3)
where o« = 0,07 + =< 0,25 for W' < 200 cm?,

a, = (),%(0'01 +%> for W' = 200 cm?.
where W' = section modulus of the member under consideration in accordance with 1.6.4.2;

for As, referto 1.1.5.1.
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1.1.6 Compliance with the requirements of the International Convention for
the Safety of Life at Sea (SOLAS).

1.1.6.1 In passenger ships, the keels of which were laid or which were at a similar stage
of construction before 1 January 2009, the peak and machinery space bulkheads, shaft
tunnels, etc. shall comply with the following requirements?:

.1 a fore peak or collision bulkhead shall be fitted which shall be watertight up to
the bulkhead deck. This bulkhead shall be located at a distance from the forward perpendicular
of not less than 5 % of the length of the ship L;; and not more than 3 m plus 5 % of the length
of the ship L, ;.

Where the stem forms the external contour of the hull from the forward end with no
protruding parts except the bulbous bow, the forward perpendicular shall coincide with
the forward edge of the stem on the level of the deepest subdivision load line;

.2 where any part of the ship below the waterline extends forward of the forward
perpendicular, e.g. a bulbous bow, the distances stipulated in 1.1.6.1.1 shall be measured
from a point either at the midlength of such extension, or at a distance 1,5 % of the length of
the ship L;; forward of the forward perpendicular, or at a distance 3 m forward of the forward
perpendicular, whichever gives the smallest measurement;

.3 where a long forward superstructure is fitted, the fore peak or collision bulkhead on
all passenger ships shall be extended weathertight to the next full deck above the bulkhead
deck. The extension shall be so arranged as to preclude the possibility of the bow door causing
damage to it in the case of damage to, or detachment of, the bow door;

4 the extension required in 1.1.6.1.3 need not be fitted directly above the bulkhead
below, provided that all parts of the extension are not located forward of the forward limit
specifiedin 1.1.6.1.1 0r 1.1.6.1.2.

However, in ships constructed before 1 July 1997:

4.1 where a sloping ramp forms part of the extension, the part of the extension which is
more than 2,3 m above the bulkhead deck may extend no more than 1 m forward of the forward
limits specified in 1.1.6.1.1 or 1.1.6.1.2;

4.2 where the existing ramp does not comply with the requirements for acceptance as
an extension to the collision bulkhead and the position of the ramp prevents the siting of such
extension within the limits specified in 1.1.6.1.1 or 1.1.6.1.2, the extension may be sited within
a limited distance aft of the aft limit specified in 1.1.6.1.1 or 1.1.6.1.2. The limited distance aft
shall be no more than is necessary to ensure non-nterference with the ramp.

The extension to the collision bulkhead shall open forward. The extension shall comply
with the requirements of 1.1.6.1.3 and shall be so arranged as to preclude the possibility of
the ramp causing damage to it in the case of damage to, or detachment of, the ramp;

.5  ramps that do not comply with the above requirements shall be disregarded as
an extension of the collision bulkhead;

.6 in ships constructed before 1 July 1997, the requirements of 1.1.6.1.3and 1.1.6.1.4
shall apply not later than the date of the first periodical survey after 1 July 1997;

.7 an after peak bulkhead dividing the engine room from the cargo and passenger
spaces forward and aft, shall also be fitted and made watertight up to the bulkhead deck.

The after peak bulkhead may, however, be stepped below the bulkhead deck, provided
the degree of safety of the ship as regards subdivision is not thereby diminished;

.8 in all cases sterntubes shall be enclosed in watertight spaces of moderate volume.
The stern gland shall be situated in a watertight shaft tunnel or other watertight space separate
from the sterntube compartment and of such volume that, if flooded by leakage through
the stern gland, the margin line will not be submerged.

1 For the purpose of this paragraph, "length of ship" is the length measured between perpendiculars from the
extreme points of the ship on the level of the deepest subdivision load line. For the definitions of the deepest
subdivision load line refer to 1.2 of Part V "Subdivision".
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1.1.6.2 In cargo ships, other than tankers, the keels of which were laid or which were
at a similar stage of construction before 1 January 2009, as well as in tankers irrespective of
the construction date the peak and machinery space bulkheads, stern tubes shall comply with
the following requirements:

.1 acollision bulkhead shall be fitted which shall be watertight up to the freeboard deck.
This bulkhead shall be located at a distance from the forward perpendicular of not less
than 5 % of the length of the ship L;; or 10 m, whichever is the less, in separate cases other
value may be permitted, but not more than 8 % of the length of the ship L;;;

.2 where any part of the ship below the waterline extends forward of the forward
perpendicular, e.g. a bulbous bow, the distances stipulated in 1.1.6.2.1 shall be measured
from a point either at the midlength of such extension, or at a distance 1,5 % of the length of
the ship Ly, forward of the forward perpendicular, or at a distance 3 m forward of the forward
perpendicular, whichever gives the smallest measurement;

.3 the bulkhead may have steps or recesses provided they are within the limits
prescribed in 1.1.6.2.1 or 1.1.6.2.2;

4 where a long forward superstructure is fitted, the collision bulkhead shall be
extended weathertight to the deck next above the freeboard deck. The extension need not be
fitted directly above the bulkhead below provided it is located within the limits prescribed
in1.1.6.2.1 or 1.1.6.2.2 with the exemption permitted by 1.1.6.2.5 and the part of the deck
which forms the step is made effectively weathertight;

.5 where bow doors are fitted and a sloping loading ramp forms part of the extension
of the fore peak bulkhead above the freeboard deck, the part of the ramp which is more
than 2,3 m above the freeboard deck may extend forward of the limit specified in 1.1.6.2.1
or 1.1.6.2.2. The ramp shall be weathertight over its complete length;

.6 the number of openings in the extension of the fore peak bulkhead above
the freeboard deck shall be restricted to the minimum compatible with the design and normal
operation of the ship;

.7 bulkheads shall be fitted separating the engine room from cargo and passenger
spaces forward and aft and made watertight up to the freeboard deck;

.8  sterntubes shall be enclosed in a watertight space (or spaces) of moderate volume.
Other measures may be taken to minimize the danger of water penetrating into the ship in
case of damage to sterntube arrangements.

1.1.6.3 Inpassenger ships and cargo ships, other than tankers, the keels of which were
laid or which were at a similar stage of construction on or after 1 January 2009, the peak and
machinery space bulkheads, shaft tunnels, etc. shall comply with the following requirements:

.1 a collision bulkhead shall be fitted which shall be watertight: for ships the keels of
which were laid or which were at a similar stage of construction on or after 1 January 2009 —
up to the bulkhead deck, and for ships the keels of which were laid or which were at a similar
stage of construction on or after 1 July 2020 — up to the bulkhead deck of passenger ships
and the freeboard deck of cargo ships. This bulkhead shall be located at a distance from
the forward perpendicular of not less than 5 % of the length of the ship L;; or 10 m, whichever
is the less, and if other value is not permitted, not more than 8 % of the length of the ship L;;
or 3 m plus 5 % of the length of the ship L;;, whichever is the greater;

.2 where any part of the ship below the waterline extends forward of the forward
perpendicular, e.g. a bulbous bow, the distance stipulated in 1.1.6.3.1 shall be measured from
a point either at the midlength of such extension, or at a distance 1,5 % of the length of
the ship L;; forward of the forward perpendicular, or at a distance 3 m forward of the forward
perpendicular, whichever gives the smallest measurement;

1 For the purpose of the present paragraph "freeboard deck”, "length of ship" and "forward perpendicular" have
the meanings as defined in 1.2 of Load Line Rules for Sea-Going Ships.
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.3 the bulkhead may have steps or recesses provided that they are within the limits
prescribed in 1.1.6.3.1 or 1.1.6.3.2;

.4 no doors, manholes, access openings, ventilators or any other openings shall be
fitted in the collision bulkhead: for ships the keels of which were laid or which were at a similar
stage of construction on or after 1 January 2009 — below the bulkhead deck, and for ships,
the keels of which were laid or which were at a similar stage of construction on or
after 1 January 2020 — bellow the bulkhead deck of passenger ships and the freeboard deck
of cargo ships;

.5 where a long forward superstructure is fitted, the collision bulkhead shall be
extended weathertight to the next deck located directly:

.5.1 for ships the keels of which were laid or which were at a similar stage of construction
on or after 1 January 2009 — above the bulkhead deck. The extension of the collision
bulkhead may not be fitted directly above the bulkhead below provided that it is located within
the limits prescribed in 1.1.6.3.1 or 1.1.6.3.2 with the exception permitted by 1.1.6.3.8 and
the part of the deck which forms the step is made effectively weathertight. The extension shall
be so arranged as to preclude the possibility of the bow door causing damage to it in the case
of damage to, or detachment of, the bow door;

.5.2 for ships the keels of which were laid or which were at a similar stage of construction
on or after 1 July 2020 — above the bulkhead deck of passenger ships and the freeboard deck
of cargo ships. The extension of the collision bulkhead may not be fitted directly above
the bulkhead below provided that all parts of the extension, including any part of the ramp
attached to it are located within the limits prescribed in 1.1.6.3.1 or 1.1.6.3.2 with the exception
permitted by 1.1.6.3.8 and the part of the deck which forms the step is made effectively
weathertight. The extension shall be so arranged as to preclude the possibility of the bow door
or ramp, where fitted, causing damage to it in the case of damage to, or detachment of, a bow
door or any part of the ramp.

.6 where bow doors are fitted and a sloping loading ramp forms part of the extension
of the collision bulkhead: for ships the keels of which were laid or which were at a similar stage
of construction on or after 1 January 2009 — above the bulkhead deck, and for ships the keels
of which were laid or which were at a similar stage of construction on or after 1 July 2020 —
up to the bulkhead deck of passenger ships and the freeboard deck of cargo ships, the ramp
shall be weathertight over its complete length. In cargo ships, the part of the ramp which is
more than 2,3 m: for ships the keels of which were laid or which were at a similar stage of
construction on or after 1 January 2009 — above the bulkhead deck, and for ships the keels of
which were laid or which were at a similar stage of construction on or after 1 January 2020 —
above the freeboard deck, may extend forward of the limit specified in 1.1.6.3.1 or 1.1.6.3.2.
Ramps not meeting the above requirements shall be disregarded as an extension of
the collision bulkhead;

.7 the number of openings in the extension of the collision bulkhead: for ships the keels
of which were laid or which were at a similar stage of construction on or
after 1 January 2009 — above the bulkhead deck, and for ships the keels of which were laid
or which were at a similar stage of construction on or after 1 January 2020 — above
the freeboard deck, shall be restricted to the minimum compatible with the design and normal
operation of the ship. All such openings shall be capable of being closed weathertight;

.8 bulkheads shall be fitted separating the machinery space from cargo and
accommodation spaces forward and aft and made watertight:

.8.1 for ships, the keels of which were laid or which were at a similar stage of construction
on or after 1 January 2009 — up to the bulkhead deck. In passenger ships, an afterpeak
bulkhead shall also be fitted and made watertight up to the bulkhead deck, provided the degree
of safety of the ship as regards subdivision is not thereby diminished;
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.8.2 for ships, the keels of which were laid or which were at a similar stage of construction
on or after 1 January 2020 — up to the bulkhead deck of passenger ships and the freeboard
deck of cargo ships. An afterpeak bulkhead shall also be fitted and made watertight up to
the bulkhead deck or the freeboard deck. The afterpeak bulkhead may, however, be stepped
below the bulkhead deck or the freeboard deck, provided the degree of safety of the ship as
regards subdivision is not thereby diminished.

1.1.6.4 In passenger ships, the keels of which were laid or which were at a similar stage
of construction before 1 January 2009, the double bottom shall comply with the following
requirements:

.1 a double bottom shall be fitted extending from the fore peak bulkhead to the after
peak bulkhead as far as this is practicable and compatible with the design and proper working
of the ship.

In ships of 50 m and upwards but less than 61 m in length L;; a double bottom shall be
fitted at least from the engine room to the fore peak bulkhead, or as near thereto as practicable.

In ships of 61 m and upwards but less than 76 m in length L;; a double bottom shall be
fitted at least outside the engine room, and shall extend to the fore and after peak bulkheads,
or as near thereto as practicable.

In ships of 76 m in length L;; and upwards, a double bottom shall be fitted amidships, and
shall extend to the fore and after peak bulkheads, or as near thereto as practicable;

.2 where a double bottom is required to be fitted, its depth shall be in accordance with
the requirements of 2.4.4.1 and the inner bottom shall be continued out to the ship's sides in
such a manner as to protect the bottom to the turn of the bilge. Such protection will be deemed
satisfactory if the line of intersection of the outer edge of the margin plate with the bilge plating
is not lower at any part than a horizontal plane passing through the point A at midship section,

as shown in Fig. 1.1.6.4.2;

Buase line

CL

Fig. 1.1.6.4.2

.3 small wells constructed in the double bottom in connection with drainage
arrangements of holds, etc. shall not extend downwards more than necessary. The depth of
the well shall in no case be more than the depth less 460 mm of the double bottom at
the centreline, nor shall the well extend below the horizontal plane referred to in 1.1.6.4.2.
A well extending to the outer bottom is, however, permitted at the after end of the shaft tunnel.
Other wells (e.qg., for lubricating oil under main engines) may be permitted if the arrangements
give protection equivalent to that afforded by a double bottom complying with the requirements
of present paragraph;

.4 adouble bottom need not be fitted in way of watertight compartments of moderate
size used exclusively for the carriage of liquids, provided the safety of the ship, in the event of
bottom or side damage, is not thereby impaired.
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1.1.6.5 In cargo ships other than tankers, the keels of which were laid or which were at
a similar stage of construction before 1 January 2009, the double bottom shall comply with
the following requirements:

.1 a double bottom shall be fitted extending from the collision bulkhead to the after
peak bulkhead, as far as this is practicable and compatible with the design and proper working
of the ship;

.2  the double bottom depth shall be in conformity with 2.4.4.1, and the inner bottom
shall be continued out to the ship's side in such a manner as to protect the bottom to the turn
of the bilge;

.3 small wells constructed in the double bottom, in connection with the drainage
arrangements of holds, shall not extend in depth more than necessary. A well extending to
the outer bottom may, however, be permitted at the after end of the shaft tunnel of the ship.
Other wells may be permitted if the arrangements give protection equivalent to that afforded
by a double bottom complying with the present paragraph;

.4 a double bottom need not be fitted in way of watertight compartments used
exclusively for the carriage of liquids, provided the safety of the ship in the event of bottom
damage is not thereby impaired.

1.1.6.6 Inpassenger ships and cargo ships, other than tankers, the keels of which were
laid or which were at a similar stage of construction on or after 1 January 2009 and on or
after 1 January 2020, the double bottom shall comply with the following requirements:

.1 for ships the keels of which were laid or which were at a similar stage of construction
on or after 1 January 2009, a double bottom shall be fitted extending from the collision
bulkhead to the after peak bulkhead, as far as this is practicable and compatible with
the design and proper working of the ship;

.2  the double bottom depth measured at the centreline shall not be less than B/20
or 0,76 m, whichever is greater, and in all cases, the inner bottom shall be continued out to
the ship's sides in such a manner as to protect the bottom to the turn of the bilge;

.3 small wells constructed in the double bottom in connection with the drainage
arrangements of holds, etc. shall not extend downward more than necessary. For ships
the keels of which were laid or which were at a similar stage of construction on or
after 1 January 2009, a well extending to the outer bottom is, however, permitted at the after
end of the shaft tunnel. Other wells (e.g., for lubricating oil under main engines) may be
permitted if the arrangements give protection equivalent to that afforded by a double bottom
complying with present requirements. In any cases for ships the keels of which were laid or
which were at a similar stage of construction on or after 1 January 2009, the vertical distance
from the bottom of such a well to a plane coinciding with the keel line shall not be less
than 500 mm, and for ships the keels of which were laid or which were at a similar stage of
construction on or after 1 January 2020, this distance shall not be less than 500 m or B/40,
whichever is greater, or shall be determined in accordance with 2.9.3 of Part V "Subdivision”;

.4 for cargo ships of 80 m in length and upwards or for passenger ships the keels of
which were laid or which were at the similar stage of construction on or after 1 January 2020,
proof of equivalent protection shall be shown by demonstrating that the ship is capable of
withstanding bottom damages as specified in 2.9.3 of Part V "Subdivision". Alternatively, wells
for lubricating oil below main engines may protrude into the double bottom below the boundary
line defined by the distance B/20 provided that the vertical distance between the well bottom
and a plane coinciding with the keel line is not less than 500 mm or B/40, whichever is greater;

.5  for cargo ships of less than 80 m in length, the keels of which were laid or which
were at the similar stage of construction on or after 1 January 2020, the arrangements
specified in 1.1.6.6.4 shall provide the required level of safety;
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.6 a double bottom need not be fitted in way of small-sized watertight compartments
used exclusively for the carriage of liquids, provided the safety of the ship in the event of
bottom or side damage is not thereby impaired,;

.7 any part of a passenger ship or of a cargo ship the keels of which were laid or which
were at the similar stage of construction on or after 1 January 2020, and of a cargo ship of 80 m
in length and upwards or of a passenger ship the keels of which were laid or which were at
the similar stage of construction on or after 1 January 2020, that is not fitted with a double
bottom in accordance with 1.1.6.6.1 or 1.1.6.6.6 shall comply with the requirements of 2.9 of
Part V "Subdivision". For cargo ships of less than 80 m in length, the keels of which were laid
or which were at the similar stage of construction on or after 1 January 2020, the alternative
double bottom arrangements shall provide the required level of safety;

.8 in case of unusual bottom arrangements in a passenger ship or a cargo ship
the keels of which were laid or which were at a similar stage of construction on or
after 1 January 2020, and in a cargo ship of 80 m in length and upwards or a passenger ship
the keels of which were laid or which were at a similar stage of construction on or
after 1 January 2020, it shall be demonstrated that the ship is capable of withstanding bottom
damages as specified in 2.9.3 of Part V "Subdivision". For cargo ships of less than 80 m in
length the keels of which were laid or which were at a similar stage of construction on or
after 1 January 2020, the alternative double bottom arrangements shall provide the required
level of safety.

1.1.6.7 The freeing ports in bulwarks shall be assigned proceeding from 3.2.13 of
the Load Line Rules for Sea-Going Ships.

The lower edges of freeing ports shall be arranged as near to the deck as practicable, but
they shall not bear upon the sheerstrake.

In ships of 65 m in length L;; and upwards a continuous slot shall generally be provided
between the freeboard and sheerstrake edge instead of freeing ports.
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1.2 MATERIALS

1.2.1 General.

The materials used for hull structures regulated by this Part shall comply with
the requirements of Part XIII "Materials".

The possibility of using steels not fully complying with the requirements of Part XllI
"Materials" for some structures not involved in the longitudinal strength, shall be determined
by the Register in accordance with 3.1.4 of Part XlIl "Materials".

1.2.2 Steel grades for hull structures.

1.2.2.1 Hull members shall be fabricated of mild steel grades A, B, D and E with
the upper yield stress R, =235 MPa and of AH, DH, EH and FH high tensile steel grades A32,
D32, E32 and F32 with the upper yield stress R,y = 315 MPa, A36, D36, E36 and F36 steel
grades with the upper yield stress R,y = 355 MPa, and A40, D40, E40 and F40 steel grades
with the upper yield stress R,y = 390 MPa.

1.2.2.2 In case of high local stresses in the thickness direction, Z-steel (refer to 3.14 of
Part XIIl "Materials") shall be used for the fabrication of structural members having a thickness
in excess of 18 mm unless no measures are taken to structurally prevent lamellar tearing.

1.2.2.3 Where clad steel is used, the mechanical properties of the base material shall
not be lower than those required for the steel grade specified in 1.2.3.1.

Hull structural steel stated in 3.17 of Part XIIl "Materials" shall be used as the base
material.

1.2.3 Selection of steel grades for hull structures.

1.2.3.1 Steel grades for hull structural members shall be selected according to 1.2.3.7,
whereas steel grades for structural members designed for prolonged exposure to low service
temperatures according to Figs. 1.2.3.1-1 — 1.2.3.1-3 shall be selected for various Classes of
structural members proceeding from the actual thickness adopted for the member concerned
and the design temperature of structures to be determined by a procedure agreed with the
Register.

N AN
NN

N\
\\B\

e
S
_
>

N \{732, F36, F40
D4

NN

I

\ D32, D3 A

(e
=
o
=

Structural member thickness, in mm
Structural member thickness, in mm

20 20
A\
\ 432,436, 440 \
10 10
0 —10 —20 —30 —40 —50 —60 0 —10 —20 —30 —40 —30 —60
Design temperature of structure, in °C Design temperature of structure, in °C

Fig. 1.2.3.1-1
Structural members of Class |



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

18

N\

50,

N\

AN

13 13 \

E 4 AN E 40 ™. \

= \ \ . \ \ F32, F3d, F40

U U

= =

3 AN 3 30\ NN %

5 AN V S \ D40,

_§ \ g E \
S \ D g E36\

E, i, ™\ |p32 D6

E B \ E \
= =

g g

z \ T~ £ A32, 436|440

10

10

— 10 —20

—30

—40

Design temperature of structure, in °C

— 30

— 60

0

—10

Design temperature of structure, in °C

—20

—30

—40

— 350

— 60

Fig. 1.2.3.1-2
Structural members of Class Il

\i\
QE}.%\ E40

5 50

N\

40

F40

Structural member thickness, in mm
Structural member thickness, in mm

3 a 30M AN
\ \ AN
E D32, D36 \
, N " \
D 432, 436] A40 \

10

N
X

—10

T~

—40

0

—20 —30 —30 —60 —10 —20 —30 —40 —30 —60

Fig. 1.2.3.1-3
Structural members of Class Il

1.2.3.2 The design temperature of the structures which come constantly or periodically
in contact with ambient air are expressed in terms of minimum design temperature of ambient
air T,. In the absence of any other provisions, for the value of T, the minimum average daily
air temperature is adopted which can take place during a five-year period of operation on
the routes passing in the most unfavourable waters as regards cooling conditions.

1.2.3.3 Inall cases the value of T, shall not exceed:

-40° C! for icebreakers of ice classe Icebreaker9, Icebreaker8, Icebreaker7 and ships
of ice classes Arc9 to Arc5;

-30°C for icebreakers of ice class Icebreaker6 and ships of ice class Arc4;

—-10°C for ships of ice classes Ice3, Ice2 and Icel.

1.2.3.4 An approximate determination of temperatures of structures is permitted based
on the values of T, obtained by this method in accordance with the recommendations given
in Table 1.2.3.4.

1 If operation involves sailing into the mouths of northern rivers, the value of T, shall not exceed -50°C.
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Table 1.2.34
Design temperature T,
Hull structure Insulation | Heating Cargo space region Region of spaces
tanks holds other than cargo
spaces

Exposed part of strength deck, side Fitted Not N
plating portion above summer load provided
waterline (for ice class ships — above Not Provided 0,50 T,
ice belt) as well as adjacent framing and relevant
portions up to 1,0 m wide of bulkhead Not fitted Not 0,70T, | T,+5°C 0,60 T,
structures, decks, platforms, topside provided
tanks, etc.
Strength deck portion under unheated Not Not -10°C
superstructures relevant provided
External structures of superstructures Fitted Provided 0,50 T,
and deckhouses Not 0,70T,

provided
Structures cooled on both sides with Not fitted Not T,
ambient air provided
Side plating portion in the region of Fitted Not 0,55 T,
alternating waterline. Region | of ice provided
class ships Not Provided 0,357,

relevant
Not fitted Not 0,40 T,

provided

N ote. For external structures of underwater portion of the hull T; = 0 °C.

1.2.3.5 Atthedesign tensile stresses in the upper deck and side longitudinals (of sheerstrake)
due to the still water hogging moment (oy,,), exceeding the value 65/, the design temperature
of longitudinals may be corrected by the value of AT; = —10(oy, /65 — 1) °C.

1.2.3.6  The design temperature of hull structures located within the refrigerated cargo
spaces shall be assumed equal to the temperature in the refrigerated cargo space.

The design temperature of the structures forming boundaries of the refrigerated cargo
spaces shall be assumed as follows:

with no insulation fitted on the side of the refrigerated cargo space, the temperature in this
space;

with insulation fitted on the side of the refrigerated cargo space and with no insulation on
the other side, the temperature on the uninsulated side of the boundary in the space;

with insulation fitted on both sides, arithmetical mean of the temperatures in the adjacent
spaces.

1.2.3.7 Depending on the level and type of applied stress, presence of stress
concentrations, complexity of structural design of the assemblies and the workmanship,
the assumed damage consequences for safety of the ship as a whole, the structural members
are grouped into three Classes according to Table 1.2.3.7-1.

The steel grade of structural members shall not be below the grade specified
in Tables 1.2.3.7-1 — 1.2.3.7-6.

Additional requirements:

for single deck ships with length exceeding 150 m, excluding those covered
in Table 1.2.3.7-3, are given in Table 1.2.3.7-2;

for membrane type liquefied gas carriers with length exceeding 150 m are given
in Table 1.2.3.7-3;

for ships with length exceeding 250 m are given in Table 1.2.3.7-4;

for ships with ice strengthening are given in Table 1.2.3.7-5.

The steel grade depending on the structural member thickness is determined in
accordance with Table 1.2.3.7-6.
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Table 1.2.3.7-1

Nos. Structural member category Material class/grade

1 |Longitudinal bulkhead strakes, other than that given in para 7 Class | throughout the length of

2 | Deck plating exposed to weather, other than that given in paras 5, 12, |a ship
13,15and 16

3 [ Side plating

4 | Bottom plating, including keel plate Class Il within 0,4L amidships

5 | Strength deck plating, excluding that given in paras 12, 13, 14, 15 Class | outside 0,4L amidships
and 16

6 | Continuous longitudinal plating of strength members above strength
deck, excluding hatch coamings

7 | Uppermost strake in longitudinal bulkhead

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

9 | Longitudinal hatch coamings of length less than 0,15L

10 |External longitudinal members, plating and framing of long
superstructures and plating of sides of short superstructures and
deckhouses (first tier)

11 |Sheerstrakel Class IlI within 0,4L amidships

12 |Stringer plate in strength deck?! Class Il outside 0,4L amidships

13 | Deck strake at longitudinal bulkhead, excluding deck plating in way of | Class | outside 0,6L amidships
inner-skin bulkhead of double-hull ships?!

14 | Lower deck strakes at cargo hatch corners in refrigerated spaces?

15 | Strength deck plating at outboard corners of cargo hatch openings in Class Il within 0,4L amidships
container carriers and other ships with similar hatch opening Class Il outside 0,4L amidships
configurations Class | outside 0,6L amidships

Class Il within cargo region

16 | Strength deck plating at corners of cargo hatch openings in bulk Class Ill within 0,6L of the ship
carriers, ore carriers, combination carriers and other ships with similar | Class Il within rest of cargo
hatch opening configurations region

17 | Trunk deck and inner deck plating at corners of openings for liquid and
gas domes in membrane type liquefied gas carriers

18 |Bilge strake in ships with double bottom over the full breadth and length | Class Il within 0,6L of the ship
less than 150 m Class | outside 0,6L amidships

19 |Bilge strake in other ships? Class Ill within 0,4L amidships

Class Il outside 0,4L amidships
Class | outside 0,6L amidships

20 |Longitudinal hatch coamings of length greater than 0,15L, including Class Ill within 0,4L amidships
coaming top plate and flange Class Il outside 0,4L amidships

21 |End brackets and deck house transition of longitudinal cargo hatch Class | outside 0,6L amidships
coamings Not to be less than Grade D/DH

22 | Side plating at cargo port corners Class Il throughout the length of

a ship

23 | Plating and framing (welded members) in ice-strengthening region |
(refer to Figs. 3.10.1.3.2 and 3.10.1.3.3), welded plate stems and stern
frames of:

.1 ships of ice classes Arc4, Ice3, Ice2, Icel Class | throughout the length of
a ship

.2 ships of ice classes Arc9, Arc8, Arc7, Arc6, Arc5 and icebreakers | Class Il throughout the length of

irrespective of ice class a ship

24 | Rolled section framing of:

.1 ships irrespective of ice class and icebreakers of ice
class Icebreaker6

Class | throughout the length of
a ship

.2 icebreakers of ice classes Icebreaker9, Icebreaker8, Icebreaker?7

Class Il throughout the length of
a ship

1 Single strakes required to be of Class Ill within 0,4L amidships shall have breadths not less than 800 + 5L mm,
need not be greater than 1800 mm, unless limited by the geometry of the ship's design;
2 The boundaries of areas for members related to this category correspond to Fig. 1.2.3.7.
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Table 1.2.3.7-2

Structural member category

Material grade

Longitudinal plating of strength deck where contributing to the longitudinal | Grade B/AH within 0,4L amidships

strength Continuous longitudinal plating of strength members above
strength deck

Single side strakes for ships without inner continuous longitudinal Grade B/AH within cargo region

bulkhead(s) between bottom and the strength deck

Table 1.2.3.7-3

Structural member category

Material class/grade

Longitudinal plating of strength deck where contributing to the longitudinal strength

Grade B/AH within
0,4L amidships

Continuous longitudinal plating of strength | Trunk deck plating
members above the strength deck

Class Il within
0,4L amidships

Inner deck plating
Longitudinal strength member plating
between the trunk deck and inner deck

Grade B/AH within
0,4L amidships

N ote. Table is applicable to similar ship types with a "double deck" arrangement above the strength deck.

Table 1.2.3.7-4

Structural member category Material grade
Sheerstrake at strength deck! Grade E/EH within 0,4L amidships
Stringer plate in strength deck® Grade E/EH within 0,4L amidships
Bilge strake! Grade D/DH within 0,4L amidships

1 Single strakes required to be of Grade E/EH and within 0,4 L amidships shall have breadths not less
than 800 + 5L mm, need not be greater than 1800 mm, unless limited by the geometry of the ship's design.

Table 1.2.3.7-5

Structural member category

Material grade

Shell strakes in way of ice strengthening area for plates

Grade B/AH

Table 1.2.3.7-6

Class, hull member is related to
Structural member I Il 11l
thickness S, in mm Mild steel High tensile Mild steel High tensile Mild steel High tensile
steel steel steel
§<150 A AH A AH A AH
15<5<20 B
20<5<25 B D DH
25<5<30 D DH
30<5<35 B E EH
35<5<40
40 <S5 <50 D DH E EH
3.5r \
7
1
;
|
Fig. 1.2.3.7
Areas of cargo hatch corners (lined) belonging to members referred to Class I



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

22

1.2.3.8 Structural members not mentioned in Tables 1.2.3.7-1 — 1.2.3.7-5, whose
scantlings are regulated by this Part, shall be referred to Class|. The steel grade shall
correspond to the as-built plate thickness and material class.

1.2.3.9 For structures with high level of stress concentration, subject to dynamic loads
(in particular, in region of strengthening A for mooring at sea) steel grade A is not permitted.

1.2.3.10 Single strakes required to be of Class Ill or steel grade E/EH and within 0,4L
amidships shall have breadths not less than 800 + 5L mm, need not be greater than 1800 mm.

1.2.3.11 For ships less than 40 m in length, steel specified for Classes of structural
members outside 0,4L amidships according to Table 1.2.3.7-1 may be used throughout
the length of the ship.

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

1.2.3.13 Steel grades for hull structural members of ships of 90 m in length and above,
contributing to the hull strength may be selected in accordance with IACS unified
requirement (UR) S6.

1.24 Aluminium alloys.

1.2.4.1  This Part admits the following applications of aluminium alloys:

hull, superstructures and deckhouses, if 12 < L <40 m;

superstructures and deckhouses, if L > 40 m.

1.25 Anticorrosive protection and coatings.

1.2.5.1 Effective protective coatings complying with the requirements of 6.5.1.1
of Part Xlll "Materials" shall be applied to the inner surfaces of ballast tanks.

It is recommended to protect the inner spaces of cofferdams, duct keels, supports of
transverse bulkheads and other similar void spaces of oil tankers and bulk carriers with
protective coatings in accordance with 6.5.1.2 of Part Xlll "Materials".

1.2.5.2 Anti-fouling coatings of ship hulls, in case of their application, shall comply with
the requirements of 6.5.2 of Part Xlll "Materials".

1.2.5.3 For cargo tanks of oil tankers of 5000 t deadweight and over carrying crude oil,
one of the following effective measures on corrosion protection shall be implemented:

applying protective coatings in compliance with IMO resolution MSC.288(87)
(refer to 6.5.1.2 of Part XIIl "Materials");

using alternative means of protection or corrosion resistant materials to maintain
the required structural integrity for 25 years in accordance with IMO resolution MSC.289(87)
(refer to 3.16.1.2 of Part XIIl "Materials").




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

23
1.3 DESIGN LOADS

131 General.

1.3.1.1 This Chapter contains the basic formulae for determining the design weather
loads on hull, ship acceleration at motions as well as loads from dry and liquid cargoes.

1.3.1.2 Wave induced loads on the forward portion of the bottom and flare, loads from
vehicles and deck heavy cargo as well as emergency loads are given in the chapters of
this Part pertaining to the appropriate structures.

1.3.1.3 Rules of determining the load value and the load point are specified in
the appropriate chapters pertaining to particular structures. In the absence of such provisions
the load is assumed to be on the lower edge of the plate, at the middle of design span of
the member or at the centre of the area taking up distributed load.

1.3.1.4 The basic parameter of design load and accelerations on ship's hull exposed to
weather is the wave factor c,, determined by the formulae:

cw = 0,0856L for L <90 m;

300—-L
100

3/2
cw =10,75 - (32=5)"" for 90 < L < 300 m; (1.3.1.4)
¢y = 10,75 for 300 < L <350 m.

1.3.1.5 For ships of restricted area of navigation the wave factor c,, shall be multiplied
by the reduction factor ¢, obtained from Table 1.3.1.5.

Table1.3.15
Area of navigation @r
R1 1
R2 1,25 -0,25L-102<1
R2-RSN 1,0 — 0,20L-102
R2-RSN(4,5) 0,94 —0,19L-10?
R3-RSN 0,86 — 0,18L-102
R3 0,75 — 0,18L-102

1.3.2 Wave loads.

1.3.2.1 The design pressure p, in kPa, acting on the ship's hull exposed to weather is
determined by the following formulae:

for the points of application of the loads below the draught d

D = Dst + Dws (1.3.2.1-1)

for the points of application of the loads above the draught d

P =Dpw (1.3.2.1-2)
where pse =  Static pressure, in kPa, determined by the formula

pst = 10z;

z; =  distance from the point of application of the load to the draught d, in m;

Pw as defined in 1.3.2.2.
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1.3.2.2 The design pressure p,,, in kPa, due to ship's hull motion about the wave
contour is determined by the following formulae:

for the points of application of the loads below the draught d

Pw = Pw, — L,5¢cyz;/d,; (1.3.2.2-1)
for the points of application of the loads above the draught d

Pw = Pw, — 7,50x2; (1.3.2.2-2)
where Pw, = 5Cwayay

for ¢, referto 1.3.1.4 and 1.3.1.5;

a, = 0,8v,(L/103 + 0,4)/VL + 1,5;
ay = k(1 = 2x;/L) = 0,267;

k, =  factor equal to 0,8 and 0,5 for hull sections forward and aft of the midship section
respectively;
x; =  distance of the considered section from the nearest fore or after perpendicular, in m;

for z;, referto Formula (1.3.2.1-2);
In any case, the product a,a, shall not be taken as less than 0,6.

Distribution of load p,, over the hull section contour is shown in Fig. 1.3.2.2.

! 117 Al
B Py
- pw,)
S
.
Ll [ Iv
|

Fig. 1.3.2.2

133 Acceleration at motions.
1.3.3.1 Design acceleration a, in m/s?, at motions in waves is determined by the formula

a= \/a? + aj + 0,4a; (1.3.3.1-1)

where a. = projection of ship's centre of gravity acceleration on the appropriate direction;

ap, ar = projections of pitching and rolling acceleration on the appropriate directions at the point
under consideration.
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Acceleration projections for the considered member on the vertical (index z),
horizontal-transverse (index y) and horizontal — longitudinal (index x ) directions are
determined by the following formulae:

acx = 0,1(100/L) 3 gep,;
acy = 0,2(100/L) 3 gq,;
ac, = 0,2(100/L)3gq,;

Apx = (zn/Tp)quZO;
=0

ay, = 0;

where

(1.3.3.1-2)
2
Apz = (ZT[/Tp) Pixo;
Ary = (21/T;)?6z;
— 2
ar; = (21/T)*6y,
@, is given in Table 1.3.1.5 (¢, = 1 for ships of unrestricted service);
T, and T;. = pitching and rolling periods, in s, determined by the formulae:
T = 0,8VL
P 1+0,4:’/—%(#+0,4)’
(1.3.3.1-3)
T, = cB/Vh
where ¢ = numerical factor determined on the basis of the data for the ship of similar type.
As a first approximation, ¢ = 0,8;
h = metacentric height for the most unfavourable conditions of operation; for a ship
in fully loaded condition, h = 0,07B unless more detailed data are available.
For a tanker in ballast condition, T;., as a first approximation, can be determined
by the formula
T, ~ 3VB,;
¢y = design angle of trim, in rad, determined by the formula
p= 22 (1.3.3.1-4)

T Y 14L1072

where for ¢, refer to Table 1.4.4.3 (¢ = 1 for ships of unrestricted service);

6 = design angle of heel, in rad., determined by the formula

0,6 .
0= (% W’ (1331-5)
xo = distance of the considered point from the transverse plane passing through the ship's

centre of gravity, in m;

Yo, Zo = distance of the considered point from the centreline and the horizontal plane passing
through the ship's centre of gravity respectively, in m.

If L < 40 min Formulae (1.3.3.1-4) and (1.3.3.1-5), L shall be taken equal to 40 m.

At all types of motions, the total acceleration in the vertical direction a,, in m/s?, can be
determined by the formula

0,9

a; =gz (1 +ka) (1.3.3.1-6)

where

ko, =1,6(1 —2,5x,/L) = 0 in the forward region;

ks =0,5(1 —3,33x,/L) = 0 in the aft region;

for x;, referto 1.3.2.2.

If L <80 min Formula (1.3.3.1-6), L shall be taken equal to tensile 80 m.
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Cargo, fuel and ballast loads.
1 Design pressure p., in kPa, on the grillages of cargo decks, platforms and
double bottom from package cargo is determined having regard to inertia forces by the formula

Pc = hpcg(1+a,/9) (1.3.4.1)
where h = design stowage height, in m;

p. = density of the cargo carried, in t/m3;

a, = design acceleration in the vertical direction determined in accordance with 1.3.3.1,

but not less than 20 kPa.
2  The design pressure on the structures forming boundaries of the compartments
intended for the carriage of liquid cargoes and ballast in tankers, the ballast tanks in dry cargo
ships as well as the tanks for ballast and fuel oil is determined depending on their dimensions,
the extent of filling and the height of air pipe. By compartment is meant a tank or a part of
a tank confined between the effective bulkheads. Both watertight and wash bulkheads with
the total area of openings not over 10 % of the bulkhead area are considered as effective
bulkheads.
1.3.4.2.1 The design pressure p., in kPa, on the structures of fully loaded compartments
is determined by the following formulae:

1.3.4.

pe = pcg(1+a,/9)z; (1.3.4.2.1-1)
Pe = pcd(z; + bb); (1.3.4.2.1-2)
Pe = Pcg(z; + 1); (1.3.4.2.1-3)
Pe = 0,75 pg(z; + Az); (1.3.4.2.1-4)

Pc = Pc9Zi + Dy,

where

Pc
aZ
Zj

(1.3.4.2.1-5)

cargo, ballast or fuel density, in t/m3, whichever is appropriate;

design acceleration in the vertical direction according to 1.3.3.1;

distance, in m, from the member concerned to the deck level (tank top) as measured at
the centreline;

0 and y = as determined by Formulae (1.3.3.1-4) and (1.3.3.1-5);

Az =

pv =

height, in m, of air pipe above deck (tank top), but shall not be less than: 1,5 m for
the ballast tanks of dry cargo ships and for fresh water tanks, 2,5 m for the tanks of tankers
and for fuel oil and lubricating oil tanks; for small expansion tanks and for lubricating oil
tanks of less than 3 m® capacity, the minimum values of Az are not stipulated;

pressure, in kPa, for which the safety valve is set, if fitted, but shall not be less than:
15 kPa for the ballast tanks of dry cargo ships and for fresh water tanks, 25 kPa for
the tanks of tankers and for fuel oil and lubricating oil tanks; for small expansion tanks and
for lubricating oil tanks of less than 3 m3 capacity, the minimum values of p, are not
stipulated,;

l and b = length and breadth, in m, of a compartment as measured at mid-height; if the values of [

and/or b change abruptly over the compartment height, [ and/or b are measured at
mid-height of each compartment section where their variation is not appreciable;
the Formulae (1.3.4.2.1-2) and (1.3.4.2.1-3) are used for each measured value of [ and b
accordingly, whichever is the greater.
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1.3.4.2.2 Where a compartment shall be partially filled proceeding from service
conditions, with the compartment length [ < 0,13L and compartment breadth b < 0,6B ,
the design pressure p,., in kPa, for the structures mentioned below shall not be less than:

for the side, longitudinal bulkheads and adjoining compartment top within 0,25b of the line
of compartment top and side intersection, or of the longitudinal bulkhead

Pc = pc(5 —B/100)b; (1.3.4.2.2-1)

for transverse bulkheads and adjoining compartment top within 0,251 of the line of
compartment top and transverse bulkhead intersection

Pc = pc(4 —L/200)L. (1.3.4.2.2-2)

[ and b shall be measured on the level of the free surface of liquid.

For compartments where [ > 0,13L and/or b > 0,6B, the design pressure for the case of
partial flooding is determined in accordance with a special procedure approved by the Register.

1.3.4.3 The design pressure p. in kPa, on structures bounding the bulk cargo hold is
determined by the formula

Pe = pcgkc(1 +a,/g)z; (1.3.4.3)

where for p., referto1.3.4.1;
ke = sin?atg?(45° — ¢; s/2) + cos?a;
or

= cos a, whichever is the greater;

= angle of web inclination to the base line, in deg.;
5= internal friction angle of bulk cargo, in deg.;

=  design acceleration in the vertical direction according to 1.3.3.1;

=  vertical distance from the load application point to the free surface level of cargo, in m,

L
o4
(3
aZ
Zi

but not less than 20 kPa.

The pressure on the inner bottom is determined by Formula (1.3.4.3) where k., = 1.

1.3.4.4 The design pressure from package cargo acting upon the structures in
horizontal plane is determined with regard for inertia forces. In Formula (1.3.3.1-1)
the acceleration in the horizontal-transverse direction is determined by the formula

a, = Jagy + (ayy + gsinB)’; (1.3.4.4-1)

and in the horizontal-longitudinal direction

a, = \/agx + (apx + gsin 1|J)2; (1.3.4.4-2)

where 6 and y are determined by Formulae (1.3.3.1-4) and (1.3.3.1-5).
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1.4 LONGITUDINAL STRENGTH

141 General and definitions.

1.4.1.1 The requirements of this Chapter apply to ships of unrestricted service and of
restricted areas of navigation R1 and R2, 65 m in length and upwards, as well as to ships of
restricted areas of navigation R2-RSN, R2-RSN(4,5), R3-RSN and R3, 60 m in length
and upwards.

Ships with large deck openings and vessels of dredging fleet shall comply additionally
with the requirements of 3.1 and 3.6 respectively.

The requirements of this Chapter do not apply to container ships and ships dedicated
primarily to carry their load in containers, both with a length L of 90 m and greater and operated
in unrestricted service.

When assessing the longitudinal strength of these ship types, the requirements of
Part XVIII "Additional Requirements for Structures of Container Ships and Ships Dedicated
Primarily to Carry their Load in Containers" shall be applied.

1.4.1.2  Hull structures of ships having:

.1 proportion

L/B <5;

B/D = 2,5 (for ships of restricted areas of navigation R2, R2-RSN, R2-RSN(4,5), R3-RSN
and R3 the ratio B/D = 4,0;

.2 block coefficient €, < 0,6;

.3  specified speed v, exceeding the value of v, in knots, determined by the formula

v=kVL (1.4.1.2.3)

where 2,2 if L £100 m;

k =
k = 2,2—0,25 (L —100)/100 if L > 100 m,

as well as of ships carrying heated cargoes and ships of unusual design and/or type shall
be subject to direct strength calculation according to the agreed procedure.

1.4.1.3 For longitudinal strength calculation, design loads shall include still water
bending moments and shear forces, wave bending moments and shear forces, and for ships
with large flare, bending moments due to wave impacts on the flare as well.

Design wave and impact loads may be calculated both from formulae given in these Rules
and according to the approved procedure taking into consideration the rolling in waves,
long-term distribution of wave conditions and area of navigation.

1.4.1.4 Downward shear forces are assumed to be taken as positive values and upward
shear forces — as negative values. The hogging bending moments are assumed to be taken
as positive values and sagging bending moments — as negative values.

For the calculation of still water bending moment and shear force, transverse loads shall
be integrated in the forward direction from the aft end of L; in this case, downward loads are
assumed to be taken as positive values.

The sign conventions of still water bending moment and shear force are as shown

in Fig. 1.4.1.4.
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Shear forces

~  |[w]t (
Bending moments

(o) (

Aft Fore

Fig. 1.4.1.4

1.4.2 Symbols.

For the purpose of this Chapter the following symbols have been adopted:

L; = length of the compartment considered, in m;

B; = breadth of the compartment considered, in m;

Ap = difference between the area of horizontal upper deck projection (including forecastle
deck) and scantling waterline on a length up to 0,2L aft from the forward perpendicular, in m?;

zp = vertical distance from the scantling waterline to the upper deck (forecastle deck
included), as measured on the forward perpendicular, in m;

I = moment of inertia about the horizontal neutral axis at the section under
consideration, in cm*;

S = first moment about the neutral axis, of the area of the effective longitudinal members
between the vertical level at which the shear stress is being determined and the vertical
extremity of effective longitudinal members, taken at the section under consideration, in cm?,

x = distance of the considered hull section from the after perpendicular, in m.

1.4.3 Still water bending moments and shear forces.

1.4.3.1 The still water bending moments and shear forces shall be calculated for all
actually possible cases of weight distribution over the length of the ship including full-load and
ballast conditions for departure and arrival of the ship.

The bending moments and shear forces in the course of consuming the contents of each
tank with ship's stores (fuel oil, water, lubricating oil) during voyage shall be also calculated if
the above moments and forces exceed those for departure or arrival of the ship. The same
applies to ship's ballasting/ deballasting at sea. In so doing, partially filled ballast tanks,
including peak tanks, shall be ignored in the consideration excepting the following cases:

calculated bending moments and shear forces do not exceed the maximum design values
at all levels of ballast tanks filling from an empty condition to full filling;

for bulk carriers, all intermediate conditions of ballast tanks filling from an empty condition
to full filling with each cargo hold flooded are considered (refer to 3.3.5).

As a rule, when determining the scantlings of framing members, consideration shall be
given to the following loading conditions:

.1 for dry cargo ships, ships with large deck opening, roll-on/roll-off ships, refrigerated
cargo ships, bulk carriers and ore carriers:

homogeneous loading conditions at maximum draught;

ballast condition;

special loading conditions:

light load conditions at less than the maximum draught, heavy cargo, empty holds or non-
homogeneous cargo conditions, deck cargo conditions, etc., where applicable;

short voyage, where applicable;

loading and unloading transitory conditions;

docking condition (afloat);
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.2 for oil tankers:

homogeneous loading conditions (excluding dry and clean ballast tanks);

partly loaded and ballast conditions for both departure and arrival;

any specified non-uniform distribution of loads;

mid-voyage conditions relating to tank cleaning or other operations where these differ
significantly from the ballast conditions;

loading and unloading transitory conditions;

docking condition afloat;

.3  for combination carriers:

loading conditions as specified for dry cargo ships and oil tankers;

.4 ballast loading conditions where forepeak, afterpeak and/or other ballast tanks are
partly filled at the departure, arrival or mid-voyage, shall not be considered as the design
loading conditions. The exception shall be the cases where any patrtial filling of the tank does
not exceed the permissible strength limitations. A notion "any partial filling" in the present
paragraph assumes loading condition, which corresponds to an empty tank, fully loaded tank
and a tank filled up to the prescribed level.

Where there are several partly loaded tanks, then all the combinations comprising empty,
full and partly filled tanks shall be considered.

For ore carriers with large side ballast tanks in cargo area for the case where empty or full
loading of one or maximum two pairs of these ballast tanks causes a trim exceeding at least
one of the values mentioned below, then it shall be sufficient to demonstrate compliance with
maximum, minimum and assigned partial filling levels of these one or maximum two pairs of
side tanks, so that actual trim does not exceed any of these trim values. Fill up levels for
the rest side ballast tanks shall be considered between full and empty.

The above-mentioned trim values are as follows:

trim by the stern for 3 % of ship length;

trim by the bow for 1,5 % of ship length;

any trim, at which propeller depth axis constitutes 25 % of its diameter.

Maximum and minimum filling levels of the above-mentioned one or maximum two pairs
of side ballast tanks shall be included to the Loading Manual (refer to Appendix 4).

In cargo loading conditions, the requirements of the present paragraph apply to the peak
tanks only.

The requirements of the present paragraph do not apply to ballast water exchange at sea
using the sequential method. However, bending moment and shear force calculations for each
ballasting or deballasting stage in the ballast water exchange sequence shall be included in
the Loading Manual or the Guidelines for Safe Ballast Water Exchange at Sea of any ship that
intends to employ the sequential ballast water exchange method.

1.4.3.2 The maximum absolute values of sagging and hogging bending moments Mg,
and shear force Ny, shall be determined for any section along the ship's length for all the still
water loading conditions, which are possible in service.

The values My, and N, are regarded further as design values for the section under
consideration.

1.4.3.3  For ships without effective longitudinal bulkheads, with non-uniform distribution
of loads, i.e. alternation of loaded and empty holds, the still water shear force curve may be
corrected by reducing its ordinates on transverse bulkheads by a value equal to the total of
bottom longitudinal responses in way of those bulkheads in the event of bottom bending (refer
to Fig. 1.4.3.3).

The bottom longitudinal responses in way of transverse bulkheads shall be determined
on the basis of the bottom grillage calculation in accordance with 3.3.4.1. The design loads to
be considered shall not include the wave loads mentioned under 1.3.2.2, the angles of heel,
trim and accelerations at motions determied in accordance with 1.3.3.1.
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Loaded hold Empty hold

Fig. 1.4.3.3
Shear force curve correction diagram:
1 — transverse bulkhead; 2 — uncorrected curve; 3 — corrected curve; R1 and R; — total of bottom longitudinal
responses for a loaded hold in way of aft bulkhead and forward bulkhead accordingly;
R'1 and Rz = same for an empty hold

1.4.3.4 Where provision is made in ship's design for loading conditions resulting in
regular change of a sign of the still water bending moment (in fully loaded and ballast
conditions on direct and return voyages), its components at the section with the maximum
range of bending moment (refer to Fig. 1.4.3.4) shall be determined for use in the calculation
under 1.4.6.3.

Hogging

Mm."n
W

T Maximum range

X
W

AP

M

Sagging

Fig. 1.4.3.4

144 Wave bending moments and shear forces.

1.4.41 The wave bending moment M, , in kN/m, acting in the vertical plane at
the section under consideration shall be determined by the formulae:

hogging bending moment

M,, = 190c,,BL*Cpa - 1073; (1.4.4.1-1)
sagging bending moment
M,, = —110c,,BL*(C, + 0,7)a - 1073; (1.4.4.1-2)

as determined from 1.3.1.4;
coefficient determined from Table 1.4.4.1 and Fig. 1.4.4.1;
as defined in 1.1.3, but not less than 0,6.

where Cw
(04
Cp
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Table 1.441 b __
Position of section along a H H
the ship's length 0.81 ! !
x/L <04 2,5x/L 0,61 I i
0,4 < x/L < 0,65 1 ! !
x/L > 0,65 (1 — x/L)I0,35 04r ! :
0,2F i H
! :
0,2 0.4 0,65 08 L0 XL
1P EP
Fig. 1.4.4.1

1.4.4.2 The wave shear force N, in kN, at the section concerned shall be determined
by the formulae positive:

N,, = 30c¢,,BL(C, + 0,7)f; - 1072; (1.4.4.2-1)
negative
N,, = —30c¢,,BL(C, + 0,7)f, - 107%; (1.4.4.2-2)
where Cw = as determined from 1.3.1.4;

C, = as defined in 1.1.3, but not less than 0,6;

f1 and f, = coefficients determined from Table 1.4.4.2, Figs. 1.4.4.2-1 and 1.4.4.2-2.

Table 1.4.4.2
Position of section along the ship's length fi f2
0<x/L<0.2 4,6fyx/L 4,6 x/L
02<x/L<03 0,921, 0,92
03<x/L<04 0,70 + (9,2f, — 7,0)x(0,4 — 158 -2,2x/L
x/L)

04<x/L<0,6 0,70 0,70

0,6 <x/L<0,7 0,70 + 3(x/L — 0,6) 0,70 + (10f, — 7,0)x(x/L — 0,6)

0,7 <x/L<0,85 1,0 fo

085<x/L<1,0 6,67(1 — x/L) 6,67(1 — x/L)fy

190 Cp

fo = 110 (Cp+0,7)

fi 1
LOfemmrnmamcmccnnccne e cccn i cae e (7<) —
0.92fy ===, ‘ b fodeofl I W
0,74 1 ; | P . :
oo b | 0,7 -4 R A :
oo b ! : P :
i I o ; /L 2 P Lo :
0~ ——— —— f } i P b ! x/L
0,0 0,2 0,3 04 06 07 085 L0 0 i — — — p—
AP FP 0,0 02 03 04 06 07 0,85 1,0
AP FP

Fig. 1.4.4.2-1 Fig. 1.4.4.2-2
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1.4.4.3 For ships of restricted area of navigation, the wave bending moments and shear
forces determined in accordance with 1.4.4.1 and 1.4.4.2 shall be multiplied by the reduction
factor ¢ obtained from Table 1.4.4.3 as well as by the factors  and v determined by
the following formulae:

Y =0,95(1+ ppf-1072); (1.4.4.3-1)

1

where pn = a?(0,5 + 2,5sinpB,) = o for conventional bow shape (no bulb);
pn = a?(1 + a?) = 1for a bulbous bow;
waterplane area coefficient for scantling waterline;
angle, in deg., between a frame tangential and a vertical at the level of scantling waterline
at the section within 0,4(1 — C,)L < 0,1L from the forward perpendicular;

15
f= {430L;fm0 [%"‘ 1,5 (ﬁ)zm]} (11170)0'75;

08
Bo

D1 = D + h’Cv
h. =  height of continuous hatch side coamings, in m (where these are not fitted, hc = 0);
A= 0,045(a — 0,25)% —— - —

20Dm@ 100

The above requirements apply to ships of restricted area of navigation, from 60 to 150 m
in length.

