PART Il. HULL

1. DESIGN PRINCIPLES

1.1 GENERAL

1.1.1 Application.

1.1.1.1 Unless provided otherwise,
requirements of the present Part of the
Rules apply to steel ships of welded
construction, from 12 to 350 m in length
whose proportions are taken within the
limits given in Table 1.1.1.1.
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! For vessels of dredging fleet, not more than 3.
2 For vessels of industrial fleet, not more than 4.
3 For floating cranes, not less than 4,5.

The requirements of the present Part of
the Rules do not apply to oil tankers of
150 m in length and above and to bulk
carriers of 150 m in length and above, of
unrestricted navigation area, which design
includes one deck, topside tanks and and
side hopper tanks in cargo areas excluding
ore carriers and combined ships:

- contracted for construction on or
after 1 July 2015;

- in the absence of a contract for
construction, which keels were laid or

which were at a similar stage of
construction on July 1, 2017 or after that
date; or

- which were commissioned on July
1, 2020 or after that date.

The scantlings of hull members,
essential to the strength of hull and the
construction of the said ships are
regulated by XVII “Common Structural
Rules for Oil Tankers with Double Sides
” and Part XVIII “Common Structural
Rules for Bulk Carriers” of the Rules.
The requirements of this part may be
used if it is stipulated in these parts.

1.1.1.2 The scantlings of hull
members, essential to the strength of
ships whose construction and main
dimensions are not regulated by the
present Rules are subject to special
consideration by the Register.

1.1.1.3 Statement of passenger ship
with sign A, A-R1, A-R2, A-R2-RS, A-
R2-S, B-R3-S, B-R3-RS, C-R3-S, C-
R3-RS, D-R3-S, D-R3-RS in ship’s
Class notation  compliance with the
provisions of the European Parliament
and Council Directive 2009/45 / EC of 6
May 2009 in relation to regulations and
safety standards for shipss which entered
into force on 15 July 2009 (revised
version, as amended by Directive
2010/36 / EU Commission on 01.06.
2010), followed by Directive 2009/45 /
EC, shall be in accordance with the
requirements of section 2.6.1 of the
General regulations for the technical

! Refer to IMO Resolution MSC.290(87)
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supervision activities with application
these Rules to a ship and/or the special
requirements of these Rules, depending
on the sign in the ship's class notation as
for new or existing (refr to 2.6.1.1.4.2 or
2.6.1.1.4.3 General regulations for the
technical supervision activities,
respectively) ships referred to in certain
points with reference or without such a
reference on the sign in the ship's class
notation, namely compliance with the
following requirements:

- new ships with signs A, A-R1, A-
R2, A-R2-RS, A-R2-S —to all applicable
requirements of this part considering
indicated in the case of specific
requirements to these signs at certain
points, references to the sign in the ship's
class notation;

- existing ships with sign B-R3-S,
B-R3-RS - to 1.1.6.1, 2.7.1.3, 2.7.1.4,
Appendix 1;

- new ships with signs B-R3-S, B-
R3-RS, C-R3-S, C-R3-RS i D-R3-S,
D-R3-RS and existing ships with sign B-
R3-RS, with length up to 24 m and over
-t0 1.1.6.4;

- new ships with sign B-R3-S, B-
R3-RS, C-R3-S, C-R3-RS and D-R3-S,
D-R3-RS - to 1.1.6.3, 2.7.1.3, 2.7.1.4,
Appendix 1.

1.1.2 General.

1.1.2.1 All hull structures regulated
by the present Part of the Rules 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
the present Part of the Rules shall comply
with the requirements of Part XII |
"Materials™ and Part XI V "Welding" and

with the approved technical
documentation listed in 4.2.3, Part |
"Classification Rules for classification
and construction of ships 2

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.

1131 The definitions and
explanations relating to the general
terminology of the Rules are given in
Part | "Classification".

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

1.1.3.2 Ship dimensions and draft.

1 Length L, is the distance, in
m, on the summer load waterline from
the forward side of the stem to the after
side of the rudder post or to the centre of
the rudder stock if there is no rudder post,
or the distance equal to 96 per cent of the
length on the summer load waterline
from the forward side of the stem to the
after side of after end of the ship,
whichever is the greater.

However, L need not be greater than
97 per cent of the ship's length on the
summer load waterline.

Where the fore or after end is of an
unusual form, length L is subject to
special consideration by the Register..