Table 1.4.4.3

Area of navigation P

R1 1,1 — 0,231 -102%<1

R2 1,0 — 0,25L -102

R2-RSN 0,94 — 0,26L 102

R2-RSN(4,5) 0,92 — 0,291 -102

R3-RSN 0,71 — 0,221 -102

R3 0,60 — 0,20L -102
1.45 Bending moment due to wave impacts on the flare.

1.4.5.1 The bending moment due to wave impacts on the flare shall be calculated only
for ships of length from 100 to 200 m where the relationship Az /Lz; = 0,1 is satisfied.

1.4.5.2 The sagging bending moment due to wave impacts on the flare My shall be
calculated as follows:

Mg = —kpc,,BL?>(Cp + 0,7)ap - 1073 (1.4.5.2)

where kg = 7(1 + 1,25vy/VL)c;c, but not more than 23;
¢, = (L —100)/30for100 < L < 130 m;
c;=1for130 <L <170 m;
¢ =1—-(L—-170)/30for 170 < L <200 m;
¢; =5Ap/Lzr — 0,5at0,1 < Ap/Lzp <0,3;
¢, =Ap/Lzg + 0,7 at 0,3 < Ap/Lzy < 0,4;
¢, = 1,1 at Ap/Lzp > 0,4;
for ¢, referto 1.3.1.4;

o is obtained from Table 1.4.5.2 and Fig. 1.4.5.2.
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Table 1.45.2
Position of section along the ship's length o
x/L < 0,15 0,667x/L
0,15 <x/L <0,45 0,1 + 3(x/L —0,15)
0,45 < x/L <0,75 1
x/L > 0,75 1 — 4(x/L — 0,75)
dF
J /2N iy d
1 ]
[} ]
1 [}
1 ]
[} ]
] L}
1 1
] ]
] L}
1 ]
1 ]
[} [}
1 ]
01L____ i i
1 |}
1 1 1 x/L
0,15 0,45 0,75
Fig. 1.4.5.2

1.4.5.3 For ships of restricted area of navigation, the bending moment due to wave
impacts on the flare My calculated in accordance with 1.4.5.2 shall be multiplied by
the reduction factor ¢ determined from Table 1.4.4.3. For ships of restricted areas of
navigation R3-RSN and R3, M = 0.

1.4.6 Hull section modulus and moment of inertia.

1.4.6.1 The requirements of this paragraph regulate the hull section modulus and
moment of inertia about the horizontal neutral axis.

1.4.6.2 The hull section modulus (for deck and bottom) W, in cm?, at the section
concerned shall not be less than

w==T-103 (1.4.6.2)

where My = |My,, + M,,| — design bending moment, in kN-m, at the section concerned equal to
the maximum absolute value of algebraic sum of M,, and M,, components at this section;
for My, refer to 1.4.3, in kKN-m;

for M,,, refer to 1.4.4;

175
o= T MPa.

1.4.6.3 In cases specified by 1.4.3.4 the section modulus W determined in accordance
with 1.4.6.2 shall be multiplied by the factor m determined by the formula

mmin ( mmin g pymax )

m=1+ -
10M352* \0,076¢,,BL?>(Cp+0,7)

(1.4.6.3)

where MDin ymax = apsolute values of hogging and sagging bending moments at the maximum range
section, in kN-m (refer to Fig. 1.4.3.4),

but not less than 1.
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1.4.6.4 For ships for which the bending moment due to wave impacts on the flare

(refer to 1.4.5) shall be considered the section modulus W, in cm?3, at the section concerned
shall not be less than

w==I-103 (1.4.6.4)

where Mr = |Msw + Mw + Mp| — design bending moment, in kN-m, at the section concerned equal to
the maximum absolute value of algebraic sum of Msw, Mwand Mr components at this

section;

Msw = maximum still water sagging bending moment or minimum hogging bending moment if
solely the hogging bending moments occur at this hull section, in kN-m;

Mw = wave sagging bending moment (refer to 1.4.4);

Mr= as determined from 1.4.5;

for o, referto 1.4.6.2.

1.4.6.5 The hull section modulus determined from 1.4.6.2 — 1.4.6.4 for maximum
value of design bending moment shall be maintained within 0,4L amidships. However,
if the maximum design bending moment occurs outside 0,4L amidships, the steady section
modulus requirement is applicable over the ship's length up to the section where maximum
design bending moment acts.

1.4.6.6 The hull section modulus shall be gradually reduced towards the ship's ends
outside the region in which it is being maintained.

1.4.6.7 Inany case, the hull section modulus, in cm?, within the midship region (for deck
and bottom) shall not be less than

Winin = cwBL*(Cp +0,7)n (1.4.6.7-1)
where forc,, referto1.3.1.4.

For ships of restricted area of navigation, the minimum hull section modulus, in cm?3, within
the midship region (for deck and bottom) shall not be less than W,,;n1 Of Wiin2, Whichever is
the greater, determined by the following formulae:

Whin1 = @Wmin; (1.4.6.7-2)
WminZ = 0J95L|JV(mein (1467'3)

where for ¢, referto Table 1.4.4.3;
fory, referto Formula (1.4.4.3-1);
for v, refer to Formula (1.4.4.3-2).

1.4.6.8 Scantlings of all continuous longitudinal members of hull girder based on
the section modulus requirement in 1.4.6.7 shall be maintained within 0,4L amidships.
However, in special cases, based on consideration of type of ship, hull form and loading
conditions, the scantlings may be gradually reduced towards the ends of the 0,4L part, bearing
in mind the desire not to inhibit the ship's loading flexibility.

1.4.6.9 The moment of inertia of hull section I, in cm?, within the midship region shall
not be less than

Imin = 3¢wBL*(Cy +0,7) (1.4.6.9-1)

where ¢y =  as determined from 1.3.1.4.
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For ships of restricted area of havigation, I,,,;, shall be multiplied by the reduction factor ¢,
determined by the formula

18
Po =N (1.4.6.9-2)

where for o, refer to Table 1.4.4.3;
forn, referto 1.1.4.3.

1.4.6.10 As a minimum, hull longitudinal strength checks shall be carried out at
the following locations outside amidships:

in way of the forward end of the engine room;

in way of the forward end of the foremost cargo hold;

where there are significant changes in the hull cross-section;

where there are changes in the framing system.

The following shall be made outside amidships:

buckling strength of members contributing to the longitudinal strength and subjected to
compressive and shear stresses shall be checked, in particular in regions where changes in
the framing system or significant changes in the hull cross-section occur in compliance with 1.6.5;

continuity of structure shall be maintained throughout the length of the ship. Where
significant changes in structural arrangement occur adequate transitional structure shall be
provided,;

for ships with large deck openings such as a containerships, sections at or near to the aft
and forward quarter length positions shall be checked. For such ships with cargo holds aft of
the superstructure, deckhouse or engine room, strength checks of sections in way of the aft
end of the aft-most holds, and the aft end of the deckhouse or engine room shall be performed.

1.4.7 Thickness of side shell plating and continuous longitudinal bulkhead plating.

1.4.7.1 The thickness of side shell plating s, in mm, at the considered section over
the length and depth of the ship where longitudinal bulkheads are not fitted shall not be less than

0,5(Ngy+Ny) S
5= 22Mut) 5. 02 (1.4.7.1)
where Ng,, = as defined in 1.4.3.2, in kN;

for N,,, referto 1.4.4.2 and 1.4.4.3;
T =110/ MPa.

1.4.7.2 The thickness of side shell plating s; and thickness of longitudinal bulkhead
plating s;, in mm, at the section under consideration for ships with two plane longitudinal
bulkheads shall not be less than:

5y =~ 2 g 102 (1.4.7.2-1)
=2 2oy - 102, (1.4.7.2-2)

where for Ng,,, N, referto 1.4.7.1,;
as =0,27;
o = 0,23

1.4.7.3 For ships having one or more than two continuous plane longitudinal bulkheads
as well as longitudinal bulkheads with horizontal corrugations the required thickness of side
plating and members in question shall be calculated according to the procedure approved by
the Register.
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Appropriate calculation may also be required for ships with two continuous longitudinal
bulkheads if the transverse distribution of load is substantially different from uniform
distribution.

1.4.8 Calculation of actual hull section modulus.

1.4.8.1 The hull section modulus is determined:

for strength deck W,, at moulded deck line at side (lower edge of deck stringer);

for bottom W,,, at moulded base line (top of plate keel).

For ships with continuous longitudinal strength members above strength deck including
trunk and continuous hatch side coamings, W, is calculated by dividing the moment of inertia
of hull section about the horizontal neutral axis by the value of z, determined by the formula

ze =2(09+0,2y/B) (1.4.8.1)

where z = distance from neutral axshall the top of continuous strength member above deck included
in the calculation of W, in m;

horizontal distance from the centreline of the ship to the top of continuous strength
member above deck included in the calculation of Wy, in m.

y

z and y shall be measured to the point giving the largest value of z,.

1.4.8.2 When calculating the hull section modulus, all continuous longitudinal strength
members shall be taken into account, including continuous hatch side coamings, and, where
the ship's design provides for multiple hatchways — the longitudinal deck strips between them
on condition the deck strips are effectively supported by longitudinal bulkheads, including
the topside tank bulkheads (inner skins).

The sectional area of long bridges or deckhouses shall be included with the reduction
coefficient which similarly to stresses in the ship's hull and superstructure (deckhouse) is
determined according to the procedure agreed with the Register.

Continuous hatch side coamings in ships with single hatches not above the mentioned
structures may be included in the calculation of the hull section modulus only if the calculation
has been specially approved to this effect.

The sectional area of longitudinal deck strips, each being of a uniform width throughout
the length, including deck plating with longitudinal framing and hatch side coamings
not supported by longitudinal bulkheads, is included with the reduction coefficient &
determined by the formula

_ 0,65+Cp L
E=m+ =t (1.4.8.2)
where m= {—0.10 atn=1;
“1-0.12atn = 2;
n = number of longitudinal strips over ship's breadth;

Y.ly = total length of longitudinal deck strips, in m;

Aly, Al, = length of end attachments of longitudinal deck strips aft and forward, in m.
If the end of the longitudinal deck strip is effectively attached to continuous deck and/or
longitudinal bulkhead (refer to Fig. 1.4.8.2),

Alyy =4f/Bys + sa,,

where f = sectional area of one longitudinal deck strip, in cm?;
By, = breadth of ship in way of longitudinal deck strip termination, in m;
sa,, =  average thickness of the portion of deck plating between the extension of

longitudinal deck strip and ship's side along the effective attachment, in mm.
Where a longitudinal deck strip terminates at the transverse deck strip,
provided 10b"s; = nf and b” = b’
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f ’
Alyz = 130705 (b'/b" +1)

where s; =  average plate thickness of the transverse deck strip, in mm;
b = distance between longitudinal edge of the hatch opening and
symmetry plane of the longitudinal deck strip, in m;
b" = length of transverse deck strip, in m.
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Fig. 1.4.8.2

Longitudinal deck strips to be included in the calculation of hull section modulus

1.4.8.3 Large openings, i.e. openings exceeding 2,5 m in length and/or 1,2 min breadth,
and scallops, where scallop-welding is applied, shall be deducted from the sectional areas
used in the section modulus calculation.

Smaller openings (manholes, lightening holes, single scallops in way of welds, etc.) need
not be deducted, if the following conditions are met:

the sum of their breadths and shadow area breadths (refer to Fig. 1.4.8.3) in one
transverse section of the hull does not exceed 0,06 (B — ). b) (where Y b is the total breadth
of openings) or does not reduce the section modulus at deck or bottom by more than 3 %;

the height of lightening holes, drain holes and single scallops in longitudinal members
does not exceed 25 % of the web depth, and the height of scallops in way of welds is not
over 75 mm.
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Ineffective breadth
(shadow area)

Fig. 1.4.8.3
Design section

1.4.8.4 Where continuous longitudinal members are built of higher tensile steel, they
shall extend so far beyond amidships towards the ends as to provide a hull section modulus
in way where the yield stress changes not less than required for an identical hull of ordinary
steel.

1.4.8.5 The continuous longitudinal members at a distance from horizontal neutral axis
of hull section greater than

w,
Z. e (1.4.8.5)
n Wn=1
where z = distance of strength deck (upper face plate of continuous hatch side coaming) or bottom

from neutral axis, in m;

n factor given in Table 1.1.4.3 for the members of the remainder of hull section;

Wa, Wy=q = actual section modulus and required section modulus with n =1 for the deck
(continuous hatch coaming) or bottom respectively, shall be made of steel with the same
yield stress as the strength deck (continuous hatch coaming) or bottom.

1.4.9 Loading control facilities.

1.4.9.1 By loading control facilities are meant Loading Manual and loading instrument
by means of which it can be ascertained that the still water bending moments, shear forces,
and the still water torsional and lateral loads, where applicable, in any load or ballast condition
will not exceed the specified permissible values.

1.4.9.2  Ships to be provided with loading control facilities are categorized as follows.

Category I:

ships with large deck opening, for which combined stresses due to vertical and horizontal
hull girder bending, as well as torsional and lateral loads, shall be considered;

ships for which uneven loading, i.e. uneven distribution of cargo and/or ballast, is possible;

chemical tankers and gas carriers.

Category Il

ships with arrangement giving small possibilities for variation in cargo and ballast
distribution; ships on regular and fixed trading pattern where the Loading Manual gives
sufficient guidance;

ships not falling under category | including ships of less than 120 m in length, which design
takes uneven distribution of cargo or ballast into account.

1.49.3 Loading Manual is a document approved by the Register which describes:

the loading conditions on which the design of the ship has been based;

permissible limits of still water bending moment and shear force and, where applicable,
limitations due to torsional and lateral loads;



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

40

the results of the calculations of still water bending moments, shear forces for loading
conditions stated in 1.4.3.1;

the allowable local loadings for the structure (hatch covers, decks, double bottom, etc.).

The Loading Manual shall be prepared in a language understood by the users and
in English.

1.4.9.4 Aloading instrument is an instrument approved by the Register, which is either
analog or digital by means of which the still water bending moments, shear forces and torsional
and lateral loads, where required, in any load or ballast condition can be easily and quickly
checked at specified readout points.

The number and position of sections and permissible still water bending moments and
shear forces as well as the limitations due to torsional and lateral loads shall be approved by
the Register.

Single point loading instruments are not acceptable.

An approved Operational Manual shall be provided for the loading instrument.

The Operational Manual and calculation results shall be prepared in a language
understood by the users and in English.

1.4.9.5 All ships other than category Il ships of less 90 m in length, which deadweight is
not greater than 30 % of summer load line displacement, shall be provided with the Loading
Manual approved by the Register. In addition to the Loading Manual, all ships of category | having
length of 100m and more shall carry a loading instrument approved by the Register
(requirements for loading instruments are given in 12.3 of Part Il "Technical Documentation” of
the Rules for Technical Supervision during Construction of Ships and Manufacture of Materials
and Products for Ships).

1.4.9.6 For ore carriers, ore-oil carriers and oil-bulk carriers having a length of 150 m
and more, additional requirements for strength control during loading are given in 3.3.6.

1.4.9.7 The Booklet as per SOLAS regulation VI/7.2.

To prevent excessive hull stresses, provision shall be made for the Booklet as per SOLAS
regulation VI/7.2 to be carried on board, including the following as a minimum:

.1 stability data required in 1.4.11 of Part IV "Stability";

.2 data on the capacity of ballast tanks and of equipment for their filling and emptying;

.3 maximum permissible load upon a unit of double-bottom plating surface;

.4 maximum permissible cargo hold load;

.5 generalinstructions concerning loading and unloading and pertinent to hull strength,
including any limitations due to the worst operating conditions during loading, unloading,
handling of water ballast, and during the voyage;

.6 any special limitations, for instance, those due to the worst operating conditions,
where applicable;

.7 where necessary — strength calculations: maximum permissible forces and
moments affecting the hull during loading, unloading and the voyage.

The Booklet shall be prepared in a language understood by the ship officers, and
in English.

1.4.9.8 When developing the Loading Manual and the Booklet as per SOLAS
regulation VI/7.2, one shall be guided by the recommendations contained in Collection of
Regulating Documents of the Register, Book 26.
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1.5 VIBRATION OF HULL STRUCTURES

Design parameters of vibration of hull structures as regards their strength are not
regulated.
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1.6 REQUIREMENTS FOR SCANTLINGS OF HULL STRUCTURAL MEMBERS

16.1 General.

1.6.1.1 This Chapter contains general requirements for plating and framing.

1.6.1.2 Plate structure means a portion of plating bounded by stiffening members.
By plate structures are meant portions of the deck, platform and inner bottom plating and
portions of the bottom, side, bulkhead plating as well as webs of deep members.

1.6.1.3 In this Part the term "framing" includes primary members and deep members
strengthening the plate structures. Deep members also serve as supporting structures for
primary members. Primary members are deck longitudinals, side longitudinals, bulkhead
longitudinals, inner bottom plating and bottom longitudinals, as well as vertical and horizontal
stiffeners of bulkheads, frames, beams, reverse and bottom frames of bracket floors, etc. Deep
members are deck transverses, deck girders, web frames, side stringers, floors, side girders,
centre girder, vertical webs and horizontal girders of bulkheads, etc.

1.6.1.4 The scantlings of primary and deep members are based on the required section
modulus, moment of inertia, web sectional area, thicknesses of web and face plate, as well as
width of the face plate.

Geometric properties of the member section, unless stated otherwise, are determined
taking into account the effective flange.

If the member is so arranged that it is not normal to the effective flange, the section
modulus shall be increased in proportion to 1/cos o (where o is the angle, in deg., between
the member web and the perpendicular to the effective flange at the section considered).
If a <15°, no increase of section modulus is required.

1.6.1.5 Rounding off the required scantlings of structural members plates excluding
generally shall be made in the direction of increase. Plate thickness shall be rounded off to
the nearest 0,5 or integer of millimetres.

The values of negative rolling tolerances for plates shall comply with the requirements
of 3.2.7 of Part XIIl "Materials".

1.6.2 Symbols.

For the purpose of this Chapter, the following symbols have been adopted:

[ = span of concerned member, determined from 1.6.3.1, in m;

p = design pressure at the point of load application, determined in the relevant chapters
of this Part, in kPa;

a = spacing, in m, of concerned primary or deep members of longitudinal or transverse
framing system; where this varies, a is a half-sum of distances of adjacent members from
the member concerned,

h = depth of the member web, in cm;

I = actual moment of inertia of the hull about the horizontal neutral axis, in cm*;

z; = vertical distance from horizontal neutral axis of ship to the centre of section area of
the longitudinal considered, in m;

o, = design specified yield stress for normal stresses, in MPa, determined from 1.1.4.3;

T, = design specified yield stress for shear stresses, in MPa, determined from 1.1.4.3;

As = corrosion allowance, in mm, determined from 1.1.5.1.

1.6.3 Span and effective flange of member.

1.6.3.1 The span of primary and deep member [ is measured along the member face
plate as the distance between its span points. Unless provided otherwise, where the end
brackets are fitted, the span points shall be taken at the mid-length of the bracket. In this case,
the span point position shall be such that the height of the end bracket in it does not exceed
the web depth of the member considered (refer to Fig. 1.6.3.1).

For curvilinear members the span shall be taken equal to the chord connecting the span
point centres.
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1.6.3.2 The thickness of the effective flange is taken equal to its mean thickness in the
considered section of the member.

1.6.3.3 The width of the effective flange ar, in m, of primary members shall be
determined by the formulae:

ar =1/6; (1.6.3.3-1)
ar = 0,5(a; + ay) (1.6.3.3-2)

where a,, a, = distance of the considered member from the nearest members of the same direction
located on both sides of the considered member, in m,

whichever is the smaller.
1.6.3.4 The width of the effective flange of deep members ¢, in m, is determined by
the formula

cr = kc (1.6.3.4)

where c=0,5(c; +¢c);
c1, ¢; = distance of the considered deep member from the nearest deep members of the same
direction located on both sides of the considered member, in m;
k = factor obtained from Table 1.6.3.4 depending on c, given span g, and number n of
members supported by considered deep members.

For simply supported deep members the given span [, = [, and for fixed deep
members I, = 0,61. The way in which the framing members shall be supported (simple supporting

or fixing) is determined proceeding from the general engineering principles with regard for the actual
structure (presence of brackets, welding of webs, face plates, etc.) and is characterized by
the presence or absence of bending moment effects in the span point of the member.

Table 1.6.3.4
Number of k values at [, /c equal to:
members n 1 2 3 4 5 6 7 and more
>6 0,38 0,62 0,79 0,88 0,94 0,98 1
<3 0,21 0,4 0,53 0,64 0,72 0,78 0,8

Note . Forintermediate values of [y, /c and n, the factor k is determined by linear interpolation.
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1.6.3.5 The width of the hatch coaming effective flange shall be equal to one-twelfth of
their span but not more than half the distance between the cargo hatch and the ship's side for
the side coaming and, accordingly, half the distance between a cargo hatch and a transverse
bulkhead (or the beam nearest to the cargo hatch) for the hatch end coaming.

1.6.3.6 The width of the effective flange of deep members located normal to
the direction of corrugations shall be taken equal to 15s and 20s for trapezoidal and wave-
shaped corrugations respectively (s = thickness of corrugated plates, in mm) or 0,1c (for c,
refer to 1.6.3.4), in mm, whichever is less.

1.6.3.7 Where primary members parallel to deep members are fitted over the width of
the effective flange of the latter, full cross-sectional areas of the above primary members shall
be adopted for calculation when determining the inertia moment and section modulus of
the deep members.

1.6.4 Scantlings of structural members.

1.6.4.1 The section modulus W, in cm?3, of primary members of rolled section shall not
be less than

W=Woao, (1.6.4.1)

where w'
wC

section modulus of member considered, in cm3, determined from 1.6.4.2;
multiplier taking into account corrosion allowance, determined in accordance with 1.1.5.3.

The section modulus of built-up welded members shall satisfy the requirements of 1.6.4.2.
In this case the thickness of section elements shall be increased by corrosion allowance As.

1.6.4.2 The section modulus of member considered, in cm?, without taking into account
corrosion allowance is determined by the formula

; _ Ql103
- mksOn

(1.6.4.2)

where Q = pal — transverse load on member considered, in kN;
m, ks = factors of bending moment and permissible stresses to be found in the relevant chapters
of this Part.

1.6.4.3 The net sectional area (excluding openings) f,,, in cm?, of primary and deep
member webs shall not be less than:
for members of rolled section

fw =flwoc (1.6.4.3-1)

where
£y = max (1.6.4.3-2)

k.tn
Nmax, k: = maximum shear force value and permissible shear stress factor as defined in the
relevant chapters of this Part;
for w., referto1.1.5.3;

for built-up welded members, the required web cross-sectional area shall be determined
by Formula (1.6.4.3-2) with a subsequent increase in thickness by the value of As.
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1.6.4.4 The thickness s, in mm, of the plates under transverse load shall not be less than

s =mak [-2—+ As (1.6.4.4)

kson

where m, ks = bending moment and permissible stress factors as defined in the relevant chapters of this
Part;
k =1,2—-0,5a/b, but not greater than 1;
a and b = smaller and greater sizes, in m, of supporting contour sides of plate structure.

1.6.4.5 The scantlings of the corrugated structures shall comply with the following
requirements:

.1 the thickness of the trapezoidal corrugations shall be determined
by Formula (1.6.4.4) taking a equal to b or ¢, whichever is the greater (refer to Fig. 1.6.4.5.1).

The following relationship shall be satisfied:

b/s < 0,06,/n (1.6.4.5.1)

where b = width of the panel parallel to the bulkhead plane, in m (refer to Fig. 1.6.4.5.1).

Angle o (refer to Fig. 1.6.4.5.1, a) shall be assumed not less than 40°;

a)

b2 b2 | =
dﬂ
b)
e N
= / - /% \ "
,,/ N~
d[)
Fig. 1.6.4.5.1

Trapezoidal (a) and wave-shaped (b) corrugations

2 the thickness of the wave-shaped corrugations s, in mm, shall not be less than

s =22ByR /L + As (1.6.4.5.2-1)
KksOn
where Bo = half-angle of spread of corrugation (refer to Fig. 1.6.4.5.1, b), in rad.;
R = radius of corrugation, in m;
ks =  factor of permissible stresses determined in the relevant chapters of this Part.

In this case, the following relationship shall be satisfied:

R/s < 17/Roy; (1.6.4.5.2-2)
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.3 the section modulus of the corrugation is determined according to 1.6.4.1
and 1.6.4.2 taking Q = pd,l (for d,, refer to Fig. 1.6.4.5.1).

The spacing and section modulus of corrugations can be determined by the formulae
given in Table 1.6.4.5.3. (Linear dimensions are expressed in cm, ¢ and 3o — in deg.).

Factor y is determined by the formula

y=2 Bo+2Bo cos? Bo—1,5sin? BO. (1.6.4.5.3)

1—cos g

In calculating the factor y, the angle B, shall be taken, in rad.

Table 1.6.45.3

Type of corrugation Spacing of corrugations Section modulus
Trapezoidal do =2 +c+cose) W =hs(b+c/3)
Wave-shaped dy = 4R sin B, W = ysR?

1.6.4.6 Permissible stress factors k; and k. defined in the relevant chapters of
this Part may be increased by 5 % for ships of restricted areas of navigation R2, R2-RSN
and R2-RSN(4,5) and by 10 % for R3-RSN and R3 unless dependent upon the factors kg
and k, determined by Formula (2.2.4.1).

1.6.5 Buckling strength of hull structural members.

1.6.5.1 The buckling strength of longitudinals, shell plates and hull structure plating
shall be ensured in ships of unrestricted service and ships of restricted areas of navigation R1
and R2, 65 m and greater in length, of restricted areas of navigation R2-RSN, R2-RSN(4,5),
R3-RSN and R3, 60 m and greater in length subject to compressive stresses due to
longitudinal bending of the hull girder.

Effective compressive streses o, in MPa, shall be determined by the following formula:

o, ==Lz;-105 2 30/n (1.6.5.1-1)

where My = design bending moment, in kN-m, at the section under consideration equal to
the maximum absolute value of algebraic sum of the moment components;
My = |My, + M,,| — for longitudinal members arranged below the neutral axis;
My = |My, + M, + Mg| — for longitudinal members arranged above the neutral axis;
for My, referto 1.4.3, in kN-m;
for M,,, referto 1.4.4;
for Mg, referto1.4.5.

The maximum hogging bending moment shall be assumed as design value M for
longitudinal members arranged below the neutral axis, and the maximum sagging bending
moment — for longitudinal members arranged above the neutral axis.

The buckling strength of side shell and longitudinal bulkheads at the section considered
shall be ensured under shear stresses 1., in MPa, calculated by the following formulae:

for side shell plating in ships without effective longitudinal bulkheads

NSW+NW§ .

T, = —4—w2. 107 (1.6.5.1-2)

¢ 2s 1
for side shell plating in ships with two effective longitudinal bulkheads

T, = NSW+NW§O(S .102: (1.6.5.1-3)

Ss
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for longitudinal bulkhead plating in ships with two effective longitudinal bulkheads

Ngw+Ny, S

Tp = =g - 107 (1.6.5.1-4)
l

where N, = still water shear force at the section considered, defined in 1.4.3, in kN;
N, wave vertical shear force determined from 1.4.4.2;

actual thickness of side shell plating in ships without longitudinal bulkheads, in mm;

ss, 5; = actual thicknesses of side shell plating and longitudinal bulkhead plating at the section
considered in ships with two longitudinal bulkheads, in mm;

for S, I, referto 1.4.2;

for o,a, referto 1.4.7.2.

Where one or more than two continuous longitudinal plane bulkheads or longitudinal
bulkheads with horizontal corrugations are fitted, the shear stresses are determined by
a procedure approved by the Register.

1.6.5.2 The buckling strength of longitudinal members is considered sufficient if
the following conditions are met:

ko, < o, (1.6.5.2-1)
T < T¢r

where k=1 for plating and for web plating of stiffeners;
k=1,1 for stiffeners;
for o, 1., referto 1.6.5.1;
for 0.y, Ty, referto 1.6.5.3.

For plate panels, the factor k may be reduced in respect of ships of restricted navigation
areas: R1 — by 10 %, R2, R2-RSN and R2-RSN(4,5) — by 15 %, R3-RSN, R3 and for
berth-connected ships — by 20 %. In this case, when determining the actual section modulus
of hull in accordance with 1.4.8, the strength reduction of compressed plate shall be
considered, i.e. where o, < o, the plates shall be included in the hull girder section, except
for the areas adjoining the longitudinals and having a breadth equal to 0,25 of the shorter side
of supporting contour, with the reduced factor {,, to be determined by the formula

U, = o./0,. (1.6.5.2-2)
1.6.5.3 Critical stresses o, and t.,, in MPa, shall be determined by the formulae:

0. = 0, When o, < 0,5R,.y; (1.6.5.3)
O0¢cr = Roy(1 — Rpy/40,) When o, > 0,5R,y;

Ter = Te When 1, < 0,29R,y;

Ter = Rey(0,58 — 0,08 R,y /1,.) When t, > 0,29R,

where 0.,T. = Euler normal and shear stresses to be determined in accordance with 1.6.5.4 and 1.6.5.5.

1.6.5.4 When checking the buckling strength, the Euler stresses o, in MPa, for primary
and deep longitudinal members shall be determined by the following formulae:
.1 for column buckling of primary longitudinal members without rotation of the cross section

o, = 206i/fI2 (1.6.5.4.1)
where i = moment of inertia, in cm#, of longitudinal, including plate flange and calculated with
thickness reduced by the value of As (for As, refer to Table 1.6.5.5-2);

f = cross-sectional area, in cm?, of longitudinal, including plate flange and calculated with

a thickness reduced by the value of As (for As, refer to Table 1.6.5.5-2); a plate flange
equal to the frame spacing may be included;




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

48

.2 for torsional buckling of primary longitudinal members

o, = (203/1*)(iy/ip)(m? + k/m?) + 79310i. /i, (1.6.5.4.2)

number of half waves, given by Table 1.6.5.4.2;
moment of inertia, in cm?, of profile under simple torsion (without plate flange), determined
as follows:

where k =0,05cl*/i,,;
m =
it =

hysy

iy = = 10~* for flat bars;

iy = %[hws,?v + bys?(1—0,63s7/bs)] - 107* for angles, bulb, symmetrical bulb and T-profiles;

iy = polar moment of inertia, in cm#, of profile about connection of stiffener to plate, determined
as follows:
3
i, = "“”%-10‘4 for flat bars;

i, = (ha'% + hﬁ,bfsf) - 10~* for angles, bulb, symmetrical bulb and T-profiles;

i, = sectional moment of inertia, in cm®, of profile about connection of stiffener to plate,
determined as follows:

i,, = "5 1076 for flat bars;
36
spb}h}, _ . .
w = ~L=-107 for T- and symmetrical bulb profiles;
2
33,2
iy = % [s¢(b? + 2bshy, + 4h%) + 3s,,bshy, | - 1076 for angles and bulb profiles;
hy = web height, in mm;
Sw = web thickness, in mm, reduced by the value of As (for As, refer to Table 1.6.5.5-2);
by = flange width, in mm, for angles and T-profiles or bulb width, in mm, for bulb and
symmetrical bulb profiles;
sp = flange thickness or bulb thickness, in mm, reduced by the value of As (for As, refer
to Table 1.6.5.5-2). For bulb and symmetrical bulb profiles, s may be adopted equal to
the mean thickness of the bulb;
¢ = spring stiffness exerted by supporting plate panel, determined by the formula
c= 68,7kps> .
<1+71'33Z7;’3h""53.10—3)a'

k, =1—o0./0. = 0 (to be taken not less than 0,1 for angles, bulb, symmetrical bulb and T-profiles);

o, = compressive stress according to 1.6.5.1;
0, = Euler stress of supporting plate according to 1.6.5.5;
s = supporting plate thickness, in mm, reduced by the value of As (for As, refer
to Table 1.6.5.5-2);
a = distance between longitudinals;
Tablel.6.5.4.2
0< k <4 4< k <36 36< k <144 (m —1)’m? < k <m?(m + 1)3

m 1 2 3 m
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.3  for web and flange buckling
o, = 7,83(s,,/h,)? - 10° for web plates of longitudinal deep members; (1.6.5.4.3)

for flanges of deep longitudinal members buckling is taken care by the following
requirement:

where by = flange width, in mm, for angles, half the flange width for T-sections;
sy =  flange thickness, in mm.

1.6.5.5 Euler normal o, and shear t, stresses, in MPa, for plate structures shall be
determined as for rectangular plates by the formulae:

O, = 0,1854n(s’/b)?; (1.6.5.5-1)
T, = 0,1854n(s'/b)? (1.6.5.5-2)
where n factor depending on the load type of the plate and the ratio of sides (Table 1.6.5.5-1);

4

s as-built thickness of the plate reduced by the value of As obtained from Table 1.6.5.5-2;

b plate side located normal to the direction of normal compressive stresses; when the plate
is exposed to shear stresses, b is the smaller side of the plate, in m.
Table 1.6.5.5-1
Type of load y=a/b n
a UESVES] a y>1 8,4
1 - y+1,1
-] B y<1 1\2 21
v g € (Y + y) y+1,1
we wao
ﬂ*ﬁ
o — 1<y <0 o y>1 10y2 — 6,4y + 7,6
Ny
E y<1 e[10P% — 14y + 1,9(1 + Y)(y + 1/v)%]
ya a o
—_ ot - y>1 534 + 4/y?
T Q * T

Notes: 1.y =ratio between smallest and largest compressive stress when linear variation across panel.
2. &= 1,3 when plating is stiffened by floors or deep girders;

e = 1,21 when stiffeners are angles, symmetrical bulbs or T-sections;

€ = 1,1 when stiffeners are bulb flats;

€ = 1,05 when stiffeners are flat bars.
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Table 1.6.5.5-2

Structure As, in mm
Compartments carrying dry bulk cargoes. Vertical surfaces and surfaces sloped at an angle 0,05s
greater than 25° to the horizontal line. One side exposure to ballast and/or liquid cargo (0,6<As<1)
Horizontal surfaces and surfaces sloped at an angle less than 25° to the horizontal line. One 0,10s
side exposure to ballast and/or liquid cargo (2=As5<3))
Vertical surfaces and surfaces sloped at an angle greater than 25° to the horizontal line. Two
side exposure to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than 25° to the horizontal line. Two 0,15s
side exposure to ballast and/or liquid cargo (2=As<4)
s = as-built thickness, in mm, of the structural member under consideration.
Note. As = 0 otherwise.

1.6.5.6 The moment of inertia i, in cm? of the stiffeners on deep girder webs

(refer to 1.7.3.2) shall not be less than determined by the formulae:

for the stiffeners fitted normal to the girder face plate

i =vyas3-1073;

for the stiffeners parallel to the girder face plate

2
i =235 (f+0,;as)l

(1.6.5.6-1)

(1.6.5.6-2)

where y =  coefficient obtained from Table 1.6.5.6 depending on the ratio of the girder web depth h
to the spacing of stiffeners a;
a = spacing of stiffeners, in cm;
s = actual thickness of the web, in mm;
f = actual cross-sectional area of the stiffener, in cm?;
I = span of the stiffener, in m.
n =  asdetermined according to 1.1.4.3.
Table 1.6.5.6
H/a |1andless 1,2 1,4 1,6 1,8 2,0 2,5 3,0 3,5 4,0
Y 0,3 0,6 1,3 2,0 2,9 4,1 8,0 12,4 16,8 21,2

N ote. The intermediate values of y are determined by linear interpolation.

1.6.6 Aluminium alloy structures.

1.6.6.1  The scantlings of aluminium alloy structures shall be determined by conversion of
the scantlings relating to the corresponding steel structures. The conversion shall be made using
the formulae of Table 1.6.6.1 without considering the limits by minimum scantlings of steel structures.

Table 1.6.6.1

Parameter

Requirement

enclosures and other details made of plates

Section modulus of framing members
Cross-sectional area of pillars
Moment of inertia of pillars and framing members

Thickness of plating for the shell, decks (without covering), bulkheads,

fo

S1

w; = WReH/Rm,z

I superstructures
s;1 =S [Rey/R

Po,2

for main hull

=0,9s /ReH/Rpoyz

fi= fReH/Rp(,,Z
I, =3I

Notes:1 R, , = proof stress of aluminium alloy, in MPa.
2. Thevalues of s, W, f, I as stipulated by these Rules may be adopted without corrosion allowance.
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1.6.6.2 The sectional area of sternframe, stem, bar keel and propeller shaft brackets
shall be 1,3 times that required for steel application.

1.6.6.3 Where continuous welds (fillets, butt welds) are located in most stressed
positions, account shall be taken of the reduction in strength at the welded joint location
depending on the given aluminium alloy and the process of welding.

1.6.6.4 The bimetallic (steel — aluminium) pressed elements for connection of steel
and aluminium alloy structures may be used based on appropriate technical background.
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1.7 WELDED STRUCTURES AND JOINTS

1.7.1 General.

1.7.1.1  Any change in the shape or section of the members of welded hull structure
shall take place gradually. All openings shall have rounded corners and smooth edges.

1.7.1.2 The scantlings of sections and the thicknesses of plates used for longitudinal
members shall change gradually throughout the ship's length.

Any change of framing system and plating thicknesses used for the strength deck, bottom,
side shell and longitudinal bulkheads shall not be permitted in areas where mechanical
properties of steel change.

1.7.1.3 Continuity shall be ensured for as many of main longitudinal members as
possible, and a gradual change of their sections is required in way of the ends together with
other arrangements, contributing to the reduction of stress concentration.

1.7.1.4 Intight structures, as well as in non-tight structures subject to intense vibration,
stiffeners and similar details shall be fitted to prevent hard spots in the plating at the toes of
brackets and in way of face plates of the members passing through, or terminating at
the above-mentioned structures.

1.7.1.5 The length of unsupported plating between the end of a longitudinal and
the nearest web normal to direction member shall be as short as possible, however, not more
than 4s or 60 mm, whichever is less (s = plate thickness. in mm).

1.7.1.6  For the purpose of this Part, the hull structures subject to intense vibration are
those situated in way of machinery and equipment which constitute a source of vibration.

Considered as regions with high level of vibration in all ships are the regions situated
below the lower platform continuous within the engine room and bounded:

at aft end, by a section forward of the edge of propeller boss at twice the propeller diameter,
but not less than to the after peak bulkhead;

in the engine room, by the bulkheads of this space.

The bulkheads forming boundaries of engine room, the after peak bulkhead and the lower
continuous platform in the above regions throughout the length of the ship are considered to
be structures subject to intense vibration.

1.7.1.7 In way of the ends of bulwark, bilge keels, and other details welded to the hull,
as well as generally of gutterway bars, their height shall decrease on a length of at
least 1,5 times the height of these members. The ends of bulwarks shall be tapered. This is
also recommended for the portions of the ends of the gutter bars.

1.7.1.8 Welded joints, welding consumables and procedures, testing and inspection
methods of welded joints shall comply with requirements of Part XIV "Welding".

1.7.2 Connections of framing members.

1.7.2.1  The framing members shall have butt-welded joints, brackets shall be fitted in
line with the members connected. Overlapping joints may be permitted, except for in regions
with high level of vibration, deep member connections and in way of heavy concentrated loads.
Overlapping brackets may be fitted in line with the members connected in regions where
the bending moment in the span point is less than the bending moment in span of the member,
for example, in upper section of frames and vertical stiffeners of bullheads.

1.7.2.2  Connections of primary members.

1.7.2.2.1 Unless provided otherwise. the size of brackets ¢, in cm, measured in
accordance with Fig. 1.7.2.2.1 shall be determined by the formula

c=5/W/s (1.7.2.2.1)
where w = required section modulus of the member attached, in cms3;

s = thickness of bracket, in mm.
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The thickness of bracket is taken equal to that of the member web. Where the web
thickness is more than 7 mm the bracket thickness may be reduced by 1 mm; where the web
thickness is more than 12 mm, the bracket thickness may be reduced by 2 mm.

Where a bracket connects two members of different profile, the characteristics of
the smaller profile shall be used for determining the bracket size.

The bracket height h (refer to Fig. 1.7.2.2.1) shall be not less than 0,7 times the required
size c.

The size of brackets determined as indicated above, refers to the case when the members
to be interconnected are not welded to each other or the member butts are not welded to
the plating. The allowable gap shall not exceed 40 mm or 25 % of size ¢, whichever is less.
Otherwise, ¢ may be required to be increased.

Fig. 1.7.2.2.1

1.7.2.2.2 If the free edge [, in mm, of a bracket (refer to Fig. 1.7.2.2.1) is longer than 45s
(s = thickness of the bracket, in mm), the bracket shall have a flange (face plate). The width of
the flange shall be not less than 50 mm, the width of the face plate, not less than 75 mm.
The thickness of the face plate shall not be less than that of the bracket. The width of the flange
(face plate) shall be in accordance with the requirements of 1.7.3.1.

1.7.2.2.3 The size of brackets may be reduced:

by 10 %, where the framing members are welded to each other or to the plating;

by 15 %, where a face plate or flange is provided;

by 25 %, where the framing members are welded to each other and the brackets are
provided with a face plate or flange.

1.7.2.2.4 In regions with high level of vibration the butt ends of framing members shall
generally be connected, with the minimum dimensions of the plating portions unsupported by
the framing (refer to Fig. 1.7.2.2.4).

S N\
} : P

/

Fig. 1.7.2.2.4
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1.7.2.2.5 Where there is a gap between the butt of beam and the frame in way of side
strengthening of ships mooring at sea, in region | of ships of ice classes Arc9, Arc8, Arc7,
Arc6, Arc5 and in region Al of ships of ice class Ice3, the beam bracket shall have a face
plate or flange.

1.7.2.3 Deep members are recommended to be connected by rounded brackets with
smooth change of web depth and face plate size.

1.7.2.3.1 The height and width of brackets interconnecting the members, or attaching
them to bulkheads are, unless provided otherwise, to be not less than the members web depth
(or the lesser web depth of the members connected). The bracket thickness is assumed equal
to the lesser of the member web thicknesses. In member connections no gaps are permissible.

1.7.2.3.2 The brackets connecting the members shall have a face plate or flange along
the free edge. In places of transition from the face plates of brackets to those of members,
the width and thickness of the face plate along the free edge at different sizes of the member
face plates shall change smoothly. The area of face plate (or flange) of tripping bracket shall
be taken not less than 0,8 times the area of lesser face plate of the members connected.

If the distance, in mm, between bracket ends exceeds 1605\/ﬁ (s = thickness of bracket,
in mm), a stiffener shall be fitted parallel to the line connecting bracket ends at
the distance a equal to 7 of the bracket height or 35 times its thickness (whichever is less).
The inertia moment of the stiffener shall be determined by Formula (1.6.5.6-2).

Brackets shall be additionally stiffened depending on their size and configuration
(referto 1.7.3.2.2).

1.7.2.3.3 The radius of rounding shall not be less than the depth of the smaller members
connected.

The webs and face plates shall be supported by stiffeners and tripping brackets in way of
rounding (refer to Fig. 1.7.2.3.3).

Fig. 1.7.2.3.3

1.7.2.4  The constructions used for the attachment of primary members to supporting
members shall comply with existing standards.

1.7.3 Construction of deep members.

1.7.3.1 The depth h and thickness s,, of member webs (as well as of built-up primary
members) and their sectional area are regulated by the relevant chapters of this Part.
The width of member face plate b, in mm. as measured from its web. shall not be more than

b =200ss,/\/Ren (1.7.3.1)
where sp=  thickness of member face plate, in mm.

The thickness of face plate shall not normally exceed a triple thickness of the web plate.
1.7.3.2 Where h/s, > 60\/ﬁ (for h and s,,, inmm, refer to1.7.3.1), the webs of

members (except for those whose buckling strength shall be checked in accordance with 1.6.5)
shall be stiffened by tripping brackets and stiffeners (refer to Fig. 1.7.3.2).
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1.7.3.2.1 Where h/s, = 160\/ﬁ the webs of members shall be stiffened with
the stiffeners fitted parallel to the member face plate (refer to Fig. 1.7.3.2, a).
Where h/s,, < 160\/—, stiffening may be carried out as shown in Figs. 1.7.3.2, b, c.

The spacing of stiffeners (width of non-stiffened web area), in mm, shall not be greater

than a = 9OSW/\/ﬁ.

In some cases, the structure shown in Fig. 1.7.3.2, d may be permitted.

In way of portions equal to 0,21, but not less than 1,5k from supports (I and h are the span
and depth of member web respectively), the spacing a shall be reduced 1,5 times.

Stiffeners fitted normal to the face plate of the member supporting primary
members (e.g. longitudinals, bulkhead stiffeners, frames, etc.) shall be fitted not further than
in line with every second member in question.

Variation from the above spacing of stiffeners may be permitted on the basis of the results
of direct strength calculation.

1.7.3.2.2 The thickness of stiffener shall not be less than 0,8s,,. Moment of inertia of
the stiffeners is determined according to 1.6.5.6.

1.7.3.2.3 The tripping brackets stiffening deep members shall be fitted at the toes of
brackets securing the members in way of roundings and struts as well as in way of span of
the member (refer to Figs. 1.7.3.2, a, b). In any case, the spacing of brackets shall not
exceed 3,0 m or 15b¢,, (by,, = full width of face plate, in mm), whichever is less.

The thickness of the tripping brackets shall be not less than required for the member web.
The brackets shall be extended to the member face plate and be welded to it if the width of
the face plate exceeds 150 mm, as measured from the member web to the free edge of face
plate. The width of the bracket section being welded shall be at least 10 mm smaller than
the face plate width. Where the width of face plates symmetric to the member web
exceeds 200 mm, small brackets shall be fitted at the opposite side of the web in line with the
tripping bracket. The width of the tripping brackets, measured at the base shall not be less than
half their depth.

The bracket shall have aface plate or flange if the length of free edge [ > 60s
(s = thickness of bracket, in mm). The width of the face plate or flange shall not be less than [/s.

b)

d

/l
=

/ Bracket

Fig. 1.7.3.2
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1.7.3.3 Lightening holes, cut-outs for the passage of framing members, etc, are
permitted in the member webs.

The total depth of openings in the same section shall not exceed 0,5 of the member depth.
For deck transverses, deck girders, webs and girders of watertight bulkheads in dry cargo
ships, this value may be increased to 0,6 of the member depth.

The distance from the edges of all openings in deep members to the edges of cut-outs for
the passage of primary members shall not be less than the depth of these members.
The openings in deep member webs, except for cut-outs for the passage of primary members,
shall be located at a distance not less than halfthe deep member depth from the toes of
brackets attaching this member. Where it is impossible to satisfy this requirement,
compensation shall be provided by local thickening of the web, fitting of collars, etc.

In all cases, the sectional area of a deep member (excluding openings) shall not be less
than required in the relevant chapters of this Part.

For requirements regarding openings in floors, side girders and centre girder,
refer to 2.4.2.7.

1.7.4 Details of welded structures.

1.7.4.1 The face plates and/or webs shall be sniped at the member ends depending on
the construction used for attachment of members.

1.7.4.2 The width of flange (face plate) of brackets shall not be less than 8 bracket
thicknesses unless expressly provided otherwise in the relevant chapters of this Part.

1.7.4.3 The edges of brackets, face plates and webs of the members shall be welded
all round and shall have no craters. This requirement also applies to air and drain holes and
cut-outs for the passage of framing members and welded joints.

Where these openings are carried to the deck or bottom shell plating, their length as
measured at the plating, shall comply with the requirements of 1.7.5.8.

1.7.4.4 Welded joints shall be arranged in least stressed structural sections, as far as
practicable from abrupt changes of sections, openings and details which were subject to cold
forming.

1.7.4.5 The butt joints of face plates of the intersection girders under variable dynamic
loads (e.g. in regions with high level of vibration) shall be made with smooth transition by
means of diamond plates.

1.7.4.6 It is recommended that local concentration of welds, crossings of welds at
an acute angle, as well as close locations of parallel butts or fillet welds and butt welds, be
avoided.

The angle between two butt welds shall not be less than 60° (refer to Fig. 1.7.4.6).

60°

=100

Fig. 1.7.4.6
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1.7.4.7 The butts (seams) in assembling joints of the plating shall be located at
a distance not less than 200 mm from the bulkheads, decks, inner bottom plating, deep
members fitted parallel to the above-mentioned joints.

In assembling joints, the welded butts of built-up members shall be arranged so that
the butts of a member web are not less than 150 mm clear of the butts of this member face plate.
The butts of webs and face plates may be arranged in the same plane provided that:

full penetration welding is ensured at the connection of the web to face plate on a length
of at least 100 mm each side of the butt by non-destructive testing (NDT) (ultrasonic or
radiographic testing) of the welded butt in every third member;

overlapping of the butt by the framing elements (knees, brackets, etc., fitted in line with
the web) is ensured on a length not less than the face plate width each side of the butt.

1.7.5 Types and dimensions of fillet welds.

1.7.5.1 The design throat thickness a, in mm, of fillet welds for tee-connections for
manual and semi-automatic welding shall not be less than

a = afis (2.7.5.1)
where a =  weld factor given in Table 1.7.5.1-1. For structures inside cargo tanks of tankers a shall
be increased by 0,05;
B = factor given in Table 1.7.5.1-2 depending on the ratio of weld pitch ¢, in mm, to weld
length [, in mm (refer to Fig. 1.7.5.1-1);
s = thickness of the lesser of the parts joined.

The relationship between the leg length of the fillet weld and the height of the isosceles
triangle inscribed into the cross section of the weld (refer to Fig. 1.7.5.1-2) shall be assumed
as k = 1,4a or a = 0,7k. When automatic welding is employed instead of the proposed manual
welding, the weld throat or leg length, whichever is adopted in calculation, may be reduced in
height by not more than 30 %.

The throat thickness a of a fillet weld shall not be less than:

2,5 mmfors <4 mm;

3,0mmfor4 <s <10 mm;

3.5mmfor10 <s < 15 mm;

0,25 s for s > 15 mm.

The dimensions of fillet welds taken from calculations shall not exceed a < 0,7s (k < s).

Table 1.7.5.1-1

Nos. Connection of structural members Weld factor a

1 Double bottom

1.1 Centre girder and duct keel to plate keel 0,35

1.2 Ditto to inner bottom plating 0,25

1.3 Ditto to inner bottom plating in the engine room and in way of thrust 0,35
bearings

1.4 Floors to centre girder and duct keel under engines, boilers, thrust bearings 0,35
and within 0,25L from F.P.

1.5 Floors to centre girder and duct keel elsewhere 0,25

1.6 Floors to margin plate and inner bottom plating under the corrugated 0,35
bulkhead plates

1.7 Watertight floors, portions of side girders or centre girder round the 0,35
boundaries of tanks, plating of bilge wells to their bottom plates and to inner
bottom, floors and side girders

1.8 Floors and side girders to shell plating within 0,25L from F.P. 0,25

1.9 Ditto, elsewhere 0,2

1.10 Floors and side girders to inner bottom plating under engines, boilers and 0,25
thrust bearings

1.11 Ditto, elsewhere 0,15
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Nos. Connection of structural members Weld factor o
1.12 Floors to side girders within 0,25L from F.P. 0,25
1.13 Ditto, elsewhere 0,2
1.14 Margin plate to shell plating 0,35
1.15 Inclined margin plate to inner bottom plating 0,35
1.16 Bracket floors: bottom frames and brackets to shell plating 0,15
1.17 Reverse frames and brackets to inner bottom plating 0,1
1.18 Brackets, frames (refer to 2.4.4.5) to duct keel, plate keel, shell and inner 0,35
bottom plating
1.19 With longitudinal framing, bottom transverses to shell, inner bottom plating, 0,25
centre girder and duct keel, margin plate where the floor spacing is less
than 2,5 m outside the regions defined in 1.4 and 1.7
1.20 Ditto, with floor spacing 2,5 m and more, in all regions 0,35
1.21 Longitudinals to shell plating within 0,25L from F.P. 0,17
1.22 Ditto, elsewhere 0,13
1.23 Longitudinals to inner bottom plating 0,1
1.24 Brackets (refer to 2.4.2.5.2) to shell plating, margin plate, inner bottom 0,25
plating and longitudinals
2 Single bottom
2.1 Centre girder to plate keel 0,35
2.2 Centre girder to face plate 0,25
2.3 Floors to centre girder and longitudinal bulkheads 0,45
2.4 Floors and side girder webs to their face plates and to shell plating under 0,25
engines, boilers and thrust bearings, as well as in the after peak
25 Floors and side girder webs to shell plating elsewhere referto 1.8, 1.9, 1.19
and 1.20
2.6 Floors and side girder webs to their face plates elsewhere 0,1
2.7 Side girder webs to floors 0,2
2.8 Bottom longitudinals to shell plating referto 1.21 and 1.22
3 Side framing
3.1 Frames (including web frames) and side stringers to shell plating 0,17
within 0,25L from F.P. in tanks, in the engine room, in way of ice
strengthening and strengthening of sides of ships mooring at sea alongside
other ships or offshore units
3.2 Ditto, elsewhere 0,13
3.3 Frames (including web frames) and side stringers to their face plates in 0,13
regions defined in 3.1
3.4 Ditto, elsewhere 0,1
3.5 Frames (including web frames) and side stringers to shell plating in the after 0,25
peak
3.6 Ditto to their face plates 0,17
3.7 Side stringers to web frames 0,25
3.8 Side longitudinals to shell plating 0,17
3.9 Ditto to face plates 0,13
3.10 Bilge brackets to margin plate and face plates of floors outside double 0,35!
bottom
3.11 Ditto to shell plating 0,25
4 Deck framing and decks
4.1 Deck transverses and girders to deck plating 0,17
4.2 Ditto to their face plates 0,13
4.3 Cantilever beams to deck plating and to their face plates 0,25
4.4 Webs of deck transverses to girder webs and bulkheads 0,25
4.5 Beams in way of tanks, fore and after peaks, as well as hatch end beams, to 0,15
deck plating
4.6 Ditto, elsewhere 0,1
4.7 Deck longitudinals to deck plating and their face plates 0,1
4.8 Stringer plate of strength deck to shell plating 0,45 or full penetration
welding
4.9 Ditto for other decks and platforms 0,35%
4.10 Hatch coamings to deck plating at hatch corners 0,45 or full penetration

welding
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Nos. Connection of structural members Weld factor a

4.11 Ditto, elsewhere 0,35

4.12 Face plates of hatch coamings to vertical plates of same 0,25

4.13 Stays, horizontal and vertical stiffeners to vertical plates of hatch coamings 0,2

4.14 Side and end bulkheads of superstructures and deckhouses to deck plating 0,35

4.15 Other bulkheads of superstructures and deckhouses to deck plating 0,25

4.16 Bulwark stays to bulwark plating 0,2

4.17 Bulwark stays to deck and guard rails 0,35

4.18 Pillars to deck and inner bottom, pillar brackets to pillars, decks, inner 0,35
bottom and other structures

5 Bulkheads and partitions

5.1 Fore and after peak bulkheads, tank (cargo oil tank) boundaries, bulkheads 0,35
(including wash bulkheads) inside after peak around the perimeter

52 Other watertight bulkheads (including wash bulkheads) to bottom shell or 0,35
inner bottom plating, shell plating in way of the bilge

5.3 Ditto to sides and deck 0,25

5.4 Vertical box corrugations of corrugated bulkheads to inner bottom plating or 0,35
upper strake of lower stool

5.5 Shaft tunnel plating all round 0,35

5.6 Vertical and horizontal stiffeners to bulkhead plates under 5.1, and to wash 0,15
bulkheads

5.7 Ditto of other bulkheads 0,1

5.8 Vertical webs and horizontal girders to bulkhead plates according to 5.1, 0,17
and to wash bulkheads

5.9 Ditto to their face plates 0,13

5.10 Vertical webs and horizontal girders to plating of other bulkheads 0,13

5.11 Ditto to their face plates 0,1

5.12 Transverse bulkheads to wash bulkheads 0,35!

6 Brackets and stiffeners

6.1 Brackets for interconnection of structural members 0,352

6.2 Stiffeners and tripping brackets (refer to 1.7.3.2) of deep members, floors, 0,1
etc.

7 Foundations for main engines, boilers and other machinery

7.1 Vertical plates to shell, inner bottom and deck plating 0,35°

7.2 Top plates (face plates) to longitudinal girders, brackets, knees 0,45 or full penetration

welding

7.3 Brackets and knees of foundations to vertical plates, shell plating, inner 0,353
bottom (floor face plates) and to deck plating

7.4 Brackets and knees to their face plates 0,25

1 Double continuous weld shall be applied.
2 Fillet welds attaching face plates to member webs shall be welded in way of brackets with weld factor 0,35.
The face plates shall be welded to the brackets by the same weld as that of the face plate of the member in
the span between the brackets.
3 The structures under the girder webs, brackets and knees of foundations shall be welded to the inner bottom
and decks by double continuous fillet welds with factor 0,35.
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Fig. 1.7.5.1-1:

Weld types: a — staggered intermittent; b — chain intermittent; ¢ — scalloped; d — single intermittent;
e — staggered spot

Table 1.7.5.1-2

Type of fillet weld B
Double continuous 1,0
Staggered, chain and scalloped t/l
Single continuous 2,0
Single intermittent 2t/1

= _‘::17 h = N ; .

&
k k k
Fig. 1.7.5.1-2

1.7.5.2 Overlapping connections, if allowed (refer to 1.7.2.1), shall be welded all round
by continuous weld with factor 0,4. The length of overlap, in mm, shall be not less
than b = 2s + 25, but not more than 50 mm (s = thickness of the thinner of the plates joined).

1.7.5.3 The primary members (beams, deck longitudinals, frames, bulkhead
stiffeners, etc.) shall be connected to supporting members (deck girders, deck transverses,
side stringers, horizontal girders, etc.) by welds with factor 0,35.
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The sectional area f, in cm?, of the welds connecting the primary members to supporting
members shall not be less than determined by the formula

f =25pal/oy (1.7.5.3)

= pressure, in kPa, specified in appropriate Chapters of this Part;
= spacing of members, in m;

I = span of member, in m;

foro,, referto1.1.4.3.

where p
a

The weld sectional area f is determined by summing up the results obtained by
multiplying the throat thickness by the weld length of each portion of the connection of member
web to supporting member.

1.7.5.4 The framing members cut at intersection with other structures shall be in good
alignment. A non-alignment shall not exceed half the thickness of the member. Where
continuity is obtained by directing welding of the members to the structure involved, the throat
thickness of the weld shall be determined considering the thickness of the member concerned.
Otherwise, through penetration welding shall be performed. If the thickness of the thinner of
the parts joined is less than 0,7 of the thickness of the other part, the throat thickness shall be
calculated with regard to the particular loads in way of the intersection.

Where longitudinals are cut at transverse bulkheads, the construction used for their
attachment shall comply with the following requirements:

A when the brackets are fitted in line on both sides of the bulkhead, the area f;, in
cm?, of the weld connecting the brackets (and the longitudinal butt ends, if they are welded) to
transverse bulkheads (refer to Fig. 1.7.5.4.1, a) shall not be less than determined by the
formula

fi = 1,758, (1.7.5.4.1)

where S, =  cross-sectional area of the longitudinal (effective flange excluded), in cm?;

Fig. 1.7.5.4.1

.2 if one continuous bracket plate welded in the appropriate slot cut in the bulkhead
plating is fitted (refer to Fig. 1.7.5.4.1, b), the sectional area of the bracket at the bulkhead
shall not be less than 1,255;

3 the arm length [,,,- of the bracket, in mm, over the longitudinals shall not be less than
determined by the formula

I, = 225075 12 (1.7.5.4.3)

area of weld connecting longitudinal butt ends to transverse bulkheads, in cm?;
accepted design thickness of fillet weld connecting bracket to longitudinal, in mm.
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1.7.5.5 Where plate thickness exceeds 18 mm, for connections made by fillet welds in
which excessive stress in Z-direction may be caused by welding process or by external loads,
Z-steel (refer to 1.2.2.2) shall be used or structural measures shall be taken to prevent lamellar
tearing. In all cases, reducing of residual stress level shall be provided.

1.7.5.6 Double continuous welds shall be used in the following regions (refer also
to Footnote 1 to Table 1.7.5.1-1):

.1 within 0,25L from the forward perpendicular in ships with length L =30 m, for
connection of framing members to bottom shell, and in case of only a single bottom in this
region, also for welding of the webs of centre girder, side girders and floors to face plates of
these members;

.2 in region | of ships of ice classes Arc9, Arc8, Arc7, Arc6, Arc5, Arc4 and in
region Al of ships of ice class Ice3, for connection of side framing to shell plating;

.3 in way of foundations for machinery and equipment which may constitute a source
of vibration (refer to 1.7.1.6), for connection of framing members to bottom and inner bottom
platings, deck framing to deck plating;

.4 for the structures in the after peak;

.5 in way of supports and member ends, for connection of framing members to
the plating (refer to 1.7.5.8);

.6 intanks (including double bottom tanks), exclusive the tanks for fuel oil or lubricating
oil;

.7 for structures providing tightness.

1.7.5.7 Single continuous welds shall not be used:

A within 0,2L from F.P. for connection of side framing to shell plating, and within 0,25L
from F.P. for connection of bottom framing to shell plating;

.2 for structures subject to intense vibration (refer to 1.7.1.6);

.3 inregion | of ice strengthening of ships;

.4  for welding of side framing in ships mooring alongside other ships at sea or offshore
units;

.5  for connections where the angle between a member web and the plating differs by
more than 10° from a right angle.

1.7.5.8 For all types of intermittent joints the weld length (refer to Fig. 1.7.5.1-1) shall
not be less than 15a (for a, refer to 1.7.5.1) or 50 mm, whichever is the greater. The spacing
of welds (t — ) — for chain welds and scalloped framing, and (t — 21)/2 — for staggered
welds) shall not exceed 15 s (s = plate thickness or web thickness, whichever is less). In any
case, the spacing of welds or scallop length, where scalloped frames are used, shall not
exceed 150 mm.

Intermittent or single continuous welds connecting the framing members to the plating
shall be substituted in way of supports and member ends by double continuous welds having
the same throat thickness as the intermittent or single continuous welds of the remaining part
of the members. The length of joints welded from both sides shall be not less than the sum of
bracket arm and the web depth, if a bracket is fitted, and shall be twice the web depth if no
bracket is fitted. Where the framing members pass through supporting structures (deck
transverses, deck girders, floors, etc.), the aforesaid reinforcement shall be provided on both
sides of supporting member. Where single continuous welds are used, back runs at
least 50 mm long and spaced not more than 500 mm apart shall be welded on the reverse
side of the detail joined. The throat thickness of back weld shall be the same as that of
the single continuous weld.
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1.7.5.9 Staggered spot welds and single intermittent welds (refer to Figs. 1.7.5.1-1, d, e)
may be used in the structures of deckhouses and superstructures of the second tier and above,
on decks inside first tier superstructures, casings, enclosures inside the hull, not subject
to intense vibration and impact loads and not affected by active corrosion, provided that
the maximum plate or member web thickness is not more than 7 mm. The spot
diameter d, in mm, shall not be less than

d =1,12vats (1.7.5.9)

where t = pitch of spot weld (refer to Fig. 1.7.5.1-1);
tmax = 80 mm;
for a and s, referto 1.7.5.1.

If d > 12 mm, as determined by the Formula (1.7.5.9), the weld pitch shall be increased
or another type of weld shall be chosen.

1.7.5.10 Scalloped construction shall not be used:

.1 for side framing within 0,2L from F.P. and for connection of framing members to
bottom shell plating within 0,25L from F.P.;

.2 inregions with high level of vibration (refer to 1.7.1.6);

.3 for side and bottom framing in region | of ice belt and for side framing in ships
mooring at sea alongside other ships or offshore units;

.4 for connection of bottom centre girder to plate keel;

.5 for deck and inner bottom framing in locations where containers, trailers and
vehicles may be stowed and for upper deck framing under deckhouses in way of their ends at
a distance less than 0,25 of the deckhouse height from the intersection of deckhouse side and
end bulkhead.

1.7.5.11 In scalloped construction (refer to Fig. 1.7.5.1-1) the welding shall be carried
round the ends of all lugs. The depth of scallop in member web shall not exceed 0,25 of
the member depth or 75 mm, whichever is less. The scallops shall be rounded with radius not
less than 25 mm. The spacing of lugs [ shall be not less than the length of the scallop.

Scallops in frames, beams, stiffeners and similar structures shall be kept clear of the ends
of structures, as well as intersections with supporting structures (decks, side stringers, deck
girders, etc.) by at least twice the member depth, and from the toes of the brackets by at least
half the member depth.

1.7.5.12 In the framing of tanks (including double bottom tanks and the tanks of tankers).
provision shall be made for openings to ensure free air flow to air pipes. as well as an overflow
of liquid.

It is recommended that openings in longitudinals shall be elliptical with a distance from
the edge of opening to deck plating or bottom shell plating not less than 20 mm.

In way of air and drain holes, cut-outs for the passage of framing members and welded
joints the joints shall be welded as double welds on a length of 50 m on both sides of
the opening.

1.7.5.13 Where welding of tee-joints by fillet welds is impracticable, plug welds (refer
to Fig. 1.7.5.13, a) or tenon welds (refer to Fig. 1.7.5.13, b) may be used.

The length I and pitch ¢ shall be determined as for scalloped frames under 1.7.5.11.

For plug welding, the slots shall be of circular or linear form, with throat thickness of weld
equal to 0,5 of plate thickness. In general, the ends of slots in plug welding shall be made
semicircular. The linear slots shall be arranged with longer side in the direction of the parts to
be joined (refer to Fig. 1.7.5.13, b).

Complete filling of slot is not permitted.
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In regions of high level of vibration (refer to 1.7.1.6) welded joints with complete root
penetration and permanent backing ring (refer to Fig. 1.7.5.13, ¢) are recommended instead
of tenon welds or plug welds.
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Fig. 1.7.5.13

1.7.5.14 Where aluminium alloy structures are welded according to Table 1.7.5.1-1, it is
not permitted:

.1 to use intermittent welds (except in scalloped construction);

.2 to use scalloped construction in regions of high level of vibration (refer to 1.7.1.6).

The throat thickness of welds shall be not less than 3 mm, but not more than 0,5s (for s,
referto 1.7.5.1).
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2 GENERAL REQUIREMENTS FOR HULL STRUCTURES

2.1 GENERAL

211 Application.

The requirements given in this Section apply to sea-going ships of all types and purposes,
excluding floating docks, having regard to additional provisions of Section 3.

This Section contains the requirements for hull structures: shell plating, platings, primary
and deep members, pillars, stems, sternframes, seatings, etc.

2.1.2 Symbols.

For the purpose of this Chapter, the following symbols have been adopted:

L1 = length of the compartment, in m, measured as follows:

with plane bulkheads, as the distance between bulkhead platings;

with corrugated bulkheads, as the distance between corrugation axes or the axes of
trapezoidal stools at the inner bottom level;

with cofferdam bulkheads, as the distance between middle cofferdam axes;

B1 = breadth of the compartment, in m, measured at its mid-length as follows:

for single skin construction, as the distance between the sides or between the side and
the longitudinal bulkhead at the upper edge of the floor;

for double skin construction, as the distance between inner skins or between the inner
skin and the longitudinal bulkhead;

where hopper side tanks are fitted, as the distance between hopper tanks at the inner
bottom level or between the longitudinal bulkhead and the hopper side tank;

where several longitudinal bulkheads are fitted, as the spacing of longitudinal bulkheads
or as the distance between the longitudinal bulkhead nearest to the side and the appropriate
side;

[ = span of the member, in m, defined in 1.6.3.1, unless provided otherwise;

h = depth of the member web, in cm;

a = spacing of primary or deep members concerned (longitudinal or transverse framing);
where the spacing varies, a is the half-sum of the distances of adjacent members from
the member concerned,

s = plate thickness, in mm;

W = section modulus of members, in cm?;

I = moment of inertia of members, in cm?;

As = corrosion allowance to the plate thickness, in mm (refer to 1.1.5.1);

w, = factor taking account of corrosion allowance to the section modulus of members
(refer to 1.1.5.3).
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2.2 SHELL PLATING

221 General and symbols.

2.2.1.1 Requirements are given in this Chapter for the thickness of bottom and side
shell plating, thickness and width of sheerstrake, plate keel, garboard strakes, as well as
the requirements for the minimum structural thicknesses of these members and construction
of openings therein. The requirements are applicable to all regions over the ship's length and
depth unless additional requirements for shell plating thickness are put forward.

2.2.1.2 For the purpose of this Chapter the following symbols have been adopted:

ps: = design static pressure according to 1.3.2.1;

pw = design pressure due to the motion of ship hull about wave contour according
to 1.3.2.2;

p.= design pressure from carried liquid cargo, ballast or oil fuel according to 1.3.4.2.1.

222 Construction.

2.2.2.1 No openings shall be cut in the upper edge of sheerstrake or in the side shell
plating if the distance between the upper edge of opening and the strength deck is less than
half the opening depth.

Rectangular openings cut in the side shell plating shall have their corners rounded with
the radius equal to 0,1 of the opening depth or width, whichever is less, but not less
than 50 mm.

In all cases when the openings may result in considerable reduction of longitudinal or local
strength of the ship, provision shall be made for reinforcement of such areas.

Reinforcement by means of thickened insert plates is required for openings located
within 0,35L from the midship region, the distance from their upper edge to the strength deck
being less than the depth of opening. The minimum width of thickened insert plates,
as measured from the upper or lower edge of opening, shall be equal to 0,25 of the depth or
length of the opening, whichever is less; the total width measured outside the opening shall
be greater than the minimum thickness by at least 0,25 of the depth or length of the opening,
whichever is less. The minimum distance from the end of the thickened insert plate to
the nearest edge of opening, as measured along the length, of the ship shall be equal to at
least 0,35 of the depth or length of opening, whichever is less. The corners of the thickened
insert plate shall be rounded. The thickness of the thickened insert plate shall not be less than:

1,5s when s < 20 mm;
30 mm when 20 < s < 24 mm;
1,25 s when s > 24 mm

where s = thickness of shell plating in way of the opening.

A thicknened insert plate may be fitted around the perimeter of the opening.

In ships of restricted areas of navigation R2-RSN, R2-RSN(4,5), R3-RSN and R3 with
shelter upper decks or deck stringers of a longitudinal cargo hatch coamings or the like,
all the top free edges of the above structures, as well as free edges of large cutouts in shell
plating shall be smooth in the ship's hull longitudinal direction and rounded in the transverse
one.

2.2.2.2 The area of transition from sheerstrake to deck stringer may be rounded. In this
case, the radius of curvature of sheerstrake shall not be less than 15 times the sheerstrake
thickness. No openings are permitted in the rounded area.
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2.2.3 Loads on shell plating.
The external pressure p, in kPa, on the bottom and side shell plating is determined by
the formula

P = Dst + Dw- (2.2.3-1)

For ships with double bottom and double skin side construction intended for liquid ballast
and for tankers with neither double bottom nor double skin side construction, the internal
pressure p = p. shall be determined additionally by Formulae (1.3.4.2.1-1) — (1.3.4.2.1-5).
Where p; > p,,, counter pressure shall be considered

P =Pc— Pst — Pw)- (2.2.3-2)

For ships with double bottom and double skin side construction, p;; and p,, shall be
determined in accordance with 1.3.2 as in the case of the ballasted ships.

Both external and internal pressure, whichever is the greater, shall be taken as the design
pressure.

The pressure p,, above the scantling waterline shall not be less than pni, ., in kPa,
determined by the formula

Prmin = 0,03L + 5. (2.2.3-3)

Where L > 250 m, L shall be taken equal to 250 m.

For ships of restricted area of navigation, the value of p,,;; may be reduced by multiplying
by the factor ¢,. obtained from Table 1.3.1.5.

224 Scantlings of plate structures of shell plating.

2.2.4.1 Thethickness of bottom and side shell plating shall not be less than determined
by Formula (1.6.4.4) taking:

m = 15,8;

for bottom shell plating

ks = 0,3kg < 0,6 in the midship region for L > 65 m and transverse framing system;

ks = 0,6 in the midship region for L = 12 m and transverse framing system.

Where 12 < L < 65, k,; shall be determined by linear interpolation taking ks, = 0,45
forL = 65 m;

ks = 0,6 in the midship region for longitudinal framing system;

ks = 0,7 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k¢ shall be
determined by linear interpolation;

for side shell plating in way of (0,4-0,5)D from the base line

ks = 0,6 in the midship region;

ks = 0,7 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation.

For region below 0,4D from the base line, k is determined by linear interpolation between
the values of k, for bottom shell plating and those for side shell plating in way of (0,4-0,5)D
from the base line.

For region above 0,5D from the base line, k,; is determined by linear interpolation
between k, for upper deck level and k, for side shell plating in way of (0,4—0,5)D from
the base line.
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ks for upper deck level is determined in the same way as k, for bottom shell plating,
parameter k, being substituted for parameter kg

kg = WE /MW, kp = WE /mw (2.2.4.1)
where w = required hull section modulus amidships in accordance with 1.4.6 and assuming n = 1;
w{ and W} = actual section moduli for bottom and deck amidships according to 1.4.8;
n = factor indicating application of the steel mechanical properties for the member for which

ks is determined, to be established on the basis of 1.1.4.3.

2.2.4.2 The buckling strength of bottom plating. strake above bilge, sheerstrake and
strake below in the midship region of ships over 65 m in length shall be verified in accordance
with 1.6.5.

2.2.4.3 The thickness of bilge strake shall not be less than that of adjacent strakes of
bottom or side shell plating calculated according to 2.2.4.1, whichever is the greater.

2.2.4.4  The width of plate keel b, in mm, shall not be less than

b, = 800 + 5L; (2.2.4.4)

in this case, b, need not exceed 2000 mm.

The thickness of plate keel shall be 2 mm greater than that of bottom shell plating
calculated according to 2.2.4.1.

2.2.45 The sheerstrake width b, in mm, shall not be less than determined by
Formula (2.2.4.4) taking bs not greater than 2000 mm.

The sheerstrake thickness amidships shall not be less than that of adjoining strakes of
side shell calculated according to 2.2.4.1 and not be less than actual thickness of deck plating
(stringer plate), whichever is the greater. At ends, the sheerstrake thickness may be equal to
that of side shell plating in this region.

2.2.4.6 The shell plates adjoining the sternframe, as well as the plates to which the arms
of propeller shaft brackets are attached, shall have a thickness by, in mm, of not less than:

s =0,1L + 4,4 for L < 80 m; (2.2.4.6-1)
s = 0,055L + 8 for L > 80 m. (2.2.4.6-2)

Where L >200 m, L shall be taken equal to 200 m.

The aforesaid thickness shall be ensured after hot bending, if applied.

2.2.4.7 The thickness of garboard strakes directly adjoining the bar keel shall not be
less than that required for the plate keel, and their width shall not be less than half the width
required for the plate keel in accordance with 2.2.4.4.

2.2.4.8 In any case, the thickness of shell plating s, in mm, shall not be less than:

Smin = 3,1+ 0,12L for L < 30 m; (2.2.4.8-1)

Smin = (5,5 + 0,04L),/n for L > 30 m (2.2.4.8-2)
where forn, referto1.1.4.3.

Where L > 300 m, L shall be taken equal to 300 m.

Where the adopted spacing is less than the standard one (refer to 1.1.3) for ships of
unrestricted service and restricted area of navigation R1, a reduction of minimum thickness of
shell plating is permitted in proportion to the ratio of adopted spacing to standard spacing but
not more than 10 %.
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2.2.5 Special requirements.

2.2.5.1 The grade of steel used for the sheerstrake shall be the same as that used for
the strength deck. The upper edge of sheerstrake shall be smooth, and their corners shall be
well rounded in the transverse direction.

Requirement to the edge design covers also free edges of continuous longitudinal
structures located above the sheerstrake and ensuring longitudinal strength of the ship's hull.

2.2.5.2  For ships of 65 m and above, within 0,6L amidships no parts shall be welded to
the upper edge of sheerstrake or to the sheerstrake rounding.

2.2.5.3 Bilge keels shall be attached to the shell plating by means of an intermediate
member, i.e. a flat bar welded to the shell plating with an all-round continuous fillet weld.
Connection of the bilge keel to this member shall be weaker than that of the member to
the shell plating. However, the connection shall be strong enough to keep the bilge keels under
the ordinary operating conditions of the ship. The intermediate member shall be made
continuous over the length of bilge keel. Bilge keels shall terminate in the stiffened area of
shell plating and shall be gradually tapered at ends.

The bilge keel and the intermediate member shall be of the same steel grade as the shell
plating in this region.
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2.3 SINGLE BOTTOM

2.3.1 General and symbols.

2.3.1.1 Requirements are given in this Chapter for the bottom framing of ships having
no double bottom and in way where it is omitted, as well as for the floors, centre girder, bottom
longitudinals and the brackets by which they are connected.

2.3.1.2 For the purpose of this Chapter the following symbols have been adopted:

L; = length of the compartment considered (hold, tank, engine room, etc.), in m;

B; = breadth of the compartment considered, in m;

B, = breadth of ship, in m, in way of considered section at the level of scantling waterline.

2.3.2 Construction.

2.3.21 Intankers of 80 m and above, longitudinal framing shall be provided for single bottom.

2.3.2.2 The structure of centre girder shall satisfy the following requirements:

.1 the centre girder shall extend throughout the ship's length as far as practicable.
In ships greater than 65 m in length, a continuous centre girder is recommended between
transverse bulkheads;

.2 when the bottom is framed longitudinally, the centre girder shall be stiffened on both
sides with flanged brackets fitted between the bottom transverses and between bottom
transverse and transverse bulkhead. The distance between brackets, between bracket and
bottom transverse or between bracket and transverse bulkhead shall not exceed 1,2 m.

The brackets shall be carried to the face plate of the centre girder if the web of the latter
is stiffened vertically or to the second horizontal stiffener from below if the centre girder web
is stiffened horizontally.

In way of bottom plating, the brackets shall extend to the nearest bottom longitudinal
and shall be welded thereto.

2.3.2.3 Whenthe bottom is framed transversely, floors shall generally be fitted at every frame.

Where the floors are cut at the centre girder, their face plates shall be butt-welded to
the face plate of the centre girder. If the actual section modulus of floors exceeds the value
required by 2.3.4.1.2 less than 1,5 times, the width of their face plates shall be doubled, where
attached to the centre girder face plate, or horizontal brackets of adequate size shall be fitted.

The floor face plates may be replaced by flanges.

Flanged floors are not permitted in way of engine room, in the after peak, and in ships
of 30 m and above; they are not permitted within 0,25L from the fore perpendicular, either.

2.3.2.4  When the bottom is framed longitudinally, brackets shall be fitted in line with
the bottom transverse web on both sides of the centre girder where the girder is higher than
the bottom transverse at the place of their connection. A bracket shall be welded to bottom
transverse face plate and to centre girder web and face plate. The free edge of the bracket
shall be stiffened with a face plate, and the angle of its inclination to bottom transverse face
plate shall not exceed 45°.

Similar requirements apply to the connections of the stringer to bottom transverse where
the stringer is higher than the bottom transverse at the place of connection.

2.3.2.5 When the bottom is framed longitudinally, the spacing of side girders and
the distance from the centre girder or ship's side to the side girder shall not exceed 2,2 m.

The side girder plates shall be cut at floors and welded thereto.

The face plates of side girders shall be welded to those of floors.

2.3.2.6 In tankers, the side girders, if fitted, shall form a ring system together with
vertical stiffeners of transverse bulkheads and deck girders.

Deep side girders having the same depth as the centre girder, as well as conventional
side girders having the same depth as bottom transverses, shall run continuous from one
transverse bulkhead to another with L, /B; < 1.

2.3.2.7 Inthe engine room, the centre girder may be omitted if the longitudinal girders
under engine seating extend from the fore to the after bulkhead of the engine room and
terminate with brackets beyond the bulkhead according to 2.3.5.1.
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2.3.2.8 In ships having a length of 65 m and more, the buckling strength of centre girder
and side girders in the midship region shall be ensured in accordance with 1.6.5.

The webs of centre girder, side girders and floors shall be stiffened in accordance
with 1.7.3.

2.3.2.9 Connections of bottom longitudinals to transverse bulkheads shall be such that
the effective sectional area of the longitudinals is maintained.

2.3.2.10 For hulls of a pontoon shape an alternative design and arrangement of the deck
girders and transverses may be permitted, provided the additional longitudinal bulkheads are
installed and strength of double bottom structures is verified by direct calculation according to
the RS-agreed procedures.

2.3.3 Single bottom loads.

2.3.3.1 The external pressure determined by Formula (2.2.3-1) for a ship in the ballast
condition is taken as the design pressure acting on single bottom structures of dry cargo ships.
When determining ps; in Formula (2.2.3-1), the ballast draught may be taken as 0,6 of
the scantling draught.

If a dry cargo ship is designed to operate in a fully loaded condition with some holds empty
the static pressure pg; in Formula (2.2.3-1) for these holds shall be determined at scantling
draught.

2.3.3.2 The external pressure determined by Formula (2.2.3-1) at scantling draught or
the total pressure determined by Formula (2.2.3-2), whichever is the greater, is taken as
the design pressure acting on single bottom structures of tankers.

234 Scantlings of single bottom members.

2.3.4.1  The bottom with transverse framing shall satisfy the following requirements:

.1 the depth of floors at the centreline shall not be less than 0,055B,. In any case,
B; shall not be taken less than 0,6B,. Allowable reduction of floor depth shall not be more
than 10 %, the required floor section modulus being maintained.

In the engine room, the height of floor web between longitudinal girders under the seating
shall not be less than 0,65 of the required depth at the centreline.

A reduction of floor section modulus by more than 10 % as compared to that required
by 2.3.4.1.2 is not permitted.

At a distance of 0,37B, from the centreline, the depth of floors shall not be less than 50 %
of the required depth of the centreline floors;

.2 at the centreline, the section modulus of floors shall not be less than determined
according to 1.6.4.1 and 1.6.4.2 taking:

m=13;

ks = 0,6;

[ = B4, but not less than 0,6B,;

for p, refer to 2.3.3.1, but it shall not be less than 35 kPa for dry cargo ships and not less
than 85 kPa for tankers.

On portions equal to 0,05B, from ship's side, the floor web sectional area shall not be less
than determined according to 1.6.4.3 taking:

Npax = 0,4pal;

k.= 0,6.

When determining p and [, the above limitations shall be used,;

.3 in accordance with 2.3.4.1.2, the section modulus of centre girder shall be at
least 1,6 times greater than the section modulus of a floor at the centreline. The depth of centre
girder shall be equal to that of a floor at the place of their connection;

.4 the section modulus of a side girder shall not be less than the section modulus of
a floor at the centreline in accordance with 2.3.4.1.2. The depth of side girder shall be equal
to that of the floor at the place of their connection.
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2.3.4.2 If longitudinal system of framing is adopted. the bottom members in way of
the cargo tanks in tankers shall satisfy the following requirements:

.1 the section modulus of bottom longitudinals shall not be less than determined in
accordance with 1.6.4.1 and 1.6.4.2 taking:

p = as defined in 2.3.3.2;

[ = span, in m, equal to the distance between bottom transverses or between bottom
transverse and transverse bulkhead;

m=12;

ks = 0,45k < 0,65 in the midship region;

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k, shall
be determined by linear interpolation.

kg shall be determined by Formula (2.2.4.1);

.2 the section modulus of a bottom transverse shall not be less than determined
from 1.6.4.1 and 1.6.4.2. Bottom transverse web sectional area, excluding openings, shall not
be less than stipulated under 1.6.4.3 taking:

p = as defined in 2.3.3.2;

l =By;

ks =k = 0,6;

for a wing tank
m = 18;
Npax = 0,35pal,

for a centre tank

m = My,

Nmax = 0,7nppal;

my,; and n, shall be obtained from Table 2.3.4.2.2 depending upon the parameter m and
the number of bottom transverses within a tank;

w=oa*3(L; /By

a= Wb,t/Wc,g;

W+ = bottom transverse section modulus satisfying the present requirements;

W, = centre girder section modulus satisfying the requirements of 2.3.4.2.3.

The value of the parameter a is optional, but shall not exceed 0,6; the value of

the parameter p shall not exceed 1,5.
Bottom transverse section modulus shall not be less than aW,

g

Table 2.3.4.2.2

u Number of transverses within a tank
2 [ 3] 415 2 [ 3] 4715 2 [ 3] 415 2 [ 3] 415
Mp, ¢ Me g Np ¢ Neg

0,01 [96,0]959|959|958]273|21,7|255] 23,3 |0,253|0,255|0,256|0,257|0,329|0,370/0,393|0,409

0,02 1958956954951 |27,6|221]26,0] 23,9 |0,256|0,260(0,261)|0,264|0,326/0,367|0,387|0,401

0,04 [954]1954|939|92,7]|283|228]|27,1]25,0/0,261|0,269|0,271|0,277|0,318|0,355|0,375|0,387

0,06 |194,7192,7/91,8|89,3|28,9|235]28,1]|26,2|0,267|0,277/0,281|0,289|0,311|0,346|0,364|0,374

0,08 [93,9]|90,5|89,2|855]|296|243]|29,1]27,4|0,272|0,286|0,290/0,301|0,304|0,337|0,354|0,363

01 ]1929/|88,1|86,3]|815|30,2]|250]30,2]|28,6|0,276|0,293|0,298|0,311|0,298/0,329|0,344|0,352

0,2 |865]|751|72,1|64,0]334]28,9]|355]34,70,298/0,326|0,333/0,352|0,269|0,294|0,304|0,307

0,3 ]796|64,0|61,1)523|36,6|328]40,9]|41,00,316|0,352|0,359|0,382|0,246|0,266|0,273|0,274

04 |73,3|557|53,1|44,7]39,8]36,9]|46,5]|47,6 [0,330/0,373|0,380/0,404|0,226|0,243|0,249|0,249

0,6 |63,2|44,9|43,3|36,1|46,2|454|58,0|61,6|0,354|0,404/0,409|0,436|0,195|0,206|0,213|0,214

08 |56,1]385|37,6|31,5|526|54,4|70,1]76,6|0,371/0,426|0,429/0,457|0,171{0,184/0,188)|0,189

10 |51,0]34,4|34,0]28,6 59,0 |64,0]828|93,1)|0,386/0,443/0,445/0,471|0,153|0,165|0,170{0,171

12 472316 |316|269]|654|74,2]96,6|110,8/0,397|0,456|0,456/0,482|0,138|0,150/0,155|0,158

15 1431]288|29,1]|250]750]90,7|117,0{141,1|0,410{0,471/0,469|0,492|0,120|0,132]0,139|0,142
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.3 centre girder section modulus shall not be less than determined from 1.6.4.1
and 1.6.4.2. The sectional area of centre girder web shall not be less than stipulated
under 1.6.4.3 taking:

p = as defined in 2.3.3.2;

Nmax = 0,7n¢gpal;

m., and n., shall be obtained from Table 2.3.4.2.2 depending upon the parameter m and
the number of floors within a tank;

m shall be determined in accordance with 2.3.4.2.2;

ks = 0,35k < 0,6 in the midship region;

ks, = 0,6 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k, shall
be determined by linear interpolation;

k. =0,6;

kg shall be determined by Formula (2.2.4.1).

The section modulus of centre girder shall not be less than W, /a where W, is bottom
transverse section modulus satisfying the requirements of 2.3.4.2.2; « shall be as stipulated
under 2.3.4.2.2;

4 in ships of 200 m and above, provision shall be made for side girders midway
between longitudinal bulkhead and centre girder, as well as between longitudinal bulkhead
and ship's side, in centre and wing tanks.

The section modulus of deep side girders, when fitted in accordance with 2.3.2.6, shall
not be less than 0,5 of centre girder section modulus. The centre girder section moduli may
be reduced in conformity with 2.3.4.2.3 and those of bottom transverse, in conformity
with 2.3.4.2.2 by 15 %.

The section modulus of conventional side girders, when fitted in accordance with 2.3.2.6,
shall not be less than bottom transverse section modulus;

.5 alternatively to the requirements of 2.3.4.2.2 — 2.3.4.2.4, the scantlings of bottom
transverses, centre girder and side girders may be selected proceeding from the calculation
of bottom grillage, using beam models. In this case, design loads shall be chosen
in accordance with 2.3.3.2, permissible stress factors, in accordance with 2.3.4.2.2
and 2.3.4.2.3, boundary conditions, proceeding from cargo distribution over the length and
breadth of the ship and the type of structures adjoining the calculated one. The effect of
brackets shall be considered;

.6 in the engine room, the bottom transverse and side girder web thickness shall not
be less than the centre girder web thickness.

If a girder acts as the vertical plate of engine seating, the girder thickness shall not be less
than the vertical plate thickness as required by 2.11.3. The depth of bottom transverse shall
be increased in proportion to the height at which engine seatings are fitted.

2.3.4.3 The thickness, in mm, of single bottom members shall not be less than:

Smin = 5,3 + 0,04L for L < 80 m; (2.3.4.3-1)
Smin = 6,5 + 0,025L for L > 80 m. (2.3.4.3-2)

Where L > 250 m, L shall be taken equal to 250 m.

For the centre girder, sn,;, shall be increased by 1,5 mm, but shall not exceed the plate
keel thickness; floor web thickness need not exceed the bottom shell plating thickness.

In tankers, the minimum thickness of single bottom members shall also satisfy
the requirements of 3.5.4, whichever is the greater.
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2.3.5 Special requirements.

2.3.5.1 End attachments of bottom members and deep member web stiffening shall
satisfy the following requirements:

.1 centre girder and side girders shall be attached to transverse bulkheads by brackets.
For size of brackets, refer to 1.7.2.3;

.2 in dry cargo ships, the height of brackets may be reduced to half the centre girder
depth if the face plate of centre girder is welded to the transverse bulkhead. In case the centre
girder face plate is widened to at least twice the normal value in way of abutting upon
the transverse bulkhead, the brackets need not be fitted. If the centre girder is not fitted in
the engine room, then at discontinuities beyond bulkheads it shall be terminated in gradually
tapered brackets of a length equal to twice the centre girder depth, but not less than three
spacings;

.3 in tankers, the bottom transverses shall be attached to side transverses and/or
vertical webs of longitudinal bulkheads by brackets. For size of brackets, refer to 1.7.2.3.

2.3.5.2 If transverse system of framing is adopted, the holes cut in floors shall have
a diameter not exceeding half the floor depth in this location. The distance between the hole
edge and floor face plate shall not be less than 0,25 times the floor depth in this location.
The distance between the edges of adjacent holes shall not be less than the floor depth. Floor
plates provided with holes shall be strengthened with vertical stiffeners.

2.3.5.3 The webs of side girders and floors shall be provided with drain holes.
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2.4 DOUBLE BOTTOM

241 General.

Requirements are given in this Chapter for double bottom structures including bottom
framing up to the top of bilge rounding, inner bottom plating and framing, centre girder and
duct keel, side girders and half-height girders, margin plate with stiffeners, brackets, knees
and intermediate vertical stiffeners in the double bottom space, sea chests and drain wells.

Additional requirements for double bottoms are given in 1.1.6.3 (passenger
ships), 1.1.6.4 (cargo ships, other than tankers), 3.1 (container ships), 3.3 (bulk carriers and
oil/bulk dry cargo carriers), 3.4 (ore carriers and ore/oil carriers), 3.11 (icebreakers).

24.2 Construction.

2.4.2.1 Intankers of 80 m in length. bulk carriers and ore carriers. as well as in oil/bulk
dry cargo carriers and ore/oil carriers. the double bottom shall be framed longitudinally.

2.4.2.2 The centre girder shall extend fore and aft as far as practicable to the stem and
sternframe and shall be attached to them whenever possible. The centre girder shall generally
be continuous within at least 0,6L amidships. Where longitudinal framing is adopted in
the double bottom. brackets shall be fitted on both sides of centre girder. which shall be spaced
not more than 1,2 m apart. extended to the nearest longitudinal or ligthened side girder and
welded thereto. The distance between brackets shall not exceed 1,2 m.

2.4.2.3 In lieu of centre girder, a duct keel may be fitted consisting of two plates
arranged on both sides of the centreline. The duct keel shall be wide enough for the access to
all its structures to be ensured.

Transverse members with brackets shall be fitted at every frame in way of the bottom and
inner bottom plating between the side plates of the duct keel.

If longitudinal system of framing is adopted, brackets shall be fitted at every frame on both
sides of the duct keel, similar to those used for the centre girder.

Where the duct keel fitted only over a part of the ship's length terminates and is
transformed into the centre girder, the duct keel and centre girder plates shall overlap over
a length of at least one frame spacing and shall terminate in brackets with face plates. In this
case, the length of the brackets shall not be less than three spacings if the transition areas lie
within 0,6L amidships, and not less than two spacings elsewhere.

2.4.2.4 The design of side girders and margin plate shall satisfy the following
requirements:

.1 the spacing of side girders and the distance between a side girder and centre girder
or margin plate. as measured at the level of the double bottom plating. shall not exceed 4,2 m
for transversely framed double bottom and 5,0 for longitudinally framed double bottom;

.2 if longitudinal framing is adopted in the double bottom, lightened side girders may
be fitted on bottom and double bottom instead of longitudinals (for panels with large openings.
refer to 2.4.2.7.2 and 2.4.2.7.4);

.3 in the engine room, the arrangement of side girders shall be consistent with that of
the engine, boiler and thrust block seatings, so that at least one of the longitudinal girders
under the seating is fitted in line with the side girder. In this case, an additional side girder shall
be provided under the seating in line with the second longitudinal.

Where side girders cannot be arranged under the seatings in line with longitudinal girders,
additional side girders shall be fitted under each longitudinal girder.

Additional side girders may be replaced by half height side girders welded to the inner
bottom plating and floors only;

4 inclined margin plate, if fitted, shall extend throughout the double bottom length.

2.4.25 The arrangement and design of floors shall satisfy the following requirements:

.1 if transverse framing is adopted in the double bottom. plate floors shall be fitted at
every frame:

in engine and boiler rooms;
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at the fore end within 0,25L from the fore perpendicular;

in the holds intended for the carriage of heavy cargo and ore, as well as in holds from
which cargo is regularly discharged by grabs;

in ships which may happen to be aground due to the ebb-tide in ports.

In other regions, plate floors may be fitted five spacings or 3,6 m apart, whichever is less.
In this case, provision shall be made for open floors (bracket or lightened).

Bracket floors consist of bottom and reverse frames connected with brackets at centre
girder, side girders and margin plate (refer to Fig. 2.4.2.5.1-1).

Lightened floors consist of plate panels having large openings of a smooth shape between
side girders (refer to Fig. 2.4.2.5.1-2);

Not less than 0,75h Not less than 0,75h

L

| “
U = = O
< O] O [ [ oY/

Side girder
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Fig. 2.4.2.5.1-1

Not less than 0,5h Not less than 0,5h

Not less than 0,25h
1<1,2h 1<1,2h /\ 1<1,2h 7
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Fig. 2.4.2.5.1-2

.2 if longitudinal framing is adopted in the double bottom, plate floors shall generally
be fitted at a distance not exceeding two spacings from each other:

in engine and boiler rooms;

at the fore end within 0,25L from the fore perpendicular;

in the holds intended for the carriage of heavy cargo and ore, as well as in holds from
which cargo is regularly discharged by grabs;

in ships which may happen to be aground due to the ebb-tide in ports.

In other regions, plate floors may be fitted five spacings or 3,6 m apart, whichever is less.
Where lightened side girders are fitted in lieu of bottom and double bottom longitudinals
(refer to 2.4.2.4.2), the above spacing may be increased, but not more than twice.
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When the ship's side is framed transversely and double bottom is framed longitudinally,
brackets shall be fitted at every frame between plate floors to stiffen the margin plate, which
shall be carried to the nearest bottom and inner bottom longitudinals or to the nearest
additional side girder, and welded thereto (refer to Fig. 2.4.2.5.2).

Under the seating of main engine, plate floors shall be fitted at every frame and carried to
the nearest side girder outside the main engine seating;

Bracket in way
of margin plate

Fig. 2.4.2.5.2

.3 irrespective of the requirements of 2.4.2.5.1 and 2.4.2.5.2, plate floors shall be fitted:

under pillars and ends of longitudinal partial bulkheads;

under bearers and boiler bearer ends;

under transverse bulkheads and sloping plates of low trapezoidal stools of corrugated
bulkheads;

under bracket toes of deep tank bulkhead stiffeners in transversely framed double bottom;

under block bearing seatings.

In the above cases, the floors need not be fitted throughout the ship's breadth. Partial
floors may be fitted and carried to the side girder nearest to the structure being stiffened.

2.4.2.6 Arrangement of stiffeners on centre girder and duct keel, side girders and floors
shall satisfy the following requirements:

.1 stiffeners shall be provided where transverse system of framing is adopted and plate
floors are more than 900 mm in depth. The spacing of stiffeners shall not exceed 1,5 m.
The spacing of stiffeners of lightened floors shall not exceed 2,2 m.

If longitudinal system of framing is adopted, the stiffeners on plate floors shall be fitted in
line with bottom and inner bottom longitudinals. The stiffeners shall be carried to
the longitudinals, and either welded thereto or attached by the brackets.

The stiffeners shall be fitted under the pillars, at bracket toes of end stiffeners of
longitudinal partial bulkheads, etc;

.2 watertight floors shall be fitted with vertical stiffeners spaced not more than 0,9 m apart.

2.4.2.7 Holes (manholes) shall satisfy the following requirements:

.1 an adequate number of holes (manholes) shall be provided in the inner bottom
plating, side girders and floors for access to all portions of double bottom.

Air and drain holes, cut-outs for the passage of welded joints, refer to 1.7.5.12;

.2 the holes in centre girder, side girders and floors shall have a smooth rounded
shape. The minimum allowable height of the plate adjoining bottom shell plating or inner
bottom plating is indicated in Table 2.4.2.7.2. Besides, the minimum height of the plate in way
of the hole shall not be less than % of the length of the hole.

The plate height indicated in Table 2.4.2.7.2 may be reduced if suitable stiffening is
provided. Besides, lightened side girder and floor plates shall satisfy the requirements

of 2.4.4.5.5, and if the plate height hy ,in mm, exceeds ZSSﬁ (where s is the web
thickness, in mm, of a lightened side girder or floor), the free edge of the plate shall be stiffened;
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Table 2.4.2.7.2
Member Minimum allowable plate height (in parts of member height)

Centre girder 0,3
Side girders 0,25
Lightened side girders 0,15
Floors:

plate 0,25

lightened 0,2

.3 the distance between the edges of adjacent openings in centre girder, side girders
and plate floors shall not be less than half the length of the largest opening.

The distance of the edges of openings in the floors from longitudinal bulkheads, centre
girder, side girders, inclined margin plate and inner edges of hopper side tanks shall not be
less than half the centre girder depth in this region. The distance of the edge of opening in
a lightened floor from the side girder shall not be less than one-quarter of centre girder depth.

In exceptional cases, deviation from the above requirements is permitted,;

.4 one or more consecutive openings may be permitted in a lightened side girder web
between adjacent floors or in a lightened floor web between adjacent side girders. In the latter
case, vertical stiffeners shall be fitted between openings. The length of one opening shall not
exceed 1,2 times the accepted depth of centre girder or 0,7 times the distance between floors
(side girders) or between a floor (side girder) and vertical stiffener, whichever is less (refer
to Fig. 2.4.2.5.1-2). The distance of the edges of openings in lightened side girders and floors
from each other shall not be less than half the centre girder depth in this region;

.5  normally, openings are not permitted:

in centre girder over a length of 0,75L from the fore perpendicular;

in centre girder and side girders (lightened side girders) under pillars and in sections
adjoining transverse bulkheads (between the bulkhead and extreme floor for double bottom
with transverse framing and on a length equal to the depth of double bottom with longitudinal
framing);

in floors under pillars and in way of partial longitudinal bulkheads;

in floors at the toes of brackets transversely supporting main machinery seatings;

in floors between the side (inner side) and the nearest lightened side girder, provided the
spacing of floors is increased in accordance with 2.4.2.5.2.

In exceptional cases, openings are permitted in the above members provided the webs in
way of the openings are suitably stiffened;

.6 circular lightening openings are permitted for brackets, having a diameter not
greater than /3 of the width or height of the bracket, whichever is less.

2.4.2.8 Where double skin side construction is provided, the inner bottom plating shall
extend through the inner skin as far as the shell plating. A side girder shall be fitted in line with
the inner skin. Festoon plates may be fitted in lieu of the inner bottom plating inside the double
skin side or additional side girder in line with the inner skin.

2.4.2.9 Connections of bottom and inner bottom longitudinals to watertight floors shall
be such that the effective sectional area of these members is maintained.

2.4.3 Double bottom loads.

2.4.3.1 The external pressure on double bottom structures is determined
by Formula (2.2.3-1).

For design ballast condition, the value of z; in Formula (1.3.2.1-2) shall be counted from
the design ballast waterline.

2.4.3.2 Double bottom loads from inside:

.1 design pressure on the double bottom from general cargo is determined according
to 1.3.4.1;
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.2 design pressure on the double bottom from liquid cargo or ballast is determined
according to 1.3.4.2;

.3 design pressure on the double bottom from bulk cargo is determined according
to 1.3.4.3;

4 testloads

p =7,5h, (2.4.3.2.4)

where h, =  vertical distance, in m, from inner bottom plating to the top of air pipe;

.5 loads due to the emergency flooding of double bottom compartments
p =10,5(d — h) (2.4.3.2.5)
where h = actual depth of double bottom, in m.

2.4.3.3 The total design pressure on the double bottom is defined as a difference
between the external pressure p and the cargo (ballast) pressure from inside p.. In this case,
the value of p. is defined as the smallest value of counterpressures determined
from 2.4.3.2.1 — 2.4.3.2.3 with p > p.and as the greatest of the above values with p < p,.

If a hold may be empty during service, the external pressure p shall be taken as the design
pressure.

24.4 Scantlings of double bottom members.

2.4.4.1 At centre girder, the depth of double bottom h, in m, shall not be less than

_L-40 d
h==24+004B+35° (2.4.4.1)

but not less than 0,65 m.
2.4.4.2 The centre girder and side girders shall satisfy the following requirements:
.1 the thickness, in mm, of centre girder (duct keel) shall not be less than

s= aclghh—};\/ﬁ + As (2.4.4.2.1)

where h height of centre girder, in m, required by 2.4.4.1;
hq actual height of centre girder, in m;
forn, referto 1.1.4.3;
for As, referto1.1.5.1;
acg = 0,03L + 8,3, but not greater than 11,2.

In any case, the thickness of centre girder shall be 1 mm greater than that of a plate floor.

The thickness of side girders shall not be less than that of plate floors;

.2 the buckling strength of centre girder web and of side girders, as well as of
longitudinal stiffeners fitted along them shall be ensured in accordance with 1.6.5;

.3 at ends within 0,1L from the fore and after perpendiculars, the centre girder web
thickness may be 10 % less than that in the midship region, as determined for steel used at
ends, but not less than the minimum thickness stipulated under 2.4.4.9.

The thickness of side plates of the duct keel shall not be less than 0,9 of that required for
the centre girder in this region;
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4 the thickness of watertight sections of centre girder and side girders shall not be
less than determined by Formula (1.6.4.4) taking:

p = as determined by Formulae (1.3.4.2.1-4) and (1.3.4.2.1-5) for the mid-depth of centre

girder (side girder), whichever is the greater (where no safety valve is fitted, p, shall be

taken as zero);

m = 15,8;

if the centre girder (side girder) is stiffened with vertical brackets or stiffeners,

ks = 0,6kg < 0,75 for L = 65 m in the midship region;

ks =0,75for L =12 m.

For 12 < L < 65m, ks shall be determined by linear interpolation taking k; = 0,68
forL = 65 m;

if the centre girder (side girder) is stiffened with horizontal stiffeners, in the midship region

ks = 0,75;

at the ends of the ship within 0,1L from the fore or after perpendicular

ks = 0,85.

For regions between the midship region and above portions of ship's ends, k, shall be
determined by linear interpolation.

kg shall be determined by Formula (2.2.4.1).

The thickness of the watertight sections of centre girder and side girders need not be
greater than that of adjacent shell plating.

2.4.4.3 Floors shall satisfy the following requirements:

A the thickness, in mm, of floors shall not be less than

s = aka,/n + As (2.4.4.3.1)

where a =0,12L — 1,1, but not greater than 6,5 for transversely framed double bottom;
a = 0,023L + 5,8 for longitudinally framed double bottom;

k = kqiks;
ki, k, = coefficients given in Tables 2.4.4.3-1 and 2.4.4.3-2 respectively;
a = spacing, in m, of stiffeners, but not greater than the actual depth of double bottom;

forn, referto 1.1.4.3;
for As, referto1.1.5.1;

Table 2.4.4.3-1 Table 2.4.4.3-2
Coefficient ki1 Coefficient k2

Framing ag/a Number of girders per side

system 1 2 3 4 5 Framing system 0 1 2 3 and
Transverse 1 1,15 1,20 1,25 1,30 above
Longitudinal | — 1,25 1,45 1,65 1,85 Transverse 1 0,97 | 0,93 0,88
Symbols: Longitudinal 1 0,93 0,86 0,80
ag= distance, in m, between plate floors;
a = spacing, in m.

.2 the floors shall be stiffened in accordance with 1.7.3.2.

Between the fore peak bulkhead and 0,25L from the forward perpendicular, in the engine
room and peaks, and in the holds of ships which may happen to be aground due to ebb-tide
or from which cargo is regularly discharged by grabs, the thickness of plate floors sy;,, in mm,
shall not be less than:

for transverse framing system

Smin = 0,035L + 5; (2.4.4.3.2-1)
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for longitudinal framing system
Smin = 0,035L + 6; (2.4.4.3.2-2)

.3 the thickness of watertight floors shall not be less than determined by
Formula (1.6.4.4) taking:

p = as determined by Formulae (1.3.4.2.1-4) and (1.3.4.2.1-5) for the mid-depth of
the floor, whichever is the greater (in the absence of a safety valve, p, = 0);

m = 15,8;

ks = 0,85.

In any case, the thickness of watertight floors shall not be less than that required for plate
floors in this region.

2.4.4.4 Inner bottom plating and margin plate shall satisfy the following requirements:

.1 the thickness of inner bottom plating, including margin plate, shall not be less than
determined by Formula (1.6.4.4) taking:

m = 15,8;

p = maximum design pressure as stipulated under 2.4.3.2;

ks = 0,6k < 0,8 in the midship region for L = 65 m and transverse framing system;

ks = 0,8 in the midship region for L = 12 m and transverse framing system.

Where 12<L<65m, k,; is determined by linear interpolation taking ks = 0,7
forL = 65m,

ks = 0,8 in the midship region for longitudinal framing system;

ks = 0,9 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation.

kg shall be determined by Formula (2.2.4.1);

.2 inany case, the thickness of inner bottom plating s,;,, in mm, shall not be less than:

Smin = (3,8 + 0,05L),/n for L <80 m (2.4.4.4.2-1)
Smin = (5 + 0,035L)\/nfor L >80 m (2.4.4.4.2-2)
where n =  asstated in Table 1.1.4.3.

Where L > 260 m, L shall be taken equal to 260 m.

Where the adopted spacing is less than the standard one (refer to 1.1.3) for ships of
unrestricted service and restricted area of navigation R1, the minimum thickness of inner
bottom plating may be reduced in proportion to the ratio of adopted spacing to the standard
spacing, but not more than by 10 %. In any case, the minimum thickness shall not be less
than 5,5 mm.

The thickness of inner bottom plating in holds into which water ballast may be taken, as
well as in the cargo (ballast) tanks of tankers shall not be less than stipulated under 3.5.4.

In the engine room and holds under cargo hatches where no wood sheathing is provided,
smin Shall be increased by 2 mm.

In holds where no wood sheathing is provided and cargo is discharged by grabs, sy, shall
be increased by 4 mm;

.3 inthe midship region of ships of 65 m and greater in length, the buckling strength of
inner bottom plating and margin plate shall be ensured in accordance with 1.6.5.
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2.4.45 Primary members of bottom and inner bottom shall satisfy the following
requirements:

.1 the section modulus of bottom and inner bottom longitudinals, as well as of the
bottom and reverse frames of bracket floors and duct keel shall not be less than stipulated
under 1.6.4.1 taking:

p = design pressure, in kPa, determined for bottom longitudinals and the bottom frames
of bracket floors and duct keel in accordance with 2.4.3.3, and for inner bottom longitudinals
and the reverse frames of bracket floors and duct keel, in accordance with 2.4.3.2;

m=12;

1= design span, in m, of longitudinal, defined as the spacing of floors for bottom and inner
bottom longitudinals, as the distance betwen bracket toes or between a bracket toe and side
girder for the bottom and reverse frames of bracket floors, as the spacing of webs for duct keel;

for bottom longitudinals

ks = 0,45k < 0,65 in the midship region;

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation;

for inner bottom longitudinals

ks = 0,6kz < 0,75 in the midship region;

ks = 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation;

for bottom frames of bracket floors and duct keel

ks = 0,65;
for reverse frames of bracket floors and duct keel
ks = 0,75;

kg shall be determined by Formula (2.2.4.1);

.2 if intermediate struts are fitted at midspan between bottom and inner bottom
longitudinals, the section modulus of such longitudinals may be reduced by 35 %;

.3 if the ratio of the span of a bottom or inner bottom longitudinal to its depth is less
than 10, the sectional area of the longitudinal web shall not be less than determined
by Formula (1.6.4.3-1) taking Npax = 0,5pal (p, [ = design pressure and design span of
longitudinal as stipulated under 2.4.4.5.1), k. = ks where k; is as determined from 2.4.4.5.1
with kg = 1,25;

4 in the midship region of ships of 65 m in length and above, the buckling strength of
bottom and inner bottom longitudinals shall be ensured in accordance with 1.6.5;

.5 at the centre of openings in lightened side girders and floors, the section modulus
of the plate adjoining the shell plating or inner bottom plating shall comply with
the requirements of 2.4.4.5.1 for bottom and inner bottom longitudinals and transverses
respectively. In this case, the design span [ shall be taken equal to the greatest opening length
minus its rounding-off radius. The plate section shall include the effective flange of shell plating
(inner bottom plating), as described under 1.6.3.2 and 1.6.3.3, as well as the flange or
horizontal stiffener of the free edge of the plate, if these are fitted.

2.4.4.6 The stiffeners on the watertight sections of centre girder (duct keel), side girders
and floors shall satisfy the following requirements:

.1 the section modulus of vertical stiffeners on the watertight sections of centre girder
(duct keel), side girders and floors shall not be less than stipulated under 1.6.4.1 taking:

p = as determined by Formula (1.3.4.2.1-5) for mid-height of vertical stiffener;

[ = span, in m, of stiffener, defined as the spacing of longitudinals to which the stiffener is
welded or as double bottom depth if the stiffener is not in line with bottom or inner bottom
longitudinals;
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m = 8 and 10 for stiffeners sniped at ends and welded to the bottom and inner bottom
longitudinals respectively;

ks = 0,75;

.2  the section modulus of horizontal stiffeners on the centre girder (duct keel) and side
girders shall not be less than stipulated under 1.6.4.1 taking:

p = as determined by Formula (1.3.4.2.1-5) for the level of the horizontal stiffener
considered;

[ = distance, in m, between floors or between floors and brackets (refer to 2.4.2.2);

m=12;

ks = 0,5kg < 0,75 in the midship region;

ks = 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation.

kg shall be determined by Formula (2.2.4.1);

.3 in the midship region of ships of unrestricted service and of restricted areas of
navigation R1 and R2, 65 m and greater in length, as well as of ships of restricted areas of
navigation R2-RSN, R2-RSN(4,5), R3-RSN and R3, 60 m and greater in length, the buckling
strength of horizontal stiffeners on the centre girder (duct keel) and side girders shall be
ensured in accordance with 1.6.5.

2.4.4.7 The intermediate struts between bottom and inner bottom longitudinals, as well
as between bottom and reverse frames of bracket floors shall satisfy the following
requirements:

.1  the sectional area f, in cm?, of intermediate struts shall not be less than

f =224 0,1hAs (2.4.4.7.1)

oOn

design pressure, in kPa, defined as the greater of the values of p or p. according to 2.4.3.1
or 2.4.3.2, whichever is the greater;
design span, in m, of stiffened longitudinals;
0,6;
height, in cm, of the strut cross section;

where p

!
ko
h

.2 the inertia moment i, in cm#, of intermediate struts shall not be less than
i =0,01f1%c, (2.4.4.7.2)

where f
l

sectional area of intermediate struts as given in 2.4.4.7.1,;
length, in m, of intermediate strut.

2.4.4.8 The thickness of brackets of centre girder (duct keel) and margin plate, as well
as of the brackets of bracket floors and the brackets connecting bottom and inner bottom
longitudinals to watertight floors, if the longitudinals are cut at the floors, shall not be less than
the thickness of plate floors adopted in this region.

In way of centre girder and margin plate, the thickness of brackets fitted in line with
the bracket floor shall not be less than 0,75 of the centre girder depth. The free edges of
brackets shall be provided with flanges or face plates. The side girder fitted in line with
the bracket floor shall be provided with a vertical stiffener whose profile shall be selected in
the same way as that of the reverse frame of the floor.

The arm length of brackets connecting longitudinals on the bottom and inner bottom
plating to watertight floors shall not be less than 2,5times the bottom longitudinal
depth (refer to Fig. 2.4.4.8).
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The scantlings of knees by which bottom and reverse frames of the duct keel are secured
shall be determined in accordance with 1.7.2.2.

e Sle 3

'\ j R=2h
=250\ 1. \J< R
] ol 2 = 9
Fig. 2.4.4.8

2.4.4.9 Structural members inside the double bottom including primary members,
stiffeners, brackets and so on shall have a thickness s,;,, in mm, not less than:

Smin = 0,045L + 3,9 for L < 80 m (2.4.4.9-1)
Smin = 0,025L + 5,5 for L >80 m (2.4.4.9-2)

Where L > 250 m, L shall be taken equal to 250 m.

For centre girder, s, shall be increased by 1,5 mm.

2.4.4.10 In way of holds designed for the carriage of heavy cargoes, the strength of
double bottom structure shall be verified by the calculation of the bottom grillage strength using
design loads stated in 2.4.3, as required by 3.3.4.1.1.

2.4.5 Special requirements.

2.4.5.1 Partial double bottom and stiffening in way of variable double bottom depth shall
satisfy the following requirements:

.1 where the double bottom terminates, gradual transition from longitudinal members
of double bottom to those beyond it shall be ensured.

The inner bottom plating shall be gradually tapered (on a length of at least three frame
spaces) into the face plates of centre girder and side girders of single bottom. In way of
the double bottom boundary, the width of these face plates shall be not less than half the
distance between adjacent side girders.

The margin plate shall extend beyond the double bottom as a bracket with the height
equal to the margin plate width and the length equal to at least three frame spaces, with a face
plate or flange along its free edge;

.2 where the double bottom depth changes in the form of a knuckle, one end of
the knuckle shall be in way of a transverse bulkhead and the other, on the fplate floor.
However, both the knuckles may be arranged on plate floors; in this case the strength of
the structure shall be verified by calculation;

.3 where the double bottom depth changes in the form of a step, the latter shall
normally be arranged on a transverse bulkhead.

At the step, the inner bottom plating of the lower section should extend for a length of
three frame spaces when L = 80 m and for two frame spaces when L < 80 m. Forward (or aft)
of the end of the extension the general requirements for partial double bottom shall be
complied with.

If the step is arranged beyond 0,5L amidships or, if the height of the step is less
than 660 mm, the extension may be reduced;
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.4 continuity and reduction of stress concentrations shall be ensured in way of the step
where a variation of the depth of centre girder, side girders, margin plate and inner bottom
longitudinals takes place (if longitudinal system of framing is adopted).

2.4.5.2 Bilge wells, sea chests and ice boxes shall satisfy the following requirements:

.1 in cargo ships, the bilge wells shall, as far as practicable, satisfy the requirements
of 1.1.6.3.3.

The capacity of bilge wells is specified in Part VIl "Systems and Piping".

The thickness of the walls and bottom plates of a bilge well shall exceed that of watertight
floors by not less than 2 mm;

.2 the thickness of the floors, side girders and inner bottom plating forming the walls of
sea chests shall be 2 mm greater than that required by 2.4.4.2 —2.4.4.4.

In any case, the thickness of sea chest and ice box walls shall be not less than that
required by 2.2.4.1 for the shell plating in the region under consideration.

2.4.5.3 When oil fuel tanks are arranged in the double bottom, the manholes in the tank
tops arranged within the engine and boiler rooms for access to the tanks shall be provided with
coamings not less than 0,1 m in height, besides the general provisions for the arrangement of
fuel oil tanks.

2.4.5.4 Where the bed plate of main engine and the thrust block are seated directly on
the inner bottom plating, insert plates having a thickness not less than stipulated
under 2.11.3.1 shall be welded to the plating under the supporting parts of bed plate and thrust
block. The size of welded inserts shall be such as to ensure an adequate arrangement of
supports and the attachment of machinery, and shall in any case be not less than that of
the supporting parts of bed plate. Where the engine bed plate and thrust block are fitted on
the inner bottom plating, two girders, or one girder and a half-height girder shall be provided
in way of their arrangement along each welded insert plate. The upper part of the girder webs
shall have the same thickness as the welded insert for at least 0,2 of the girder depth, or
alternatively, the thickness of the webs throughout their depth shall be as required by 2.11.3
for the vertical plates of seatings.

Between the girders, a horizontal stiffener of the size required in the foregoing for the
upper part of girder webs shall be fitted, account being taken of the holes for the holddown
bolts of the bed plate.

Only one side girder may be fitted under the welded insert plate for small power engines.

2.4.5,5 The plating of the recess under the engine crankcase, as well as the side girders
and floors by which it is confined, shall have a thickness 2 mm greater than that of the inner
bottom plating in this region.

The minimum distance from the recess plating to the bottom shell plating shall not be less
than 460 mm.
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2.5 SIDE FRAMING

251 General and definitions.

2.5.1.1 Requirements are given in this Chapter for side frames, web frames (side
transverses), side longitudinals, side stringers, cross ties connecting side transverses to
vertical webs on longitudinal bulkheads in tankers, as well as for specific structures of double
skin side.

2.5.1.2 By the double skin side construction, a side structure is meant which consists
of watertight side shell plating and inner skin, both either strengthened with frames and
longitudinals or not, and connected with plate structures perpendicular thereto: vertical
(diaphragms) and/or horizontal (platforms). If no diaphragms or platforms are fitted, the inner
skin together with framing shall be considered as longitudinal bulkhead and shall comply with
the requirements of 2.7.

25.2 Construction.

2.5.2.1 When the ship's side is framed transversely, side stringers may be provided.
In tankers with two or more longitudinal bulkheads, fitting of cross ties is recommended
between the side stringers and horizontal girders of longitudinal bulkheads.

Web frames may be fitted if the ship's side is framed transversely, and they shall be fitted,
if the ship's side is framed longitudinally. They shall be fitted in line with plate floors, as well as
with deep beams, if any. In tankers with two or more longitudinal bulkheads, fitting of cross
ties is recommended between side transverses and vertical webs of longitudinal bulkheads.

2.5.2.2  Structures of double skin side shall satisfy the following requirements:

.1 if the same framing system is adopted for side shell and inner skin, fitting of frames
or longitudinals of both side shell and inner skin in line with each other is recommended. In this
case, cross ties may be fitted between the frames or longitudinals of the side shell and inner
skin, which shall be arranged at midspan of relevant members;

.2 diaphragms or platforms shall be stiffened in accordance with 1.7.3.2. In this case,
the shorter side, in mm, of panel of the diaphragm or platform being stiffened shall not
exceed 1005\/ﬁ, where s is the thickness, in mm, of the diaphragm or platform;

.3 an appropriate number of openings (manholes) shall be provided in the diaphragms
and platforms for access to all the structures of double skin side. The total breadth of openings
in a diaphragm or platform section shall not exceed 0,6 of the double skin side breadth.

The edges of openings in diaphragms and platforms, arranged within %4 of the span from
their supports, shall be reinforced with collars or stiffeners. The distance between the edges
of adjacent openings shall not be less than the length of the openings.

Normally, openings are not permitted, with the exception of air and drain holes:

in platforms on a length not less than three frame spaces or 1,5 times the double skin side
breadth, whichever is less, from transverse bulkheads or partial bulkheads, which serve as
platform supports;

in diaphragms on a length not less than 1,5 times the double skin side breadth from deck
plating and/or double bottom, which serve as diaphragm supports.

2.5.2.3 In the engine room, the side framing shall be strengthened by fitting of web
frames and side stringers.

The web frames shall be fitted not more than 5 standard spacings or 3 m apart, whichever
is the greater. The web frames shall be arranged taking into accountthe location of main engine,
i.e. they shall be fitted at the extremities of the engine at least. In the engine room, the web
frames shall be carried to the nearest continuous platform. Deep beams shall be fitted in line
with web frames.

In the engine room, the side stringers shall be fitted so that the vertical distance between
them, as well as between a side stringer and deck or tank top (upper edge of floor) at side
does not exceed 2,5 m.
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2.5.3 Side loads.

2.5.3.1 The design pressure on the side shell shall be determined in accordance
with 2.2.3. In way of tanks, the pressure determined in accordance with 1.3.4.2 shall
additionally be taken into consideration.

2.5.3.2 The design pressure on double skin side structures shall be determined as
follows:

.1 the design pressure on the inner skin and framing shall be determined in accordance
with 1.3.4.2 or 1.3.4.3 depending on the kind of cargo carried and on whether the double side
space is used as tank space, but shall not be less than the design pressure on watertight
bulkhead structures, as stipulated under 2.7.3.1;

.2 the scantlings of cross sections of diaphragms and platforms are determined using
the design pressure specified in 2.2.3;

.3 the design pressure on the watertight sections of diaphragms and platforms
bounding the tanks in the double side space shall be determined in accordance with 1.3.4.2.

254 Member scantlings of side structures.

2.5.4.1 |If transverse system of framing is adopted, the section modulus of hold frames
in dry cargo ships and of side frames in tankers shall not be less than determined from 1.6.4.1
taking:

p = as defined in 2.5.3; the value of p for the side shell shall not be less than:

Pmin = 10z + 0,3L + 1 for L < 60 m; (2.5.4.1-1)
Pmin = 102+ 0,15L + 10 for L =60 m (2.5.4.1-2)
where z = distance, in m, from the mid-span of the frame to the scantling waterline;

[ = span, in m, between adjacent supports, as measured in accordance with 1.6.3.1;
unless expressly provided otherwise, the supports of a frame are bottom, deck or platform,
side stringers;

m = 12 for single skin side construction when determining the section modulus of
the supporting section of the frame taking into consideration the bracket, if any, included in
the section, as well as for frames of the side shell and inner skin forming double skin side
construction;

m = 18 for single skin side construction when determining the section modulus in
the frame span;

ks = 0,65 for frames of the side shell;

ks = 0,75 for frames of the inner skin.

For ships of restricted area of navigation, the value of p.,;, may be reduced by multiplying
by the factor ,. obtained from Table 1.3.1.5.

2.5.4.2 The section modulus of ‘tween deck frames shall not be less than determined
from 1.6.4.1 taking:

p = design pressure, as stipulated under 2.5.3;

[ = span, in m, between adjacent supports, as measured in accordance with 1.6.3.1;
frame supports are decks and platforms;

m = 10 for single skin side frames;

m = 12 for frames of the side shell and inner skin forming double skin side construction;

ks = 0,65 for side shell frames;

ks = 0,75 for inner skin frames.

The above applies in case the lower end of 'tween deck frame is not stiffened by a bracket.
If the lower end of the frame is stiffened by a bracket of a height not less than 0,11 and
the section modulus of the frame in way of deck is not less than 1,75 of the section modulus
determined above, taking the bracket into consideration, the section modulus of 'tween deck
frame may be reduced by 30 %.
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2.5.4.3 The section modulus of side longitudinals of all ships shall not be less than
determined according to 1.6.4.1 taking:

p = as defined in 2.5.3;

a = spacing of longitudinals, in m;

[ = average spacing of web frames or diaphragms, in m;

m=12;

for side shell

ks = 0,65 within (0,4-0,5)D from the base line.

For regions below 0,4D from the base line,k, shall be determined by linear interpolation
between k, for bottom longitudinals in accordance with 2.4.4.5.1 and k, within (0,4-0,5)D
from the base line.

For regions above 0,5D from the base line, k, shall be determined by linear interpolation
between k, for strength deck longitudinals in accordance with 2.6.4.2 and kg,
within (0,4 — 0,5)D from the base line.

For the inner skin, k; shall be determined as in the case of horizontal stiffeners of
longitudinal bulkheads in tankers in accordance with 2.7.4.2.

The buckling strength of three upper and three lower longitudinals in the midship region
of ships 65 m and greater in length shall be ensured in accordance with 1.6.5.

2.5.4.4 Inatransversely framed side, the section modulus of side stringers shall not be
less than stipulated under 1.6.4.1 taking:

ks is determined in the same way as for side shell longitudinals mentioned under 2.5.4.3;

p = as defined in 2.5.3.1;

[ = spacing, in m, of web frames and where these are not fitted, between transverse
bulkheads, including end brackets;

a = spacing, in m, of side stringers;

m = 18 without cross ties;

m = 27,5 with cross ties.

The cross-sectional area, in cm?, of a side stringer web shall not be less than determined
according to 1.6.4.3 taking:

Npax = npal;

n = 0,5 without cross ties;

n = 0,4 with one cross tie;

n = 0,375 with two cross ties;

n = 0,35 with three cross ties;

k. =0,65.

If web frames are fitted, the scantlings of side stringer section may be determined on
the basis of the calculation of the side grillage using beam models. The design loads shall be
determined in accordance with 2.5.3.1, permissible stress factors shall be selected in
accordance with this paragraph. Where cross ties are fitted, the calculation shall consider
the interaction between side grillage and grillage of the longitudinal bulkhead being connected
with the cross ties.

2.5.4.5 The section modulus of web frames (side transverses) fitted in the holds and
‘tween decks of dry cargo ships, as well as in the tanks of tankers, shall not be less than
stipulated under 1.6.4.1 and 1.6.4.2 taking:

p = as defined in 2.5.3.1;

[ = distance, in m, from the upper edge of a sin gle bottom floor or from inner bottom
plating to the lower edge of a deep beam;

a = spacing of web frames, in m;

m = 10 for 'tween deck frames;

m = 11 for holds and tanks without cross ties;

m = 18 with one or two cross ties;

m = 27,5 with three cross ties;

ks = 0,65.
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The cross-sectional area, in cm?, of a side transverse (web frame) web, excluding
openings, shall not be less than stipulated under 1.6.4.3 taking:

Niax = npal;

n = 0,5 without cross ties;

n = 0,375 with one cross tie;

n = 0,35 with two or more cross ties;

k. =0,65.

When the side is transversely framed, the scantlings of web frames may be determined
on the basis of the side grillage calculation in accordance with the requirements of 2.5.4.4.
Inthis case, the permissible stress factors shall be selected in accordance with
the requirements of this paragraph.

In single-deck ships, the depth of web frame (side transverse) webs may be taken variable
over the ship's depth with reducing at the top end and increasing at the bottom end. Variation
of web depth shall not exceed 10 % of its mean value.

For stiffening of web frames (side transverses), refer to 1.7.3.

2.5.4.6 The sectional area f, in cm?, of a cross tie fitted between deep members of side
framing and of longitudinal bulkhead shall not be less than

10paa;
f = k== +0,05Zh;As (2.5.4.6)
cr
where p = design pressure, in kPa, at mid-length of a cross tie, as determined from 2.2.3 or 2.7.3.2,
whichever is the greater;
a = spacing of web frames connected with cross ties, in m;
a; = mean depth, in m, of side area supported by a cross tie;
h;= perimeter of cross section, in cm, of a cross tie;
k = 2,5 — buckling strength margin;
O = critical stresses in accordance with 1.6.5.3 corresponding to the Euler stresses, in MPa,
as determined by the formula
_ 206i
e — 12
where i minimum moment of inertia, in cm?*, of a cross tie;

l

f

cross tie length, in m, as measured between the inner edges of deep members
of side framing and of longitudinal bulkhead,;

as determined by Formula (2.5.4.6).

2.5.4.7 The side framing of the engine room and tanks shall satisfy the following
requirements:

.1 the scantlings of main frames in the engine room shall be determined in accordance
with 2.5.4.1 taking:

[ = span measured between side stringers or between the lower side stringer and inner
bottom plating (upper edge of floar), or between the upper side stringer and the lower edge of
beam.

The scantlings of longitudinals shall be determined in accordance with 2.5.4.3.

The scantlings of web frames (side transverses) shall be determined in accordance
with 2.5.4.5 taking:

[ = span measured between inner bottom plating (upper edge of floor) and the lower edge
of deep beam;

.2 in the engine room of ships less than 30 m in length, the web frames and side
stringers required by 2.5.2.3 may be omitted on condition that the main frame has a section
modulus W, in cm3, not less than

W =1,8W, (2.5.4.7.2)

where 1A= section modulus of main frame, as stipulated under 2.5.4.7.1;
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.3 inway of the ballast and fuel oil tanks of dry cargo ships 30 m and greater in length,
the scantlings of side framing shall satisfy the requirements of 2.5.4.1, 2.5.4.3, 2.5.4.5 for side
framing in way of tanks in tankers.

If transverse system of framing is adopted, the section modulus of side stringers shall not
be less than determined according to 1.6.4.1 and 1.6.4.2 taking:

ks = 0,65;

m = 10.

In all other respects, the requirements of 2.5.4.4 shall be complied with;

4 in the engine room, the web frames shall have a depth not less than 0,1 of the span,
and a web thickness not less than 0,01 of the web depth plus 3,5 mm;

.5 in the engine room, the web depth of a side stringer shall be equal to that of a web
frame.

The web thickness of a side stringer may be 1 mm less than that of a web frame. The side
stringer face plate thickness shall be equal to the face plate thickness of a web frame.

2.5.4.8 The diaphragms and platforms of the double skin side shall satisfy the following
requirements:

.1 the section moduli and cross-sectional areas of diaphragms and platforms shall
satisfy the requirements for the section moduli and cross-sectional areas of side stringer webs,
as specified in 2.5.4.4, and of web frames, as specified in 2.5.4.5, using the design pressure
determined in accordance with 2.5.3.2.2.

In any case, the thickness, in mm, of diaphragm and platform shall not be less than

Smin = 0,018L + 6,2; (2.5.4.8.1)

.2 the stiffeners of diaphragms and platforms shall satisfy the requirements
of 1.7.3.2.2;

.3 the platforms in the midship region and their continuous longitudinal stiffeners,
if any, shall comply with the requirements for the buckling strength of longitudinal framing
members, as specified in 1.6.5.2, within 0,25 D above the base line and 0,25 D below
the strength deck;

4 the thickness of watertight sections of diaphragms and platforms shall not be less
than that determined by Formula (1.6.4.4) taking:

p = as defined in 2.5.3.2.3;

m = 15,8;

ks =10,9;

.5 the section modulus of stiffeners of the watertight sections of diaphragms and
platforms shall not be less than determined from 1.6.4.1 taking:

p = as defined in 2.5.3.2.3;

[ = span of stiffener, in m, equal to:

the diaphragm spacing, for stiffeners parallel to the shell plating; the distance between
the inner edges of primary members of side shell and inner skin if the stiffener is welded
thereto, for stiffeners perpendicular to the shell plating; the double skin side breadth if
the stiffener ends are sniped;

m = 12 for continuous stiffeners parallel to the side plating;

m = 10 for stiffeners perpendicular to the side plating and welded to primary framing
members;

m = 8 elsewhere;

ks =0,75.

2.5.4.9 |If there are large openings (exceeding 0,7 times the ship's breadth in width) in
the deck, stiffening of the diaphragms and frames of the side shell and inner skin may be
required in connection with the upper deck pliability, which shall be determined by calculation
(refer also to 3.1.4).
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2.5.4.10 The thickness of inner skin shall comply with the requirements for the thickness
of longitudinal bulkhead plating in tankers, as specified in 2.7.4.1, using the design pressure
determined in accordance with 2.5.3.2.1. In any case, this thickness shall not be less than
determined by Formula (2.7.4.1-1).

2.5.4.11 The cross ties between frames and longitudinals of side shell and inner skin,
as mentioned under 2.5.2.2.1, shall comply with the requirements for the intermediate struts
of double bottom, as mentioned in 2.4.4.7 using the design pressure determined from 2.5.3.1
or 2.5.3.2.1, whichever is the greater.

If cross ties are fitted, the section modulus of frames complying with 2.5.4.1 and 2.5.4.2,
as well as of longitudinals complying with 2.5.4.3, may be reduced by 35 %.

2.5.4.12 In the cargo and ballast tanks of tankers, in holds into which water ballast can
be taken and in tanks, the thickness of structural members of side framing shall not be less
than that required by 3.5.4.

255 Special requirements.

2.5.5.1 Iftransverse system of framing is adopted, efficient connection of lower ends of
frames to bottom structures shall be ensured by means of bilge brackets or other structures of
equivalent strength. The bilge brackets shall comply with the following requirements:

.1 the depth of bilge brackets shall not be less than that of the bilge as a whole.
The free edge of a bilge bracket shall be flanged or stiffened with a face plate the dimensions
of which shall be in compliance with 1.7.2.2.2.

The thickness of a bilge bracket is taken equal to that of plate floors in the hull region
under consideration, but it need not exceed the frame web thickness more than 1,5 times.

Holes cut in bilge brackets shall be such that the width of plating outside the hole is
nowhere less than s of the bracket width.

In any case, the size of bilge brackets shall not be less than that required by 1.7.2.2;

.2 the end attachments of a frame to bilge bracket shall be designed so that at no
section the section modulus is less than required for a frame;

.3 where an inclined margin plate is fitted in the double bottom, the bilge bracket shall
be carried to the inner bottom plating, and its face plate (flange) shall be welded to the plating;

.4 where a horizontal margin plate is fitted in the double bottom or transverse system
of framing is adopted in the single bottom, the width of bilge brackets shall be determined
proceeding from the condition that their section moduli at the point of connection to the inner
bottom plating or upper edge of floor shall be at least twice those of the frame.

The face plate (flange) of a bilge bracket may be welded to either the inner bottom plating
or the face plate (flange) of a floor, or it may be sniped at ends. If the face plate (flange) is
welded, the floor web shall be stiffened with a vertical stiffener or a bracket at the point of
welding, also welded to the inner bottom plating or to the floor face plate (flange).

The depth of a bilge bracket shall not be less than its width;

.5 if longitudinal system of framing is adopted in the single bottom, the bilge bracket
shall be carried at least to the bottom longitudinal nearest to the side and shall be welded
thereto. The section modulus of the bracket at the section perpendicular to the shell plating
where the bracket width is the greatest shall be at least twice the section modulus of the frame.

2.55.2 In all the spaces, the upper ends of frames shall be carried to the decks
(platforms) with minimum gaps if they are cut at the decks (platforms). The beams of
transversely framed decks (platforms) shall be carried to the inner edges of frames with
minimum gaps.

The uppermost decks of ships (except for those secured alongside other ships at sea)
may be designed with beams carried to the shell plating with minimum gaps, and frames
carried to the beams.

The brackets by which the upper ends of frames are attached shall be sized in accordance
with the requirements of 1.7.2.2. If the deck is framed longitudinally, the bracket shall be
carried at least to the deck longitudinal nearest to the deck and welded to that longitudinal.




Rules for the Classification and Construction of Sea-Going Ships (Part Il)
92

2.5.5.3 Ifthe frame is cut at deck, its lower end shall be attached by a bracket complying
with the requirements of 1.7.2.2. The bracket may be omitted if the ends of this frame are
welded to the deck plating from above and below, and full penetration is ensured.

2.5.5.4 Side stringers shall be attached to web frames by brackets carried to the web
frame face plate and welded thereto.

2.5.5.,5 |If cross ties are fitted in the wing tanks of tankers, the side transverse and side
stringer webs in way of the cross tie attachments shall be provided with stiffeners which shall
be an extension of the cross tie face plates. Cross tie attachments to side transverse (side
stringer) shall comply with the requirements of 1.7.2.3.
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2.6 DECKS AND PLATFORMS

26.1 General.

2.6.1.1 Requirements are given in this Chapter for the deck and platform structures of
ships where the width of opening for a single cargo hatch does not exceed 0,7 times the ship's
breadth abreast of the opening. Additional requirements for the decks and platforms of ships
having greater width of openings and their length exceeding 0,7 times the spacing of centres
of transverse deck strips between the openings, as well as for the decks and platforms of ships
with twin or triple hatch openings, are specified in 3.1.

Requirements for cantilever beams shall also be found there.

For decks and platforms of ro-ro ships, refer to 3.2.

Requirements for the cargo hatch coamings of bulk carriers are given in 3.3.

Requirements of this Chapter cover plating and framing members of decks and platforms:
deck longitudinals, beams, deck transverses, deck girders, hatch end beams, hatch side
coamings and hatch end coamings, wash plate in the tanks of tankers.

Additional requirements for the areas of upper deck situated below the superstructures
are givenin 2.12.5.1 —2.12.5.3.

2.6.2 Construction.

2.6.2.1 Intankers of 80 m and above, bulk carriers and ore carriers, as well as in oil/dry
bulk cargo carriers, and ore/oil carriers, longitudinal system of framing shall be adopted for
the strength deck in way of cargo holds (tanks).

Where longitudinal system of framing is adopted, the spacing of deck transverses shall
not exceed that of bottom transverses.

2.6.2.2 Provision shall be made for the structural continuity of deck girders of
the strength deck in the midship region. If the deck girders are cut at transverse bulkheads,
their web plates shall be welded to the transverse bulkheads and attached thereto by brackets.

The web plates of hatch end coamings, deck transverses, hatch end beams and wash
plates shall be strengthened by stiffeners and brackets (refer to 1.7.3).

The face plates of deck girders shall be connected to the face plates of hatch end beams
by means of diamond plates (refer to 1.7.4.5) whose thickness shall be equal to the greater
face plate thickness.

2.6.2.3 On the strength deck, the ends of side coamings at the corners of hatchways
shall be either bent along the line of hatch corner rounding and buttwelded to the hatch end
coaming or extended, in the form of a bracket, beyond the corner of the hatchway. Provision
shall be made for a gradual termination of the bracket above the deck girder web.

The upper edges of coamings acting as deck girders shall be stiffened with face plates
and the lower edges of the coamings shall be rounded.

The upper edge of hatch side coaming shall be smooth and their corners shall be well
rounded in the transverse direction.

2.6.2.4 The deck girders and deck transverses in way of pillars shall be strengthened
by stiffeners or tripping brackets.

Where deck girders are connected to deck transverses and their web height is different,
the deck girder web shall be strengthened by brackets fitted in line with the deck transverse.
The brackets shall be welded to the face plate of deck transverse, to the web and face plate
of deck girder.

Where deck girders are attached to conventional beams, the web of deck girder shall be
strengthened by vertical stiffeners.

2.6.2.5 In the case of connection of deck longitudinals to transverse bulkheads,
the effective sectional area of the longitudinals shall be maintained.

2.6.2.6 Intankers with two effective longitudinal bulkheads, provision shall be made for
a wash plate at the centreline.
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2.6.3 Deck loads.
2.6.3.1 The design pressure on the weather deck shall not be less than

P = 0,7py = Pmin (2.6.3.1)

where Pw = wave load at the deck level, as defined in 1.3.2.2;
Pmin = 0,1L + 7 at the fore end within 0,2L from the forward perpendicular;
Pmin = 0,015L + 7 in the midship region and aft of the midship region; for regions between the fore
end and the midship region, pn,i, shall be determined by linear interpolation.
For ships of restricted area of navigation the value of p,;, may be reduced by multiplying
by the factor ¢, obtained from Table 1.3.1.5.

2.6.3.2 For weather decks intended to carry deck cargo (except timber and coke),
the design pressure shall be taken equal to the cargo pressure p. determined
by Formula (1.3.4.1). For weather decks intended to carry timber and coke, the value of h
in Formula (1.3.4.1) shall be taken equal to 0,7 times the stowage height of timber and coke
on deck.

For lower decks and platforms, the design pressure shall be taken according to 1.3.4.1.
For decks where cargo is suspended from beams or deck longitudinals, the design pressure
value shall be suitably increased.

For decks and platforms intended for the crew, passengers and equipment, the design
pressure shall be determined by Formula (1.3.4.1) while the product hp,g shall not be less
than 3,5 kPa.

For platforms in the engine room, the minimum design pressure shall be 18 kPa.

Watertight lower decks and platforms shall be additionally calculated using the test
loads, in kPa, as follows:

p = 7,5h; (2.6.3.2)
where h, = vertical distance, in m, from deck (platform) plating to air pipe top.

2.6.3.3 The design pressure on the structures of decks and platforms forming
boundaries of compartments intended for the carriage of liquids shall be determined in
accordance with 1.3.4.2.

2.6.4 Scantlings of deck members.

2.6.4.1 Thickness of deck plating.

2.6.4.1.1 The thickness of strength deck plating outside the line of hatch openings, taking
deck longitudinals into account, shall be that necessary to give the hull section modulus for
strength deck, as required by 1.4.6.

The adopted thickness of strength deck plating within midship region shall be in
accordance with the requirements for buckling strength (refer to 1.6.5).

2.6.4.1.2 The plating thickness for decks and platforms shall not be less than determined
by Formula (1.6.4.4) taking:

m = 15,8;

p = as defined in 2.6.3;

for strength deck

ks = 0,3kp < 0,6 in the midship region for L > 65 m and transverse framing system;

kp = as determined by Formula (2.2.4.1);

ks = 0,6 in the midship region for L = 12 m and the deck is transverse framing system.

Where 12 < L < 65 m, k. shall be determined by linear interpolation taking k, = 0,45
forL = 65 m;

ks = 0,6 in the midship region for longitudinal framing system;

ks = 0,7 at the ends of the ship within 0,1L from the fore or after perpendicular.
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For regions between the midship region and the above portions of ship's ends, k, shall be
determined by linear interpolation;

for the second continuous deck situated above 0,75D from the base line

ks = 0,65kp < 0,8 in the midship region for L > 65 m and transverse framing system;

kp shall be determined by Formula (2.2.4.1);

ks = 0,8 in the midship region for L = 12 m and transverse framing system.

Where 12 < L < 65m, k,; shall be determined by linear interpolation taking k, = 0,73
forL = 65 m;

ks = 0,8 in the midship region for longitudinal framing system;

ks = 0,9 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k,; shall
be determined by linear interpolation;

for other lower decks and platforms, k; = 0,9.

2.6.4.1.3 If the engine room is located aft, the plating thickness and the scantlings of deck
longitudinals, at the poop (aft deckhouse) front shall be maintained abaft the poop (deckhouse)
front for a length of at least the width of machinery casing opening.

If the distance from the fore edge of casing opening to the poop (deckhouse) front is less
than the width of the opening, additional strengthening of deck may be required in this region.

2.6.4.1.4 If the thickness of strength deck plating is taken less than the side plating
thickness, a deck stringer plate shall be provided. The width b, in mm, of the strength deck
stringer plate shall not be less than

b = 5L+ 800 < 1800, (2.6.4.1.4)

and the thickness of stringer plate shall not be less than that of side shell plating
(sheerstrake).

2.6.4.1.5 The thickness sy, in mm, of deck plating and platforms shall not be less than:

for upper deck between the ship's side and line of large openings (tank decks of tankers)
in the midship region

Smin = (4 +0,05L),/n for L <100 m (2.6.4.1.5-1)

Smin = (7 +0,02L)/n for L2100 m (2.6.4.1.5-2)

for upper deck at the ends of the ship and inside the line of large openings, as well as for
the second deck

Smin = (4 + 0,04L),/n for L <100 m (2.6.4.1.5-3)

Smin = (7 +0,01L)/n for L2100 m (2.6.4.1.5-4)

for the third deck and other lower decks and platforms

Smin = (5+0,01L)/n (2.6.4.1.5-5)

where n = asdefinedin1.1.4.3.

Where L > 300 m, L shall be taken equal to 300 m.

Where the adopted spacing is less than the standard one (refer to 1.1.3) for ships of
unrestricted service and restricted area of navigation R1, the minimum deck plating and

platform thickness may be reduced in proportion to the ratio of adopted spacing to the standard
spacing, but not more than by 10 %.
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In any case, the minimum thickness shall not be less than 5,5 mm.

In way of compartments intended for the carriage of liquids, the thickness of plating and
deck structural members (including perforated members) shall not be less than required
by 3.5.4 for tankers and not less than determined by Formula (2.7.4.1-2) for other ship types.

2.6.4.2 The section modulus of deck longitudinals shall not be less than determined
according to 1.6.4.1 and 1.6.4.2 taking:

p = as defined in 2.6.3;

m=12;

for weather deck

ks = 0,45kp < 0,65 in the midship region;

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k., shall be
determined by linear interpolation;

for other decks

ks = 0,75.

kp shall be determined by Formula (2.2.4.1).

2.6.4.3 When the decks are framed transversely, the scantlings of beams shall satisfy
the following requirements:

A the section modulus of beams shall not be less than that determined from 1.6.4.1 taking:

p = as defined in 2.6.3;

m = 10;

ks = 0,65;

.2 the inertia momenti,, in cm?, of weather deck beams in the midship region of
ships 65 m and greater in length shall be determined on the basis of a buckling strength
calculation of deck grillage using beam models in accordance with 1.6.5.

For beams having two or more intermediate rigid supports, the required inertia moment
may be determined, alternatively to the grillage calculation, by the following formula:

i, = 6,33(s/a)3l*@y-1073 (2.6.4.3.2)

where 1 = beam span, in m, between supports;
@ =1 where o. < 0,5Rey;
_ Oc _ O¢ .
Q= 4-ReH (1 ReH) where o, > 0,5R.y;
x=2/(4-15%);
A= 4%(a/s)2, but not more than 1;
o.= compressive stresses as determined according to 1.6.5.1;
s = actual deck plating thickness, in mm.

2.6.44 The scantlings of deck framing members, such as deck transverses, deck girders,
hatch coamings and hatch end beams, shall be determined on the basis of deck grillage calculation
using beam models, except for cases mentioned under 2.6.4.5 — 2.6.4.8. Design loads shall be
chosen in accordance with 2.6.3. Where pillars are fitted, the interaction between deck grillage and
upper and/or lower structures shall be considered with regard for the arrangement of pillars.

Permissible stress factors shall be taken as follows:

strength deck

for deck girders and hatch side coamings which are arranged in line with the deck girders

ks = 0,35kp < 0,65 in the midship region for L > 65 m;

kp shall be determined by Formula (2.2.4.1);

ks = 0,65 in the midship region for L = 12 m.

Where 12 < L < 65 m, k; shall be determined by linear interpolation taking k, = 0,5
for L = 65 m;

ks = 0,65 at the ends of the ship within 0,1L from the fore or after perpendicular.
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For regions between the midship region and the above portions of ship's ends, k, shall
be determined by linear interpolation;

for deck transverses and half beams, hatch coamings, which are not arranged in line with
the deck girders and hatch end beams

ks = 0,65;

for deep members, which are calculated using the shear stresses

k; = 0,65;

for deep members of other decks and platforms

ks = ke =0,7.

The deep members of weather deck in the midship region shall also comply with
the requirements of 2.6.4.9.

2.6.4.5 In tankers with two effective longitudinal bulkheads and with no deck girders,
and where longitudinal system of framing is adopted, the scantlings of deck deep members in
the centre tank shall comply with the following requirements:

.1 the section modulus of deck transverse shall not be less than determined according
to 1.6.4.1 and 1.6.4.2, the sectional area of deck transverse web, excluding openings, shall not
be less than determined from 1.6.4.3 taking:

p = as defined in 2.6.3;

ks and k. = as determined according to 2.6.4.4;

1 = B;; (B1 = breadth, in m, of centre tank);

m = My,

Nmax = 0,7np¢pal;

my,; and ny,; shall be determined from Table 2.3.4.2.2 depending upon the parameter m
and the number of deck transverses within the tank;

H= a4/3(L1/Bl)3;

o= Wd.t/Ww.p;

where L, = tank length, in m;
Wy¢=  section modulus of deck transverse complying with the present requirements;
Wyp. = section modulus of wash plate complying with the present requirements.

The value of the parameter « is optional, but shall not be greater than 0,6; the value of
the parameter p shall not exceed 1,5.

The deck transverse section modulus shall not be less than aW, ,,;

.2 the section modulus of wash plate shall not be less than stipulated under 1.6.4.1
and 1.6.4.2, the sectional area of wash plate web, excluding openings, shall not be less than
stipulated under 1.6.4.3 taking:

p = as defined in 2.6.3;

ks and k., = as determined for deck girders in accordance with 2.6.4.4;

I=1Ly;

a = distance, in m, between the wash plate and longitudinal bulkhead;

m = mgg;

Nmax = 0,7n¢gpal;

mcg and n.4 shall be obtained from Table 2.3.4.2.2 depending upon the parameter p and
the number of deck transverses within the tank;

u shall be determined in accordance with 2.6.4.5.1.

Besides, the section modulus of wash plate shall not be less than Wy ./a where Wy is
the deck transverse section modulus complying with the requirements of 2.6.4.5.1; a shall be
determined in accordance with 2.6.4.5.1.

Along the free edge, the wash plate shall be strengthened with a face plate the sectional
area of which shall not be less than that of the deck transverse face plate.
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2.6.4.6 The deck transverses of tankers having a single longitudinal bulkhead, tankers
with two longitudinal bulkheads and no deck girders or strengthened longitudinals (in wing
tanks only), as well as deep half beams, deep beams and hatch end coamings of dry cargo
ships, which may be considered as members with rigid supports shall have a section modulus
not less than stipulated under 1.6.4.1 and 1.6.4.2 and a web sectional area, excluding
openings, not less than stipulated under 1.6.4.3 taking:

p = as defined in 2.6.3;

ks and k. = as defined in 2.6.4.4;

m = 10;

Npax = 0,5pal.

2.6.4.7 Deck girders and hatch side coamings shall satisfy the following requirements:

A deck girders and hatch side coamings which may be considered as members with
rigid supports shall have a section modulus not less than determined in accordance
with 1.6.4.1 and 1.6.4.2, and a web sectional area, excluding openings, not less than
stipulated under 1.6.4.3 taking:

p = as defined in 2.6.3;

ks and k., = as defined in 2.6.4.4;

Nmax = 0,5pal;

m = 10 for intercostal deck girders and hatch side coamings;

m = 12 for continuous deck girders and hatch side coamings when determining
the section modulus at supporting section taking into account the bracket, if any, included in
this section;

m = 18 for continuous deck girders and hatch side coamings when determining
the section modulus in the span of a deck girder, hatch side coaming;

.2  for ships less than 30 m in length, the deck girder web thickness need not be taken
greater than the deck plating thickness, and the hatch coaming web thickness shall be 1 mm
greater than the thickness of deck plating;

.3 if the side coamings of strength deck hatches terminate in brackets,
the length [, in m, of these brackets on the deck shall be:

I, = 0,75h, at R,y < 315 MPa; (2.6.4.7.3)
l, > 1,5h, at R,y = 390 MPa

where hy, = height of coaming above deck, in m.

For the intermediate values of R,y , the bracket length shall be determined by linear
interpolation;

.4 if containers or other cargo are stowed on cargo hatch covers, the scantlings of
stiffeners for vertical coaming plates shall be so chosen as to consider both the horizontal and
vertical components of inertia forces acting upon the stiffeners in the event of rolling.

2.6.4.8 If deck deep member can be considered separately from others, its section
modulus shall not be less than stipulated under 1.6.4.1 and 1.6.4.2 using the design loads and
factor k, determined from 2.6.4.4 and with m = 10.

The sectional area of such member shall not be less than determined by Formula (1.6.4.3-1)
taking:

k. = as stipulated under 2.6.4.4;

Nmax = 0,5pal;

p = as defined in 2.6.3.

2.6.4.9 In the midship region of a ship 65 m and greater in length, the deep member
scantlings of the weather deck shall comply with the buckling strength requirements of 1.6.5,
the buckling strength values to be determined by calculation of the deck grillage using beam models.
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Where deck is framed longitudinally and no deck girders are fitted, or deck girders serve
as rigid supports for deck transverses, the required moment of inertia I, in cm*, of deck
transverses may be determined by the following formula, as an alternative to grillage
calculation:

I, = 0,76(l/c)3ai1i<px (2.6.4.9)

where 1
C

span of deck transverse between supports, in m;

distance, in m, between deck transverses;

a; spacing of deck longitudinals, in m;

i actual inertia moment, in cm#, of deck longitudinal provided witha face plate;
@ =1 where 1,150, < 0,5Rcy;

@ =4,60./Rey(1 — 1,150./Rey) Where 1,150, > 0,5Rcy;

x is determined by Formula (2.6.4.3.2) taking A = 1,15 — qf;

e

o, = compressive stress as defined in 1.6.5.1;
o. = actual Euler stresses in deck longitudinals, determined in accordance with 1.6.5.4.
2.6.5 Special requirements.

2.6.5.1 The requirements for hatch openings as given below apply to single hatches
whose scantlings do not exceed those stipulated under 2.6.1.

The openings are supposed to be arranged in the fore-and-aft direction with their greater
side.

2.6.5.1.1 For the strength deck within 0,6L amidships, if L = 65m, and051L,
if 40 < L < 65 m, the corner radii of openings in cargo hatches and engine and boiler casings
shall comply with the following requirements:

when the corners are rounded along the circumferential arc with a radius r, in m,

r > 0,1aby; (2.6.5.1.1-1)

when the corners are rounded along the elliptical arc with the ratio of the length of
longitudinal half axis di, in m, to the length of transverse half-axis c1, in m, being equal to 2

¢, = 0,07ab, (2.6.5.1.1-2)

where a=1, ift-he corners of openings are not reinforced by thickened insert plates;
a = 0,7, if the corners of openings are reinforced by thickened insert plates;
b; =c when c = ¢, for adjacent edges of successive openings;
b; =b when c > ¢, for adjacent edges of successive openings and in all other cases;

¢ = distance, in m, between adjacent edges of successive openings (length of landing
between openings);
b = breadth, in m, of opening;
b( 2 .
o =B} (725~ 1)
1 = length of opening, in m.

The size of thickened insert plates by which the corners of openings are reinforced shall
be in compliance with Fig. 2.6.5.1.1 or with the requirements of 2.6.5.1.5 where r shall be
determined by Formula (2.6.5.1.1-1) if the rounding is made along the circumferential arc;
r = ¢, for the transverse dimensions of the insert plate, and r = d; for its longitudinal
dimensions if the rounding is made along the elliptical arc, and c; shall be determined
by Formula (2.6.5.1.1-2).
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Area C
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Fig. 2.6.5.1.1

2.6.5.1.2 For the strength deck outside the area indicated in 2.6.5.1.1 and for the second
continuous deck situated above 0,75D from the base line, the corner radii of openings, as
required by 2.6.5.1.1, may, in accordance with 1.1.3, be reduced by half in the midship region.
The minimum radius shall not be taken less than 0,2 m.

For other regions, other decks and platforms, as well as for ships less than 40 m in length,
the minimum corner radius of openings in cargo hatches and engine and boiler casings may
be taken equal to 0,15 m.

2.6.5.1.3 At corners of openings in the cargo hatches of decks (irrespective of their
location over the length and depth of the hull) exposed to low temperatures, the radii of
curvature shall comply with the requirements for similar structures of the strength deck,
situated in the midship region (refer to 2.6.5.1.1).

2.6.5.1.4 Inthe area A (refer to Fig. 2.6.5.1.1), butts of deck plating and coaming plates,
butt welds of primary and deep longitudinal members, openings welding of shackles, frames,
etc., as well as mounting parts, to deck plating are not permitted.

In the area C (refer to Fig. 2.6.5.1.1), only small openings generally of a round or elliptical
shape with a minimum size not exceeding 20s (s = deck plating thickness, in mm) are permitted.
Penetration of welds to longitudinal edges of openings shall be avoided as far as practicable.

If the deck plating is terminated at a hatch coaming (or engine casing) and welded thereto,
full penetration welds shall be used. Where the deck plating extends inside a hatch coaming,
the free edges of plating shall be smooth within the hatch and free of weld attachments.

If the hatch side coaming terminates in a bracket, the bracket the shall not coincide with
the bultt joint of the deck plating.

2.6.5.1.5 If the lost cross-sectional area of deck shall be compensated in way of
an isolated opening, reinforcement shall be applied as shown in Fig. 2.6.5.1.5. The value of
factor k shall be selected proceeding from the relationship between the deck plating thickness s,
insert plate thickness s, and opening width b, but shall not be taken less than k = 0,35s/s;.

Fig. 2.6.5.1.5
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2.6.5.1.6 The deck plating thickness between transverse edges of adjacent successive
openings in cargo hatches and engine casings (refer to 2.6.5.1.1) within their width except for
the transverse dimensions of rounding shall not be less than stipulated under 2.6.4.1.5.

The thickness sn;, IS permitted in way of transverse edges of isolated openings in
the area shown in Fig. 2.6.5.1.6.

If longitudinal system of framing is adopted, the deck plating between hatch end coamings
shall be additionally strengthened by fitting of transverse intercostal stiffeners at every frame.

Fig. 2.6.5.1.6

2.6.5.1.7 Single openings in the strength deck and in the second continuous deck
situated above 0,75D from the base line, in areas within the midship region, as mentioned
in 2.6.5.1.1 and 2.6.5.1.2, and between the ship's side and the line of hatch openings in ships
of 40 m and greater in length shall be as small as practicable and be arranged well clear of
the corners of openings in cargo hatches and engine and boiler casings, as well as of the ends
of superstructures.

Rectangular and circular openings in the above areas need not be reinforced, if their
width (diameter) is less than 20 times the deck plating thickness in way of the opening,
or 300 mm, whichever is less.

No openings are permitted in the thickened insert plates by which the corners of cargo
hatches and engine and boiler casings are reinforced, as well as in the thickened deck stringer
plates at the ends of superstructures and at the toes of brackets in which side coamings
terminate.

Openings (including rectangular ones) shall not be reinforced when located inside the line
of large hatchway openings not more than 0,25b from the centreline and 0,5b from
the transverse edges of a cargo hatchway opening (where b is the width of cargo hatch, in m).

For isolated openings in the area indicated in Fig. 2.6.5.1.6, reinforcement is not required.

If the distance between the edge of an opening in the strength deck and ship's
side (or a hatch side coaming) is less than twice the opening width, appropriate reinforcement
shall be provided irrespective of the width and shape of opening. The aforesaid distance shall
not be less than 75 mm.

The corners of rectangular openings shall be rounded with a radius.
In general, rpin, = 0,1b (where b is the width of opening, in m). In any case, the minimum
radius of curvature shall not be taken less than twice the plating thickness in way of
the opening or 50 mm, whichever is the greater.
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2.6.5.2 The thickness s, in mm, of the coamings of ventilators (ventilating tubing, ducts,
trunks, etc.) on the freeboard deck and quarter deck, as well as onthe open decks of
superstructures within 0,25L from the forward perpendicular shall not be less than

s=10,01d. +5 (2.6.5.2-1)
where d. = internal diameter or length of the greater side of a coaming section, in mm.
The thickness s shall not be less than 7 mm, but it need not be greater than 10 mm.

In ships of restricted areas of navigation R2, R2-RSN, R2-RSN(4,5), R3-RSN and R3,
less than 24 m in length, the thickness s, in mm, of ventilator coamings shall not be less than:

s =0,01d + 4, (2.6.5.2-2)
or

s=sq+1 (2.6.5.2-3)
where d internal diameter or length of the greater side of a coaming section, in mm;

Sd thickness of deck plating, in mm,

whichever is the greater.

The thickness of coamings on decks of the first tier superstructures situated outside 0,25L
from the forward perpendicular may be reduced by 10 % as compared to that required for
coamings on freeboard deck and raised quarter deck.

Where the thickness of deck plating is less than 10 mm, a welded insert or doubling plate
shall be fitted in way of the coaming, having a thickness equal to at least 10 mm, length and
breadth not less than twice the diameter or twice the length of the greater side of the coaming
section.

In case of an efficient connection of the coaming to the deck framing, fitting of welded
insert or doubling plate is not required.

Where the height of a ventilator coaming is greater than 0,9 m and the coaming is not
supported by adjacent hull structures, brackets shall be fitted to attach the coaming to the deck.

The height of ventilator coamings shall be determined in accordance with 7.8, Part IlI
"Equipment, Arrangements and Outfit".

The structure of companionway and skylight coamings shall have strength equivalent to
that of cargo hatches, whereas the thickness of the coamings shall not be taken less
than 7 mm, but need not exceed the thickness of deck plating in way of the coaming.
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2.7 BULKHEADS, PROPELLER SHAFT TUNNEL

2.7.1 General and definitions.

2.7.1.1 Requirements are given in this Chapter for various types of bulkheads, propeller
shaft tunnel and cofferdams. Requirements for cofferdam bulkheads are given under 3.3.

2.7.1.2  Definitions.

For the purpose of this Chapter, the following definitions have been adopted.

Watertight (emergency) bulkhead is a bulkhead restricting the flow of water
through ship spaces in the case of emergency.

Cofferdam bulkhead is a bulkhead having two parallel tight platings, either
strengthened with vertical or horizontal stiffeners or not, which are connected to each other by
plate structures perpendicular to the platings: vertical structures (diaphragms) and/or
horizontal structures (platforms). If no diaphragms and platforms are fitted, the structure shall
be considered as two bulkheads bounding the cofferdam.

Tight bulkhead is a bulkhead proof against water and other liquids.

Wash bulkhead is a bulkhead with openings, fitted inside a compartment in order to
reduce impact pressure due to the movement of liquid therein.

Tank/cargo tank bulkhead is a bulkhead bounding a ballast, fuel or other tank,
as well as a cargo tank of tanker.

Partial bulkhead is a bulkhead fitted in a compartment or part thereof, which shall
ensure additional support for deck structures.

2.7.1.3 The total number of transverse watertight bulkheads, including fore and after
peak bulkheads, shall be not less than specified in Table 2.7.1.3. These requirements apply
to cargo ships only and are minimum.

Where compliance with subdivision requirements shall be ensured, the number and
disposition of watertight bulkheads (and of partial watertight bulkheads) shall be determined
proceeding from the requirements of Part V "Subdivision".

All the transverse watertight bulkheads located between fore and after peak bulkheads
shall be carried to the freeboard deck.

Table 2.7.1.3
Length of the ship, Total number of bulkheads
inm Machinery amidships Machinery aft!
Up to 65 4 3
65 to 85 4 4
85 to 105 5 5
105t0 125 6 6
12510 145 7 6
145 to 165 8 7
165 to 185 9 8
Above 185 In accordance with Part V "Subdivision"
1 With after peak bulkhead forming after boundary of the engine room.

2.7.1.4 Peak and engine room bulkheads, shaft tunnels shall also comply with
the requirements of 1.1.6.3.

2.7.2 Construction.

2.7.2.1 Tight bulkheads may be either plane or corrugated. Wash bulkheads with
openings shall be plane bulkheads.

For the construction of longitudinal tight bulkheads, as well as for the tight bulkheads of
log and depth sounder wells, escape trunks, propeller shaft tunnel, etc., the same
requirements apply as for transverse tight bulkheads.

In bulkheads, watertight steps and recesses are permitted.
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In tankers, the longitudinal bulkheads shall be tight throughout the cargo tank region
(including pump rooms and cofferdams) with the exception of the third bulkhead at
the centreline which may be constructed as a wash bulkhead.

At intersections of longitudinal and transverse bulkheads, structural continuity of longitudinal
bulkheads shall be ensured. The termination of longitudinal bulkheads shall be smooth.

Partial bulkheads shall be plane bulkheads.

2.7.2.2 In corrugated longitudinal bulkheads, the corrugations shall generally be
arranged horizontally, while in transverse bulkheads the arrangtement of corrugations may be
both horizontal and vertical.

Plane bulkheads shall be strengthened by vertical or horizontal stiffeners. The vertical and
horizontal stiffeners of plane bulkheads as well as the vertical and horizontal corrugations of
corrugated bulkheads may be supported by horizontal girders or vertical webs respectively.

The horizontal girders and vertical webs shall be stiffened in accordance with
the requirements of 1.7.3. Partial bulkheads shall be strengthened by vertical webs.

2.7.2.3 The end attachments of bulkhead framing members shall comply with
the following requirements:

.1 the ends of vertical webs and horizontal stiffeners of bulkheads shall generally be
attached by brackets complying with the requirements of 1.7.2.2. Bracket attachments are
required for the ends of main framing of forepeak bulkhead below the freeboard deck;

.2 if transverse system of framing is adopted, the brackets by which the vertical webs
of transverse bulkheads are attached to deck plating and inner bottom plating (bottom plating)
shall be carried to the beam or floor nearest to the bulkhead and welded thereto.

Where transverse framing system is adopted, the brackets by which the horizontal
stiffeners of bulkheads are attached to the side or other bulkhead shall be carried to the frame
or vertical stiffener nearest to the bulkhead and welded thereto;

.3 when the vertical stiffeners of bulkheads are cut at decks, platforms or horizontal
girders and no brackets are fitted, the stiffener ends shall be welded to deck or platform plating,
to horizontal girder web, or sniped at ends;

4 the end attachments of vertical webs and horizontal girders shall comply with
the requirements of 1.7.2.3.

Where there are no horizontal girders on longitudinal bulkheads and/or side stringers at
the level of the horizontal girder brackets of transverse bulkheads, the brackets shall be carried
to the nearest vertical web on longitudinal bulkhead and/or the nearest frame and welded
thereto.

If the vertical web on a transverse bulkhead is not in line with the centre girder or side
girder, a bracket shall be fitted in the double bottom under the bracket by which the lower end
of the vertical web is attached.

2.7.2.4 The attachments of corrugated bulkheads shall comply with the following
requirements:

.1 where a horizontally corrugated bulkhead is attached to deck and bottom (inner
bottom) or a vertically corrugated bulkhead is attached to ship's sides and longitudinal
bulkheads, provision shall be made for flat transition areas whose structure, thickness and
stiffening shall be in compliance with the requirements for plane bulkheads;

.2 attachment of corrugation ends shall be effected by welding them directly to the
inner bottom plating (bottom plating), side plating, deck plating, etc. In so doing, attention shall
be given to eliminating hard spots (refer to 1.7.1.4) in the above structures;

.3 requirements for the attachments of corrugated bulkheads in bulk carriers are given
in 3.3.2.
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2.7.3 Bulkhead loads.
2.7.3.1 The design pressure p, in kPa, on watertight bulkhead structures and propeller
shaft tunnel shall be taken equal to

p = azp (2.7.3.1)

where a =10 forforepeak bulkhead structures;

o =75 elsewhere;

7z, =  distance, in m, as measured at the centreline, from the point of design load application to
its upper level; the upper load level is: the bulkhead deck for watertight bulkheads and
propeller shaft tunnel, the upper edge of forepeak bulkhead for the forepeak bulkhead.
If partial watertight bulkheads are fitted on the bulkhead deck in line with the watertight
bulkheads or in close vicinity to them, z, shall be measured to the upper edge of
the watertight partial bulkheads.

In any case, the design pressure shall be not less than 12 kPa for watertight bulkhead
structures and not less than 16 kPa for forepeak bulkhead structures.

2.7.3.2 The design pressure on the bulkheads of tanks, cargo tanks and water ballast
holds shall be determined in accordance with 1.3.4.2.

The design pressure on the wash bulkheads and plates shall be determined
by Formulae (1.3.4.2.2-1) and (1.3.4.2.2-2), but shall not be less than p,i, = 25 kPa.

The design pressure on bulkheads bounding heavy bulk cargo holds shall be determined
in accordance with 1.3.4.3.

2.7.4 Scantlings of bulkhead members.

2.7.4.1 The thickness of bulkhead plating shall be not less than determined
by Formula (1.6.4.4) taking:

p = as defined in 2.7.3,;

m = 15,8;

for the longitudinal bulkheads of tankers 65 m or greater in length, with transverse framing
in the midship region

ks = 0,55k < 0,8 at the level of base line;

kg shall be determined by Formula (2.2.4.1);

ks = 0,55kp < 0,8 at the upper deck level;

kp shall be determined by Formula (2.2.4.1);

ks = 0,8 in way of (0,4-0,5)D from the base line.

For intermediate regions over the ship's depth, k, shall be determined by linear interpolation;

ks =0,8for L=12 m.

Where 12 < L < 65m, k; shall be determined by linear interpolation taking k; = 0,68
for L = 65 m at the level of base line and upper deck;

ks = 0,9 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k shall
be determined by linear interpolation;

ks = 0,9 for other bulkheads.

In ships of 50 m in length, the thickness of watertight bulkhead plating may be reduced
by 0,5 mm, and in ships of 40 m in length or below, by 1 mm. For intermediate ship lengths,
the reduction in thickness shall be determined by linear interpolation.

In tankers, the thickness of top and bottom strakes of longitudinal bulkheads shall comply
with the requirements for side plating, as given in 2.2.4, with regard for the liquid cargo pressure.

The plating thickness s, in mm, of watertight bulkheads and bulkheads of lubricating
oil tanks shall not be less than

Smin = 4 + 0,02L. (2.7.4.1-1)
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Where L > 150 m, L shall be taken equal to 150 m.

The thickness of bottom plates of bulkheads shall exceed the above value by 1 mm, but
shall not be less than 6 mm.

For tank bulkheads (except lubricating oil tanks), the thickness s,;,, in mm, of plating,
face plates and webs of framing members shall not be less than:

Smin = 5 + 0,015L; (2.7.4.1-2)
6,0 < Spin < 7,5 mm.

In tankers, the minimum bulkhead plating thickness in way of cargo and ballast tanks shall
not be less than that required by 3.5.4.

Bulkhead plating may have a thickness not exceeding that of relevant shell plating strakes
and deck plating, where the spans and yield stress values are identical. The same applies to
the thickness relationship of bulkhead bottom plating and inner bottom plating (bottom plating).

The breadth of top and bottom strakes of bulkheads shall be determined in accordance
with 2.7.5.1. Where sterntubes penetrate through bulkhead plating, the thickness of the latter
shall be doubled.

The thickness of corrugated bulkheads shall be determined in accordance with 1.6.4.5
with regard for the requirements for the section moduli of vertical and horizontal stiffeners,
as specified in 2.7.4.2.

2.7.4.2 The section modulus of vertical and horizontal stiffeners of bulkheads shall not
be less than stipulated under 1.6.4.1 and 1.6.4.2 taking:

p = as defined in 2.7.3;

m = as obtained from Table 2.7.4.2;

Table 2.7.4.2
Framing members m
Single span vertical stiffeners:
both ends sniped 8
upper end sniped, lower end welded to supporting structure 9
both ends welded to supporting structure 10
upper end welded to supporting structure, lower end bracketed? 14
both ends bracketed? 18
Multispan vertical stiffeners:
within span 18
within intermediate supporting section, where stiffener is continuous through supporting 12
structure?
Horizontal stiffeners 12
1 Additionally, strength in the supporting section shall be verified, considering the bracket as part of the section,
with m = 12.
2 With regard for a bracket, if fitted, in the supporting section.

for horizontal stiffeners of longitudinal bulkheads fitted in the midship region of
tankers 65 m and greater in length

ks = 0,55kg < 0,75 at the level of base line;

kg shall be determined by Formula (2.2.4.1);

ks = 0,55kp < 0,75 at the upper deck level;

kp shall be determined by Formula (2.2.4.1);

ks = 0,75 within (0,4-0,5)D from the base line.

For intermediate regions over the ship's depth, k,shall be determined by linear
interpolation;

ks =0,75forL = 12 m;
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Where 12 < L < 65m, k; shall be determined by linear interpolation, taking k; = 0,65
or L = 65 m at the base line and upper deck level.

k, = 0,75 at the ends of the ship within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k, shall
be determined by linear interpolation;

ks = 0,75 for other girders of bulkhead framing.

m = 10 for corrugations;

m = 13 for vertical corrugations of bulkheads whose top and bottom ends are attached to
deck and bottom or to inner bottom by transverse members of rectangular or trapezoidal
section and by supports of trapezoidal section complying with 3.3, respectively.

Horizontal stiffeners of longitudinal bulkheads fitted at a distance of 0,15D from deck and
bottom shall comply with the buckling strength requirements of 1.6.5.

For tank bulkheads (except lubricating oil tanks), the thickness of member webs and
face plates as well as of their stiffening brackets shall not be less than required
by Formula (2.7.4.1-2), and for the bulkheads of tankers in way of cargo and ballast tanks it
shall not be less than stipulated under 3.5.4.

2.7.4.3 Bulkhead vertical webs and horizontal girders shall satisfy the following
requirements:

.1 the section modulus and web sectional area, excluding openings, of the vertical
webs of bulkheads whose structure does not include horizontal girders, and of the horizontal
girders of bulkheads whose structure does not include vertical webs, shall not be less than
stipulated under 1.6.4.1 — 1.6.4.3 taking:

Nmax = npal;

p = as defined in 2.7.3,;

m and n for the longitudinal bulkheads of tankers shall be determined from Table 2.7.4.3 1
depending upon the number of cross ties fitted in wing tanks between deep members of bulkhead
and of ship's side; for other bulkheads for which vertical webs are provided, but horizontal girders
are omitted, or vice versa, the values of m and n shall be obtained from Table 2.7.4.3-2;

1 = span, including the brackets, in m;

k, is determined for horizontal girders of longitudinal bulkheads in tankers in the same
way as for the horizontal stiffeners of those bulkheads in accordance with 2.7.4.2; for other
webs and girders, k; = 0,75;

k. =0,75;
Table 2.7.4.3-1 Table 2.7.4.3-2
Member Parameter Number of cross ties Member m n
0 1 2 3 Vertical web:

Vertical web m 11 24 24 24 in holds or tanks 11 0,5
n 0,5 |10,325| 0,3 |0,275 in 'tween decks 10 0,5

Horizontal m 18 36 36 36 Horizontal girder:
girder n 05 | 035 | 0,3 0,3 in tanks 10 0,5
in wing tanks 18 0,5

.2 where the bulkhead structure incorporates both vertical webs and horizontal girders,
the scantlings of those members shall be determined on the basis of grillage calculation using
beam models, with design loads as stipulated under 2.7.3 and permissible stress factors as
stipulated under 2.7.4.3.1;

.3 for the girders and webs of corrugated bulkheads, the lowest cross section shall be
adopted as the design cross section; the face plate width shall be determined in accordance
with 1.6.3.6;

.4 for tank bulkheads (except lubricating oil tanks), the web and face plate thickness
of girders and of their brackets and stiffeners shall not be less than required
by Formula (2.7.4.1-2); for tanker bulkheads in way of cargo and ballast tanks, this thickness
shall not be less than that required by 3.5.4.
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2.7.4.4 In compartments intended for the carriage of liquid cargoes and ballast,
the scantlings of members of wash bulkheads and wash plates shall comply with the following
additional requirements:

.1 in the wash bulkheads, the total area of openings shall not be greater than 10 % of
the bulkhead area as a whole. The number and size of openings in the top and bottom strakes
shall be as small as possible.

The thickness and breadth of the top and bottom plates of wash bulkheads shall comply
with the requirements for the bulkhead plating of tanks or cargo (ballast) tanks proceeding
from the purpose;

.2 awash plate shall be stiffened by framing complying with the requirements for wash
bulkhead framing. The free edge of the wash plate shall be stiffened by a horizontal stiffener
or a face plate. Their section modulus shall comply with the requirements for the primary
members of wash bulkheads.

Where a wash plate serves as the undeck girder, it shall comply with the requirements
of 2.6.

2.7.45 The scantlings of partial bulkhead members shall comply with the following
requirements:

.1 the thickness of partial bulkhead plating shall not be less than that required
by Formula (2.7.4.1-1);

.2 partial bulkhead stiffeners supporting deck transverses and hatch end beams shall
be in accordance with the requirements for relevant pillars (refer to 2.9).

In any case, the Euler stresses, in MPa, in a stiffener, to be determined in accordance
with 2.9.4.1, shall not be less than

0. = 200m. (2.7.4.5.2)

The moment of inertia and sectional area of the stiffener on the basis of which the Euler
stresses therein are determined shall be calculated with regard for the face plate of partial
bulkhead plating equal in width to half the distance between the stiffeners;

.3 if the partial bulkhead takes up the load directly from cargo, the scantlings of its
members shall comply with the requirements for hold bulkheads with regard for the particular
cargo.

2.7.4.6 The scantlings of shaft tunnel members, its recess included, and those of
the tight bulkheads of log and depth sounder wells, escape trunks, etc. shall comply with
the requirements for the scantlings of watertight bulkhead members.

If the shaft tunnel passes through a compartment intended for the carriage of liquid cargo
or ballast, the scantlings of its members shall comply with the requirements for the scantlings
of the members of tight bulkheads bounding the compartment.

If the top plating is well curved, the thickness may be reduced by 10 %.

Under hatchways the top plating thickness shall be increased by 2 mm.

2.7.5 Special requirements.

2.7.5.1 The breadth of the bottom strake of bulkhead, as measured from inner bottom
plating, or, where double bottom is omitted, from the bottom shell, shall be not less than 0,9 m
for ships of 40 m and greater in length, and not less than 0,4 m for ships of 12 m in length.
For intermediate ship lengths, the breadth of this strake shall be determined by linear
interpolation. If the double bottom extends to the bulkhead on one side only, the bottom strake
of bulkhead plating shall extend for at least 0,3 m above the inner bottom plating.

In the boiler room, the bottom strake of the bulkhead shall extend for at least 0,6 m above
the flooring.

The upper edge of bottom strake of transverse bulkheads in the cargo tanks of tankers
shall be at least 100 mm above the upper toes of brackets of bottom longitudinals. The top
and bottom strake breadth of longitudinal bulkhead plating shall not be less than 0,1D,
but need not exceed 1,8 m.



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

109

2.7.5.2 Cofferdams and the bulkheads forming their boundaries shall comply with
the following requirements:

.1 unless expressly provided otherwise in the other Parts of the Rules, the breadth of
vertical cofferdams stipulated under 2.4.7 of Part VI "Fire Protection”, 4.3.4 of Part VII
"Machinery Installations" and 13.7.5, 14.5.2, 17.3 of Part VIII "Systems and Piping" shall be
equal to one spacing, but not less than 0,6 m, and the height of horizontal cofferdams shall
not be less than 0,7 m.

In any case, cofferdam dimensions shall be so selected as to make the cofferdams
accessible for inspection and repair.

Instead of cofferdams, cofferdam bulkheads may be fitted in accordance with 3.3 unless
expressly provided otherwise by the Rules;

.2  cofferdams adjoining cargo tanks and fuel tanks shall be watertight.

Bulkheads separating cofferdams from tanks shall comply with the requirements for
the bulkheads of those tanks.

The bulkheads of cofferdams filled with water shall comply with the requirements for tank
bulkheads.

The bulkheads of cofferdams which shall ensure tightness, but which are not filled with
water, shall comply with the requirements for watertight bulkheads.

The bulkheads of cofferdams which are non-tight shall comply with the requirements for
partial bulkheads as stipulated under 2.7.4.5, except the requirement for vertical webs
supporting deck transverses and hatch end beams. They may have openings provided the
corners of the openings are rounded and the edges are suitably reinforced. Such openings
shall not generally be arranged in the top and bottom strakes of longitudinal bulkheads.
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2.8 FORE AND AFTER ENDS

2.8.1 General and symbols.

2.8.1.1 This Chapter specifies the requirements for the following structures: fore peak
and bulb (if any), bottom within 0,25L aft of the forward perpendicular, side within 0,15L aft of
the forward perpendicular, structures located aft of the after peak bulkhead, as well as
strengthening of bottom and side forward in the region of impact pressure.

It is assumed in this Chapter that the upper boundary of the fore and after peak is formed
by a tight deck or platform arranged directly above the scantling waterline.

2.8.1.2 For the purpose of this Chapter the following symbols have been adopted:

ds = minimum draught, in m, in way of forward perpendicular;

o, = angle, in deg., between a vertical and the straight line connecting the intersection
points of scantling waterline and weather deck with the ship's side at a cross section
within 0,05L from the forward perpendicular (refer to Fig. 2.8.1.2-1);

B, = angle, in deg., between a tangent to the waterline at vertical mid-distance between
the scantling waterline and weather deck on forward perpendicular, and a line parallel to
the centreline at across section within 0,05 L from the forward perpendicular
(refer to Fig. 2.8.1.2-2).

Weather deck

fryy

Load waterline [ ,-—___’74’\__/
Loadline

o
Y
Ballast waterline / 2

d

o TN i
| 0,05L
0,01v,L
CL
Fig. 2.8.1.2-1 Fig. 2.8.1.2-2
Determination of angle ay Diagram for determining the angle and the area (lined)

to which the move impact pressure is applied:

1 — open upper deck; 2 — water line for determining
the angle; 3 — forward perpendicular; 4 — impact
pressure area; hy — vertical distance between
the loadline and the open upper deck at forward
perpendicular
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2.8.2 Construction.

2.8.2.1 The following framing systems are adopted at ends:

transverse system of framing for bottom in peaks;

transverse or longitudinal system of framing for other structures.

Transverse or longitudinal framing for all structures shall be adopted for hulls of a pontoon
shape.

2.8.2.2 Fore peak floors shall be fitted at every frame. Their height shall not be less
than stipulated under 2.4.4.1, but need not exceed 2,25 m, and the thickness shall not be less
than required by Formula (2.4.4.3.1) at k = 1 and a = 0,6 m; however, they need not be thicker
than the bottom shell plating in this region. Floor webs shall be strengthened with vertical
stiffeners to be spaced not more than 0,6 m apart.

Floor face plates shall have a thickness not less than the floor thickness and a breadth
required by 1.7.3.1.

At the centreline an intercostal side girder with a face plate shall be fitted as an extension
of centre girder in way of the holds. The height and thickness of girder plates as well as
the thickness and width of girder face plate shall be equal to those of the floors.

Where the webs of the girder cannot be arranged, the floor face plates shall be
interconnected at the centreline by an angle, tee section, etc. the flanges of which have
the same width and thickness as the floor face plates.

2.8.2.3 If transverse system of framing is adopted in the fore peak side, the side
stringers shall be fitted at least up to the deck directly above the scantling waterline. Side
stringers shall be so fitted that the distance measured vertically between them shall not,
in general, exceed 2 m.

Side stringers shall be supported by panting beams fitted at alternate frames and shall,
where possible, be supported at the centreline by a longitudinal bulkhead.

The free edge of the side stringers shall be stiffened by a face plate having a thickness
not less than that of a stringer web and a breadth in accordance with 1.7.3.1. At every frame,
the stringer web shall be stiffened by brackets having the side dimensions not less than half
the stringer web height, and where panting beams are fitted, these shall be not less than
required by 1.7.2.2. The thickness of brackets shall not be less than that of the stringer web.

Instead of panting beams, the side stringers may be supported by web frames spaced
not more than 3 m apart.

It is recommended that non-tight platforms be fitted instead of side stringers with panting
beams or web frames. In this case, the distance between the platforms may be increased
to 2,5 m. The beams of non-tight platforms shall be fitted at every frame.

If in the structure with panting beams or web frames the distance from the base line to
the nearest deck or platform exceeds 9 m, a non-tight platform shall be fitted at the middle of
this length, in which the total area of openings shall not exceed 10 % of its area.

With longitudinally framed fore peak side, the spacing of web frames shall not
exceed 2,4 m. Deck transverses shall be fitted in way of the web frames passage through or
attachment to decks and platforms.

Floors without web frames fitted in line with them shall be attached to the nearest side
longitudinals by brackets.

2.8.2.4 The bulb shall be strengthened by platforms spaced not more than 2 m apatrt.
Beams of the platform shall be fitted at every frame.

If the length of the bulb forward of the forward perpendicular exceeds 0,03L, a non-tight
bulkhead shall be fitted at the centreline, with stiffeners arranged at every frame.

If the length of the bulb is less than 0,03L, the bulb may be strengthened by a girder fitted
at the centreline in continuation of the centre girder.

The construction of the fore end shall provide for the anchor to be lowered freely past
the bulb with the ship listed 5° either side.




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

112

In way of eventual touching of the bulb, the shell plating thickness shall be increased and
intermediate frames fitted.

2.8.2.5 In ships with single bottom, the bottom structure in way of the fore end outside
the fore peak shall comply with the requirements of 2.3.2, 2.3.4 and, besides, with those given
below:

.1 if transverse system of framing is adopted, the spacing of side girders, as well as
the distance from the centre girder or the ship's side to a side girder, shall not exceed 1,1 m
within 0,25L from the forward perpendicular.

If longitudinal system of framing is adopted and minimum draught is less than 0,035L in
way of the forward perpendicular, in cargo tanks of tankers an additional transverse with a face
plate along its free edge shall be fitted midway between the bottom transverses. The depth of
this transverse shall not be less than that of bottom longitudinals;

.2  forward of cargo tanks:

if transverse system of framing is adopted, intercostal side girders with face plates along
their free edges shall be fitted in continuation of every second bottom longitudinal, extending
forward as far as practicable. The depth and thickness of the side girder webs, as well as
the scantlings of the face plates, shall be taken the same as for the floors;

if longitudinal system of framing is adopted, the spacing of floors shall not exceed 2,8 m.
An intercostal side girder having the same scantlings as the floors shall be fitted on either side
of the ship between the centre girder and longitudinal bulkhead.

2.8.2.6 In way of the fore end, the double bottom structure outside the fore peak shall
comply with the requirements of 2.4.2 and those given below.

Within 0,25L from the forward perpendicular the distance between side girders shall not
exceed 2,2 m. If transverse system of framing is adopted, in this region half-height side girders
shall be fitted additionally and welded to the bottom and floors. The distance between side
girders and half-height girders shall not exceed 1,1 m. These half-height girders shall be
extended as far forward as practicable, whereas their free edges shall be reinforced with
flanges or face plates.

If longitudinal system of framing is adopted, the floors shall be strengthened with stiffeners
in line with each half-height side girder and each bottom longitudinal.

In ships greater than 80 m in length with a minimum draught less than 0,025L in way of
the forward perpendicular, the edges of openings in floor, side girder and centre girder webs
shall be stiffened within 0,25L from the forward perpendicular.

2.8.2.7 Iftransverse framing system is adopted, intercostal side stringers shall be fitted
within 0,15L from the forward perpendicular, outside the fore peak, at the level of the fore peak
side stringers. The depth and thickness of a stringer plate shall be equal to those of the frame.
The intercostal brackets fitted as stringer plates shall be welded to the webs of frames at both
ends and to the shell plating. On the free edge of a stringer, a face plate shall be fitted with
the thickness not less than that of the web and the breadth in accordance with 1.7.3.1.

The intercostal side stringer may be of the same profile as the frames.

The stringer face plate (flange) shall not be welded to the face plate of frame.

Intercostal stringers shall be attached to the bulkheads by brackets.

The face plates (flanges) of intercostal stringers may be omitted where the spacing of
frames does not exceed their double depth. In this case, their thickness s, in mm, shall not be
less than s = 0,05h, whichever is the greater, where 1 is the length of the free edge of stringer
between frames, inmm;histhe stringer depth, in mm.

In ships having the characteristic (vo/\/f) > 1,5 or a large bow flare, provision shall be

made for web frames and side stringers supported thereby. The spacing of web frames shall
not exceed 5 frame spaces.
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Where longitudinal framing is adopted in the ship's side forward outside the fore peak,
the spacing of side transverses shall not exceed 3 m. In the holds of any ship, as well as in
‘tween decks and superstructures of ships with the characteristic (vo/\/f) > 1,5 or with a large
bow flare, provision shall be made for a vertical intercostal member having the same scantlings
as side longitudinals, to be fitted between side transverses. The structure of the member shall
be similar to that of the intercostal side stringers required by transverse framing system.
The intercostal member can terminate at the upper and lower side longitudinals of the hold,
‘tween decks and superstructure. Every second side longitudinal shall be attached to the side
transverses by brackets extended to the frame face plate.

2.8.2.8 Within 0,1 L from the forward perpendicular, the span of weather deck
transverses shall not exceed 3 m, and the deck girder span shall not exceed 3,6 m.

Within 0,2L from the forward perpendicular, the section modulus of weather deck
transverses shall not be less than required for deck girders with equal spans and spacing of
members.

2.8.2.9 The structure located aft of the after peak bulkhead shall be sufficiently rigid in
the vertical and horizontal plane. For this purpose, fitting of additional longitudinal bulkheads
or platforms, thickening of deck plating and shell plating, as well as connection of bottom and
upper deck longitudinals with pillars or struts may be required. If the stern overhang is large
or the after peak widthexceeds 20 m at any section, fitting of additional longitudinal non-tight
bulkheads is recommended port or starboard.

Where there is a flat of the bottom, additional strengthening may be required to take up
the loads due to impact pressure.

2.8.2.10 Floors in the after peak shall comply with the requirements of 2.8.2.2.

In single screw ships, the floors shall be extended above the sterntube, but in any case to
a height of not less than 0,8 m. If this is impracticable, tie plates with face plates on both edges
shall be fitted transversely at every frame above the sterntube. The thickness of the tie plates
shall not be less than that of the floor. Tie plate exceeding 1,5 m in length shall be provided
with a stiffener fitted in the middle of its length.

Floors with flanged edges are not permitted.

In ships greater than 200 m in length, floors shall be extended to the platform located
above the sterntube. Longitudinally, the floors shall be stiffened with brackets fitted at
the centreline and, if practicable, supporting the floor for a full depth. Brackets above
the sterntube are necessary. The brackets shall be carried to the propeller post. They need
not be fitted where a wash plate is located above the floors, with its lower edge extending at
least 0,8 m below the face plates of the floors.

The opening in floors for the sterntube shall be reinforced with face plate along the edges.
Below the sterntube, the openings shall be reinforced with face plates or stiffeners.

2.8.2.11 |If transverse framing is adopted in the after peak side, panting beams and side
stringers, beam knees, frame to side stringer attachments, arrangement and structure of web
frames and non-tight platforms shall comply with the requirements of 2.8.2.3. The vertical
distance between side stringers shall not exceed 2,5 m, and the frame span, as measured on
the side plating, shall not exceed 3,5 m.

In 'twin- and multi-screw ships having a cruiser or transom stern, the distance between
stringers, as measured on the side plating, shall not exceed 2 m, with one of the stringers
being fitted in way of the top edge of propeller shaft bossing or in line with the shaft bracket.
Where web frames are fitted, their spacing shall not exceed 2,4 m.

If longitudinal framing is adopted in the after peak side, relevant requirements of 2.8.2.3
shall be complied with.

2.8.2.12 The ends of after peak members (including deck, platform and bulkhead
framing), as well as the ends of horizontal and, where practicable, vertical stiffeners of floors
shall be secured (refer to 1.7.1.4).
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The face plates of the after peak floors and deck transverses shall be sniped in way of
their attachments to longitudinal bulkheads. Bulkhead stiffeners shall be attached to the floor
face plates by brackets fitted on either side of the bulkhead.

This also applies to deck girder and side girder attachments to transverse bulkheads.

2.8.2.13 The spacing of ordinary and bevel frames may be the same as in the midship
region, but shall not exceed 750 mm. A side girder of the same depth as that of floors shall be
fitted at the centreline. In case of transom stern and/or flat of the bottom, the side girders shall
be spaced not more than 2 m apart.

In full cruiser sterns and where the frame span from the upper edge of floors to the nearest
deck exceeds 2,5 m, additional strengthening shall be provided by means of web frames and
a side stringer.

2.8.2.14 |If peaks are used as tanks, fitting of a wash bulkhead is recommended at
the centreline.

2.8.3 Loads on structures at ends.

2.8.3.1 The design pressure on the structures at ends is determined using the design
loads specified in 2.2 — 2.7 and the extreme loads specified in 2.8.3.2 and 2.8.3.3.

The scantlings of fore end members subject to impact pressure shall be verified by
applying extreme loads:

in accordance with 2.8.3.2 for ships greater than 65 m in length with a minimum draught
of 0,045L in way of the forward perpendicular;

in accordance with 2.8.3.3 for ships having the characteristic (vo/vL) > 1,5 or
a considerable bow flare.

2.8.3.2  Under the wave impact upon the bottom of the fore end, the extreme values of
the design hydrodynamic pressure pg;, in kPa, shall be determined by the formula

p = 5,5C,Co0, 2% (1 - 5dp/L)(1 - x,/1) - 10° (2.8.3.2-1)

where C, =L for L < 200m;
C; = 5v10 — 0,1L for L > 200m;
C2 = 0,07vy (1 —17,1d;/L)/VL;
I, = (0,22 + 1,5C,)L;
forvy, referto1.1.3;

@ = as obtained from 1.3.1.5 (¢, = 1 for ships of unrestricted service);

by, = ship breadth, in m, in the considered cross section at the level of 0,04B above the base
line, but not greater than 0,8B;

X; = distance, in m, from the considered cross section to the forward perpendicular, but not

greater than I;,.

Formula (2.8.3.2-1) is used for determination of p values in a number of sections within
the portion [, from which the maximum value of p (hereinafter — symbol p,,.x) and the value
of x; (hereinafter — symbol x,,.x) corresponding to p,,.x are chosen. The design pressure pg;,
(refer to Fig. 2.8.3.2) is determined by the formula

Ps1=Pf + (Pmax — Pr)*1/(Xmax — 0,05L) when 0 < x; < Xyax — 0,05L
DsL=Pmax When xpay — 0,05L < x; < Xpax + 0,05L; (2.8.3.2-2)

Psi. = Pmax (0,5L — x1)/(0,45L — xpax) When xp.x + 0,051 < x; < 0,5L

where Pr = 0,5pmax With bulb;
pr = 0 without bulb.
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The hydrodynamic pressure as determined by Formula (2.8.3.2-2) is distributed over
a height of 0,04B above the base line.

L/20 L/20

Prax

PsL s

@ Xinax

Fig. 2.8.3.2
Determination of design pressure pg; :
1 — value of p determined by Formula (2.8.3.2-1);
2 — forward perpendicular

2.8.3.3 Under the wave impact upon the side at the fore end, the extreme values of
the design hydrodynamic pressure ps;, in kPa, shall be determined by the formula

ps. = 0,9C;C% (2.8.3.3)

where C3=22+15tgay,;
C, = v(0,6 — 20/L)(1,2 — 0,2B,/60) sin B, + 0,6VL;
forvy, referto1.1.3;
a, and B, = as defined in 2.8.1.2.

Depthwise the impact pressure is distributed over the part of the side above the ballast
waterline, and lengthwise — over the part of the side extending as far aft as the cross section
at 0,01v, L from the forward perpendicular and as far forward as the intersection of the upper
deck with the stem (refer to Fig. 2.8.1.2-2).

2.8.4 Scantlings of structural members at ends.

2.8.4.1 The shell plating thickness, scantlings of single bottom and double bottom
members and of side framing shall comply with the requirements of 2.2.4, 2.3.4, 2.4.4, 2.5.4
using the service loads given in 2.2, 2.3, 2.4, 2.5. Besides, when determining the scantlings of
fore and after peak members, the following requirements shall be satisfied:

.1 the section modulus of frames shall be determined by Formulae (1.6.4.1)
and (1.6.4.2) taking:

m=12;

l = spacing of side stringers, as measured along the shell plating;

.2 scantlings of panting beams shall comply with the requirements of 2.9.4.1;

.3 in calculating the section modulus and cross-sectional area of web frames

m = 10;
Niax = 0,5pal (2.8.4.1.3)

where p =  design pressure, in kPa, according to 2.5.3;
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spacing of web frames, in m;

span of web frame, in m, as measured between the upper edge of floor and the deck
(platform) bounding the fore peak (after peak) or the non-tight platform, if any, nearest to
the bottom, or between non-tight platforms, the deck and non-tight platform less the height
of deck transverse of the relevant deck (platform);

o~

.4 plating thickness and framing of non-tight platform shall satisfy the requirements
of 2.6.4 for platforms at ends. When determining the design load by Formula (1.3.4.1),
the product hp.g shall not be less than 3,5 kPa.

The thickness of non-tight platform plating, in mm, shall not be less than

Smin = (5 + 0,02L),/n), (2.8.4.1.4)

but not less than 5 mm.

Where L. > 300 m, L shall be taken equal to 300 m;

.5 if the fore peak (after peak) is used as tanks, the scantlings of their members shall
also comply with the requirements for the structural members of tanks.

2.8.4.2 Where exposed to extreme loads to be determined in accordance with 2.8.3.2,
the scantlings of bottom framing members at the fore end shall comply with the requirements
of 2.2.4, 2.3.4 and 2.4.4, as well as with the following additional requirements:

.1 the thickness of shell plating shall be determined by Formula (1.6.4.4) taking

p = 0,4ps, (2.8.4.2.1)

where psy =  as determined by Formula (2.8.3.2-2);

m = 15,8;
ks =10,7;
.2 the section modulus, in cm?, of a primary member shall not be less than

W = 0,752

w103 (2.8.4.2.2)
kson
where p =  asdetermined by Formula (2.8.4.2.1);

ks = 0,65;

m = 16, if the members are continuous through the webs of supporting structures;

m =8, ifthe members are cut at supports;

m = 28, if the supporting sections of the member are reinforced with brackets on both sides of
the supporting structure; the depth and length of brackets are not less than 1,5 of
the member depth;

for w, referto1.1.5.3;

.3 the cross-sectional area, in cm?, of a primary member or of welds by which
intercostal members are connected to supporting structures shall not be less than

l 0,5
f = 5pa—=2 + 0,05%h;As (2.8.4.2.3)
where p =  asdetermined by Formula (2.8.4.2.1);

k= 0,65;

Th;= length of member section perimeter, in cm;

As as obtained from 1.1.5.1.



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

117

The cross-sectional area of a member includes the web area, as well as the portion of
the sectional area of shell plating, having a breadth b; = 3s (where s is the thickness, in mm,
of shell plating). If the member is of bulb profile, the whole of its face plate is included
in the cross-sectional area. In the case of member of T-section, a portion of its
breadth b, = 3s¢, is included in the cross-sectional area (where s¢, is the face plate
thickness of the member, in mm);

4 the web thickness s, in mm, of floor, side girder and centre girder shall not be less than

pab

s=0,75 P

+As (2.8.4.2.4)

where p =  asdetermined by Formula (2.8.4.2.1);
a and b = average spacing of floors and girders accordingly (centre girder and side girder); when
determining b, half-height side girders shall be disregarded;
. = 0,65;
depth, in m, of floor, side girder or centre girder accordingly;
as obtained from 1.1.5.1.

> > =
I

N

2.8.4.3 Where exposed to extreme loads to be determined in accordance with 2.8.3.3,
the scantlings of side framing members at the fore end shall comply with the requirements
of 2.2.4 and 2.5.4, as well as with the following additional requirements:

.1 the thickness of shell plating shall be determined by Formula (1.6.4.4) taking

p = 0,5p, (2.8.4.3.1)
where psy =  as determined by Formula (2.8.3.3);

m = 15,8;

ks =10,7;

.2  the section modulus of a primary member shall comply with the requirements
0 2.8.4.2.2 using the design load determined by Formula (2.8.4.3.1);

.3 the cross-sectional area of a primary member shall comply with the requirements
of 2.8.4.2.3 using the design load determined by Formula (2.8.4.3.1).

2.8.4.4 Within the area of the stern counter, the scantlings of frames shall be not less
than those of the after peak frames, unless their span exceeds 2,5 m. With a greater span,
the frame scantlings shall be increased accordingly. The thickness of floors and side girders
shall not be less than required by 2.8.4.5.

2.8.45 The side stringers of fore and after peaks shall have a web sectional
area f;, in cm?, not less than

fe =12+ 0,45L (2.8.4.5-1)
The side stringer width b, in m, shall not be less than:

b =0,24+ 0,005L for L <80 m; (2.8.4.5-2)
b =04+ 0,003L for L >80 m.

The web thickness, in mm, of a side stringer shall not be less than
Smin = (5 +0,02L) /7, (2.8.4.5-3)

but not less than 5 mm.
Where L > 300 m, L shall be taken equal to 300 m.
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2.8.4.6 The thickness of shell plating in way of the bulb shall not be less than 0,08 + 6,
but it need not be taken greater than 25 mm. In this case, the shell plating thickness at the
lower part of the bulb shall not be less than stipulated under 2.8.4.2.1 for the hull section in
way of the forward perpendicular.

2.8.5 Special requirements.

2.8.5.1 Visor-type bow doors.

2.8.5.1.1 The present requirements apply to the construction of visor-type bow doors
which form a component part of the fore end of the ship, being mechanically connected with
the side and deck structures and capable of moving in the vertical direction to provide access
for motor vehicles and/or other transport means.

2.8.5.1.2 The thickness of visor-type bow door plating shall not be less than that required
by 2.8.4 for the appropriate sections of shell plating.

2.8.5.1.3 The section modulus of primary members shall not be less than that required
by 2.8.4 for the appropriate fore end regions. In this case, the design load, in kPa, shall not be
less than

Pmin = 0,8(1,5v, + 0,6vI)", (2.8.5.1.3-1)

The sectional area of member web shall not be less than determined by Formula (1.6.4.3-1)
taking

Niax = 0,5pal (2.8.5.1.3-2)

where p = design load in accordance with 1.3.2.2 or 2.8.3.3, whichever is the greater, but not less
than pnin, in kPa, as determined by Formula (2.8.5.1.3-1).

k.=0,7.

2.8.5.1.4 Structural measures shall be taken to ensure rigid attachment of primary
members and support members of bow doors.

2.8.5.1.5 The scantlings of support members shall be obtained by strength calculation
using the design loads given in 1.3.2.2 or 2.8.3.3, whichever is the greater, but not less
than pni, determined by Formula (2.8.5.1.3-1), as well as the permissible stress
factors k; = k; = 0,6.

2.8.5.1.6 The construction of support members shall comply with the requirements
of 1.7.3.

2.8.5.2 In ships provided with fixed propeller nozzles, transverse bulkheads or support
members shall be fitted in way of the nozzle attachment to the hull.

2.8.5.3 In hull curvilinear sections (deadrise, flare), it is recommended that the framing
be fitted at an angle of approximately 90° to the shell plating.
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2.9 PILLARS AND PANTING BEAMS

29.1 General and symbols.

29.1.1 Requirements are given in this Chapter for the scantlings of pillars fitted in
the hull, superstructures and deckhouses and for the panting beams in peaks.

2.9.1.2 For the purpose of this Chapter the following symbols have been adopted:

1 = length of pillar (panting beam), in m, measured: for the pillar — between the face plate
of the deck girder (or the decktransverse, if the latter is supported by the pillar) and the deck
plating (or the inner bottom plating); for the panting beam — between the inner edges of
the starboard and port frames or from the inner edge of the frame to a strong support at
the centerline;

f = sectional area of the pillar (panting beam), in cm?;

i = the least moment of inertia of the pillar (panting beam), in cm#;

d, = outer diameter of the pillar, in mm.

2.9.2 Construction.

2.9.2.1 The pillar axes in 'tween deck spaces and holds shall generally be fitted in
the same vertical line, the heads and heels of the pillars shall be bracketed.

Where the heel of a tubular pillar with the load P < 250 kN has no brackets, the deck (inner
bottom) plating under the heel shall be strengthened with doubling or insert plates (P = as
determined from 2.9.3.1).

The web of a framing member to which the head of a pillar is attached shall be
strengthened with brackets to transmit the load to the pillar.

The pillars shall be fitted on plate floors and side girders which shall be strengthened with
vertical brackets. Openings in floors and side girders under the pillars are not permitted.

With the load P > 250 kN (P = as defined in 2.9.3.1), the pillars shall be fitted at
the intersection of plate floors and side girders, otherwise the plate floor (side girder) shall be
strengthened with vertical brackets attached to the adjacent floors (side girders).

2.9.2.2 The pillars shall be attached at their heads and heels by brackets or other
arrangements, in order to effectively transmit the loads to the hull structures below:

in the holds of ships of ice classes Arc9, Arc8, Arc7, Arc6, Arc5;

in the tanks under watertight platforms, deckhouses, ends of superstructures, windlasses,
winches, capstans, etc.;

at the fore end of ships with the specified speed v, > 1,5VL or large bow flare.
2.9.3 Design loads.
2.9.3.1 Loads on the pillar P, in kN, is determined by the formula

P =pl,by + Yi0labn)i (2.9.3.1)
where p design pressure on the above deck specified in 2.6.3, in kPa;
I distance measured along the deck girders between mid-points of their spans, in m;
m mean breadth of deck area (including the hatchways in the region concerned) supported
by the pillar, in m;
Y.(plnbm); = sum of loads from the pillars fitted above, determined having regard to 2.6.3, which
may be transmitted to the pillar considered, in kN.

o

2.9.3.2 Loads on the panting beam P, in kN, is determined by the formula

P = pac (2.9.3.2)

where p = pst + py — design pressure on the ship's side in way of installation of the panting beam,
determined from 1.3.2.1 and 1.3.2.2, in kPa;

spacing of frames on which panting beams are fitted, in m;

half-sum of frame spans measured vertically above and under the beam considered, in m.
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294 Scantlings of pillars and panting beams.
2.9.4.1 The sectional area of pillalrs and panting beams f, in cm?, shall not be less than
determined by the iterative method according to the formula

f =10kP/oc + Af (2.9.4.1)

P = as determined in accordance with 2.9.3;
k = 2 — buckling strength margin;
=  critical stress according to 1.6.5.3 at Euler stress determined by the formula

where

GCT .
_ 2060,

O = rak

Af =  wear allowances, in cm?, determined by the following formulae:
for tubular pillars
Af =0,03d,As;
for box-shaped pillars
Af =0,1X h;As

where Y h = perimeter length of cross section, in cm;

for built-up pillars and panting beams (I-beams, made of channels, etc.);
Af = 0,05% h; As;
As referto 1.1.5.1.

2.9.4.2 The wall thickness s, in mm, of tubular pillars shall not be taken less than

s = (dy/50) + 3,5. (2.9.4.2-1)

The wall thickness of built-up pillars (box-shaped, made of channels or I-beams, etc.) s, in mm,
shal not be less than

s = hy,/50 (2.9.4.2-2)

where hy, = width of the pillar wall, in mm.

The wall thickness of a pillar, in general, shall not be taken less than 6 mm.
In small ships the thickness of the pillar walls may be reduced to 5 mm, provided
the required sectiona area of the pillar is maintained.
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2.10 STEMS, KEELS, RUDDER HORN, PROPELLER SHAFT BRACKETS, FIXED
NOZZLES OF PROPELLER

2.10.1  General.

2.10.1.1 Requirements are given in this Chapter for the construction and scantlings of
the stem, sternframe (rudder post, propeller post), solepiece of the sternframe, rudder horn of
semi-spade rudders, propeller shaft brackets, bar keel, fixed nozzles of propellers.

2.10.2  Construction.

210.21 It is recommended to use a bar or plate type welded stem. The lower part
of the stem shall be efficiently connected to the bar or plate keel and, whenever possible,
to the centre girder.

The welded stem plates shall be stiffened with transverse brackets. Arrangement of
transverse brackets of the stem shall be consistent with the hull framing. Transverse brackets
stiffening the stem plate are fitted not more than 1 m apart below and not more than 1,5 m
above the scantling waterline. The brackets shall overlap the joints of the stem with the shell
plating and shall be extended and welded to the nearest frames.

The brackets which cannot be extended to the framing, except for the brackets in way of
ice belt in ships with ice class, shall have their rear edge made along a smooth curve.

In case where the radius of curvature of the stem is sufficiently large, it is recommended
to fit a centerline girder with a face plate.

2.10.2.2 The construction of sternframe of a single screw ship shall comply with the
following requirements:

A the solepiece shall be made with a smooth rise in the aft direction;

.2 the propeller post shall be provided with transverse brackets in the case of welded
sternframe and webs in the case of cast sternframe. The brackets and webs shall be spaced
at least 1 m apart; their arrangement shall be consistent with the hull framing;

.3 the sternframe shall be efficiently attached to the hull.

The lower part of the sternframe shall be extended forward from the propeller post and
shall be attached by its brackets (webs) to at least three floors in ships with
alength L > 120 m and at least two floors in ships with a length L < 120 m. In small ships
the sternframe may be attached to one floor only.

The rudder post shall extend over the counter to a height sufficient for its attachment to
the transom floor.

In ships of 80 m and above and in ships with cruiser stern, the propeller post shall also be
extended upwards to a distance sufficient for its attachment to the additional transom floor.

The thickness of transom floor and additional transom floor shall be increased as
compared to that of the floors in the after peak. In general, the above floors shall be extended
to the nearest deck or platform.

2.10.2.3 The sternframe in twin screw ships shall comply with the requirements for
the sternframe in single screw ships, as specified in 2.10.2.2. The lower part of the sternframe
to be extended forward, may be attached to at least two main floors.

2.10.2.4 The sternframe of triple screw ships shall comply with the requirements for
the sternframe of single screw ships, as specified in 2.10.2.2 and 2.10.4.2.

2.10.2.5 The rudder horn of semi-spade rudder shall be efficiently connected to
the respective floors of the after peak and its centreline wash bulkhead.

The welded rudder horn shall be provided inside with transverse brackets; its main supporting
structures shall be extended to the nearest deck or platform; the thickness of the floors to which
the rudder horn is connected shall be increased as compared to that of the floors in the after peak.

2.10.2.6 The struts of two-strut shaft brackets shall form an angle not less than 50° to each other.
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2.10.2.7 The outer and inner plating of propeller nozzle shall be strengthened by
stiffeners whose arrangement and size as well as connection with outer and inner plating of
the propeller nozzle shall be determined according to 2.4.2.2 of Partlll "Equipment,
Arrangements and Ouffit".

In general, the transverse web plates shall be arranged in line with the floors of the after
peak.

In way of attachment of the nozzle to the hull smooth transition from the nozzle to
the ship's hull shall be provided. The bottom part of the nozzle shall be connected to the hull.
If the propeller nozzle is attached to the hull by shaft brackets, provision shall be made for an
efficient connection of the brackets with the framing in the aft region of the hull and the framing
inside the nozzle. The construction of shaft brackets shall satisfy the requirements of 2.10.2.6.
Drain plugs of non-corrosive material shall be fitted in the top and bottom parts of outer plating.

2.10.3 Design loads.

Design loads for the structures of the solepiece and rudder horn of semi-spade rudders is
taken equal to the reaction force of lower support of the rudder R, according to 2.2.4.12 of
Part lll "Equipment, Arrangements and Outfit". In Formulae (2.2.4.7-2) — (2.2.4.7-4)
the coefficient a, shall be taken equal to zero.

2.10.4 Scantlings of stem, sternframe, rudder horn and propeller shaft brackets,
bar keel and fixed nozzle of propeller.

2.10.4.1 The stem shall satisfy the following requirements:

.1  the sectional area f, in cm?, of a bar stem from the keel to the scantling waterline
shall not be less than

f=1,3L—4. (2.10.4.1.1)

The sectional area may be reduced for ships of restricted areas of navigation:

R2, R2-RSN and R2-RSN(4,5) — by 10 %;

R3-RSN and R3 — by 20 %.

The sectional area above the scantling waterline may be gradually reduced to 70 % of
the area stated above;

2 the plate thickness s, in mm, of welded stem shall not be less than

s = (0,085L + 5,5)\/n (2.10.4.1.2)

where n = asdetermined from 1.1.4.3,

but not less than 7 mm.

Where L > 220 m, L shall be taken equal to 200 m.

The plate thickness of the stem may be reduced for ships of restricted areas of navigation:

R2, R2-RSN and R2-RSN(4,5) — by 5 %;

R3-RSN and R3 — by 10 %.

The plate thickness of the stem above the scantling waterline may be gradually reduced
to that of shell plates adjoining the stem.

The thickness and width of the stem plates in way of attachment to the plate keel shall not
be less than the thickness and width of the latter.

When the distance between the brackets strengthening the stem is reduced by 0,5 m,
as compared to that required by 2.10.2.1, the reduction of plate thickness of stem by 20 %
may be permitted. If the reduction of the distance between the brackets is less than 0,5 m,
the permissible reduction of plate thickness shall be determined by linear interpolation;
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.3 the thickness of brackets strengthening the stem shall not be less than that of shell
plating adjoining the stem.

The thickness of web and face plate of the girder stiffening the stem at the centreline shall
not be less than that of the brackets.

2.10.4.2 The sternframe of a single screw ship shall satisfy the following requirements:

.1 the length I and width b, in mm, of rectangular solid propeller post section, from
the keel to the counter, shall not be less than:

I, = 1,30L + 95; by = 1,60L + 20 for L < 120 m; (2.10.4.2.1-1)
I, = 1,15L + 110; bg = 0,675L + 130 for L > 120 m.

The scantlings of the propeller post may be reduced for ships of restricted areas of
navigation:

R2, R2-RSN and R2-RSN(4,5) — by 5 %;

R3-RSN and R3 — by 10 %.

The thickness of rectangular solid propeller post may be reduced provided that the values
of required sectional area and section modulus are retained, in this case, the new scantlings
shall be not less than:

b; >3- (22/n—1); (2.10.4.2.1-2)
h2

L= (2.10.4.2.1-3)

where n =  application factor of mechanical properties of steel determined from Table 1.1.4.3.

Above the counter, the sectional area of sternframe may be gradually reduced. And
nowhere its sectional area shall be less than 40 % of the required area of the propeller post,
corresponding to the scantlings stated above;

.2 the scantlings of the propeller post cross section of a cast sternframe with the rudder
having top and bottom supports shall be established in accordance with Fig. 2.10.4.2.2
depending on the value s,, in mm, determined by the following formulae:

so = 0,1L + 4,4 for L < 200 m; (2.10.4.2.2)
So = 0,06L + 12,4 for L > 200 m.

The thickness of webs shall be at least 50 % greater than that of the shell plating adjoining
the sternframe;

.3 the scantlings of the propeller post cross section of a welded sternframe with
the rudder having top and bottom supports shall be established according to Fig. 2.10.4.2.3
where s, shall be determined in accordance with 2.10.4.2.2. The thickness of transverse
brackets shall be at least 20 % greater than that of the shell plating adjoining the sternframe.

Welded propeller post of other construction may be used, provided that its strength is
equivalent to that of the abovementioned construction;
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Fig. 2.10.4.2.2: Fig. 2.10.4.2.3:
1 — web; 2 — adjoining plate of shell; s=1,6syatL <150 m;s =1,5s, for L > 150 m;
s1 = 1,5s¢; s, = 2,55¢; s3 = 3,55¢; ls = 2,5L+ 180 mm for L < 200 m;
ls = 1,9L+ 135 mm for L < 200 m; ls = 1,4L + 400 mm for L = 200 m;
Iy = 1,4L 4+ 235 mm for L = 200 m; r — cast radius R — bending radius

4 the finished thickness of propeller boss shall be not less than 30 % of the shaft
diameter;

5 the section modulus W, in cm?, of the solepiece about the vertical axis shall not be
less than

W, = 8aR,xm. (2.10.4.2.5-1)

The section modulus W;.,,, in cm?, of the rudder post about the horizontal longitudinal axis
shall not be less than

W, = 8(1 — @)Rylsn (2.10.4.2.5-2)

where a = 0,85 if there is a rudder post;
a =1 ifthereis no rudder post or a bolted rudder post is fitted;

R, =  as determined according to 2.10.3;

xs; =  distance from the solepiece section concerned to the centre of the rudder stock (x, shall
not be taken less than 0,513 and more than ly);

Iy = span of the solepiece, measured from the centre of the rudder stock to the beginning of
rounding of the propeller post, in m;

l.p = span of the rudder post, measured vertically from the mid-thickness of solepiece at
the centre of the rudder stock to the beginning of rounding in the upper part of the rudder
post, in m;

n = asdetermined according to 1.1.4.3.

The section modulus of the solepiece about the horizontal transverse axis shall not be
less than 0,5W, where W, shall be determined by Formula (2.10.4.2.5-1). The section
modulus of the rudder post about the horizontal transverse axis shall not be less than 0,5W,

where W, , shall be determined by Formula (2.10.4.2.5-2).
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2.10.4.3 The scantlings of the sternframe of twin screw ships shall satisfy requirements
for the scantlings of propeller post in single screw ships as given in 2.10.4.2 with the following
amendments:

.1 the section width of the sternframe of a solid rectangular cross section may be
reduced by 50 % as compared with that required by 2.10.4.2.1;

.2 the scantlings of the cast or welded sternframe may be reduced as compared with
those required by 2.10.4.2.2 and 2.10.4.2.3 respectively, so that their section moduli about
the horizontal longitudinal and transverse axes, are reduced by not more than 50 %.
The thickness of the sternframe wall shall be at least 7 mm.

2.10.4.4 For semi-spade rudders with one gudgeon upon the horn, the section
modulus, in cm?, of the rudder horn about the horizontal longitudinal axis shall not be less than

W =12R,zs (2.10.4.4)

where R, as defined in to 2.10.3;
vertical distance for the mid-thickness of the horn gudgeon to the section concerned, in m

(z shall not be taken less than 0,5, and more than [,,);

l, = horn span measured vertically from the mid-thickness of the horn gudgeon to the point of
intersection of the horn axis with shell plating, in m;
n = asdetermined according to 1.1.4.3.

Where the rudder horn is welded of plates, the thickness of the plates, in all cases, shall
be at least 7 mm.

The scantlings of the rudder horn may be determined on the basis of direct strength
calculation taking the permissible stress factor k,; = 0,35 and external loads according to 2.2
of Part lll "Equipment, Arrangements and Outfit".

2.10.4.5 The sectional area of either strut of two-strut shaft brackets shall be equal to
not less than 60 % of the propeller shaft section in the bracket plane, the strut thickness — to
not less than 45 %, and the boss thickness — to not less than 35 % of the propeller shaft
diameter. The length of the boss shall be in accordance with 5.6.1 of Part VII "Machinery
Installations".

The strength of the welded shaft brackets shall not be less than that specified above.
The plate thickness shall not be less than 7 mm.

The weld area of rivets attaching each strut to the hull shall not be less than 25 % of
the propeller shaf sectional area. Where the struts are attachhed by means of flanges,
the thickness of the latter shall be not less than 25 % of the propeller shaft diameter.

2.10.4.6 The height hs; and width bg, in mm, of the bar keel cross section shall not be
less than:
= 1,3L + 100;
0,7L+ 8 for L < 60 m; (2.10.4.6
0,

hs
bs
b 4L+ 26 for L = 60 m.

The height and width of the bar keel cross section may be reduced for ships of restricted
areas of navigation:

R2, R2-RSN and R2-RSN(4,5) — by 5 %;

R3-RSN and R3 — by 10 %.
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2.10.4.7 The thickness of outer and inner plating of fixed propeller nozzle shall comply
with the requirements of 2.4.2 of Part Il "Equipment, Arrangements and Outfit" taking
the following into consideration:

width of middle belt of inner plating shall be not less than the distance from 0,03D,, forward
of the propeller blade tips and 0,07D, aft of the propeller blade tips where D, is the internal
diameter of propeller nozzle;

thickness of forward part of the inner and outer plating shall be not less than required for
side shell plating (refer to 2.2.4.1 for transverse framing system).

The width of attachment shall be at least 0,15D,,.

The cross-sectional area of the joint shall be not less than required by 2.10.4.2.5 for
the solepiece.

For twin screw ships when the propeller nozzle is not attached to the hull at its bottom
part, the width of attachment at the top part shall be not less than 0,3D,,.

The propeller nozzle shall be attached to the hull at least at two points.

In way of attachment of the nozzle to the hull the thickness of framing members shall not
be less than required by Formula (2.4.2.2-2) of Part Il "Equipment, Arrangements and Outfit".
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2.11 SEATINGS FOR MACHINERY AND BOILERS, SUPPORTING HULL STRUCTURES
FOR EQUIPMENT, MACHINERY AND ARRANGEMENTS

2.11.1 General.

2.11.1.1 Requirements are given in this Chapter for the construction and dimensions of
seatings for main machinery, boilers and shaft bearings, as well as for the construction and
dimensions of seatings for auxiliary machinery, arrangements and equipment having static
forces exceeding 50 kN or resulting static bending moment at deck exceeding 100 kN/m,
seatings for deck machinery, except for those specified in 2.11.1.3, having breaking load of
wire rope or chain cable exceeding 150 kN or safety working load (SWL) exceeding 30 kN.

2.11.1.2 The requirements of this Chapter are minimum requirements. Instructions
on construction and dimensions of structural components of a seating, which are contained
in technical documentation on machinery, unit or device to be installed on the seating
concerned, shall also be complied with.

2.11.1.3 For dimensions of the structural components of the seatings intended for mooring
and towing appliances — refer to 4.3 and 5.3 of Part Il "Equipment, Arrangements and Outfit".

2.11.2 Construction of seatings.

2.11.2.1 The construction of seatings shall satisfy the following requirements:

.1  the seating shall be of substantial construction to ensure efficient attachment of
machinery, gear or device and transmission of forces to the hull framing, which shall be
sufficiently strong. If necessary, the framing may be strengthened;

.2 where the seating in ships with a length L > 65 m is installed on the continuous
longitudinals of strength deck and double bottom (bottom) within 0,5L amidships, the height of
the vertical plates of the seating at the ends shall be gradually reduced. If the length of
the vertical plate is more than six times its height, the vertical plate and its top plate shall be
made of the same steel grade as the deck or double bottom (bottom) structural member on
which it is installed. The structural components of the seating shall not terminate at
the unsupported portions of plating;

.3 the seating shall be so designed that the plating beneath is accessible for inspection.
Measures shall be taken to prevent water from accumulating under the seating.

2.11.2.2 In general, a seating of main machinery and boilers shall comprise two vertical
plates (girder webs) (for medium-speed and high power engines — four vertical plates (two —
either side of the engine)) and horizontal face plates (top plates) to which the machinery (boiler)
shall be attached directly. The vertical plates shall be strengthened with brackets (knees)
having face plates (flanges) along the free edges.

Where the seating comprises four vertical plates, the top plate is attached to two vertical
plates fitted on one side of the machinery; the outer plates shall have openings to provide
access into the seating. In the case of medium-speed engines, such openings shall not extend
to the top plate. The outer plates may be made sloped.

All the vertical plates shall be fitted in line with the main or additional side girders.

2.11.2.3 Machinery and equipment may be installed on shell plating of the hull, tight
bulkheads, decks and platforms (including tank bulkheads and crown), inner bottom and
shaft-tunnel platings on condition they are attached to the framing members and stiffeners
(refer to 1.7.1.4), or on cantilevers connected to framing members or stiffeners.

Attachment of small-sized machinery and equipment directly to the above-mentioned
structure with the help of welded pads is not permitted.




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

2.11.3 Dimensions of structures of seatings.
2.11.3.1 The thickness s, in mm, of structural components of a seating of main machinery
or boiler shall not be less than

s =ko3Q + ky (2.11.3.1)
where Q = mass of machinery (boiler) in working condition, in t;

ko =  factor givenin Table 2.11.3.1-1;

k; =  factor givenin Table 2.11.3.1-2.

Table 2.11.3.1-1

Seating of machinery (boiler) kg
Top plates Vertical platesl | Brackets, knees

Main internal combustion engine 4,65 3,0 2,5
Main geared turbine set, main diesel generator and 4,15 2,7 2,7
propulsion motor
Boiler 3,65 2,4 2,4
1 In a seating with four vertical plates the thickness of the plates may be taken equal to the thickness of brackets
and knees.

Table 2.11.3.1-2

Mass of machinery (boiler), in t <20 >20 >50 > 100 > 200
<50 <100 <200
kq 4 3 2 1 0

2.11.3.2 The thickness s, in mm, of structural components of a seating of main internal
combustion engine shall not be less than

s =k, VN + kg (2.11.3.2)
where N = specified power of the engine, in kW;
k,, k3= factors given in Table 2.11.3.2,
but not less than required by 2.11.3.1.
Table 2.11.3.2
N, in kW Number of vertical Factor Top plates Vertical plates | Brackets, knees
plates
<1000 2 k2 1,7 1,1 0,9
k3 6 4 3
4 kZ 1,4 019 019
ks 5 3 3
> 1000 2 k2 1,0 1,0 0,7
ks 13 5 5
4 k2 0,8 0,7 0,7
ks 11 5 5
2.11.4  Supporting deck structures for mooring and towing equipment.

2.11.4.1 The requirements shall apply to deck structures of mooring and towing

equipment (bollards, bitts, fairleads, stand rollers, chocks, capstans, winches) installed on
board the ships covered by SOLAS excluding high-speed craft, special purpose ships
and MODU/FOP of all types, and designed to conduct normal towing and mooring operations
associated with manoeuvring in ports or sheltered waters as well as associated with escort
towing including canal transit towing and emergency towing.
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2.11.4.2 Supporting deck structures of mooring and towing equipment shall be checked
by means of finite element analysis or by means of grillage analysis taking into account
the following:

.1 when preparing design model, the corrosion allowance taken according to 1.1.5 for
deck or bulwark as applicable, shall be deducted from the as-built deck thickness;

.2 design load is taken:

for structures beneath towing equipment in accordance with 5.3.7 of Part Il "Equipment,
Arrangements and Ouitfit". In this regard, consideration shall be given to the cases when
the load is applied vertically or horizontally. The acting point of the load shall be determined in
accordance with 5.3.5 of Part Il "Equipment, Arrangements and Outfit";

for structures beneath mooring equipment in accordance with 4.3.4 of Part Il "Equipment,
Arrangements and Outfit". In this regard, consideration shall be given to the cases when
the load is applied vertically or horizontally. The acting point of the load shall be determined in
accordance with 4.3.4 of Part Ill "Equipment, Arrangements and Outfit";

.3 for strength assessment by means of grillage analysis, normal stress shall be assumed
equal to the sum of bending stress and axial stress. No stress concentration factors shall be
taken into account. Normal stress shall not exceed yield R,y. Shear stress — 0,6 R.y;

4 for strength assessment by means of finite element analysis, Von Mises stresses in
supporting hull structures shall not exceed R.y. In this case, the design model shall meet
the following requirements:

the mesh shall be fine enough to represent the geometry as realistic as possible;

the aspect ratio of elements shall not exceed 3;

girders shall be modelled by using shell or plane stress elements. Symmetric girder
flanges may be modelled by beam or truss elements;

girder web depth shall be divided at least into three elements. In way of small openings
(less than finite element dimensions) in girder webs the web thickness shall be reduced to
a mean thickness. Large openings shall be modelled taking into account their geometry;

primary members may be modelled by using shell, plane stress, or beam elements;

the mesh size of primary members shall be sufficient to obtain proper bending stress;

if flat bars are modeled using shell or plane stress elements, dummy rod elements shall
be modelled at the free edge of the flat bars and the stresses of the dummy elements shall be
evaluated. Stresses shall be read from the centre of the individual finite element. For shell
elements, the stresses shall be evaluated at the mid plane of the element.

2.11.5 Supporting deck structures for anchor windlasses and chain stoppers.

2.11.5.1 The supporting deck structure of anchor windlass and chain stopper shall be
checked by means of finite element analysis or by means of grillage analysis taking into
account the following:

.1 design loads shall be equal to:

for chain stopper — 80 % of the chain cable breaking load,;

for windlass, where no chain stopper is fitted or the chain stopper is attached to
the windlass — 80 % of the chain cable breaking load;

for windlass, where chain stoppers are fitted but not attached to the windlass — 45% of
the chain cable breaking load.

The design loads shall be applied in the direction of the chain cable.

Sea loads acting on anchor windlasses shall also be considered and determined in
accordance with 6.3.5 of Part IX "Machinery";

.2 when preparing design model, the corrosion allowance taken according to 1.1.5 for
deck shall be deducted from the as-built deck thickness. For ships covered by the ommon
Structural Rules, the corrosion addition is determined in accordance with the Common
Structural Rules;

.3 calculations shall be performed in accordance with the provisions of 2.11.4.2.3
and 2.11.4.2.4.
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2.12 SUPERSTRUCTURES, DECKHOUSES AND QUARTER DECKS

2.12.1  General provisions, definitions and symbols.

2.12.1.1 Requirements are given in this Chapter for short and long bridges extending
from side to side of the ship as well as to short bridges which do not extend to the sides of
the ship, forecastle, poop, long forecastle and poop extending to ship's sides, short
deckhouses and quarter decks.

2.12.1.2 For the purpose of this Chapter the following definitions have been adopted.

Long deckhouse is a deckhouse of a length not less than that determined
by Formula (2.12.1.2-1), but not less than 0,20L, having no expansion or sliding joints.

Long bridge is a superstructure having a length not less than

I, =2, (2.12.1.2-1)

but not less than 0,15L.

Quarter deck is the after part of upper deck stepped up to a portion of 'tween deck
height.

Short deckhouse is any deckhouse which is not a long deckhouse. Deckhouses of
ships less than 65 m in length are considered as short deckhouses.

Short bridge is any bridge which is not a long bridge. Superstructures of ships less
than 65 m in length are considered as short superstructures.

Ends of superstructures and deckhouses are the ends of the length
measured from the end bulkheads, in m,

I, =1,5(B,/2 + h) (2.12.1.2-2)

Transition area of quarter deck is an area measured from the forward edge
of break to the after edge of upper deck plating and extending below the quarter deck.
Long forecastle (poop) is aforecastle (poop) having a length not less than

L, =01L+1, (2.12.1.2-3)

in ships of 65 m and greater in length.

2.12.1.3 For the purpose of this Chapter the following symbols have been adopted:

B, = breadth of superstructure deck measured at its mid-length, excluding the breadth of
openings of cargo hatches, machinery casings, if any, in m;

h = height of the first tier of superstructure or deckhouse, in m;

l; = length of superstructure (deckhouse) measured between the end bulkheads;
the length of forecastle (poop) measured from the fore or after perpendicular to the end
bulkhead of the forecastle (poop), in m;

B, = ship's breadth at the level of the upper deck at the section considered, in m;

b = breadth of the deckhouse, in m.

2.12.2  Construction.

2.12.2.1 For the first tier of long bridge outside the end portions, long forecastle (poop)
outside the end portion, the requirements of 2.6 for the upper deck and the requirements of 2.2
and 2.5 for the ship's side in way of the upper 'tween deck space shall be complied with.

2.12.2.2 For the buttom strake of side plating and longitudinal bulkhead plating of short
bridge, the ends of 1st tier long bridges and long forecastle (poop), the bottom strake of side
plating of steel short deckhouses and the ends of steel long deckhouses fitted on the strength
deck, grade of steel and yield stress shall be the same as required for the strength deck in this
region. The width of the bottom strake shall not be less than 0,5h.



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

131

2.12.2.3 Whenever practicable, the end bulkheads of superstructures and deckhouses
shall be situated in line with the hull transverse bulkheads or as close to the latter as possible.

Web frames or vertical webs, bulkheads or partial bulkheads shall be fitted in
superstructures and deckhouses in such a way as to be in line with girder webs or bulkheads
of hull structures located below. The vertical webs of end bulkheads shall be fitted in line with
the vertical webs of hull bulkheads.

2.12.2.4 The lower ends of vertical stiffeners of the end bulkheads of the 1st tier
superstructures and deckhouses shall be welded to the deck. The lower ends of side vertical
stiffeners of 1st tier houses shall be attached to the deck by brackets.

2.12.2.5 Adequate strengthening shall be provided for the structures of deckhouses and
superstructures where launching and recovery appliances for survival craft and rescue boats
are fitted.

2.12.3 Design loads.

2.12.3.1 The design loads on the superstructure sides and on the superstructure and
deckhouse decks shall satisfy the following requirements:

.1 design pressure on the superstructure sides is determined according to 2.2.3;

.2 design pressure on weather areas of the superstructure and deckhouse decks shall
be determined by the formula

p = ap,, (2.12.3.1.2)

where pw =  wave load at the deck level according to 1.3.2.2;

a=0,9 for forecastle deck, long forecastle deck or part of long bridge deck within 0,2L from
the fore perpendicular;

a = 0,8 for poop deck, long poop deck or part of long bridge deck within 0,2L from the after
perpendicular;

a = 0,7 for short bridge and deckhouse decks, long superstructure and deckhouse decks, long
forecastle and poop decks within the midship region. For areas of long bridge and
deckhouse decks, long forecastle and poop decks outside the midship region and outside
areas situated at 0,2L from the fore or after perpendicular, a shall be determined by linear
interpolation,

but not less than pyin-

For the 1st tier superstructure and deckhouse decks, pnin, in KPa, shall be determined by
the following formulae:

for forecastle, long forecastle decks or part of long bridge deck within 0,2L from the fore
perpendicular

Pmin = 0,1L + 7,

for poop, long poop deck or part of long bridge deck within 0,2 L from the after
perpendicular

Pmin = 0,015L + 4 for L <80 m;
Pmin = 0,03L + 2,8 for L > 80 m;
for bridge and deckhouse decks, long forecastle and poop decks within the midship region

Pmin = 0,015L + 4;
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for areas of bridge and deckhouse decks, long forecastle and poop decks outside
the midship region and outside areas situated at 0,2L from the fore or after perpendicular,
Pmin Shall be determined by linear interpolation.

For decks of the superstructures and deckhouses of the 2nd and upper tiers

Pmin = 2 kPa.

For ships greater than 250 m in length, pyi, IS determined taking L = 250 m.

For ships of restricted area of navigation, p.;, may be reduced by multiplying by
the factor ¢,. obtained from Table 1.3.1.5.

2.12.3.2 Pressure on the end bulkheads of superstructures and deckhouses as well as
on sides of deckhouses p, in kPa, is determined by the formula

p = 5,1ncy(kzo — z1) (2.12.3.2)

where n = factor determined from Table 2.12.3.2-1;
¢, =0,3+40,7b/B,, in this case ¢, = 0,5;
2
k=10+ (’“C/;;;’;S) when x, /L < 0,45;
k=10+15 (’”Lﬁ)2 when x, /L > 0,45;
Cp+0,5
for the sides of deckhouses the factor k is assumed to vary for the length of bulkhead.
For this purpose the deckhouse is subdivided into parts of approximately equal length not
exceeding 0,15 L each, and x, is taken as the distance between the after perpendicular
and the middle of the part considered;
Cp shall be taken as not less than 0,6, nor greater than 0,8; for the aft end bulkheads forward
of amidships ¢, = 0,8;

zo = asgivenin Table 2.12.3.2-2;
z; =  vertical distance, in m, from the scantling waterline to the mid-point of the plate panel
considered or the mid-point of span of the bulkhead stiffener.
Table 2.12.3.2-1
Bulkhead Structure n
Front Unprotected 1st tier 2+ Ly/120
2nd tier 1+ Ly/120
3rd tier 0,5+ Ly/150"
Protected
Aft end Aft of amidships 0,7+ Ly/1000 — 0,8x, /L
Forward of amidships 0,54+ Ly/1000 — 0,4x,/L
Ly = length of ship, in m (to be taken not greater than 300 m for the purpose of calculation);
x; = distance, in m, between the after perpendicular and the bulkhead under consideration.
1 Formula is also used for the deckhhouses sides.

Table 2.12.3.2-2

L,inm Zy, Inm L,inm Zy, INM
20 0,87 180 9,85
40 2,59 200 10,25
60 4,07 220 10,55
80 5,42 240 10,77
100 6,6 260 10,92
120 7,69 280 11,0
140 8,63 300 11,03
160 9,35 350 11,05




Rules for the Classification and Construction of Sea-Going Ships (Part Il)

133

The above-stated valus of factor n apply to a ship having the freeboard equal to minimum
tabular freeboard of Type "B" ships, and a standard height of superstructures according
to Section 4 of the Load Line Rules for Sea-Going Ships. If the deck of the tier considered is
situated higher than the standard position due to an increase of freeboard, as against
the tabular value, then the appropriate factor n may be determined by linear interpolation
between the values of that factor for superstructures with standard and actual positions of
decks under the superstructures.

In any case, the design pressure shall not be taken less than indicated in Table 2.12.3.2-3.

For ships of restricted area of navigation the design pressure may be reduced by
multiplying by the factor jr obtained from Table 1.3.1.5.

Table 2.12.3.2-3

L,inm Design pressure p, in kPa
for 1st tier unprotected fronts elsewhere
<50 15,6 7,8
50 < L < 250 13 + 0,052L 6,5 + 0,026L
> 250 26 13

212.4 Scantlings of structures of superstructures, deckhouses and quarter decks.

2.12.4.1 The thickness of side plating of short and long bridges, forecastle and poop,
long forecastle and poop shall be determined according to 2.2.4.1 using the design loads given
in 2.12.3.1.1. For short bridges, forecastle and poop, ks = 0,7.

For long bridge, long forecastle and poop outside the end portions, k, is determined
according to2.2.4.1; at sections in way of end bulkheads k; = 0,7 ; within the end
portions k, shall be determined by linear interpolation.

The thickness of side plating of long bridges, long forecastle and poop shall satisfy
the requirements of 2.2.4.8.

In any case, the thickness s.,;,, in mm, of side plating of short bridges, forecastle and
poop shall not be less than:

for superstructures of the lowest tier

Smin = (4,5 + 0,025L)/7; (2.12.4.1-1)
for superstructures of other tiers

Smin = (4 +0,02L)\/n (2.12.4.1-2)
where 1 is obtained from Table 1.1.4.3.

Where L > 300 mm, L shall be taken equal to 300 m.

For ships of unrestricted service and ships of restricted area of navigation R1,
the reduction of minimal thickness, but not more than 10 %, is permitted in proportion to
the ratio of adopted spacing to standard spacing, where the adopted spacing is less than
the standard one (refer to 1.1.3). In any case, for ships of 30 m and greater in length
the minimum thickness shall be not less than 5 mm.

2.12.4.2 The thickness of deck plating of short and long bridges, forecastle and poop,
long forecastle and poop, short and long deckhouses shall be determined according
t0 2.6.4.1.1 and 2.6.4.1.2 using the design loads stated in 2.12.3.1.2. For short bridges,
forecastle, poop and short deckhouses, k; = 0,7.

For long bridge, long forecastle and poop outside the end portions, k, is determined as
for the strength deck according to 2.6.4.1.2; atsections in way of end bulkheads k, shall be
determined by linear interpolation.
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The thickness of deck plating of long bridges, long forecastle and poop, long deckhouses
shall satisfy the requirements of 2.6.4.1.5 for the upper deck between the side and the line of
large openings.

In any case, the thickness s,,;,, in mm, of deck plating of short bridges, forecastle and
poop, short deckhouses shall not be less than:

for open forecastle deck

Smin = (4 + 0,04L)/n for L < 100m; (2.12.4.2-1)
Smin = (7 + 0,01L),/n for L > 100m;

for other decks of superstructures and deckhouses of the lowest tier

Smin = (5 + 0,01L)/n; (2.12.4.2-2)
for superstructure and deckhouse decks of other tiers

Smin = (4 +0,01L)/n’ (2.12.4.2-3)
where n is obtained from 1.1.4.3.

Where L > 300 m, L shall be taken equal to 300 m.

For ships of unrestricted service and ships of restricted area of navigation R1,
the reduction of minimal thickness, but not more than 10 %, is permitted in proportion
to the ratio of adopted spacing to standard spacing, where the adopted spacing is less than
the standard one (refer to 1.1.3). The minimum thickness may be reduced to 4 mm for ships
of length L = 50 m, and to 3 mm for ships of length L < 20 m.

2.12.4.3 The plate thickness of the end bulkheads of superstructures, sides and end
bulkheads of deckhouses shall not be less than that determined by Formula (1.6.4.4) taking:

m = 15,8;

ks = 0,6;

As =0;

p = as defined in 2.12.3.2.

The thickness of side plating of deckhouses may be not less than that of superstructures
as stated in 2.12.4.1, provided they are arranged similarly over the ship's length and depth.

The thickness of bottom plates of end bulkheads in superstructures (deckhouses) of
the 1st tier shall be increased by 1 mm as compared with the design thickness. The width of
bottom plate shall be not less than 0,5 mm.

If the deckhouse front extends in a fair convex form beyond the intersection with the deckhouse
sides, the thickness of plating may be taken 0,5 mm less as compared with the design value.

2.12.4.4 In any case, the plate thickness s.,i,, in mm, of superstructure end bulkheads,
sides and end bulkheads of deckhouses shall not be less than:

for the lowest tier

Smin = (5 + 0,01L)\/n; (2.12.4.4-1)
for other tiers
Smin = (4 +0,01L)/n (2.12.4.4-2)

where n is obtained from 1.1.4.3.
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Where L > 300 m, L shall be taken equal to 300 m.

In any case, the minimum thickness shall not be less than 5 mm for ships of
length L = 50m. The minimum thickness may be reduced to 4 mm for ships of
length L < 50 m, and to 3 mm for ships of length L < 20 m. Reduction of the minimum
thickness is not permitted for fronts of bridge and unprotected front of poop in ships of
length L > 20 m.

2.12.4.5 Framing of the sides, decks and end bulkheads of the forecastle, poop and
bridge, quarter deck and deckhouse shall satisfy the following requirements:

.1 side framing of the superstructure shall comply with the requirements for side
framing in 'tween deck space as specified in 2.5.4.2 — 2.5.4.5 using the design loads given
in2.12.3.1.1. For longitudinals and side stringers of short bridge, forecastle and poop,
ks = 0,65.

For longitudinals and side stringers of long bridge, long forecastle and poop outside
the end portions, ks is determined according to 2.5.4.3 and 2.5.4.4; at sections in way of
the end bulkheads k, = 0,65; within the end portions ks shall be determined by linear
interpolation;

.2 underdeck framing of the superstructure and deckhouse shall satisfy
the requirements of 2.6.4.2—2.6.4.9 using the design loads stated in2.12.3.1.2.
For longitudinals and deck girders of short bridge, forecastle and poop, k,; = 0,65.

For longitudinals and deck girders of long bridge, long forecastle and poop outside the end
portions, k is determined in accordance with 2.6.4.2 and 2.6.4.4; at sections in way of the end
bulkheads k, = 0,65; within the end portions k, shall be determined by linear interpolation;

.3 the section modulus of vertical stiffeners of the end bulkheads of superstructures,
deckhouse sides and end bulkheads shall not be less than that determined according
to 1.6.4.1 taking:

ks = 0,6;

w:. = 1;

p = as defined in 2.12.3.2;

m = 12, if the lower end of the stiffener is attached to the deck by a bracket;

m = 10, if the lower end of the stiffener is welded to the deck;

m = 8, if the lower end of the stiffener is sniped.

The section modulus of stiffeners of deckhouse sides need not be greater than that of frames
of superstructures as stated in 2.12.4.5.1, where arranged similarly over ship's length and depth.

2.12.4.6 The scantlings of members of bulkheads and partial bulkheads inside
the superstructures and deckhouses shall satisfy the requirements of 2.7.4.5, unless stated
otherwise.

2.12.5 Special requirements.

2.12.5.1 The upper deck areas situated under the long bridge, long forecastle and poop
outside the end portions shall satisfy the requirements of 2.6 for the second deck.
Requirements for the upper deck areas situated under the ends of long bridge, long forecastle
and poop are determined by linear interpolation between the requirements for the upper deck
and those for the second deck.

2.12.5.2 In way of the end bulkheads the following requirements shall be complied with:

.1 where the superstructure end bulkhead is not in line with the transverse bulkhead
of the hull, partial bulkheads or pillars shall be fitted in spaces below the end bulkhead, or
frames and beam knees shall be strengthened,;

.2 where the end bulkhead of long deckhouse is not in line with the transverse
bulkhead below, short deck girders shall be fitted in line with deckhouse sides under the house
deck so as to extend further for three frame spaces forward and aft of the deckhouse end
bulkhead:;
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3 at the section, where the end bulkheads of superstructures and deckhouses abut
on the undeck longitudinal structures and the sides of deckhouses — on the transverse
underdeck structures fitted below (bulkheads, partial bulkheads, undeck girders, deck
transverses, etc.), the webs of these underdeck structures shall be stiffened with brackets.

2.12.5.3 The structure at the ends of superstructures shall satisfy the following requirements:

.1 at the ends of bridge, long forecastle and poop located within 0,6 midship region
of a ship with a length L > 60 m the side plating shall be extended beyond the end bulkhead
with smooth tapering to the ship's side on a length d;, inm, (refer to Fig.2.12.5.3.1),
determined by the formula

dy > 0,2(By/2 + h). (2.12.5.3.1)

The value of d; may be reduced provided that the thickness of bottom strake of
the superstructure side plating, sheerstrake and deck stringer plate within the region shown
in Fig. 2.12.5.3.1 is increased;

0.5<d> = 0,65d,<0,75h

Fig. 2.12.5.3.1

.2  ifthe end of superstructure (forecastle, poop) is located within 0,1L from the fore or after
perpendicular, as well as in ships of length L < 65 m, the value of d, in accordance with 2.12.5.3
may be reduced by half. If the end of a superstructure is located outside the above-mentioned
regions and outside 0,6L amidships, the value of d; shall be determined by linear interpolation;

.3 the blunted ends of projecting side plates shall be machined flush with the deck.

The curved edge of side plating shall be stiffened by flat bar carried down for 50 mm from
the edge. The ends of that bar shall be sniped.

Openings in side plating projecting beyond the ends of a superstructure are normally not
permitted. The projecting plates shall be attached to the bulwark by means of flexible joints;

.4 atthe ends of short bridge not extending from side to side of ship the attachment of
the side to the deck shall be made similarly to the attachment required by 2.12.5.4 for
deckhouses, otherwise gussets shall be used to provide smooth transition from the side to a
short deck girder strengthening the deck under that side with simultaneous strengthening of
the deck stringer plate within the region shown in Fig. 2.12.5.3.1.

2.12.5.4 Attachment of sides of the deckhouse to the end bulkhead arranged
within 0,6L amidships of a ship with a length L < 65 m shall be performed by rounding with
aradius r, in m, determined by the formula

r=-L(15+01L/b) < 1,4 (2.12.5.4)

where b = breadth of the deckhouse in way of the end bulkhead, in m.
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2.12.5.5 Rectangular openings in outer sides and top plating of long deckhouses shall
have their corners well rounded and shall be substantially framed. Door openings in the sides
of a deckhouse, arranged within 0,6L amidships, shall be additionally reinforced with thickened
plates as shown in Fig. 2.12.5.5. Rectangular openings are not permitted for a length not less
than the height of the deckhouse counted from the end bulkhead, if the deckhouse is situated
on the strength deck.

If door openings in sides are arranged outside the midship region or if the deckhouse is
short, the thickened plates may be fitted only below the opening as shown in Fig. 2.12.5.5.
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Fig. 2.12.5.5;
1 — deckhouse top; 2 — deckhouse side; 3 — thickened plate; 4 — strength deck

Where the distance between the expansion or sliding joints is less than a triple height of
the deckhouse, it is sufficient to provide the rounding of the corners of openings. Openings for
side scuttles shall have the upper and lower edges reinforced with horizontal stiffeners.

2.12.5.6 The structures in way of the break at connection of the upper deck to quarter
deck in ships of 90 m and under shall satisfy the following requirements:

A the upper deck plating in way of the break shall extend abaft the break for three frame
spaces in ships of 60 m in length and above, and for two frame spaces in ships less than 60 m
in length. The upper deck plating of ships less than 40 m in length need not extend abaft the break;

.2 the upper deck stringer plate shall extend abaft the steel plating for three frame
spaces, where L > 60 m, and for two frame spaces, where L. < 60 m.

The stringer plate so arranged shall be tapered from its full width to a width equal to
the depth of frame to which it is welded;

.3 the stringer plate of quarter deck shall extend forward in the form of a bracket
gradually tapered to ship's side on a length of three frame spaces. The quarter deck stringer
plate projecting beyond the break shall be adequately stiffened and its free edge shall have
a face plate or flange;

.4 the sheerstrake of quarter deck shall extend forward of the deck stringer plate
projecting beyond the break bulkhead for at least 1,5 times the height of break and shall be
smoothly tapered into the upper edge of ship's side sheerstrake. For other structural
requirements, refer to 2.12.5.3;

.5  diaphragm plates spaced not more than 1,5 m apart shall be fitted over the ship's
breadth between the overlapping decks in way of the break. The thickness of diaphragms shall
not be less than the thickness of the break bulkhead plating.
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The diaphragm plates shall be strengthened by vertical stiffeners.

Vertical stiffeners with effective flange shall have a moment of inertia not less than that
determined by Formula (1.6.5.6-1).

Continuous welds shall be used to attach the horizontal edges of diaphragm plates to
the decks, and the vertical edges to break bulkhead on one side, and on the other side to an
extra supporting bulkhead made of continuous plate welded to the decks over the ship breadth.
The plate thickness of that bulkhead shall be not less than the thickness of break bulkhead
plating and may have openings between diaphragms;

.6 where a supporting bulkhead is fitted, the diaphragm plates shall be stiffened with
brackets fitted to their ends (refer to Fig. 2.12.5.6.6);
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Fig. 2.12.5.6.6:

1 — supporting bulkhead; 2, 6 — brackets; 3 — quarter deck; 4 — diaphragm;
5 — break bulkhead; 7 — upper deck; 8 — stiffener in line with bracket

.7 where a raised quarter deck is adjoining the bridge, it shall extend into that
superstructure for two frame spaces beyond the break, the extension being, in any case,
not less than the elevation of superstructure above the quarter deck.

The quarter deck stringer plate shall extend forward for two frame spaces with the width
gradually reduced as required by 2.12.5.6.2.

Strengthening of the overlapping decks in way of break shall comply with requirements
of 2.12.5.6.5 and 2.12.5.6.6 depending on the location of the break along the length of the ship.

The superstructure side plates extending aft of the superstructure shall be smoothly tapered
into the sheerstrake on a length of at least 1,5 times the height of break (refer also to 2.12.5.3.1);

.8 strengthening in case where the break bulkhead is located within 0,25L from
the after perpendicular shall comply with the following requirements:

in ships greater than 60 m in length, the supporting bulkhead fitted over the breadth
the ship may be omitted. The free edges of diaphragm plates shall, in this case, be stiffened
with face plates or flanges of a width equal to at least ten thicknesses of the diaphragm plate;

in ships of 60 m in length and below, the upper deck plating need not extend aft of the break
over the ship breadth, however, the upper deck stringer and the raised quarter deck stringer
and sheerstrake shall be extended forward and aft as provided in 2.12.5.6.3 and 2.12.5.6.4.

2.12.5.7 The use of aluminium alloys for the construction of deckhouses is permitted.
Decks of accommodation and service spaces situated above the machinery and cargo spaces
shall be made of steel.

The scantlings of aluminium deckhouses shall be determined according to 1.6.6.
The minimum scantlings shall be the same as those required for steel deckhouses.

The degree to whichthe deckhouse of aluminium alloys contributes to longitudinal bending
of the hull and stresses in ship's hull and deckhouse shall be determined according to
the procedure approved by the Register.
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2.13 MACHINERY CASINGS

2.13.1  General.

2.13.1.1 Openings in decks and platforms over engine rooms shall be protected by
strong casings. The casings may be omitted only in cases where the space on the deck or
platform is a part of the engine room.

2.13.2  Construction.

2.13.2.1 Where thereare large openings inthe deck in way of engine room, additional
pillars and deck transverses shall be fitted for strengthening of the deck in way of machinery
casing.

2.13.2.2 Forthe lower strake of the casing longitudinal wall plating, adjoining the strength
deck within the 0,6L midship region of ships with a length L > 65 mofsteelgrade and yield
stress shall be the same as for the strength deck plating in this region.

2.13.2.3 Where the opening for machinery casing is arranged in the strength deck,
the requirements of 2.6.5.1 regarding the design of corners and compensation for openings
shall be complied with.

2.13.3  Scantlings of machinery casing structures.

2.13.3.1 The part of machinery casing located inside the enclosed spaces (‘tween deck
spaces, forecastle, poop, bridge, deckhouse) shall comply with the requirements of 2.7.4.5 for
partial bulkheads. The spacing of stiffeners shall not exceed 0,9 m.

The thickness of plating of the part of machinery casing located inside the poop, bridge or
deckhouse may be 0,5 mm less than specified.

2.13.3.2 The part of machinery casing located below the bulkhead deck shall comply
with the requirements of 2.7.2.3, 2.7.4.1 — 2.7.4.3 for waterlight bulkheads where it is included
in subdivision calculation as watertight construction.

2.13.3.3 The part of machinery casing located above weather deck shall comply with
the requirements of 2.12 for deckhouses situated in the same region of the ship. In calculating
the designloads by Formula (2.12.3.2) ¢, shall be taken equal to 1.
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2.14 BULWARKS

2141  General.

Bulwarks of strong construction shall be provided in places specified in 8.6, Part Il
"Equipment, Arrangements and Outfit".

The construction of bulwarks in the midship region of ships of 65 m and above shall be
such that the bulwark does not contribute to longitudinal bending of the hull.

2.14.2  Construction.

2.14.2.1 The height of the bulwark as measured from the upper edge of the deck plating
or from that of planking, if any, to the upper edge of the rail section shall comply with
the requirements of 8.6.2 of Part Il "Equipment, Arrangements and Outfit".

2.14.2.2 The bulwark plating within the 0,6 midship region of ships of 65 m and above
shall not be welded to the upper edge of sheerstrake. Outside the above-mentioned region as
well as in ships less than 65 m in length, the openings cut in bulwarks shall be so designed as
to ensure a smooth transition (with a radius not less than 100 mm) from the bulwark plate to
the sheerstrake.

Within 0,07L from the fore perpendicular the welding of bulwark plating to the sheerstrake
is necessary.

2.14.2.3 The bulwark shall be supported by stays spaced not more than 1,8 m apart.
In the region of uprights for timber deck cargo, fastening to bulwarks, as well as at the fore
end within 0,07L from the fore perpendicular, the spacing of stays shall be not more than 1,2 m.
In the ships with large flare of sides and in ships with minimum assigned freeboard, stays may
be required to be fitted at every frame within the region considered.

2.14.2.4 The stays shall be fitted in line with deck beams, brackets and other structures
and shall be welded to the rail section, bulwark plate and deck. The attachment of stays to
bulwark shall be ensured on a length not less than half the height of the bulwark.

In welding the stays to the deck, holes sufficient in size to allow free passage of water to
the scuppers shall be provided in the stays. The welded connection of the beam (bracket) to
deck plating under the stay shall not be weaker than the attachment of stay to deck.

Directly under the lower ends of stays no cut-outs in the deck beams and no gaps between
frame ends and deck are permitted.

The dimensions of lightening holes in stays shall not exceed half the stay width in any
section of the stay.

The free edges of stays shall be stiffened with face plates or flanges.

In general, the flanges (face plates) of stays shall not be welded to deck plating and ralil
section.

The flanges (face plates) on the outer edge of the stay shall not be welded to horizontal
stiffener (flange) of lower edge of the bulwark in way of continuous cut-out.

2.14.2.5 The rail section shall have a flange (face plate) or shall be of bulb profile.

The lower edge of bulwark shall be stiffened with horizontal stiffener or flange in way of
continuous cut-out.

Bulwarks shall be adequately strengthened in way of mooring pipes, fairleads and
eyeplates for cargo gear.

2.14.2.6 Requirements for the design of freeing ports in bulwarks are given in 1.1.6.7.

2.14.3 Loads on bulwarks.

The external pressure determined by Formula (1.3.2.2-2) is the design pressure p, in kPa,
acting on the bulwark. The design pressure shall be taken not less than

Pmin = 0,02L + 14, (2.14.3)

but not less than 15 kPa.
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Where L > 300 m, L shall be taken equal to 300 m.

For ships of restricted area of navigation the value of p,,;, may be reduced by multiplying
by the factor ¢,. obtained from Table 1.3.1.5.

2.14.4  Scantlings of bulwark structures.

2.14.4.1 The thickness of the bulwark plating shall not be less than:

s =0,065L + 1,75 for L < 60 m and
s = 0,025L + 4,0 for L > 60 m, (2.14.4.1)

but not less than 3,0 nor greater than 8,5 mm.

The thickness of bulwark plating of a superstructure located beyond % of the ship's length
from the fore perpendicular, as well as that of bulwark plating of the 2nd tier deckhouses or
superstructures may be reduced by 1 mm.

For the 3rd and above tiers of the deckhouses the thickness of the bulwark plating need
not exceed the thickness required for the plating of sides of the 3rd tier deckhouse.

2.14.4.2 The section modulus of bulwark stay adjoining the deck plating shall not be less
than determined according to 1.6.4.1 taking:

p = as defined in 2.14.3;

m=2;

ks = 0,65.

Where the bulwarks are cut to form a gangway or provision is made for expansion joints,
the section modulus of stay at the ends of the openings or expansion joints shall be increased
by 25 %.

The width of stay at the upper end shall be equal to that of the rail section.

2.14.4.3 Where the deck cargo effect on the bulwark is contemplated, the scantlings of
the bulwark stays shall be determined by strength calculation involving effect of the said cargo,
with regard for heel of the ship determined by Formula (1.3.3.1-5) and acceleration in
the horizontal-transverse direction, determined by Formulae (1.3.3.1-2); the permissible stress
factor is determined according to 2.14.4.2.
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3 REQUIREMENTS FOR STRUCTURES OF SHIPS OF SPECIAL DESIGN

3.1 SHIPS WITH LARGE DECK OPENINGS

311 General and symbols.

3.1.1.1 The requirements of this Chapter are additional to those of Sections 1 and 2.

The functional requirements on load cases to be considered on finite element analysis for
the structural strength assessment of container ships and ships, dedicated primarily to carry
their cargo in containers, both of length 150 m or above are specified in Part XVIII "Additional
Requirements for Structures of Container Ships and Ships Dedicated Primarily to Carry their
Load in Containers".

3.1.1.2 The requirements for deck structure, exclusive of those for cantilever beams,
apply to ships with single, twin and triple cargo hatchways which are considered to form a large
deck opening meeting the following conditions:

b/B > 0,7, 1/l > 0,7.

The requirements of this Chapter shall be applicable throughout the entire cargo hatch
region, including the engine room, provided it is located between the cargo holds.

3.1.1.3 Where structural members in the upper deck of container ships (including deck
plating, hatch coaming plating) are manufactured of extremely thick steel with thickness
from 50 to 100 mm it is allowed to use special steel of grades YP36, YP40 (refer to 3.2 of
Part XllI "Materials") and YP47 (refer to 3.19.2 of Part XIll "Materials") with vyield
stress R,y = 355, 390 and 460 MPa respectively, as well as brittle crack arrest steel BCA of
the above listed grades (refer to 3.19 of Part XIIl "Materials").

3.1.1.4 The material factors of YP36 and YP40 steels are equal to the values of steels
with yield stress 355 and 390 MPa (refer to Table 1.1.4.3), for YP47 steel — 0,62.

3.1.1.5 Fatigue assessment of longitudinal structural members in the upper deck region
of container ships shall be performed taking into account the provisions of the Guidelines on
Fatigue Assessment of Ships. In addition, when choosing connection details for calculations
special attention shall be paid to the connections of foundations for deck equipment and
devices with structures manufactured of steel with thickness from 50 mm.

3.1.1.6 The requirements for container securing arrangements and hull structures,
which take up forces exerted by the said arrangements, apply to container ships.

3.1.1.7 The cantilever beam is a short deep half beam for which the supporting effect
of the side hatch coaming is disregarded in the strength and buckling strength calculation to
be made for deck grillage in accordance with 2.6.4.4 and 2.6.4.9 respectively.

3.1.1.8 For the purpose of this Chapter the following symbols have been adopted:

b = breadth of deck opening determined as the distance between the outer longitudinal
edges of hatchway openings at ship's sides, in m;

[ = length of hatchway opening, in m;

l,, = distance between centres of transverse deck strips at each end of opening, in m;

¢ = distance between trasverse edges of adjoining openings, in m;

n = total number of 20-foot containers carried by the ship.

3.1.2 Construction.

3.1.2.1  For ships with a length L = 80 m longitudinal framing system is provided for
the deck and bottom.

3.1.2.2 Upper deck and side longitudinals shall be continuous within the region stated
in3.1.1.2.
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3.1.2.3 Ends of cargo hatch continuous side coamings shall be attached as required
by 1.7 and 2.6.2. It is not recommended that continuous side coamings be attached to the front
bulkhead of the aft superstructure and the aft bulkhead of the forecastle.

3.1.2.4  Abrupt changes of cross section and shape of members referred to in 3.1.2.2
over the length of the ship is generally not permitted. Where such changes are necessary,
arrangements shall be such as to minimize the creation of stress concentration and attention
shall be paid to provision of buckling strength.

3.1.25 It is recommended that transverse and longitudinal deck strips have
a box-shaped cross-section.

3.1.2.6  Openings in the deck plating in immediate proximity to the attachments of
transverse and longitudinal deck strips are not permitted.

3.1.2.7 Large deck openings:

.1 adjacent corners of hatch openings in the upper deck arranged in one line shall be
rounded with a radius r, in m, (refer to Fig. 3.1.2.7.1) not less than

r=kb (3.1.2.7.1)

where k = 0,025 when ¢/b < 0,04;
k = 0,050 when ¢/b < 0,2; the intermediate values of k shall be obtained by linear interpolation.

In way of longitudinal deck strips the value of r may be reduced by 40 %.

Given below are minimum radii of rounding of opening corners:

Tmin = 300 mm in way of deck stringer plate;

rmin = 250 mm in way of longitudinal deck strips. Thickened insert plates are required at
hatch corners (refer to Fig. 3.1.2.7.1);

e — R

/ =15 = 3r

——

| 1,355 5

—
| —
—

Side

Fig. 3.1.2.7.1

.2 inway of conjugations of open and enclosed parts of the hull (adjacent to the engine
room, bow, etc.) the corner radius of hatch openings shall not be less than

r = 0,07b; (3.1.2.7.2)

.3 for general requirements regarding deck openings, refer to 2.6.5.1.
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3.1.2.8 The cantilever beams shall be fitted in line with web frames. Their connection
shall satisfy the requirements of 1.7.2.3.
The cantilever beams shall be fitted with minimum stiffeners as shown in Fig. 3.1.2.8.

Fig. 3.1.2.8

Stiffening of cantilever beams

3.1.2.9 Stiffeners, brackets or deep members shall be fitted under the vertical guides
or corner fittings of containers in double bottom of container ships. The inner bottom plating in
these locations shall be increased in thickness or the corner fitting sockets shall be welded
therein.

The above also applies to lashing pots.

Similar increase in the plating thickness and stiffening in way of container corner fitting
pockets and lashing pots shall be provided in deck structure.

3.1.2.10 Brittle crack arrest design.

Where extremely thick steel with thickness from 50 to 100 mm is used for the upper deck
structures in cargo hold region to arrest propagation of brittle cracks in block-to-block
connection between the hatch coaming and upper deck, the deck plating and longitudinal
hatch side coaming shall be manufactured of brittle crack arrest steel.

Where block-to-block butt welds of longitudinal hatch side coaming and those of the upper
deck plating are shifted, this shift shall be greater than or equal to 300 mm.

3.1.3 Design loads.

3.1.3.1 Thedesign still water bending moment shall be determined in accordance with 1.4.3.

3.1.3.2 The vertical wave bending moment shall be determined in accordance with 1.4.4.

3.1.3.3 The design horizontal wave bending moment M;, in kN/m, is determined by
the formula

Mh = 250thWBL2Cbah10_3 (3133)

where ky, = «(d/b +0,3);
e=1-4d/L;
forc,, referto1.3.1.4;
ap =05 (1 — cos Z%X),
x =  distance between the considered section and the after perpendicular, in m.
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3.1.3.4 The design components of a wave torque, in kN/m, are determined by the formulae:

Myy,, = 63k;c,,BL?a, - 1073; (3.1.3.4-1)
My, = 63k,c,, BL* Cpay, - 1073; (3.1.3.4-2)
My, = 126k;c,,BL* Cpa,, - 1073 (3.1.3.4-3)

ky = 102, £5;
2 1B
®, =1-8d/L;
Cw,=  water plane area coefficient for scantling waterline;
for e, referto 3.1.3.3;
e =  vertical distance from the torque centre to a point at 0,6 d above the base line; the torque

centre position shall be determined in accordance with the procedure approved by the Register;
o, = 0,5 (1 — cosz%);

_ . 3TX,
Ag, = SIn L
. 2TX,

A, = SIN—

for x, refer to 3.1.3.3.

3.1.3.5  Forcontainer ships, the design statical torque M., in kN/m, is determined by the formula

M, = 30VnB (3.1.3.5)

where n =  total number of 20-ft containers carried by ship.

3.1.3.6  For ships of restricted area of navigation, the horizontal wave bending moment
(refer to 3.1.3.3) and the components of a wave torque (refer to 3.1.3.4) shall be multiplied by
the reduction factor ¢ determined in accordance with Table 1.4.4.3.

3.1.3.7 The design loads for cantilever beams are determined in accordance with 2.6.3.

3.1.3.8 The design loads on container securing arrangements are determined with due
regard for the inertia forces caused by ship's accelerations at motions in accordance
with 1.3.3.1. The design mass value of ISO series 1 containers is:

24,0 t for 20-ft containers,

30,5 t for 40-ft containers.

When calculating strength of container securing arrangements fitted on weather deck,
account shall be taken of loads from the wind in the direction perpendicular to the centreline
of the ship. The design value of wind pressure is

p = 1,0 kPa.

314 Scantlings of structural members.
3.1.4.1 The combined stresses o3, in MPa, in strength deck longitudinals, determined
by Formula (3.1.4.1-1) shall not exceed 190/n in any section

Oy = Ogy + Ots + kx0y, (3.1.4.1-1)

where osw = hormal stresses, in MPa, in the section considered due to still water bending moment,
determined by the formula

g = "jv—: 103 (3.1.4.1-2)

where for My,,, in KN/m, refer to 1.4.3;
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Wi = actual hull section modulus in way of deck, as defined in 1.4.8;
Ops = normal stresses, in MPa, in the section considered due to the static torque M, (refer

to 3.1.3.5), determined by the formula

Oy = 22 (3.1.4.1-3)

~ I,103

biomoment in considered section along the length of open part of the ship under the effect
of the static torque M,,, in KN/m?;

main sectional area at the considered section point, in m?;

main sectional moment of inertia, in m¢;

By, ®, I, are determined according to the procedure approved by the Register;

oy = normal stresses, in MPa, in considered section due to vertical wave bending moment,
determined by the formula

where By

_ My

oy = —2-103

where for M,,, referto 1.4.4;
ks =  factor by which vertical bend stresses are increased taking the horizontal bending and
torque into account. It is determined by the formula

ks =+/1+0,15(0,85 + L/600)2(G), + 51,)?2

where G, = 0p/0y;
op = normal stresses, in MPa, in considered section due to design horizontal wave bending
moment, determined by the formula

M 103 (3.1.4.1-4)

where for M;,, referto 3.1.3.3;
W§, — actual hull section modulus about the vertical axis through the centreline of the ship, in cm?3,
determined by the formula

IZ .
Wgz = ; 102,

actual inertia moment of the hull about the vertical axis, in cm2m?;

half the ship's breadth in the considered section, in m;

tw = 0tw/o_w;

o, = total warping stresses, in MPa, under the effects of the torques My, , M,,, My,
determined by the formula

where I,
y
[}

2
Opy = J (0tw, = Oew,)” + Ot (3.1.4.1-5)

where Otw,; Otw,; Orw, = NOrmMal warping stresses, in MPa, under the effects of the torques My, , My, ,
My,,, (refer to 3.1.3.4), determined by the formula

Bio (3.1.4.1-6)

6 . —
twi = 103

where B; = biomoments in considered section along the length of the open part of the ship under
the effects of My,,,, My, M, respectively, in kN/mZ2. The biomoments are determined by
the procedure approved by the Register.

3.1.4.2 Kinematic parameters of warping shall be determined. The elongation of hatch
opening diagonal under the effect of hull warping shall not exceed 35 mm. Where such
elongation obtained by calculation is in excess of 35 mm, measures shall be taken for opening
edge reinforcements. The calculation shall be made in accordance with the RS-agreed
procedure.
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3.1.4.3 Adequate buckling strength of the longitudinal deck strip between the supports
as well as that of its items as regards the compressive stresses due to longitudinal bending
shall be ensured.

3.1.4.4 Where the ratio of the length of the hatch opening to the width of the deck
portion from the side shell to the longitudinal edge of the nearest hatch opening exceeds 10,
calculation of shape deformation of the deck portion concerned in the horizontal plane in
accordance with the procedure approved by the Register and use of the results obtained in
assessment of the deck stressed state, design of hatch covers and side framing may be
required.

3.1.45 The scantlings of cantilever beams and adjoining web frames shall satisfy
the following requirements:

.1 the section modulus, in cm?, of cantilever beam at a section in way of the end of
a beam knee shall not be less than

1 l
w = (3pal +Q) o " 10° (3.1.4.5.1)

where p intensity of design loads, in kPa, on the deck plating supported by the cantilever beam, as
required by 3.1.3.7;

distance between adjacent cantilever beams, in m;

span, in m, of a cantilever beam, measured from the section at the end of a beam knee to

the hatch side coaming supported;

Q = design load, in kN, transmitted from hatch cover to the cantilever beam:

Q = %plabl;

p1 =  intensity of design loads, in kPa, on the cover of hatch adjoining the cantilever beam as
required by 3.1.3.7;

b, =  width, in m, of opening for a hatch adjoining the cantilever beam;

ks = 0,6;

w, = asdefinedin 1.1.5.3.

The sectional area of the web of cantilever beam shall not be less than that determined
according to 1.6.4.3 taking:

k. = 0,6;

Nmax = pal + Q for the section at the end of the beam bracket;

Nmax = Q for the section in way of the hatch side coaming adjoining the cantilever beam;

.2 the section modulus of the web frame connected to the upper deck cantilever beam
at the section in way of the end of the beam bracket shall not be less than that determined
by Formula (3.1.4.5.1).

The section modulus of the web frame connected to the cantilever beam of the lower deck
and fitted below that deck at the section in way of the end of the beam bracket shall comply
with the same requirement but may be reduced by the value of section modulus of the web
frame fitted above that deck, at the section in way of the end of the bracket adjoining the deck.

3.1.4.6 The scantlings of container securing arrangements shall be determined on
the basis of strength calculations using the design loads complying with the requirements
of 3.1.3.8, and the resulting stresses shall not exceed the permissible ones determined using
the permissible stress factors:

ks =k = 0,75.

The strength of hull structures taking up forces from the container securing arrangements
shall be verified by calculation of the effects produced by these forces, and the resulting
stresses shall not exceed the permissible ones specified in Section 2 for the appropriate
structures.
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3.2 ROLL-ON/ROLL-OFF SHIPS

321 General and symbols.

3.2.1.1 The requirements of this Chapter apply to ro-ro ships, ro-ro passenger ships
and are supplementary to those of Sections 1 and 2.

These requirements also apply to decks and double bottoms of ships carrying wheeled
vehicles for use in cargo handling.

3.2.1.2 For the purpose of this Chapter the following symbols have been adopted:

Q, = static load on the axle of the wheeled vehicle, in kN;

ny = number of wheels on an axle;

n = number of wheels forming a design load spot (for a single wheel n = 1);

u = size of a tyre print normal to the axis of rotation, in m;

v = size of a tyre print parallel to the axis of rotation, in m;

e = spacing between adjacent tyre prints, in m;

1, = design load spot dimension parallel to the smaller side of the panel (directed across
framing members), in m;

I, = design load spot dimension parallel to the larger side of the panel (directed along
framing members), in m;

a, b = smaller and larger sides of panel, respectively, in m;

1 = span of the considered girder between supports, in m (refer to 1.6.3.1).

3.2.2 Construction.

3.2.2.1 Vehicle decks and double bottoms of ro-ro ships and car ferries shall, in general,
be longitudinally framed.

3.2.2.2 Movable decks fitted temporarily for the carriage of vehicles shall be so fixed
as to prevent these decks from taking up longitudinal forces under the hull longitudinal bending.

These Rules provide for movable deck structure consisting of a top decking with a web
structure and longitudinals welded thereto.

3.2.3 Loads from wheeled vehicles.

3.2.3.1 The design loads shall be based on specification details of vehicles carried on
board the ship and used for cargo handling. The design documentation submitted to
the Register for the consideration shall include statical load on vehicle axle, number of wheels
on the axle, wheel spacing, tyre print dimensions and tyre type.

Where wheel print details are not initially available, the requirements of 3.2.3.5 shall be
applied.

3.2.3.2 The design load spot dimensions 1, and l;, shall be chosen as the overall
dimensions of the print of a wheel group consisting of a maximum number of wheels and
complying with the following conditions:

when determining the required plating thickness, the prints of all the wheels in a group
shall be arranged within the panel surface (i.e. 1, < aandl, < b, refer to Table 3.2.3.2);

when determining the section modulus and cross section of a main framing girder,
the prints of all the wheels of a group shall be fully arranged within the surfaces of two panels
adjacent to the girder under consideration (i.e. 1, < 2aandl, < |, refer to Fig. 3.2.3.2).

The wheels may be united in a group irrespective of the distance between prints provided
the overall dimensions of the group are in accordance with the above limitations.

Where two positions of the design load spot are possible (along and across main framing),
l, = 1, shall be adopted as the design case (i.e. the spot positioned with its larger side along
main framing).
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Table 3.2.3.2
Procedures for choosing design load spot dimensions when establishing
deck plating thickness
Wheel prints Design load spot
v n=1
1,5, =u
[~1 =
b b
v Fesh n=2 LL=2v+e
v e
= =
v = U “
=
b b
\ 4v + 3e>h n=3 lp=3v+ 2
51’ ; 5 e ;
I :
= I =
b b
v+e>h n=1
Ih =u
v L 3 |
= “
s
b b
T .
| |
4 |
| I,
| |
| |
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' X
| [
| I =
| [
!

Fig. 3.2.3.2
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3.2.3.3 Tobe considered are the loads resulting from the operation of vehicles during cargo
handling operations and from stowage of vehicles on the deck under conditions of the ship motions.
3.2.3.4 The design load @Q, in kN, shall be determined by the formula

n
Q = kaQo (3.2.3.4)
where kq = a;a, — dynamic coefficient in the process of operation of vehicles used for cargo handling
operations;
a, = factor equal to: 1,10 and 1,05 for vehicles (except fork lift trucks) having an axle load less
than 50 kN and 50 kN and more, respectively; 1,0 for fork lift trucks;
a, = factor equal to: 1,03 and 1,15 for pneumatic and cast-rubber tyres, respectively; 1,25 for

wheels with a steel rim;
kq =1+ a,/g — dynamic factor characterizing the ship motions;
a, = acceleration in the ship section under consideration in accordance with 1.3.3.1.

Where distribution of the load between wheeled vehicle axles is not uniform, the maximum
axle load shall be taken as the design load. For fork lift trucks it is assumed that the total load
is applied to the forward axle.

3.2.3.5 Where specifications on tyre print dimensions are not available, the tyre print
dimension normal to the wheel axle u, in m, shall be determined by the formulae:

for wheels with cast tyres

u=0,01Q,/ny, where Q,/ny < 15 kH;

u=0,1540,001(Qy/ny, — 15) where Q,/n, > 15 kH; (3.2.3.5-1)
for wheels with pneumatic tyres
u = 0,154 0,0025 Qy/ny where Q,/ny < 100 kH; (3.2.3.5-2)

u = 0,4+ 0,002(Qy/no — 100) where Q,/ny > 100 kH.

The tyre print dimension of a wheel parallel to the wheel axle v, in m, shall be determined
by the formula

y=—%_ (3.2.3.5-3)
NoUPk
where pr =  static specific pressure, in kPa, to be adopted from Table 3.2.3.5.
Table 3.2.3.5
Vehicle Pk
Pneumatic tyres Cast tyres
Cars 200 —
Lorries, motor vans 800 —
Trailers 800 1500
Fork lift trucks 800 (where n=1) 1500
600 (where n = 2) 1500

3.2.3.6 If the size of wheel prints is adopted in accordance with 3.2.3.5, the design
load Q shall be increased by 15 %.
3.2.3.7 The design load for train rails Q, in kN, shall be determined by the formula

Q = 0,5k Q014

where kq = 1,1 if the vehicle moves about during cargo-handling operations;

(3.2.3.7)
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kq =1+ a,/g in case of the ship motions;
a, = acceleration in considered ship section in accordance with 1.3.3.1;
n, = number of vehicle wheels arranged within the design span of framing member supporting
railways.

3.2.3.8 The design loads for side shell and permanent deck primary members shall be
those to satisfy the most severe stowage arrangement of all cargoes carried on deck (including
package cargo, containers, wheeled vehicles, etc.) asnd to allow for statical and inertia forces
resulting from the ship motions. Accelerations shall be determined in accordance with 1.3.3.1.

3.2.3.9 Thedesignload @, in kN, for the transverses and girders of movable decks shall
be determined by the formula

Q = ka(pc + pa)a,l (3.2.3.9)

where kq as defined in 3.2.3.4;

p. =  static deck loads from the cargo carried , in kPa;
pq =  static deck loads from deck own mass, in kPa;
a, = mean spacing of transverses and girders, in m.

The value of (p. + pq) shall not be taken less than 2,5 kPa.
3.24 Scantlings of deck and side shell structures.
3.2.4.1 The thickness of plating s, in mm, shall not be less than

0,6
17Qk, ) ’
s = (— +2 3.24.1
lalpRenkikok3 ( )
where Q = as defined under 3.2.3;
ko =  factor accounting for the effects of total hull bend:
1 . . . . .
ko = TasoaW/WL > 1 for the upper (strength) deck amidships with loads acting at sea;
ko =1 elsewhere;
k, = 0,83/3;

k, = 0,84/,/l, — 0,185;
ks = 0,18/l + 0,38;
Wf = actual hull section modulus for deck in accordance with 1.4.8.
3.2.4.2 The section modulus W of longitudinals and beams, in cm?3, shall not be less
than obtained from 1.6.4.1 with

Q = as defined in 3.2.3;
5,84

m= [1-0,571p/1]kg’

ko, =1—0,204(l,/a)? + 0,045(l,/a)3;

ks, = 0,8/k,— for cargo handling operations in port;

ks = 0,7/k, — with loads applied at sea;

k, = factor defined in 3.2.4.1.

3.2.4.3 The web cross-sectional area f., in cm?, of beams and longitudinals shall not
be less than obtained from 1.6.4.3 with

Nmax = Qka(1—0,471,/1); (3.2.4.3)

as defined in 3.2.3;

where Q =
kq; ks = factors defined in 3.2.4.2.
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3.2.4.4 The plating thickness, section modulus and cross-sectional area of beams and
longitudinals of movable decks shall be determined in accordance with 3.2.4.1, 3.2.4.2
and 3.2.4.3. Where beams and longitudinals are freely supported by girders and transverses,
the factor m shall be determined by the formula

8

M= a1/’ (3.2.4.4)

where k, = factor defined in 3.2.4.2.

Otherwise, the factor m shall be determined as for beams and longitudinals of permanent
cargo decks according to 3.2.4.2.

3.2.4.5 The section modulus of longitudinals W, in cm?®, supporting fixed rails shall not
be less than obtained from 1.6.4.1 with:

Q = as defined in 3.2.3.7;

m to be determined by the formula

585
T 1—ksey/l (3.2.4.5)

where ks =0 withn; =1;
ks = 0,5n; with n; > 2;
forn,, referto3.2.3.7;

ez = mean spacing of centres of wheels arranged within the design member span, in m;
ks = 0,7/k,
ko =  factor determined by 3.2.4.1.

3.2.4.6 The scantlings of deep members of sides and permanent cargo decks, as well
as of pillars shall be derived by direct calculation using the procedures approved by
the Register.

3.2.4.7 The section modulus of the girders and transverses of movable decks W, in cm?,
shall not be less than obtained from 1.6.4.1 with:

Q = as defined in 3.2.3.9;

m = 12 for fixed members;

m = 8 for freely supported members;

ks =0,7.

3.25 Special requirements.

3.2.5.1 A side fender protecting the ship side and stern from damage during mooring
operations shall be fitted at the lower cargo deck level of ferries.

3.2.5.2 Alongitudinal shall be fitted under each rail on the cargo decks of train ferries.

3.2.5.3 Where train decks with rails which are flush with the deck plating are provided
on ships carrying railway carriages, the actual section modulus and sectional area of deck
transverses shall be determined for the section located in the rail recess. Structural continuity
of the effective flange of the deck transverse, where it intersects the rail, shall be ensured.

3.2.5.4 Where rails for the transport of railway carriages are welded to the deck plating
throughout the entire length, the rail butts shall be welded with full penetration.
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3.3 BULK CARRIERS AND OIL OR BULK DRY CARGO CARRIERS

3.3.1 General.

3.3.1.1 The requirements of this Chapter apply to bulk carriers and combination carriers
intended for the carriage of bulk cargoes and crude oil, and not covered by the requirements
of the Common Structural Rules (non-CSR bulk carriers and combination carriers) (refer also
to1.1.1.1).

3.3.1.2 The scantlings of structural members bounding the cargo region shall be
determined as required by Sections 1 and 2 on assumption of the carriage of bulk or liquid
cargo (water ballast) in the holds primarily designed for the purpose concerned. The value to
be adopted is the greater of the appropriate strength characteristics of the item.

3.3.1.3 The requirements for the structures not mentioned in this Chapter shall be as
given in Sections 1 and 2.

In any case, the requirements for the hull and its structures shall not be less stringent than
those stated in Sections 1 and 2.

3.3.1.4 The basic structural type of ships is considered to be a single-deck ship with
machinery aft, having a flat (or nearly a flat) double bottom in the holds (permissible slope of
the inner bottom from the side to the centreline is not over 3°), hopper side and topside tanks,
single or double skin sides, transverse hold bulkheads of plane, corrugated or cofferdam type,
which is primarily intended for balk cargoes.

3.3.1.5 In combination carrier the length of the holds shall not exceed 0,1L.

It is assumed that when carrying heavy bulk cargo, certain holds remain empty, their
numbers shall be indicated in column "Other characteristics" in Classification Certificate as
stated in 2.4 of Part | "Classification".

3.3.2 Construction.

3.3.2.1 Longitudinal framing shall be adopted for the deck, the side shell in way of
topside tanks and the sloped bulkheads of topside tanks. The deck plating between end
coamings of adjacent cargo hatches shall be additionally strengthened with intercostal
transverse stiffeners fitted at every frame.

The double bottom shall be longitudinally framed. The double bottom structure in which
all bottom and inner bottom longitudinals are replaced by side girders may be permitted
(refer t0 2.4.2.4.2).

The single skin side between topside and hopper side tanks shall be transversely framed.

Longitudinal or transverse framing may be adopted for the double skin side and in the
hopper side tanks.

The transverse watertight bulkheads may be plane with vertical stiffeners, corrugated with
vertical corrugations or of a cofferdam type.

3.3.2.2 A hatch side coaming shall be fitted with horizontal stiffeners. At every alternate
frame the coaming shall be stiffened with vertical brackets fitted between the coaming flange
and the deck.

3.3.2.3 The slope angle of topside tank walls to the horizontal axis shall not be less
than 30°.

Inside topside tanks, in line with hold transverse bulkheads, diaphragms shall be fitted,
the plating of which may generally have drain and access holes of minimum size. The plating
of transverse bulkheads inside topside tanks shall be strengthened with stiffeners. The ends
of vertical stiffeners shall be bracketed.

In topside tanks transverse beams shall be fitted in line with deck transverses.

To stiffen the plates of the tank vertical walls which are in line with the hatch side coaming,
brackets shall be placed in side the tanks in line with every stay of side coaming.
These brackets shall be extended to the deck and tank sloped bulkhead longitudinals nearest
to the centreline.
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At every frame, in the lower corner of the tank, brackets shall be fitted in line with
the brackets attaching the hold frame to the sloped bulkhead of the tank. These brackets shall
be carried to the ship's side and tank sloped bulkhead longitudinals nearest to the lower corner
of the tanks and welded to them so as to extend beyond the brackets of frames.

3.3.2.4 The slope angle of hopper side tank walls to the horizontal shall not be less
than 45°. The extension of the tank over the ship breadth at the inner bottom level shall
generally not be less than 0,125B on one side.

Transverse diaphragms shall be fitted in line with transverse bulkheads and every
alternate plate floor. The diaphragms may have drains and access holes. The total height of
openings at the section of diaphragm, in the direction along the normal to the tank plating,
from a line drawn through the opening centre perpendicularly to that normal, to the plating
shall not exceed 0,5 of the height of that section anywhere. The opening edges shall be
reinforced with face plates or stiffeners. The diaphragm plating shall be stiffened as required
by 1.7.3.2 for the floor stiffeners.

Inside longitudinally framed tank, brackets shall be fitted in line with every frame.
These brackets shall be carried to the sloped bulkhead and side longitudinals and welded to
them so as to extend beyond the brackets of frames.

At the outboard side girder forming transversely framed hopper side tank wall, brackets
shall be fitted in line with every frame. These brackets shall be carried to the nearest bottom
and inner bottom longitudinals and welded to them.

3.3.2.5 Within the cargo area, the single-side structure shall comply with the following
requirements:

.1  the scantlings of side hold frames immediately adjacent to the collision bulkhead
shall be increased in order to prevent excessive imposed deformation on the shell plating.
As an alternative, supporting structures shall be fitted which maintain the continuity of fore
peak stringers within the foremost hold;

.2 frame ends shall be attached with brackets. The vertical dimension of the lower and
upper brackets, as measured at shell plating, shall not be less than 0,125 of the frame span.
On the level of the frame adjoining the bilge and underdeck tank, the breadth of the lower and
upper brackets shall not be less than half the web height. For bulk carriers of 150 m in length
and upwards with single side structures, carrying solid bulk cargoes having a density
of 1,000 kg/m® and above, the material grade shall not be less than grade D/DH for lower
bracket of side frame (refer to Fig. 3.3.2.5.10);

.3 frames shall be fabricated symmetrical sections with integral upper and lower
brackets and shall be arranged with soft toes. The end brackets adjoining the underdeck and
bilge tanks shall be blunted, and the flange ends shall be sniped. The side frame flange shall
be curved at the connection with the end brackets. The radius of curvature shall not be less
than r, in mm, determined by the formula

r = 0,4b%,/Spr (3.3.2.5.3)

where by
Sbr

the flange width, in mm;
the thickness of brackets, in mm;

.4 normal steel frames may be asymmetric. The face plates or flanges of brackets shall
be sniped at both ends. The brackets shall be arranged with soft toes;

.5 where, a frame being connected to an underdeck tank, the frame or its bracket
overlaps with a horizontal section of an inclined wall, provision shall be made for the bracket
to go over the bent section, and the angle between the plane of the face plate (bracket) and
the inclined tank wall shall not be less than 30°;
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.6 the web depth to thickness ratio of frames shall not exceed the following values:
60\/ﬁ for symmetrically flanged frames;

soﬁ for asymmetrically flanged frames;

7 the outstanding flange shall not exceed 10ﬁ times the flange thickness;

.8 in way of the foremost hold, side frames of asymmetrical section shall be fitted with
tripping brackets which shall be welded to shell plating, webs and face plates of frames;

.9 double continuous welding shall be adopted for the connections of frames and
brackets to side shell, hopper wing tank plating and web to face plates. For this purpose,
the strength factor o for a weld (refer to 1.7.5.1) is adopted equal to:

0,44 where frame webs shall be welded to shell plating on lengths equal to 0,25 of
the frame span as measured from the upper and lower frame end, and where bracket webs
shall be welded to the plating of underdeck and bilge tanks;

0,4 where frame webs shall be welded to shell plating outside the above end sections.

Where the hull form is such as to prohibit an effective fillet weld, edge preparation of
the web of frame and bracket may be required, in order to ensure the same efficiency as
the weld connection stated above;

.10 For bulk carriers of 150 m in length and upwards with single side structures, carrying
solid bulk cargoes having a density of 1,000 kg/m?® and above, the side shell plate between
two points located to 0,125] above and 0,125! below the intersection of side shell and bilge
hopper sloping plating or inner bottom plate shall be made of steel notless than grade D/DH,
where [ is the span of the side frame defined as the distance between the supporting
structures, in m. In case of side frames built with multiple spans, the above requirements apply
to the lower part only (refer to Fig. 3.3.2.5.10).

Not applicable

“~._Top Side Tank »
. ~g o P
i Horizontal Stringer & —_—

-

Not applicable
» Not applicable

. ~ ~ +
Horizontal Stringer <= 2nd Deck »

-

Brige:Hopper Bilge Hopper o 1™
Inner Bottom

S | e | 3 0Imr

Fig. 3.3.2.5.10

3.3.2.6 The ends of plane bulkhead stiffeners shall be bracketed to the inner bottom
plating and to deck structures.

3.3.2.7 The cofferdam bulkheads shall satisfy the following requirements:

.1 the construction of cofferdam bulkheads, as stipulated under 2.7.1.2, shall consist
of two tight platings, diaphragms and/or platforms. To stiffen the plating, vertical or horizontal
stiffeners may be fitted;
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.2  the vertical or horizontal stiffeners of both platings shall be identical, form a ring
structure and pass continuous through the platforms or, accordingly, diaphragms. The vertical
stiffeners of both platings shall be fitted in the same plane parallel to the centreline of the ship;
the horizontal stiffeners shall be fitted in the same plane parallel to the base line of the ship.

Cross ties are permitted between the vertical or horizontal stiffeners of both platings,
at the mid-span thereof;

.3 the diaphragms or platforms shall be stiffened in accordance with 1.7.3.2.
The smaller side, in mm, of the panel of diaphragm or platform to be stiffened shall not
exceed 1005\/ﬁ, where s is the thickness of diaphragm or platform, in mm;

.4 for access to all parts of the cofferdam bulkhead an adequate number of openings
(manholes) shall be provided in the diaphragms and platforms. The total width of openings in
one section of the diaphragm or platform shall not exceed 0,6 of the cofferdam bulkhead
thickness.

Openings other than the air and drain scuppers are generally not permitted:

in the platforms, at a distance not less than 1,5 times the cofferdam bulkhead thickness
from the longitudinal bulkheads or side, which act as the platform supports;

in the diaphragms, at the same distance from the inner bottom plating or the upper point
of the bulkhead bottom trapezoidal stool, if any, and the upper deck plating or the lower point
of the horizontal underdeck stiffener of rectangular or trapezoidal section, being the bulkhead
top stool, if any, which act as the diaphragm supports.

Edges of the openings cut in the diaphragms and platforms located within %4 of the span
from their supports shall be reinforced with face plates or stiffeners. The distance between
the edges of adjacent openings shall be not less than the length of these openings.

3.3.2.8 Transverse bulkheads with vertical corrugations shall have plane areas at ship's
sides not less than 0,08B in width. The upper ends of these bulkheads shall be attached to
the deck by horizontal stiffeners of rectangular or trapezoidal section, complying with
the requirements of 3.3.2.11, while the lower ends shall be attached directly to the inner bottom
plating or to the stools of trapezoidal section fitted on the inner bottom, complying with
the requirements of 3.3.2.10. The bulkheads in heavy cargo holds shall be supported by
trapezoidal stools.

At lower end of corrugations there shall be fitted vertical and sloped plates so as to cover
the concave portion of corrugations on each side of the corrugated bulkhead. The height of
the covering plates in oil or bulk dry cargo carriers shall not be less than 0,1 of the corrugation
span, and their thickness shall be not less than the lower strake thickness of the corrugation.

3.3.2.9 Where lower ends of vertical corrugations are attached directly to the inner
bottom plating, floors the thickness of which shall be not less than that of the bottom strake of
the corrugated bulkheads shall be aligned with transverse faces (those directed athwart
the ship).

In this case, web plates (those directed along the ship) of rectangular corrugations shall
be in line with inner bottom longitudinals or side girders. Side faces of trapezoidal corrugations
shall be arranged so that in way of their intersection with inner bottom longitudinals hard spots
are avoided.

3.3.2.10 The construction of the transverse bulkhead bottom trapezoidal stool shall
comply with the following requirements:

A the stool is fitted on the inner bottom athwart the ship under the bulkhead. It shall consist
of a top horizontal plate having a width not less than the height of the bulkhead corrugations and
two sloped plates resting upon the plate floors. The height of the stool shall not exceed 0,15D;

.2 inner bottom longitudinals shall be cut at the floors giving support to the sloped
plates of the bottom stools and to be attached to them by brackets. Brackets having a thickness
not less than that of the floors, reinforced with stiffeners shall be fitted between the floors in
line with the inner bottom longitudinals;
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.3 diaphragms shall be fitted inside the bottom stools in line with the centre girder and
side girders. Drain and access holes may be cut in the diaphragms. Size of the openings, their
runforcement as well as stiffening of diaphragms shall comply with similar requirements for
the diaphragms of hopper side tanks, as specified in 3.3.2.4;

.4 the horizontal and sloped plates inside the bottom stool shall be stiffened to form
a ring structure, fitted in line with the inner bottom longitudinals.

3.3.2.11 The construction of the corrugated bulkhead top stool of rectangular or
trapezoidal section shall comply with the following requirements:

.1 the top stool shall be fitted under the deck athwart the ship, over the bulkhead.
It shall consist of a bottom horizontal plate having a width not less than the height of
the bulkhead corrugations and two vertical or sloped plates. The height of the top stool shall
be approximately equal to 0,1 of the distance between the topside tanks. The dimensions of
the top stool shall be such as to provide access into that stool;

.2  the horizontal and vertical (sloped) platesinside the stool shall be stiffened.

The stiffeners may be fitted in line with the deck longitudinals forming ring structures with them.

Horizontal stiffeners may be fitted. In this case, webs giving intermediate support to these
stiffeners as well as brackets ensuring efficient end attachment of corrugations shall be
provided inside the top stool;

.3 where an angle between the sloped plate of the top stool and a vertical axis
exceeds 30°, brackets ensuring efficient upper end attachment of corrugations shall be fitted
inside the top stool in line with plane faces of trapezoidal corrugations.

3.3.3 Design loads.

3.3.3.1 The design loads on the inner bottom members, sides and transverse
bulkheads shall be calculated as required by 2.2.3, 2.4.3, 2.5.3 and 2.7.3 respectively, taking
account of the heaviest of the anticipated bulk cargoes, liquid cargo (water ballast) or empty
holds, whichever is appropriate.

3.3.3.2 Thedesign pressure on the plating and framing of the hopper side tank sloped sides
and of the plates of the transverse bulkhead bottom stools shall be determined as required
by 1.3.4.3 for the heaviest of the anticipated bulk cargoes and as required by 1.3.4.2 for liquid cargo,
whichever is appropriate. In any case, the design pressure need not be taken less than that
determined by Formula (1.3.4.2.1-4) and for the trapezoidal stools also in accordance with 2.7.3.1.

3.3.3.3 The design pressure on the plating and framing of the topside tank longitudinal
bulkheads and of the plates of the transverse bulkhead top stools of rectangular or trapezoidal
section shall be determined as required by 1.3.4.2 for the holds filled with liquid cargo (water
ballast). In any case, the design pressure need not be taken less than that determined
by Formula (1.3.4.2.1-4) and for the top stools also in accordance with 2.7.3.1.

3.3.3.4  Where the hopper side and/or topside tanks, transverse bulkhead bottom and/or top
stools, space inside the cofferdam bulkheads and/or inter-skin space are used as tanks, the design
pressure shall be determined with regard for the pressure from the inside as required by 1.3.4.2.

3.34 Scantlings of structural members.

3.3.41 The scantlings of double bottom members shall satisfy the following requirements:

.1 the scantlings of centre girder, side girders and floors shall be determined on
the basis of strength calculation made for bottom grillages using design pressure stated
in 3.3.3 and the following permissible stress factors:

for centre girder and side girders

ks = 0,3kg < 0,6 in the midship region, when determining the shell plating stresses;

ks = 0,35kg < 0,6 in the midship region, when determining the inner bottom plating
stresses;

ks = 0,6 at the ship's ends within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of ship's ends, k, shall
be determined by linear interpolation;
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for floors

ks = 0,6;

when the strength is verified using the shear stresses k. = 0,6;

kg shall be determined by Formula (2.2.4.1).

Where combinations of empty and loaded holds are envisaged, this shall be accounted
for in the strength calculation made for the bottom grillage when determining the root flexibility
factor of the centre girder and side girders on the bearing contour line of the grillage. Account
may be taken of the end root flexibility of floors owing to rotational stiffness of the hopper side
tanks. The grillage shall be treated as a system of cross members (structural idealization using
beam models).

For ships of 150 m in length and upwards, intended to carry solid bulk cargoes having
a density of 1,0 t/m or above, and with:

single side skin construction; or

double side skin construction in which any part of longitudinal bulkhead is located
within B/5 or 11,5 m, whichever is less, inboard from the ship's side at right angle to the
centreline at the assigned summer load line;

contracted for construction on or after 1 July 2006, the strength of double bottom
structural members in the case when each cargo hold considered individually flooded shall be
additionally checked according to the procedure specified in Appendix 3;

.2 the section modulus of the bottom primary members shall be determined in
accordance with 2.4.4.5 taking the following permissible stress factors:

for longitudinals

ks = 0,4kg < 0,65 in the midship region;

ks = 0,65 at the ship's ends within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of the ship's ends, k, shall
be determined by linear interpolation;

for transverse members

ks = 0,65;

kg shall be determined by Formula (2.2.4.1);

.3 the section modulus of inner bottom primary members shall be determined in
accordance with 2.4.4.5 at the design pressure in accordance with 3.3.3 and the following
permissible stress factors:

for longitudinals

ks = 0,5kg < 0,75 in the midship region;

ks = 0,75 at the ship's ends within 0,1L from the fore or after perpendicular.

For regions between the midship region and the above portions of the ship's ends, k4
shall be determined by linear interpolation;

for transverse members

ks = 0,75

kg shall be determined by Formula (2.2.4.1).

3.3.4.2 the scantlings of the hopper side tank members shall comply with the following
requirements:

.1 the thickness of the sloped bulkhead plating shall not be less than that determined
by Formula (1.6.4.4) taking:

m = 15,8;

p = design pressure as defined in 3.3.3;

ks shall be taken as for the longitudinal bulkhead plating of tankers as required by 2.7.4.1,
but not more than for the inner bottom plating in accordance with 2.4.4.4.1.
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The bottom strake thickness of the tank sloped bulkhead shall notbe less than that of
the inner bottom plate adjacent to it. The thickness of other strakes, in mm, shall not be less than

Smin = (7 + 0,035L)\/n (3.3.4.2.1)

where n shall be obtained from Table 1.1.4.3

but not greater than the bottom strake thickness.

Where the hold and/or tank is used for the carriage of oil, oil products or water ballast,
the thickness shall not be less than required by 3.5.4;

.2 the section modulus of primary members of the sloped bulkhead shall not be less
than that determined in accordance with 1.6.4.1 and 1.6.4.2 taking:

p = design pressure as defined in 3.3.3;

m = 10 for transverse stiffeners;

m = 12 for longitudinal stiffeners;

k shall be taken as for the bulkhead stiffeners of tankers as specified in 2.7.4.2, but not
more than for the inner bottom primary members in accordance with 3.3.4.1.3.

The longitudinal stiffeners shall comply with buckling strength requirements, as specified
in 1.6.5.2;

.3 the thickness of the diaphragm plating shall not be less than that of the abutting
plate floors. Stiffening of the diaphragms with openings shall comply with the requirements for
stiffeners of the floors, as specified in 1.7.3.1.

The thickness of plating and the scantlings of the stiffening framing members of
the watertight diaphragms shall comply with the requirements for the tank bulkheads as
specified in 2.7.4.1 and 2.7.4.2.

3.3.4.3 Where the frame ends are attached directly to the sloped bulkheads of tanks
(without transition horizontal area), the section modulus at support section W, , in cm?,
shall be not less than

Weup = Wo/cos?a (3.3.4.3)

where W,
04

section modulus at the frame support section as required by 2.5.4.1, in cm3;
slope angle of the tank bulkhead to the base line, in deg.

3.3.4.4 The scantlings of the frames shall be in accordance with the requirements
of 2.5.4.1 and with the following requirements:
.1 the thickness of frame webs s, min, i MM, shall not be less than

Swmin = k(7 + 0,03L) (3.3.4.4.1)

where k = 1,15 for frame webs in way of the foremost hold;
k = 1,0 for frame webs in way of other holds;

.2 the thickness of the bracket connecting the lower end of frame to the bilge tank shall
not be less than that of the frame web or s, ,in + 2 mMm, whichever is greater. The thickness
of the bracket connecting the upper end of frame to the underdeck tank shall not be less than
that of the frame web;

3 the section modulus of the frame and bracket or integral bracket, and associated
shell plating, shall not be less than twice the section modulus required for the frame mid-span
area.
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3.3.45 The scantlings of the topside tank members shall comply with the following
requirements:

.1 the plating thickness of the vertical and sloped bulkheads of the topside tank shall
not be less than determined by Formula (1.6.4.4) taking:

m = 15,8;

p = design pressure as defined in 3.3.3;

k, shall be taken as for the longitudinal bulkhead plating of tankers as specified in 2.7.4.1.

The thickness, in mm, of the vertical bulkhead plating and of the adjoining sloped bulkhead
plate shall not be less than

Smin = 10 4 0,025L. (3.3.4.5.1)

The thickness of other sloped bulkhead plates shall be not less than that determined
by Formula (2.7.4.1-2). Where the hold and/or tank is used for the carriage of oil, oil products
or water ballast, the thickness shall be not less than that required by 3.5.4;

.2  the section modulus of longitudinal stiffeners of the vertical and sloped bulkheads
shall not be less than that determined according to 1.6.4.1 and 1.6.4.2 taking:

p = design pressure as defined in 3.3.3, but not less than 25 kPa;

m=12;

ks shall be taken as for horizontal stiffeners of longitudinal bulkheads of tankers as
specified in 2.7.4.2.

The longitudinal stiffeners of the vertical and sloped bulkheads shall comply with buckling
strength requirements of 1.6.5.2;

.3  the section modulus of the transverse web of the sloped bulkhead shall be not less
than that determinated in 1.6.4.1 and 1.6.4.2, and the sectional area of the web plate shall not
be less than that determined in accordance with 1.6.4.3 taking:

Nmax = 0,5pal;

p = design loads as defined in 3.3.3, but not less than 25 kPa;

m = 10;

ks =k = 0,75;

.4 the section modulus and sectional area of the deck transverse web inside the tank
shall comply with the requirements of 2.6.4.6.

The section modulus and sectional area of the side transverse web inside the tank shall
comply with the requirements of 2.6.4.5 at m = 10.

The section modulus and sectional area of vertical web plate of the tank vertical bulkhead
shall be calculated as the mean of these values for the deck transverse and transverse web
of the sloped bulkhead;

.5 the plate thickness of bulkheads inside the tanks fitted in line with the hold
transverse bulkheads shall not be less than that of the latter at the same distance from
the inner bottom plating. Stiffening of bulkhead plating shall comply with the requirements
of 2.7.4.2 for the tank primary members;

.6 the thickness of brackets stiffening the tank vertical bulkhead and of brackets fitted
at the lower corner of the tank shall not be less than 10 mm.

3.3.4.6 In any case, the hold bulkhead plating and corrugations shall have a thickness
not less than 10 mm.

The height of top rectangular (trapezoidal) stool, bottom trapezoidal stool and of double
bottom is not included in the span of the hold bulkhead vertical corrugations.

3.3.4.7 The scantlings of the transverse bulkhead lower trapezoidal stool members
shall comply with the following requirements:

.1  the thickness of the horizontal and sloped plate shall not be less than that
determined by Formula (1.6.4.4) taking:

m = 15,8;

p = design pressure as defined in 3.3.3;

ks, = 0,9.
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The thickness of horizontal plate and top strake of the sloped plate shall not be less than
that of the corrugation adjoining the stool. The thickness of the bottom strake of the sloped
plate shall not be less than that of the inner bottom plating. The thickness of other stakes of
the sloped plate shall not be less than that determined by Formula (3.3.4.2.1). Where the hold
and/or stool is used for the carriage of oil, oil products or water ballast, the thickness shall be
not less than that required by 3.5.4;

.2  the section modulus of the sloped plate stiffeners shall not be less than that
determined in accordance with 1.6.4.1 and 1.6.4.2 taking:

p = design pressure as defined in 3.3.3;

m = 10;

ks = 0,75.

The section modulus of the haorizontal plate stiffeners shall not be less than that of the
sloped plate stiffeners;

.3 the thickness of diaphragm shall not be less than that of side girders. Size of the
openings cut in diaphragms and their reinforcement shall comply with the requirements for
openings and reinforcement of the hopper side tank diaphragms as specified in 3.3.4.2.3.

3.3.4.8 The scantlings of the transverse bulkhead top rectangular or trapezoidal stool
members shall comply with the following requirements:

.1 the thickness of the horizontal and vertical (or sloped) plates shall not be less than
that determined by Formula (1.6.4.4) taking:

m = 15,8;
p = design pressure as defined in 3.3.3;
ks, = 0,9.

The thickness of the horizontal plate and bottom strake of the vertical (sloped) plate shall
not be less than that of the corrugation adjoining the top stool. Where the vertical plate is fitted
in line with the hatch end coaming, its thickness shall not be less than that of this coaming as
required by 3.3.4.11. The top strake of the sloped plate shall have the same thickness provided
that its upper edge is at a distance of less than 0,4 m from the hatch end coaming. In any case,
the thickness of the vertical or sloped plate shall not be less than that determined
by Formula (2.7.4.1-2). Where the hold and/or interior of the top stool is used for the carriage
of ail, oil products or water ballast, the thickness shall not be less than that required by 3.5.4;

.2  the section modulus of the stiffeners of vertical or sloped plate shall not be less than
that determined according to 1.6.4.1 and 1.6.4.2 taking:

p = design pressure as defined in 3.3.3, but not less than 25 kPa;

m = 12 for horizontal stiffeners;

m = 10 for other stiffeners;

ks = 0,75.

The section modulus of the stiffeners of horizontal plate shall not be less than that of
the stiffeners of vertical or sloped plate;

.3 the section modulus of the vertical or sloped plate web to be fitted where horizontal
stiffeners are provided, as stated in 3.3.2.11.2, shall not be less than that determined
from 1.6.4.1 and 1.6.4.2, while the sectional area of the web plate shall not be less than
determined according to 1.6.4.3 taking:

Nmax = 0,5pal;

p = design loads as defined in 3.3.3, but not less than 25 kPa;

m = 10;

ks = k= 0,75.

The section scantlings of webs fitted on the horizontal plate and under the deck shall not
be less than those required for the vertical (sloped) plate web;

.4 the thickness of the brackets fitted inside the top stool to ensure efficient upper end
attachment of corrugations shall not be less than that of these corrugations in the upper part
of the bulkhead.
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3.3.49 The scantlings of the cofferdam bulkhead members shall comply with
the following requirements:

.1  the thickness of the cofferdam bulkhead plating shall not be less than that
determined by Formula (1.6.4.4) taking:

m = 15,8;
p = design pressure as defined in 3.3.3;
ks =0,9.

The plating thickness shall not be less than that determined by Formula (2.7.4.1-2) or
according to 3.3.4.6, whichever is the greater. Where the hold or interior of the cofferdam
bulkhead is used for the carriage of oil, oil products or water ballast, the plating thickness shall
be not less than that required by 3.5.4;

.2 the section modulus of primary members stiffening the plating of cofferdam
bulkheads shall not be less than that determined from 1.6.4.1 and 1.6.4.2 taking:

p = design pressure as defined in 3.3.3 but not less than 25 kPa;

m=12;

ks = 0,75;

.3 where the construction of the cofferdam bulkhead incorporates only diaphragms or
only platforms, their section modulus shall not be less than that determined from 1.6.4.1
and 1.6.4.2, and the sectional area is not less than that determined from 1.6.4.3 taking:

Nmax = 0,5pal for platforms,

Nmax = 0,65pal for diaphragms;

p = design loads as defined in 3.3.3, but not less than 25 kPa;

[ = span, in m, equal to:

for diaphragms — the distance between the deck plating and inner bottom plating,
at the centreline;

for platforms — the ship's breadth in way of construction bulkhead for ships having single
skin side construction, the distance between the inner skins for ships having double skin side
construction;

m = 10;

ks = ke =0,75;

.4 where the construction of the cofferdam bulkhead consists both the diaphragms and
platforms, their thickness shall be determined on the basis of the calculation of the grillage as
a system using beam models, with the loads specified in 3.3.3 but not less than 25 kPa and
the permissible stress factors k; = k. = 0,75;

.5 in any case, the thickness of the cofferdam bulkhead diaphragms and platforms
shall not be less than that determined by Formula (2.5.4.8.1). Where the interior of
the cofferdam bulkhead is used as a fuel oil or ballast tank, the thickness of the diaphragms
and platforms shall not be less than that required by 3.5.4;

.6 stiffening of the diaphragms and platforms shall comply with the requirements
of 1.7.3.2.2;

.7 the thickness of tight portions of the diaphragms and platforms and their stiffeners
shall comply with the requirements of 2.7.4.1 and 2.7.4.2 for tank bulkheads;

.8  cross ties between the primary members strengthening the cofferdam bulkhead
plating shall comply with the requirements for the double bottom intermediate struts,
as specified in 2.4.4.7 with the design pressure determined according to 3.3.3, but not less
than 25 kPa.

Where cross ties are fitted, the section modulus of the primary members, as specified
in 3.3.4.9.2, may be reduced by 35 %.

3.3.4.10 For ships of 150 m in length and upwards, intended to carry solid bulk cargoes
having a density of 1,0 t/m? or above, and with:

single side skin construction; or
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double side skin, in which any part of longitudinal bulkhead is located within B/5 or 11,5 m,
whichever is less, inboard from the ship's side at right angle to the centerline at the assigned
summer load line;

contracted for construction on or after 1 July 2006, the strength of vertically corrugated
transverse watertight bulkheads in the case when each cargo hold considered individually
flooded shall be additionally checked according to the procedure specified in Appendix 2.

3.3.4.11 The thickness of the hatch coamings shall not be less than that determined
by Formula (3.3.4.4.1).

The thickness of the hatch side coamings, in mm, shall not be less than

s=17a (3.3.4.11)

where a = vertical distance between horizontal stiffeners on coaming plate or between the lower
stiffener and the deck plating, in m.

Stiffening of the coaming plates shall comply with the requirements of 1.7.3.2.
The thickness of coaming plate stiffeners and brackets shall not be less than 10 mm.

The width of the coaming face plate shall comply with the requirements of 1.7.3.1.

3.3.4.12 The thickness of single-side shell plating located between hopper and upper
wing tanks shall not be less than s,,;,, in mm, determined by the formula

Smin = VL (3.3.4.12)

3.3.4.13 For bulk carriers of 150 m in length and upwards, carrying solid bulk cargoes
having a density of 1,000 kg/m? and above, buckling strength shall be checked in compliance
with the requirements of Pt 1, Ch. 8, Sec. 5 of the Common Structural Rules. The allowable
utilization factor shall be reduced by 1,15 for the following areas: hatchway coaming, inner
bottom, sloped stiffened panel of top side tanks and hopper tanks, inner side, side shell (if
directly bounding the cargo hold), stiffened transverse bulkhead, top stool and bottom stool of
transverse bulkhead.

3.35 Special requirements.

3.3.5.1 Provision shall be made for an efficient corrosion protection coating (epoxy
coating or equivalent) for all internal surfaces of the cargo holds, excluding the flat tank top
areas and the hopper tanks sloping plating, approximately 300 mm below the toe of frame
brackets and for all internal and external surfaces of hatch coamings and hatch covers. In the
selection of coating due consideration shall be given to intended cargo conditions expected in
service.

3.3.5.2  All bulk carriers of 150 m in length and upwards contracted for construction on
or after 1 July 2003, shall comply with the following requirements:

.1 the longitudinal strength shall be checked at departure and arrival of the ship for
loading conditions specified in 1.4 and also for the following conditions:

for bulk carriers with BC-A, BC-B or BC-C distinguishing marks in the class notation:

homogeneous cargo loaded condition where the cargo density corresponds to all cargo
holds, including hatchways, being 100 % full at maximum draught with all ballast tanks empty;

for bulk carriers with BC-A or BC-B distinguishing marks in the class notation:

homogeneous cargo loaded condition with cargo density 3,0 t/m3, and the same filling
ratio (cargo mass/hold cubic capacity) in all cargo holds at maximum draught with all ballast
tanks empty;

for bulk carriers with BC-A distinguishing mark in the class notation:

at least one cargo loaded condition with specified holds empty, with cargo density 3,0 t/m?,
and the same filling ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at
maximum draught with all ballast tanks empty;
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normal ballast (no cargo) condition, where the ballast tanks may be full, partially full or
empty, any cargo hold or holds adapted for the carriage of water ballast at sea shall be empty,
the trim shall be by the stern and shall not exceed 0,015L, where L is the length between
perpendiculars of the ship, the propeller shall be fully immersed;

normal ballast (no cargo) condition, where all ballast tanks are 100 % full, other
conditions — refer to the previous case;

heavy ballast (no cargo) condition, where the ballast tanks may be full, partially full or
empty, at least one cargo hold adapted for carriage of water ballast at sea shall be full, the trim
shall be by the stern and shall not exceed 0,015L, where L is the length between
perpendiculars of the ship, the moulded forward draught in the heavy ballast condition shall
not be less than the smaller of 0,03L or 8 m, whichever is the less, the propeller immersion /D
shall be at least 60% where 1 = the distance from propeller centerline to
the waterline, D = propeller diameter;

heavy ballast (no cargo) condition where all ballast tanks are 100 % full, other
conditions — refer to the previous case.

At departure condition: with bunker tanks not less than 95 % full and other
consumables 100 %; and at arrival condition: with 10 % of consumables;

.2 the structures of bottom forward shall meet the requirements of 2.8;

.3 for calculation of local strength of double bottom (vertical keel, bottom stringers and
floors) the following definitions and symbols shall apply:

My — the actual cargo mass in a cargo hold corresponding to a homogeneously loaded
condition at maximum draught;

Mg — the cargo mass in a cargo hold corresponding to cargo with virtual density
(homogeneous mass/hold cubic capacity, minimum 1,0 t/m3) filled to the top of the hatch
coaming, and Mg, shall in no case be less than My;

Myp — maximum cargo mass allowed to be carried in a cargo hold with specified holds
empty at maximum draught;

4 local strength of double bottom in each cargo hold shall be checked, inter alia,
for the following cases of load on the double bottom due to cargo mass in the holds, as well
as mass of fuel oil and water ballast contained in double bottom tanks, as well as sea water
pressure along the hold.

General conditions applicable for all ships:

cargo mass Mgy, fuel oil tanks being 100 % full, ballast water tanks being empty,
at maximum draught;

cargo mass minimum 50 % of My, fuel oil tanks and ballast water tanks being empty,
at maximum draught;

any cargo hold being empty, fuel oil tanks and ballast water tanks being empty,
at the deepest ballast draught;

except the ships when the entry (no MP) is added to the class notation after
the distinguishing marks:

cargo mass Mgy, fuel oil tanks being 100 % full, ballast water tanks being empty, at 67 %
of the maximum draught;

any cargo hold, fuel oil tank and ballast water tank being empty, at 83 % of the maximum
draught; cargo mass Mg, in each of two adjacent holds, fuel oil tanks being 100 % full, ballast
water tanks being empty, at 67 % of the maximum draught. Applicable also in case when
the adjacent hold is filled with ballast;

two adjacent cargo holds being empty, fuel oil tanks and ballast water tanks being empty,
at 75 % of the maximum draught;

applicable only for ships with BC-A distinguishing mark in the class notation:

cargo holds intended to be empty at maximum draught and fuel oil tanks and ballast water
tanks are being empty;
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cargo mass Myp plus 10 % of My in cargo holds intended to be loaded with high density
cargo, fuel oil tanks being 100 % full, ballast water tanks being empty, at maximum draught.
In operation maximum allowable cargo mass shall be limited to Myp;

cargo mass 10 % of My in each of two adjacent cargo holds which may be loaded with
the next holds being empty, fuel oil tanks being 100 % full, ballast water tanks being empty,
at maximum draught;

for ballast hold(s) only:

cargo holds being 100 % full of ballast water including hatchways, fuel oil tanks and ballast
tanks being 100 % full, at any heavy ballast draught;

during loading and unloading in harbour only:

maximum allowable cargo (sea-going) mass in any single cargo hold, at 67 % of
the maximum draught;

cargo mass Mg, in any two adjacent holds, fuel oil tanks being 100 % full, ballast water
tanks being empty, at 67 % of the maximum draught;

at reduced draught during loading and unloading in harbour, the maximum allowable mass
in a cargo hold may be increased by 15 % of the maximum mass allowed at the maximum
draught in sea-going condition, but shall not exceed the mass allowed at maximum draught in
the sea-going condition.

3.3.5.3  Hull girder longitudinal strength for bulk carriers with:

single side skin construction,

double side skin construction in which any part of longitudinal bulkhead is located
within B/5 or 11,5 m, whichever is less, inboard from the ship's side at right angle to
the centreline at the assigned summer load line;

applicable for ships with BC-A or BC-B distinguishing marks in the class notation;

which were contracted for construction on or after 1 July 2006,

shall be checked for specified flooded conditions, in each of the cargo and ballast loading
conditions defined in 1.4.3.1 and 3.3.5.2, except that harbour conditions, docking condition
afloat, loading and unloading transitory conditions in port and loading conditions encountered
during ballast water exchange need not be considered. This requirement shall be also applied
to ships with the descriptive notation Self-unloading bulk carrier where the unloading system
maintains the watertightness. In self-unloading bulk carriers with unloading systems that do
not maintain watertightness, the longitudinal strength in the flooded conditions shall be
considered using the extent to which the flooding may occur.

The actual hull girder bending stress of,4, in MPa, shall be determined by the formula

_ Ml vosmy, 3
Ofiq = B 103 (3.3.5.3-1)

where M?V‘?, = still water bending moment, in kN,m, in the flooded conditions for the section under
consideration;
Mw = wave bending moment, in KN;m, as given in 1.4.4.1 for the section under consideration;
Wz =  section modulus, in cm?, for the corresponding location in the hull girder.

The actual hull girder shear stress 15,4, in MPa, shall be determined by the formula

fld
Tpg = “H S 103 (3.3.5.3-2)
where Nfld=" still water shear force, in kN, in flooded conditions for the section under consideration;
Nw =  wave shear force, in kN, as given in 1.4.4.2 for the section under consideration;
[,S= as defined in 1.4.2;
s = thickness of side shell plating, in mm.
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Strength calculation in flooded condition shall demonstrate that the actual hull girder
bending stress shall not exceed 175/n, in MPa, and the actual shear stress shall not
exceed 110/, in MPa.

To calculate the strength in flooded condition, the following assumptions shall be made:

the damaged structure is assumed to remain fully effective in resisting the applied loading;

each cargo hold shall be considered individually flooded up to the equilibrium waterline.
Position of the waterline and the volume of ingressed water are determined on the basis of
damage trim and stability calculations which shall be made in accordance with a program
approved by the Register;

"permeability" for solid bulk cargo means the ratio of the floodable volume between
the particles, granules or any larger pieces of the cargo, to the gross volume of the bulk cargo;

the permeability of empty cargo spaces and volume left in loaded cargo spaces above
any cargo shall be taken as 0,95;

appropriate permeabilities and bulk densities shall be used for any cargo carried. For iron
ore, a minimum permeability of 0,3 with a corresponding bulk density of 3,0 t/m? shall be used.
For cement, a minimum permeability of 0,3 with a corresponding bulk density of 1,3 t/m? shall
be used;

for packed cargo conditions (such as steel mill products), the actual density of the cargo
shall be used with a permeability of zero.

3.3.5.4 All the bulk carriers and combination carriers contracted for construction on or
after 1 July 2003 shall comply with the following requirements:

.1 the ships shall have the forecastle located above the freeboard deck. In case
the above requirement hinders hatch cover operation, the aft bulkhead of the forecastle may
be fitted forward of the forward bulkhead of the foremaost cargo hold provided the forecastle
length is not less than 7 % of ship length abaft the forward perpendicular where the ship
length — refer to 1.2.1 of Part| "General" of the Load Line Rules for Sea-Going Ships.
The forecastle shall have at least a standard height according to the International Convention
on Load Lines, 1966 as amended by the Protocol of 1988 or shall be by 0,5 m above
the forward hatch-end coaming of the fore hold No. 1, whichever is greater. In this case,
the distance between the aft edge of the forecastle deck and the forward hatch-end coaming
of the fore hold No. 1 over the entire breadth of the ship's hull shall not exceed the value, in m,
determined by the formula

where Hp = forecastle height, in m;
H; = height of the forward hatch-end coaming of the fore hold No. 1, in m.

No breakwater is allowed on the forecastle deck for protection of the forward hatch-end
coaming and hatch covers of the fore hold No. 1. However, if fitted for other purposes,
the breakwater shall be placed at a distance of at least 2,75 its height along the centerline
from the aft edge of the forecastle deck;

.2 a net thickness (no wear allowance) of hatch coamings shall not be less than that
determined by the formula

Snet = 14,90y 1,15 Poam/0,95Rey (3.3.5.4.2)

where a = distance between stiffeners, in m;
Peoam = Pressure equal to 220 kPa; if the requirements of 3.3.5.4.1 are not met, the pressure for
the forward hatch-end coaming of the fore hold No. 1 shall be assumed equal to 290 kPa.
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The net thickness increased by 1,5 mm shall be taken as the minimum construction
thickness.

In any event, the coaming thickness shall not be less than 11 mm;

.3 the section modulus of longitudinal and transverse stiffeners of hatch coamings at
the net thickness of all section elements, in cm®, shall not be less than determined by
the formula

_ 115al*peoam |

Woer = 103 (3.3.5.4.3)

0,95mcpRepy

where for a and pcoam, refer to 3.3.5.4.2;

I = stiffener span, in m;

m coefficient equal to:
16 — for snipped stiffener ends;
12 — in way of hatch corners;

cp = plastic-to-elastic section modulus ratio for a stiffener with an effective flange 40s,,.; wide,
where s, = net thickness of a coaming. If precise data are lacking, c, may be assumed
equal to 1,16.

The net thickness of all cross-section elements increased by 1,5 mm shall be taken as
the minimum construction thickness;

4 stays (brackets) of hatch coamings shall comply with the following requirements:

the section modulus of stays (brackets) in the plane of beams with a net thickness of all
section elements shall not be less than that determined by the formula

_ 500aHZDcoam _
Whet = = g (3.3.5.4.4-1)
where a = distance between stays in the plane of beams, in m;
for pcoam, refer to 3.3.5.4.2;
H. = height of a hatch coaming, in m.

In determination of the actual section modulus, the face plate of the coaming stay may be
considered only when it is welded to the deck plating with full penetration and appropriately
dimensioned stiffeners, knees or brackets are fitted in its plane under the plating. The net
thickness of a web of stays in the plane of beams shall not be less than that determined by
the formula

1000aH,
Snet =~ npe (3.3.5.4.4-2)
where h = depth of a stay web at its attachment to deck plating, in mm;
for a and H, , refer to Formula (3.3.5.4.4-1);
for peoam. refer to 3.3.5.4.2.

The net thickness of all cross-section elements increased by 1,5 mm shall be taken as
the minimum construction thickness.

In strength calculations for stays off the plane of beams, the permissible stresses shall be
assumed equal to 0,8 and 0,46 of the steel yield stress for normal and shear stresses
accordingly.

The stay web shall be joined to deck plating by a double continuous weld having an
effective throat thickness not less than 0,44S where S is the minimum construction thickness
of the stay web, in mm. At least 15 % of the weld length therewith beginning at the "free" end
of the stay shall be made with deep penetration (double-bevel preparation).
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The strength of underdeck structures taking forces from coaming stays shall be checked
against permissible normal and shear stresses equal to 0,95 and 0,5 the steel yield stress
accordingly;

.5 longitudinal and transverse stiffeners, stays and plate elements of cargo hatch
coamings shall be replaced if the actual residual thickness of the coaming element is less
than t e + 0,5 mm.

Where the actual residual thickness is greater than t,. + 0,5 mm , but less
than t,e¢ + 1,0 mm, a protective coating instead of replacement may be applied in
accordance with the manufacturer's procedure or annual measurements of the actual residual
thickness may be conducted. If the coating is applied, it shall be maintained in GOOD technical
condition (refer to 1.1.2.10 of Part 11l "Additional Surveys of Ships Depending on their Purpose
and Hull Material" of the Rules for the Classification Surveys of Ships in Service).

3.3.6 Strength control during ship loading.

3.3.6.1 Bulk carriers, ore carriers and combination carriers of 150 m length and above
shall be provided with the Loading Manual and loading instrument approved by the Register.

3.3.6.2 Loading Manual is a document approved by the Register, which describes:

.1 the loading conditions on which the design of the ship has been based, including
permissible limits of still water bending moments and shear forces;

.2 the results of the calculations of still water bending moments, shear forces and
where applicable, limitations due to torsional loads;

.3 envelope results and permissible limits of still water bending moments and shear
forces in the hold flooded condition according to 3.3.5.4;

.4 the cargo holds or combination of cargo holds that might be empty at full draught.
If no cargo hold is allowed to be empty at full draught, this shall be clearly stated in the Loading
Manual;

.5  maximum allowable and minimum required mass of cargo and double bottom
contents of each hold as a function of the draught at mid-hold position;

.6 maximum allowable and minimum required mass of cargo and double bottom
contents of any two adjacent holds as a function of the mean draught in way of these holds.
This mean draught may be calculated by averaging the draught of the two mid-hold positions;

.7 maximum allowable tank top loading together with specification of the nature of
the cargo (density or stowage factor) for cargoes other than bulk cargoes;

.8  maximum allowable load on deck and hatch covers. If the ship is not approved to
carry load on deck or hatch covers, this shall be clearly stated in the Loading Manual;

.9 the maximum rate of ballast change together with the advice that a load plan shall
be agreed with the terminal on the basis of the achievable rates of change of ballast.

3.3.6.3 In addition to the requirements given in 1.4.3.1.1, the following conditions,
subdivided into departure and arrival conditions as appropriate, shall be included in
the Loading Manual:

.1 alternate light and heavy cargo loading conditions at maximum draught, where
applicable;

.2 homogeneous light and heavy cargo loading conditions at maximum draught;

.3 ballast conditions. For ships having ballast holds adjacent to double bottom tanks,
it shall be strengthwise acceptable that the ballast holds are filled when double bottom tanks
are empty;

.4 short voyage conditions where the vessel shall be loaded to maximum draught but
with limited amount of bunkers;

.5 multiple port loading/unloading conditions;

.6 deck cargo conditions, where applicable;
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.7 typical loading sequences where the vessel is loaded from commencement of cargo
loading to reaching full deadweight capacity, for homogeneous conditions, relevant part load
conditions and alternate conditions where applicable. Typical unloading sequences for these
conditions shall also be included. The typical loading/unloading sequences shall also be
developed to not exceed applicable strength limitations. The typical loading sequences shall
also be developed paying due attention to loading rate and the deballasting capability;

.8  typical sequences for change of ballast at sea, where applicable.

3.3.6.4 A loading instrument is an approved digital system as defined in 1.4.9.4.
In addition to the requirements in 1.4.9.4, it shall ascertain as applicable that:

.1 the mass of cargo and double bottom contents in way of each hold as a function of
the draught at mid-hold position;

.2 the mass of cargo and double bottom contents of any two adjacent holds as
a function of the mean draught in way of these holds;

.3 the still water bending moment and shear forces in the hold flooded conditions
according to 3.3.5.4; are within permissible values.

3.3.6.5 Conditions of approval of loading instruments, as stated in 1.4.9.4, shall include
the following:

.1 acceptance of hull girder bending moment limits for all read-out points;

.2 acceptance of hull girder shear force limits for all read-out points;

.3 acceptance of limits for mass of cargo and double bottom contents of each hold as
a function of draught;

.4 acceptance of limits for mass of cargo and double bottom contents in any two
adjacent holds as a function of draught.
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3.4 ORE CARRIERS AND ORE OR OIL CARRIERS

34.1 General.

3.4.1.1 Therequirements of this Chapter apply to ships for the carriage of ore and other
bulk cargoes, as well as to combination carriers for transportation of ore and oil (petroleum
products).

3.4.1.2 The requirements for structures not mentioned in this Chapter shall be as stated
in Sections 1 and 2, having regard to those contained in 3.3 as regards structures exposed to
the loads from heavy dry bulk and liquid cargoes.

In any case, the requirements for the hull and its structures shall not be less stringent as
those of Sections 1 and 2.

3.4.1.3 The basic structural type of a ship is considered to be a single deck ship, with
machinery aft, having longitudinal bulkheads separating the centre ore compartment from
the wing tanks and a double bottom throughout the entire breadth of the ship or the centre part
between the longitudinal bulkheads.

3.4.2 Construction.

3.4.2.1 The deck and bottom (double bottom) shall be longitudinally framed. The side
shell and longitudinal bulkheads may, in general, be framed either longitudinally or
transversely. Deck plating between end coamings of adjacent cargo hatches shall be
strengthened by transverse stiffeners as required by 3.3.2.1.

Transverse bulkheads may be plane with stiffeners arranged vertically, corrugated with
vertical corrugations or of a cofferdam type.

3.4.2.2 Floors in the centre hold and in the wing tanks shall be aligned and to form, in
conjunction with side transverses, vertical webs of longitudinal bulkheads and deck
transverses, a single transverse ring structure.

3.4.2.3 Where transverse bulkheads in the wing tanks are not aligned with centre hold
bulkheads, transverse ring structures shall be fitted in line with the latter bulkheads.

In this case, provision shall be made in the wing tanks for a smooth tapering of the sloped
bulkheads of trapezoidal stools fitted under centre hold bulkheads.

3.4.2.4 Longitudinal bulkheads shall, in general, be plane with horizontal or vertical
stiffening. Longitudinal bulkheads may be slightly sloped or to have a knuckle.

3.4.2.5 Where a double bottom in wing tanks is omitted, floors shall be backed by
substantial knees or brackets fitted in line with the inner bottom plating of the centre hold.

3.4.2.6 Diaphragms shall be fitted in line with the longitudinal bulkheads inside
the bottom trapezoidal stools and top stools of rectangular or trapezoidal sections.
The diaphragms of the bottom stools shall comply with the requirements of 3.3.2.10.3,
the diaphragms of the top stools — with the requirements for the topside tank bulkheads as
specified in 3.3.2.3.

3.4.3 Design loads.

3.4.3.1 The design pressure on the centre hold boundary structures shall be
determined according to 1.3.4.3 assuming that the centre hold is loaded with ore or other
heavy bulk cargo.

3.4.3.2 Structures which are likely to be subjected to one-sided pressure of a liquid
cargo (ballast water) shall be examined for the design pressure of the liquid cargo as required
by 1.3.4.2.

3.4.4 Scantlings of structural members.

3.4.4.1 The scantlings of structural members of the cargo spaces intended only for
the carriage of bulk cargoes or bulk cargoes and oil, oil products or water ballast shall comply
with the requirements of Section 2 and 3.3.4.

The scantlings of structural members of the cargo spaces intended only for the carriage
of oil, oil products or water ballast shall comply with the requirements of Section 2 and 3.5.4.
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3.4.4.2 The scantlings of longitudinal bulkhead members shall comply with
the requirements of 2.7.4 at the design pressure defined in 3.4.3.

In any case, the thickness of longitudinal bulkhead plating shall not be less than that
required by Formula (3.3.4.5.1) or, where oil, oil products or water ballast is carried in any
compartment bounded by that bulkhead, it shall be not less than that required by 3.5.4,
whichever is the greater.

3.4.4.3 The scantlings of structural items of diaphragnis of transverse bulkhead bottom
trapezoidal stool, fitted in line with the longitudinal bulkheads, shall comply with
the requirements of 3.3.4.7.3.

3.4.4.4 The scantlings of structural items of diaphragms of transverse bulkhead top
stool, fitted in line with longitudinal bulkheads, shall comply with the requirements of 3.3.4.5.5
for the transverse bulkheads inside the topside tanks.

345 Special requirements.

3.4.5.1 All ore carriers shall have the forecastle located above the freeboard deck.
The forecastle arrangement and dimensions, as well as the thickness and scantlings of
stiffeners and plate elements of cargo hatch coamings shall meet the requirements of 3.3.5.4.
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3.5 TANKERS

351 General.

3.5.1.1 The requirements of this Chapter apply to tankers, chemical tankers, as well as
to oil recovery ships and gas carriers, as applicable, with machinery aft, having a single or
a double bottom arrangement and one, two or three longitudinal bulkheads. Hull structural
members of tankers not covered by this Chapter shall comply with the requirements
of Sections 1 and 2.

Double hull oil tankers of 150 m in length and above, contracted for construction on and
after 1 July 2015, shall comply with the requirements of the Common Structural Rules (refer
alsoto 1.1.1.1).

The requirements of this Chapter do not apply to tankers of 150 m in length and above
complying with the requirements of the Common Structural Rules taking into account the loads
from the heaviest of the cargo carried.

3.5.2 Structural configuration.

3.5.2.1 The scantlings of the cofferdams shall be determined according to 2.7.5.2.

3.5.2.2 Longitudinal corrugated bulkheads are permitted in ships under 180 m in length.

Longitudinal corrugated bulkheads shall have horizontally arranged corrugations, and
their upper and lower strakes for 0,1D from the deck and bottom, respectively, shall be plane.

In way of connections between longitudinal and transverse bulkheads, continuity of
strength shall be maintained at the top and bottom strakes of the longitudinal bulkheads.

3.5.2.3 The deck and bottom in the cargo tank region shall be framed longitudinally, for
the side shell and longitudinal bulkheads, longitudinal or transverse framing may be adopted.
The deck and bottom of ships under 80 m in length may be transversely framed. It is
recommended that longitudinal framing be used for side shell and longitudinal bulkheads of
ships over 180 m in length. Where the longitudinal framing is adopted, spacing of transverse
members shall correspond to that of bottom transverses (refer to 2.3.2.4 and 2.4.2.5).

3.5.2.4 The longitudinal scantlings of deck, bottom, side shell and longitudinal
bulkheads within the midship portion of the ship shall not vary. Structural continuity of
the above longitudinals shall be ensured within 0,1D from deck and bottom.

In ships of 150 m in length and more, the above longitudinals shall pass through
the transverse bulkheads without cutting.

3.5.25 The primary supporting members (bottom centreline girder, side girders,
vertical webs on bulkheads, deck centreline girder, continuous deck girders, side and bottom
transverses, side stringers and bulkhead horizontal girders) in way of cargo tanks shall form
a transverse ring structure, whenever possible.

3.5.2.6  Hull structural members shall be interconnected as required by 1.7.2. The webs
of primary supporting members shall be supported by horizontal or vertical stiffeners in
accordance with 1.7.3.2. The inertia moment of stiffeners shall comply with 1.6.5.6.

3.5.3 Design loads.

Unless provided otherwise in this Chapter, the design loads on hull structures of tankers
shall be taken according to 1.3 and relevant chapters of Section 2.

354 Scantlings of structural members.

The scantlings of structural members of tankers shall be determined in compliance
with Section 2, having regard to the provisions of this Chapter.

The thickness sp,in, iIn mm, of structural members, forming the boundaries of cargo and
ballast tanks as well as members fitted inside these tanks shall not be less than:

Smin = 5,5+ 0,035L for L < 80 m;
Smin = 6,7 + 0,02L for L >80 m. (3.5.4)
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Where L > 290 m, L shall be taken equal to 290 m. In this case, the minimum thickness
of the primary members need not exceed 11,5 mm.

3.55 Special requirements.

3.5.5.1 The number of openings for access to cofferdams, pump rooms, cargo and
ballast tanks shall be kept to the minimum required. They shall be as far distant as practicable
from end bulkheads of superstructures. Hatches to wing tanks in line with a centre tank hatch
in the athwart direction are not permitted.

Hatch openings shall be either circular or elliptical in shape, the elliptical openings having
the major axis fore and aft. Structural continuity of deck girders and longitudinals shall be
maintained. The thickness of cargo hatch coamings less than 750 mm high shall be 10 mm,
while coamings 750 mm and more in height shall have a thickness equal to 12 mm. Coamings
more than 750 mm in height, provided they are more than 1,25 m long, shall be stiffened.

3.5.5.2 Guard rails, bulwark, gangway or an equivalent arrangement shall be fitted in
compliance with 8.6 of Part Il "Equipment, Arrangements and Outfit".

The gangway, if fitted, shall not contribute to hull longitudinal bending.
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3.6 DREDGERS, HOPPER BARGES, FLOATING CRANES, CRANE SHIPS

3.6.1 General.

3.6.1.1 The requirements of this Chapter apply to the hulls of the vessels of dredging
fleet and floating cranes. Areas where such ships operate and/or transport spoil are called
work areas. The transfer of the ship from one work area to another is called a voyage.

3.6.1.2 The basic structural configuration of a vessel of dredging fleet, considered in
this Chapter, is a single-deck vessel with ordinary ship lines or of a pontoon shape, having
a ladder well or other hull cut-outs.

The pontoon hull shape may be used only in vessels of restricted service R2, R2-RSN,
R2-RSN(4,5), R3-RSN and R3.

3.6.1.3 The requirements of this Chapter apply to dredgers, single-hulled and opening
double-hulled hopper dredgers and hopper barges, floating cranes and crane ships.

3.6.1.4 In opening hopper dredgers and hopper barges, subject to the Register
supervision are deck and deckhouse hinges, hydraulic presses and their hull connections as
well as longitudinal and transverse structures between the hulls and deckhouses.

3.6.1.5 For the purpose of this Chapter the following symbols have been adopted:

d; = maximum dredging draught, in m, at which the vessel is designed to operate;

d, = draught during sea voyage, in m;

A = displacement at the draught d; or da, in t;

A; = light-ship displacement without spoil mixture, in m;

Q = mid-section area corresponding to the draught d; or dz, in m?;

l;, = full length of the hopper, in m;

h,; . = depth of a hopper lower cross-member, in m;

lcr = hopper lower cross-member span measured at mid-depth between longitudinal
bulkheads of the hopper, in m;

H, = distance from the mid-depth of the hopper lower cross-member to the deck at
side, in m;

H, = distance from the base line to the upper edge of the coaming, in m;

h. = coaming height above the deck line at side, in m;

B, = distance between the side shell and the longitudinal bulkhead at mid-depth of
a hopper lower cross-member, in m;

B; = distance between the side shell and the longitudinal bulkhead at the deck level, in m;

Qs = maximum mass of the spoil mixture in the hopper, in t;

ps = density of spoil mixture, defined as a ratio of the spoil mass in the hopper
at the maximum draught d, to the hopper volume up to the level of overflow or to the upper
edge of the hopper coaming where there is no overflow, in t/m3; it shall not be taken more
than 1,8;

Apx, ALer = areas enveloped in the contour of the centre line box keel, hopper lower
cross-member, respectively, in m?, where the centre line keel and/or a hopper lower
cross-member are an ordinary girder (web with a face plate), it is assumed
that Apx = Aper = 0;

by, x = centre line box keel width at lower portion, in m;

b, = bottom breadth from the side shell to the point of intersection of the hopper
longitudinal bulkhead with the bottom, in m;

b, = width of the coaming upper face plate, in m;

a = spacing of frames, hopper side stiffeners, longitudinals, in m;
b = spacing of transverse ring structures, in m;
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l;, 1, = length of the upper and lower face plate of the hopper lower cross-member,
measured from the hopper longitudinal bulkhead to the centre line box keel, in m;
Ryperr Rier = axial force acting on the hopper upper and lower cross-member,

respectively, in kN;
N = design axial force, in kN.
As = corrosion allowance, in mm, for plate thickness (refer to 1.1.5.1);
w, = factor taking corrosion allowance into account with regard to the section modulus of

members (refer to 1.1.5.3).
Some of the symbols are shown in Fig. 3.6.1.5.

H,

Fig. 3.6.1.5:
1 — centre line box keel; 2 — hopper lower cross member; 3 — hopper upper cross member;
4 — stay of coaming; 5 — diaphragm

3.6.2 Construction.

3.6.2.1 Main hull structures shall comply with the requirements of Section 2, having
regard to the provisions and additions given in this Chapter.

Referred to the particular structures of vessels of dredging fleet are:

hopper longitudinal and transverse bulkheads;

hopper lower and upper cross-members;

centre line box keels, hopper coamings;

diaphragms and transverse ring structures in buoyancy spaces (refer to 3.6.2.11).

For floating cranes strengthening shall be provided of the pontoon hull beneath the fixed
crane tower supporting the upper crane structure, this strengthening including the crane tub,
the bulkhead cross and the bearing contour (refer to Fig. 3.6.2.1).
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Fig. 3.6.2.1:
1 — bulkhead of the cross; 2 — fixed crane tower; 3 — tub; 4 — upper deck;
5 — bottom; 6 — bulkheads of the bearing contour

3.6.2.2  Shell plating.

3.6.2.2.1 Corners of hopper and well openings in the bottom plating shall be rounded.
Insert plates shall be fitted at the corners.

3.6.2.2.2 The cutting of overflow discharge trunk openings in the sheerstrake shall be
avoided wherever practicable. Where such openings cannot be dispensed with, their upper
edge shall not be within 800 mm of the deck line at side. They shall have corner radii of not
less than 150 mm.

3.6.2.2.3 Angular connection of the side shell plating or longitudinal bulkhead of the well
with the bottom plating shall be made by means of section steel (rod, bar).

3.6.2.3 Single bottom.

3.6.2.3.1 The bottom centre girder in way of the hopper and well of hopper dredgers shall
not be fitted.

3.6.2.3.2 The depth of floors abreast of hoppers in hopper dredgers and barges with
transverse framing and abreast of dredging wells in hopper dredgers shall not be less
than l/18 Bl-

The breadth B, is taken:

in way of the hopper, equal to the breadth of the vessel after deducting the breadth of
the hopper at bottom, but not less than 0,6B;

in way of the well, equal to the breadth of the vessel after deducting the breadth of the well.

3.6.2.3.3 Side girders shall be fitted in side buoyancy tanks of hopper dredgers and
hopper barges where the tank width between the vessel's side and the longitudinal bulkhead
exceeds 3,5 m in transversely framed vessels, and 4 m in longitudinally framed vessels.

Side girders in opening hopper barges may be omitted.

3.6.2.3.4 In the pump rooms of hopper dredgers, the bottom framing shall be identical to
that of the engine room.

3.6.2.3.5 In floating cranes plate floors shall be fitted at every frame within 0,2L from
the forward perpendicular over the entire breadth of the hull and additional bottom transverses
or longitudinals spaced not more than 0,35 m apart shall be fitted.
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3.6.2.4  Double bottom.

3.6.2.4.1 In lieu of the bottom centre girder, two side girders may be fitted on each side
of ship's centre line at a distance not exceeding 1 m from each other and passing into the webs
of the centre line box keel or into the well sides (refer to Fig. 3.6.2.4.1).

<Im

i

Not less than 3 frame spaces
i

1
L 3

Not less than <lm
3 frame spaces

)

—

>1m

Fig. 3.6.2.4.1:
1 — after peak; 2 — centre line box keel; 3 — fore peak; 4 — hopper space

3.6.2.4.2 Additional side girders extending over a distance of not less than three spacings
from the end of the bracket shall be fitted in the double bottom under the lower brackets of
longitudinal bulkheads of the hopper space or the well and under the brackets of the centre
line box keel.

3.6.2.5 Side framing:

3.6.2.5.1 Infloating cranes, hopper dredgers designed to work in conjunction with hopper
barges, and in hopper barges, the side framing shall be reinforced as follows:

two rows of efficient fenders, one fitted at the deck level or 200 mm below it,
the other 200 to 300 mm above the lowest operating waterline amidships;

the upper and lower fenders in hopper dredgers shall be connected by vertical fenders
fitted in line with frames;

it is recommended that a side stringer required by 2.5.4.4 which shall be taken into
account in determining the scantlings of the frames or an intercostal side stringer be fitted at
a level of the lower fenders.

3.6.2.5.2 In floating cranes the strengthening of the side framing within 0,2 L from
the forward perpendicular shall comply with the requirements of 3.6.2.8. Web frames shall be
spaced not more than four spacings apatrt.

3.6.2.5.3 In floating cranes, intermediate frames of the same scantlings as the main
frames shall be fitted in the fore peak and in areas extending forward for 0,1L from the stern
transom and inboard for 0,1B over the entire depth. The extension and end attachments of
intermediate frames shall comply with the requirements of 3.10.

3.6.2.6  Decks and platforms.

3.6.2.6.1 Corners of openings in the deck plating in way of the hopper and the well shall
be rounded. Insert plates shall be fitted at the corners.

3.6.2.6.2 In hopper side buoyancy spaces, the hopper lower cross members shall be
fitted in line with the web frames unless partial bulkheads are fitted.

3.6.2.7 Watertight bulkheads.

3.6.2.7.1 Bulkheads forming the ends of the hopper shall extend from side to side.
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3.6.2.7.2 In bucket dredgers, protective bulkheads shall be provided parallel to the well
sides at a distance of not less than 600 mm from them.

The extension of protective bulkheads shall be such as to prevent the ship from flooding
in case of damage to the shell plating by objects brought up in the dredge buckets.

A protective bulkhead shall be also provided at the end of the well. The scantlings of
framing members and the plating thickness of the protective bulkheads shall be determined
as for permanent watertight bulkheads of dry cargo ships. The framing inside the cofferdam
formed by the well side and the protective bulkhead may consist of brackets with openings cut
therein. Cofferdams shall have access openings for maintenance.

3.6.2.7.3 Bulkheads forming the ladder well in hopper dredgers shall be protected against
possible damage by the ladder when moved.

3.6.2.7.4 Longitudinal bulkheads of the hopper and well sides shall terminate at deck and
bottom in brackets. The length of the arms of the brackets shall not be less than 0,25D and
their thickness shall not be less than the plating thickness of the longitudinal bulkhead.
The brackets shall be strengthened with stiffeners and to have a face plate over the free edge.
The top bracket shall be extended by a deck girder, the bottom bracket by a side girder for at
least three spacings beyond the bracket end.

3.6.2.7.5 In floating cranes the bulkheads forming the cross shall be rigidly connected
with the bulkheads forming the bearing contour. These bulkheads shall be carried to
the nearest transverse and longitudinal bulkheads (sides, transoms).

3.6.2.8 In ships with a pontoon shape of the forward and after ends, the following
structural requirements shall be fulfilled:

.1 the fore and after peak bulkheads shall be fitted within the distance of 0,05L — 0,11L
from the forward and after transoms accordingly, but not less than one spacing from the line
connecting the sloped and flat bottom;

.2 frame spacing in peaks shall be not more than 550 mm;

.3 the bottom framing within 0,15L from the forward and after perpendiculars shall
consist of plate floors fitted at every frame, with side girder spaced not more than 1 m apart.

The scantlings of floors and side girders shall be determined as for the midship region;

4 the side framing within 0,2L from the forward and after perpendiculars shall be
strengthened with web frames and side stringers.

The web frames shall be fitted not more than three or four spacings.

The side stringers shall be fitted so that the distance between the side stringers measured
over the vessel's side in way of the floor nearest to the fore peak bulkhead, the distance from
the side stringer to the upper edge of the floor, as well as from the side stringer to the deck is
not more than 2 m.

The scantlings of main frames fitted between the web frames shall comply with
the requirements of 3.6.4.7 as for the midship region where side stringers are not provided.

The side stringers shall have the same scantlings as the web frames and terminate at
the bulkhead or at the web frame (refer to 2.5.4.7.2).

Construction and end attachments of the web frames shall comply with the requirements
of 2.5.5;

.5 the transom bulkheads shall be strengthened with vertical stiffeners spaced not
more than 0,5 m apart, and with horizontal girders arranged at the side stringer level.

Vertical webs shall be fitted in line with side girders. The scantlings of the vertical webs
and horizontal girders shall be the same as those of web frames and side stringers in the fore
peak. The scantlings of vertical stiffeners shall be the same as those of the frames.
The attachments of stiffener ends with brackets shall comply with the requirements of 2.7.2 for
watertight bulkheads.
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3.6.2.9  Structural requirements for hull members of opening vessels.

3.6.2.9.1 Opening vessels consist of two separate semihulls with asymmetrical lines,
connected by hinges positioned above the deck at the ends of the hopper. When discharging
the spoil, the semi-hulls are opened about a common longitudinal axis on the centreline of
the ship by means of hydraulic devices.

The structure of each semi-hull shall comply with the requirements of Section 2 with due
regard for 3.6.2; transverse or longitudinal or both framing systems may be adopted. In hopper
side buoyancy tanks transverse ring structures spaced as required by 3.6.2.11.1 shall be fitted.

3.6.2.9.2 Where hinges are installed in opening hopper dredgers and hopper barges,
deck plating and framing shall be strengthened. Hinge eyes shall pierce the decks.

3.6.2.9.3 Stops shall be fitted in the opening vessels between semi-hulls forward and aft
from the hopper space. The stops shall be arranged at the levels of the bottom and the deck
and shall prevent the hulls from displacement relative to one another.

3.6.2.9.4 Scantlings of brackets connecting framing members of each semi-hull shall
comply with the requirements of 3.6.2.11.3.

3.6.2.9.5 Longitudinal bulkheads and coamings of the hopper shall be extended with
brackets as required by 3.6.2.7.4 and 3.6.2.11.7.

3.6.2.10 Fixing of dredging gear.

3.6.2.10.1 Hull framing shall be strengthened in way of the main and ladder gallows.

The stanchions of the ladder gallows may terminate at the deck. In such case, pillars,
vertical webs or other equivalent structures shall be provided under the stanchions or
longitudinal and transverse bulkheads shall be fitted.

The stanchions of the main gallows shall extend to the bottom and be efficiently connected
with longitudinal and transverse framing, otherwise transverse bulkheads shall be fitted under
the stanchions.

3.6.2.10.2 In way of grab crane, spuds and other dredging gear adequate strengthening
shall be provided.

3.6.2.11 Specific structures.

3.6.2.11.1 Whatever the hull framing of single-hull hopper dredgers and barges in way of
the hopper is adopted, transverse ring structures consisting of the following items shall be
fitted:

solid diaphragms or ring structures in the side buoyancy spaces and centre line box keel;

a lower cross member in the bottom part of the hopper, connecting the centre line box
keel with longitudinal bulkheads of the hopper;

an upper cross member inside the hopper at a level of the main deck and upper edge of
the coaming where its height more than 0,2 m (where the requirements of 3.6.4.11.10 are
complied with, upper cross members need not be fitted);

vertical webs on the hopper coaming.

The maximum distance between transverse ring structures shall not be less
thanb = (0,012L + 2,9) m.

3.6.2.11.2 The construction of diaphragms shall comply with the requirements of 2.5.2.2.
Diaphragms which are more than 1 m in width shall be strengthened by vertical and horizontal
stiffeners. Where longitudinal framing is adopted, horizontal stiffeners shall be fitted in line with
side and bulkhead longitudinals. In lieu of the diaphragms watertight (non-tight) bulkheads
complying with the requirements of 2.7.2 may be used.

3.6.2.11.3 The transverse ring structure in the side buoyancy space, fitted in lieu of
the diaphragm, shall consist of side shell, bulkhead, bottom and deck transverses.
The longitudinal bulkhead and side shell transverses shall be connected by means of cross
ties which shall be so positioned that the distance between them, between a cross tie and
a bottom or deck transverse is not more than 3 m. In lieu of the cross ties, use may be made
of braces connecting a bulkhead transverse with a bilge or deck transverse bracket. Where
platforms are fitted in side buoyancy spaces at the same distance as cross ties, cross ties and
braces may be omitted.
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The brackets connecting transverse ring structure items in the side buoyancy space shall
have the length of the arms not less than one-twelfth of the greater span of the connected
members. The free edge of the bracket shall have a face plate of the same width as that of
the face plate of the greater member connected. The bracket thickness shall be equal to
the web thickness of the greater member connected.

3.6.2.11.4 Hopper lower cross members may consist of a web with openings and face
plates provided on the upper and lower edges or may take the form of a hollow box, generally
of triangular cross-section.

The web thickness of the hopper lower cross member shall be taken equal to the plating
thickness of the hopper longitudinal bulkheads at the corresponding level.

A cross member web shall be strengthened with stiffeners spaced 900 mm apart.

The upper face plate of the hopper lower cross member shall be made of a tube, section,
round or flat bar, the lower face plate shall be fabricated of a flat bar having a thickness not
less than that of the bottom plating.

The hopper lower cross members shall be connected with the hopper longitudinal
bulkhead and centre line box keel by brackets having length of the arms equal to one-tenth of
the length of the cross member upper face plate. The thickness of brackets shall be taken
equal to the thickness of the cross member web. Where the depth of the cross member and
centre line box keel is the same, brackets on the centre keel need not be fitted. The structure
of box-type cross members is similar to that of the centre box keel. Where cross members are
of a box shape, their lower and upper face plates shall be welded to the plating of the buoyancy
spaces and centre line box keel.

3.6.2.11.5 The centre line box keel fitted in the hopper is generally fabricated as a closed
box structure. The plating thickness of the sides shall be equal to that of hopper longitudinal
bulkheads at the corresponding level, but not less than 8 mm for vessels of 60 m in length and
less than 10 mm for vessels of more than 60 m in length. The thickness of the centre line keel
bottom strake shall be not less than that of the plate keel. Where the transverse framing is
adopted, the stiffeners in the upper part of the centre line box keel shall be connected with
brackets, the thickness of which shall be not less than that of the floor and height not less
than 2,5 times the depth of the stiffener web.

Where the breadth of the centre line box keel at bottom exceeds 1 m, but not more
than 2 m, a bottom longitudinal shall be fitted on centre line box keel bottom, the depth of
which shall be equal to half the floor depth. Where the breadth of the centre line keel is more
than 2 m, an intercostal side girder having the same scantlings as the floor shall be fitted in
lieu of the above longitudinal. The scantlings of floors are assumed the same as those of floors
fitted in correspondingly framed buoyancy spaces.

On the top, the centre line box keel shall terminate in a bar, or an angle, or a cover plate,
the thickness of which shall be equal to that of the centre line box keel.

The centre line box keel sides shall extend beyond the hopper transverse bulkheads by
brackets, the arm lengths of which shall be equal to the depth of the centre line box keel, and
the thickness equal to that of the centre line box keel side.

3.6.2.11.6 The upper cross members of the hopper space may consist of a web with
openings and face plates on the upper and lower edges or be fabricated in the form of a hollow
box generally of a triangular or another cross-section.

It is recommended that the upper cross members be attached to the hopper longitudinal
bulkhead by brackets the arm lengths of which shall be equal to the depth of the upper cross
member, and the thickness to its web thickness.

The upper cross members shall be connected to the centre line box keel by pillars, where
such a keel is fitted.

3.6.2.11.7 The hopper coaming may be transversely or longitudinally framed. The upper
edge of the coaming shall be stiffened with a face plate having a width not less than one-tenth
of the coaming height and a thickness not less than a coaming thickness.



Rules for the Classification and Construction of Sea-Going Ships (Part Il)

181

In case of longitudinal framing, the coaming shall be strengthened by longitudinals spaced
not more than 900 mm apart.

In case of transverse framing, vertical stiffeners shall be fitted between stays at every
frame.

The hopper side coamings shall be extended beyond the hopper ends by the brackets for
a distance equal to 1,5 times the coaming height. Deck girders extending not less than three
frame spaces from a bracket end shall be fitted under the brackets.

3.6.2.11.8 In floating cranes, the tub plating shall not be cut at the upper deck.
No horizontal welds are permitted in the tub plating within the area extending for 0,2h up and
down from the upper deck (where h is the distance between the bottom and the upper deck in
way of the tub position).

3.6.2.11.9 Diaphragms shall be fitted inside the crane tub in line with the upper deck and
platform.

3.6.2.11.10 For outer plating of specific structures 20 mm and more in thickness in way of
the hopper steel of not lower than grade D shall be utilized.

3.6.3 Design loads.

3.6.3.1 Design loads on the main hull structures shall be determined in compliance
with Sections 1 and 2 at draughts d; and d, and the wave coefficient ¢, under dredging
conditions and during voyage. For dredging conditions, the wave coefficient c,, shall not be
taken greater than 2(D + h, — d;).

3.6.3.2 The maximum value of the design load for vessel's extremities during voyages
shall be obtained as required by 2.8.3 using the draught at the section 0,1L from the forward
perpendicular. For the transom bulkhead angles a, = 0 and B, = 90° are assumed.

3.6.3.3 The design bending moments and shear forces in vessels of dredging fleet
having L > 60 m shall be determined for voyage and for dredging conditions.

For voyage the hopper space is considered to be filled with water up to the effective
waterline (or empty if such case is possible), stores and outfit are taken as 100 %, all gear
being stowed for sea.

For the case of dredging operations, the hopper space is considered to be filled with
homogeneous spoil up to the upper overflow level (coaming), there are no stores on board,
the draught is equal to d,, gear being stowed for sea.

Wave bending moments and shear forces shall be determined as required by 1.4.4.

3.6.3.4 Opening vessels.

3.6.3.4.1 In opening vessels, still water and wave bending moment is created both by
vertical and horizontal forces. Bending moments are calculated first in vGu coordinate system
and then recalculated for the basic inertia axes x and y of each semi-hull (refer to Fig. 3.6.3.4.1).
A fully loaded hopper space at the maximum draught of the vessel is taken as a design case.
Bending of each semi-hull hopper is considered separately. Deck hinges and hydraulic
cylinders are assumed to be supports located at the hopper ends.

Besides, the following cases are considered:

sailing in the work area with spoil in the hopper, dredging gear stowed for sea;

voyage with water in the hopper space or in the ballast condition (the hopper is empty,
wherever practicable). Stores and outfit are taken in full, all gear stowed for sea.
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Fig. 3.6.3.4.1:
1 — hinges; 2 — hopper space

3.6.3.4.2 The type of supporting structures and the clearance between two semi-hulls in
the fore and aft ends of the hopper space determine the conditions of horizontal moments
calculation.

Where supporting structures fitted at the deck or bottom level forward or aft of the hopper
space provide the absence of any clearance between the semi-hulls, and the length of
the supporting structures creates adequate fixing against the horizontal forces acting athwart
the hopper space, the horizontal force calculation is made assuming that a semi-hull is rigidly
restrained at each hopper end.

Otherwise a semi-hull is considered to be freely supported.

3.6.3.4.3 Vertical loads.

The vertical bending moment at any section M,, in kN-m, acting on each semi-hull shall
be determined by the formula

M, = 0,5(Mgyx + My (3.6.3.4.3)

where M., = still water bending moment to be obtained by load integration of the vessel with connected
hulls for loading conditions referred to in 3.6.3.4.1, in kKN-m;
M,,, = wave bending moment for the vessel with connected hulls, to be determined as required
by 1.4.4, in KN-m.

Vertical moments are considered positive in case of hogging and negative in case of
sagging.

3.6.3.4.4 Horizontal loads.

The horizontal bending moment My;, in kKN/m, acting on each semi-hull at the sections
taken in the middle and at ends of the hopper space shall be determined by the formula

Mp; = Mgy, + My, (3.6.3.4.4-1)

where Mgy, and M,, = horizontal still water and wave bending moments at the section under
consideration, respectively, in kN-m.
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Horizontal moments are considered positive where the outer side of one semi-hull is
subjected to tensile stresses.

The horizontal moment acting on a semi-hull depends on the fixing used at the ends of
the hopper space.

Where a semi-hull is considered rigidly fixed at the ends of the hopper space,
the horizontal moment shall be determined using the following formulae:

in still water:

at the section taken in the middle of the hopper space

Mg, = 0,10pl2; (3.6.3.4.4-2)
at the hopper end sections

M' g, = —0,10pl? (3.6.3.4.4-3)
where p = 0,5g(psHZ — pd?), in KN/m;

in waves:
at the section taken in the middle of the hopper space

My, = My 2 (1 + = Z). (3.6.3.4.4-4)

at the hopper end sections

My = My 2 (W3 + by =) (3.6.3.4.4-5)

where Y, = 0,61l,/L — 0,103;
¥, = 0,501, /L — 0,100;
W5 = 0,851, /L — 0,112;
q;4 = 0,371,/L — 0,050;
3/2
= n(Cy +0,7) [1 38 - 0,128 (%) ];

100
= 1,35L/100 — 0,215.

Where the semi-hull is not fixed at the hopper ends, the horizontal moment at the section
at the middle of the hopper space shall be determined by the following formulae:

in still water

Mg, = 0,15pl%; (3.6.3.4.4-6)
in waves

Myyp, = My (1 + s - =) (3.6.3.4.4-7)
where s = 1,23(1,/L —0,5).

The still water and wave horizontal bending moments at the hopper end sections are equal
to zero. The sign of M,,,. shall be taken into account in determination of M,,;,, and M',,;,.

It is assumed that Mg,,;, and M',,,;, are equal to zero during voyage whatever the fixing
conditions are.
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3.6.3.5 Bending moments acting on the hull of the floating crane shall be determined
for operating conditions in the work area and a voyage.

For the operation in the work area the design vertical bending moment M,,, in kN m, shall
be determined by the formula

Mop = My, + Mg + M, (3.6.3.5)
where Mg,y = still water bending moment according to 1.4.3, in kN-m;
M, = bending moment due to the weight of the load suspended on the crane hook, in kN-m;

for a voyage M, is assumed to be equal to zero.
M,, = wave bending moment for work areas and a voyage to be determined using a procedure
agreed with the Register for a specified length and height of the wave.

3.6.3.6 The design pressure ps, in kPa, on the bulkheads bounding the hopper space,
on the structures of the enclosed watertight centre line box keel shall be determined by
the formula

Ps = PsgZi (3.6.3.6)

where z; = distance of the load application point from the upper weir level (upper edge of
the coaming), in m.

3.6.3.7 The design load p,, in kPa, on a partial bulkhead (diaphragm) or a transverse
ring structure of the side buoyancy space at a level of the mid-height of the hopper lower cross
member due to spoil pressure, having regard to the outer counterpressure, shall be
determined by the formula

p1 = 9(0,8psH; — 1,5p5h. — 0,1pH; €) (3.6.3.7)

where e=0forD<4m;
£¢=0,2D- 0,8 when d,/D < 0,75
£= 04D — 1,6 when d,/D > 0,75} for D > 4 m.
3.6.3.8 The vertical design load p,, in kPa, due to spoil pressure, having regard to
the counterpressure of the water on the lower cross member of the hopper space shall be
determined by the formula

PsUicr=bpidALer _ 1,505Ab_k]. (3638)

blycr licr

P2=49 [pst = (pdy +0,5p¢,,) —

3.6.3.9 The horizontal design load p3, in kPa, due to the dredged spoil pressure on face
plates of the hopper lower cross member shall be determined by the formulae:
for the upper face plate

ro_ 1 ,
P's =g gPshicr; (3.6.3.9-1)
for the lower face plate

n 1
Pz =390shicr (3.6.3.9-2)
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3.6.3.10 The design load p,, in kPa, on the framing members and on the plating of
the hopper coaming shall be determined by the formula

Ps = gpshe. (3.6.3.10)

The value p, shall be taken not less than 15 kPa.

3.6.3.11 The design axial force N, in kN, acting at the mid-height level of the hopper
lower cross member on a diaphragm or a transverse ring structure of the side buoyancy space
shall be determined by the formula

N = gbH,[0,40psH; + 0,63psh, — 0,03pH,m] (3.6.3.11)

where m=0forD<35m;
m=1forD > 3,5m,d;/D <0,75;
m = (9D — 31,5)(d,/D — 0,75) for D > 3,5 m, d,/D > 0,75.

3.6.3.12 The design axial force R, in kN, acting on the lower cross member of
the hopper space shall be determined by the formula

b
Rier = 0,163gH—1 [psH?(3D — H,) — p(d; — 5¢,,)*(3D — d; + 0,5¢,)]. (3.6.3.12)

3.6.3.13 The design axial force Ry, in kN, acting on the upper cross members of
the hopper space shall be determined by the following formulae:
.1 for the upper cross member fitted at the deck level

Ruper =R1 =Rz —=R3 =Ry (3.6.3.13.1)

where R, = pressure of dredged spoil on the upper cross member determined as
0,082bH% .
Ry = gps = — (2H, = 3hyo0);
external hydrostatic pressure on the upper cross member determined as

0,082b(d;—0,5¢cy)? .
% (Zdl —Cw — 3hl.cr)y
R; = reaction due to supporting bending moment at the junction of the diaphragm with the lower
cross member determined as

blfer.

=~ x
NN
| 1

R; =D ,
12H,
R, =  force resulting from supporting reactions of the hopper lower cross member determined
by the formula
__ blicrbs gps0,5AKp
R4 - 4H, ( + licr )

for non-opening hopper dredgers and hopper barges bz = By;
.2  for the upper cross member fitted at the upper face plate of the hopper coaming
Rup.cr = gpsbh. (3.6.3.13.2)

3.6.3.14 The design load on deck shall be not less than 20 kPa.
3.6.3.15 The design loads on the structures of each semi-hull of opening vessels shall
be determined in compliance with 3.6.3.1 — 3.6.3.14.
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3.6.3.16 In opening hopper dredgers and hopper barges, for each hydraulic press,
the horizontal statical force Fy, in kN, necessary to keep the hull closed is determined by
the formula (refer also to Fig. 3.6.3.16)

Fit = ——|~Fuas + Faay + 3 (ghby — ghyb, — gQsbs)| (3.6.3.16-1)

nias

where ny number of hydraulic presses;

Fy = horizontal force of water pressure on the hull, determined by the formula
Fy, = 0,5pgly(d; — 0,5¢)?;
Fq = horizontal force of dredged spoil pressure on the hull, determined by the formula

Fq = 0,5pgl, (H, — 0,5¢)?;
for c, refer to Fig. 3.6.3.4.1;
a,, ay, az, by, by, by = force arms, in m (refer to Fig. 3.6.3.16).

For design force F4e5, the maximum pressure value achieved by the hydraulic press is
adopted, with F4es = Fy.
The horizontal static force in each hinge F,,, in kN, is determined by the formula

1
Fin = 5|+ naFy — Fa — P (Fges — Fi)] (3.6.3.16-2)

a
where a, = arm of the force acting upon the stop, in m.

The horizontal static force acting upon each stop is determined by the formula

= — 'y .0.0.10-
Fy = 25 (Fy, — Fy) (3.6.3.16-3)
Nyay

where n, =  number of stops.

The vertical components of static forces in hinges are assumed equal to zero.

M>0
™

+

Fig. 3.6.3.16
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3.6.3.17 The dynamic forces acting on hydraulic cylinders and deck hinges shall be
determined by calculations of vessel's motions in a seaway, with various course angles,
in light-ship and full-load conditions. Based on these calculations, maximum vertical and
horizontal forces acting on the hydraulic presses are determined. The calculation shall be
made using a procedure approved by the Register.

3.64 Scantlings of structural members.

3.6.4.1 Scantlings of structural members shall be determined in compliance
with Sections 1 and 2, having regard to the provisions of this Chapter.

3.6.4.2 The required hull section modulus of a singlehull vessel of 60 m in length and
over shall be determined as required by 1.4.6 for deck, bottom, upper edge of the hopper
coaming, having regard to specified work areas and voyages. The greater value obtained for
the work area or voyage (refer to 3.6.3.3 and 3.6.3.4) shall be taken.

For opening hopper dredgers and hopper barges the required section modulus shall be
determined for the case when both semi-hulls are connected (refer to 3.6.3.4).

3.6.4.3 When calculating the actual section modulus of the hull in way of the hopper
space as required by 1.4.8, account shall be taken of all continuous longitudinals, longitudinal
bulkheads and the hopper space coamings with longitudinals, 85 % of the total area of centre
line box keel longitudinal members, provided they are properly interconnected with
the longitudinal framing members beyond the hopper and fitting of transverse members
regulated by the Rules, inside the hopper.

The continuous deck plating longitudinally framed above the hopper space and a wash
bulkhead in the hopper may be included in the actual section modulus calculation using
a procedure approved by the Register.

3.6.4.4 Longitudinal strength of each semi-hull of opening hopper dredgers and hopper
barges shall be checked for vertical and longitudinal bending moments in asymmetrical
bending (refer to Fig. 3.6.3.4.1).

3.6.4.4.1 Normal stresses arising in cross-section points under conditions of
asymmetrical bending shall be determined amidships and at the end bulkhead sections of
the hopper space (from inside the hopper), provided the hulls at this position are rigidly
restrained.

Stresses o, in MPa, shall be determined by the formula

o= (M 2_m, Ii) 1073 (3.6.4.4.1-1)

X
L, y

where My = M, cos a — My, sina;
My = My sina + My, cos a;
for M, and My, refer to 3.6.3.4.3 and 3.6.3.4.4;
a = rotation angle of main inertia axes (positive value of a — rotation Gu axis counter-
clockwise), it shall be determined by the formula

tg2a = 21,/ — 1) (3.6.4.4.1-2)
where I = Yu; v;idS; = centrifugal inertia. moment about axes Gu, Gv with no regard for wear allowance,
in m%;
u;, v; = distance of the centre of gravity of i-th member area from the axes Gu, Gv, in m;
dS;=  i-th member area, in m?;

Iy, Iy = inertia moments of the semi-hull cross-section about axes Gu, Gv with no regard for wear
allowance, in m#;

x,y= coordinates of the section point under consideration about main axes Gx, Gy (refer to
Fig. 3.6.3.4.1), in m;

Iy, I, = inertia moments of the semi-hull cross-section about the main axes with no regard for
wear allowance, in m#,
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3.6.4.4.2 Normal stresses acting in the semi-hull cross-section (for normal strength
structural steel) shall not exceed:

150 MPa for the lower edge of the deck stringer;

145 MPa for the upper edge of the plate keel,

165 MPa in the face plate of the hopper coaming.

3.6.4.4.3 Permissible shear stresses for members made of normal strength structural
steel and participating in the longitudinal bending are assumed equal to 115 MPa. Equivalent

stresses o., = Vo? + 312 at the sections where substantial normal stresses o and shear

stresses t (at the hopper ends) act shall be not more than 170 MPa.

3.6.4.4.4 Buckling strength of compressed members according to 1.6.5 shall be ensured.

3.6.4.5 Bottom framing.

3.6.4.5.1 When the bottom is transversely framed, the moment of inertia and scantlings
of floors in side buoyancy spaces shall be determined as required by 2.3.4.1.1; in this case, to
be taken as B, is doubled breadth of the buoyancy space over the bottom.

3.6.4.5.2 Where a single bottom is longitudinally framed, the section modulus of bottom
longitudinals in buoyancy spaces shall be not less than that determined in compliance
with 2.3.4.2.1. The floors shall be fitted in line with transverse ring structures, their section
modulus and cross sectional area shall be not less than determined from 2.3.4.2.3
and 2.3.4.2.4. The section modulus and depth of a side girder shall be not less than those
required for the floor. The floor web depth shall not be less than 0,13B; (refer to 3.6.4.5.1).

3.6.4.5.3 The scantlings of the bottom framing members in each semi-hull of opening
vessels shall be determined as required by 2.3.4.2; to be taken as breadth B; is the breadth of
one semi-hull at the section under consideration. There is no bottom centre girder in opening
vessels.

3.6.4.5.4 The scantlings of double bottom members in way of the hopper space are
determined as for dry cargo ships having double skin construction according to 2.4 with regard
to 3.6.2.4; beyond the hopper as for dry cargo ships with single skin construction in compliance
with the requirements of the same paragraphs.

The plate floor spacing shall not exceed the maximum spacing of transverse ring
structures, specified in 3.6.2.11.1.

3.6.4.5.5 For floating cranes the section modulus of bottom transverses shall be as
required by 2.3, and additional bottom longitudinals shall have the same section modulus as
for main longitudinals.

3.6.4.5.6 In calculating the section modulus and the depth of floors in accordance
with 2.3, B, is assumed to be the floor span between the side shell and the longitudinal
bulkhead or between the longitudinal bulkheads, but not less than 0,4 of the full breadth of
the ship.

3.6.4.5.7 In case of longitudinally framed bottom, the scantlings of floors and bottom
longitudinals of floating cranes beyond the double bottom area shall be determined in
accordance with 2.3.4.2.

3.6.4.6 Shell plating.

3.6.4.6.1 Shell plate scantlings are determined in accordance with 2.2.4.

The thickness of the bottom strakes to which hopper longitudinal bulkheads or well sides
are connected shall be increased by 15 % as against that of the bottom plating. Where there
is no centre line box keel, the thickness of the bottom strakes abutting on the hopper
longitudinal bulkhead shall be increased by 50 %.

3.6.4.6.2 The side shell plating thickness at the hopper ends shall not be less than
required by 1.4.7.

3.6.4.6.3 In vessels with pontoon hulls, the thickness of the bottom and side shell plating
within 0,15L from the forward and after perpendiculars shall not be less than the plating
thickness within the midship region.
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3.6.4.6.4 The thickness of the well side plating shall be equal to the thickness of the side
shell plating in area concerned, but not less than 8 mm.

3.6.4.6.5 In opening vessels the shell plating thickness shall be determined with regard
for 3.6.4.4. The thickness of the bottom strakes at the hopper longitudinal bulkhead need not
be increased.

3.6.4.6.6 In floating cranes the thickness of the bottom plating within 0,2 L from
the forward perpendicular shall be increased over the entire breadth of the hull by 30 % as
against the minimum thickness required by 2.2.4.8.

In the fore peak and the areas extending forward for 0,1L from the stern transom corners
and inboard for 0,1B, the thickness of the side shell plating shall be increased over the entire
depth by 30 % as compared to the minimum thickness required by 2.2.4.8 (refer also
to 3.6.2.5.2).

In other regions along the hull length, the minimum thickness of the shell plating shall be
increased by 10 % as against that prescribed by 2.2.4.8.

3.6.4.6.7 The plating thickness of the bow and stern transoms in floating cranes shall not
be less than required by 3.6.4.6.3.

3.6.4.7 Side framing.

The scantlings of the side framing members shall be determined in compliance with 2.5,
having regard to 3.6.2.5, 3.6.2.11 and the requirements given below:

.1 the section modulus of frames in transversely framed side buoyancy spaces shall
be determined from 2.5.4.1 as for dry cargo ships.

Where a side stringer is fitted at a level of fenders, main frame span may be determined
in compliance with 2.5.1.2 as for side transverses of tankers, provided the structure of the side
stringer meets the requirements of 3.6.4.7.2. Where no transverse ring structures are fitted,
braces may be provided in line with horizontal girders of longitudinal bulkheads;

.2  the scantlings of side stringers shall be determined as required by 2.5.4.4 as for
the case of fitting web frames. The width of the side stringer shall not be less than 0,081
(1 = stringer span as measured between web frames or between those and tight transverse
bulkheads) or 2,5 times the frame depth, whichever is the greater. Side stringers shall be
aligned with cross ties of the transverse ring structures;

.3 the section modulus of side longitudinals shall be determined as required by 2.5.4.3
with k; values taken as for dry cargo ships;

.4 the section modulus and cross-sectional area of web frames which are a part of
a transverse ring structure shall be not less than those required in 2.5.4.5 for side transverses
of tankers.

A web frame span shall be measured between the inner edges of the floor and an inner
edge of the beam.

The depth of the web frame shall not be less than 0,11 or 2,5 times the width of
longitudinals (whichever is the greater) and may be assumed varying with reduction at
the upper end and increase at the lower end by 10 % as against the average value;

.5 the section modulus of well longitudinal bulkhead stiffeners shall not be less than
required for side frames;

.6 infloating cranes, the section modulus of main and intermediate frames in the fore
peak shall be increased by 20 % as compared to that required by 2.8.4.3.2;

T the section modulus of web frames in floating cranes W, in cm?, within the region
specified in 3.6.2.5.3 shall not be less than

W =0,95(300 + 22 bpl? ) a, (3.6.4.7.7)

where 1
p

web frame span measured between the deck and the upper edge of the floor, in m;
as defined in 3.6.3, but not less than 0,5pgl,in kPa;

.8 the scantlings of the framing members of the bow and stern transoms shall not be
less than required by 3.6.4.7.2 — 3.6.4.7.4 and 3.6.4.7.6.
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3.6.4.8 Decks.

3.6.4.8.1 The plating thickness of the strength deck within the midship region shall be
taken not less than the sheerstrake thickness.

The minimum thickness of the deck plating in vessels of dredging fleet shall be determined
according to 2.6.4.1.2 as for the strength deck. For floating cranes the minimum thickness of
the upper deck shall be increased by 10 % as against that prescribed by 2.6.4.2 as for
the strength deck.

3.6.4.8.2 Compressive stresses in deck shall be determined under the action of bending
moment components according to 3.6.3. The buckling strength requirements of 1.6.5 shall be met.

3.6.4.8.3 The depth of deck transverses in buoyancy spaces which form a part of
the transverse ring structure shall be equal to two-thirds of the floor depth, while the thickness
of the web plate and sizes of the face plate shall be equal to those of the vertical webs.
The depth of the deck transverse shall be not less than 2,5 times the height of the deck
longitudinal.

3.6.4.8.4 For floating cranes the section modulus of deck girders shall be determined as
required by 1.6.4.2 with k; = 0,6 and m = 12.

3.6.4.8.5 The deck plating thickness under the seats of special arrangements fitted on
the deck (cat cranes of suction tubes, transfer appliances, grab cranes, etc.) and where special
metal structures pass through the deck (main and ladder gallows) shall be increased by 25 %.

3.6.4.9 The scantlings of side and deck framing members, the thicknesses of deck
plating, bulkhead framing and plating, and coamings of opening vessels shall be determined
with regard for 3.6.4.4.

Where vertical webs and web frames are connected by cross ties or braces, the scantlings
of vertical webs, web frames and braces shall be determined by calculation.

3.6.4.10 In vessels with pontoon hulls, the scantlings of side stringers at the forward end
of the vessel shall be prescribed as required by 2.8.4.5, the height and thickness of vertical
webs and web frames shall be the same as the width and thickness of the stringer.

3.6.4.11 Specific structures of vessels of dredging fleet.

3.6.4.11.1 The section modulus W, in cm?, of the diaphragm of the buoyancy space after
deduction of openings, or the total section modulus of a vertical web and a web frame of
the transverse ring structure at the section of a mid-point of the hopper lower cross member
depth shall not be less than

Py, (3.6.4.11.1)

where for H1, referto Fig. 3.6.1.5;

m=12;
ks = 0,6;
p1 = as defined in 3.6.3.7.

3.6.4.11.2 The cross-sectional area f, in cm? of the diaphragm, or the total sectional area
of a vertical web and a web frame of the transverse ring structure at a level of a mid-point of
the hopper lower cross member depth shall be not less than

f=-2 4 0,14f, (3.6.4.11.2)
kTn
where N = as defined in 3.6.3.11;
k. = 0,65;
Afi = ASbi;
b; = typical member scantlings (half-breadth of deck, web height of longitudinal, etc.), in cm.
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The scantlings of the transverse ring structure members (bottom transverse, vertical web,
side and deck transverses) shall be not less than required by the relevant paragraphs of this
Chapter for such members.

3.6.4.11.3 The section modulus W, in cm?3, sectional area of the hopper lower cross
member web f,, , in cm?, after deducting openings, sectional area of the floor with face
plates f,, in cm?, shall not be less than:

2
= D2Wc; (3.6.4.11.3-1)

fio =522 (py + 2222 4,1 ) + 0,1Af; (3.6.4.11.3-2)

L4 0,1Af, (3.6.4.11.3-3)

5 = as defined in 3.6.3.8;
Ry = asdefinedin 3.6.3.12;
for Af;, referto 3.6.4.11.2.

3.6.4.11.4 The section modulus of the face plates of the hopper lower cross
members W, in cm?, about the horizontal axis and sectional area frp, N cm?, shall not be less
than:

for the upper face plate

10%hy r 1] (L1i—1p)? )
W= 3- = |p's0c; (3.6.4.11.4-1)
fro = %ﬁ:wp’s +0,14f; (3.6.4.11.4-2)

for the lower face plate

2
ez oplt e (3.6.4.11.4-3)

frp =52y + 0,14, (3.6.4.11.4-4)

where for I+ and Iz, refer to Fig. 3.6.1.5;
m = 24;
ks = 0,6;
k., = 0,45;
p’s, p5 = as defined in 3.6.3.9;
Af; = as defined in 3.6.4.11.2.

3.6.4.11.5 The section modulus of bulkhead vertical webs, horizontal girders, vertical
stiffeners and longitudinals of the hopper longitudinal bulkheads shall be determined as for
side framing according to 3.6.4.7 with substitution of p according to 2.5.3 by ps according
to 3.6.3.6. For the longitudinal bulkhead stiffeners m = 11 and k; = 0,75.
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The depth of the vertical web shall be not less than 0,121 and may be assumed varying
with reduction at the upper end and increase at the lower end by 10 % as compared to
the average value.

Two upper longitudinals shall be taken the same as the third longitudinal from the deck.

Besides, three upper and three lower longitudinals shall be checked according to 1.6.5.4.

The width of the horizontal girder shall be equal to that of the bulkhead vertical web.

3.6.4.11.6 The plating thickness of the hopper longitudinal and end bulkheads shall be
determined as required by 1.6.4.4 assuming p = ps (where p4 shall be obtained from 3.6.3.6),
ks = 0,7, m = 15,8.

The upper strake thickness of the hopper longitudinal bulkhead at 0,1D below the deck
shall not be less than the sheerstrake thickness. The lower strake thickness of the longitudinal
bulkhead at 0,1D from the base line shall not be less than the bottom plating thickness.

3.6.4.11.7 The minimum thickness of hopper bulkhead plating shall be equal to 8 mm for
vessels having the length L < 60 m and 10 mm for vessels having the length L > 80 m.
For intermediate values of L, the minimum thickness shall be determined by linear
interpolation.

3.6.4.11.8 The section modulus W, in cm®, of vertical stiffeners and stanchions of
the hopper coaming shall not be less than determined by the formula?

3 2
W= 1R ) 3.6.4.11.8-1)
mkgsop
where ps = as defined in 3.6.3.10;

m = 15 for stanchions where upper cross members are fitted in line with transverse ring structures
at the coaming top;

m = 6 for stanchions where no upper cross members are fitted at the coaming top;

m = 15,6 for vertical stiffeners where transverse framing is adopted;

ks = 0,6.

The section modulus W, in cm?, of horizontal stiffeners and face plate of the coaming shall
not be less than

__10%ab?p,z;
W= o (3.6.4.11.8-2)
where z; =  distance between the coaming top and horizontal stiffeners, but not less than half the
coaming height, in m;
m=12;
ks =0,2.

The sectional area f;; of the coaming stanchion, in cm?, at deck shall not be less than
foe = 45222 4 0,1Af, (3.6.4.11.8-3)

where k. = 0,45;
Af; = as defined in 3.6.4.11.2.

The plate thickness of the side (end) coaming shall be determined as for the longitudinal
(end) bulkhead of the hopper ps according to 3.6.3.6 as measured at the deck level, but it shall
be taken not less than the upper strake thickness of the longitudinal bulkhead.

1 For stanchions b is substituted for a.
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The depth of the stanchion at deck shall be not less than 0,12h. and the thickness not
less than the coaming thickness.

The plate thickness of the coaming and moment of inertia of the horizontal stiffeners and
face plate of the coaming shall meet the buckling strength requirements according to 1.6.5.

3.6.4.11.9 The sectional area of the upper cross members spanning hopper space at deck
level and/or coaming level f,,, ., in cm?, shall not be less than

fup,cr = 01085Rup,cr + 0,1Afl (364119-1)

where Af; = as defined in 3.6.4.11.2.

Where a load from bottom closing appliances is applied to the upper cross members, their
strength shall be checked using the equivalent stress given below

O¢q = /Glznax + 37?}1 < 0,750, (3.6.4.11.9-2)

where Omax = 10Ryp cr/fup.cr + (Mp/W)103;
Tsh = 10Nsh/fw;
M, and Ng;, = maximum bending moment, in kN-m, and shear force, in kN, due to transverse load;

W = actual section modulus of the upper cross member, in cm?;
fup.cr» fw = full sectional area of the upper cross member and sectional area of the cross member
web, in cm?2.

3.6.4.11.10 Where no upper cross members are fitted at a deck level in line with
transverse ring structures, a part of the coaming structure with the upper portion of the side
buoyancy space located at 0,1D below the deck line (refer to Fig. 3.6.4.11.10) shall have
a section modulus W, in cm?, about a horizontal axis not less than

— 550Rup.cr(lh_b)2
bop

w W, - (3.6.4.11.10-1)

The thickness o