2Moulded breadth B—isthe
greatest moulded breadth, in m, measured
amidships from outside of frame to
outside of frame.

3 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

2 Hereinafter — Part I “Classification”.
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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.

4 Draught d is the vertical
distance 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.

1.1.3.3 Decks and platforms.

1 Upper deck isthe uppermost
continuous deck extending the full length
of the ship.

2 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).

3 Bulkhead deck is the deck
to which the main transverse watertight
bulkheads are carried.

4 Freeboard deck is the deck
from which the freeboard is calculated.

5 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.

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

.7 Superstructure deck isa
deck forming the top of a tier of
superstructure. Where the superstructure
has several tiers, the superstructure decks
are called as follows: first tier

13
superstructure  deck, second tier
superstructure deck, etc., counting from
the upper deck.

.8 Deckhouse top is a deck

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.

1.1.3.4 Structures.

.1 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 per cent of the
breadth of the ship.

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

1.1.3.5 Main concepts.

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

Forward perpendicular
(FP)is a vertical line run through the
ship centreline at a point where the
summer loadline and the fore side of
stem intersect.

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

3 Midship region is the part
of the ship's length equal to 0,41- (0,21-
forward and aft of amidships), unless
expressly provided otherwise.

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

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

1.1.3.6 Explanation.

1 Summer load waterline
(SLW) is the waterline on the level of the
centre of the load line ring for the ship's
position without heel and trim.

2Block coefficient Cyis the
block  coefficient at draught d
corresponding to summer load waterling,
based on length L and breadth B,
determined by the formula

Moulded displacement (m®)
Cp = LBd".

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

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

b5 Specified speed of ship
Vo is the maximum speed of the ship, in
knots, at the summer load waterline in
still water at rated engine speed of
propulsion plant.

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

.7 Main frames are vertical

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

8 Intermediate frames are
additional frames fitted between main
frames.

1.1.3.7Spacing - is the distance
between primary members.

Normal spacing isthe
distance between primary members,
determined on the basis of the value of

standard spacing a0 , in m, determined by
the formula
ao = 0,002L + 0,48.
Deviation from normal spacing may
be permitted within the following limits:

0,75a0 to 1,25a¢ for ships of
unrestricted service including with the
sign A and restricted area of navigation
R1, A-R1,;

from 0,7a0 to 1,25a0 for ships of
restricted areas of navigation R2, R2-S,
R2-RS, A-R2, A-R2-S, A-R2-RS, B-R3-
S, B-R3-RS, C-R3-S, C-R3-RS;

from 0,65a0 to 1,25a0 for ships of
restricted areas of navigation R3-S, R3-
RS, R3, R3-IN, D-R3-S, D-R3-RS.

In the fore and after peaks the
spacing of primary members shall not
exceed 0,6 m; between the fore peak
bulkhead and 0,2L, aft of the forward
perpendicular — not more than 0,7 m.
Variations from these values are subject
to special consideration by the Register.

In all cases the spacing of primary
members shall not exceed 1 m.

1.1.4 Basic provisions for
determining the scantlings of hull
members.

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

1.1.4.2 Derivation of the scantlings
of hull members in the 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 the
present Part of the Rules, the design
characteristics of the material used for
hull structures shall be as follows:
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Ren — upper yield stress, in MPa;

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

on=235Mm,  (1.1.4.3-1)

where n — application factor of mechanical
properties of steel, determined from Table 1.1.4.3;

Tn — design specified yield stress for
shear stresses, in MPa, determined by the
formula

1,= 0,576, . (1.1.4.3-2)

Table 1.1.4.3
Ren | 235 315 355 390
n 1,0 0,78 | 0,72 | 0,68
1144 The requirements for

strength of structural members and
structures as a whole aiming at
determining their scantlings and strength
characteristics are set forth in the Rules
by assigning the specified values of
permissible stresses for design normal
o, = keon and shear t,= ktn, (Where ks
and k. — factors of permissible normal
and shear stresses respectively).

The values of ks 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).

1.1.46 The thickness of hull
structural members determined according
to the requirements of the present Part of
the Rules shall be the minimum thickness
specified for particular structures in the
relevant Chapters of this Part.

Minimum thickness are given for
structural elements of usual carbon steel.
When using high-strength steel minimum

thickness may be reduced in proportion
to the value of \/ﬁ This decrease is not

subject to the minimum thickness of the
vertical keel, bottom stringers and floors
of Group | ships and the minimum
thickness of the structures inside the
cargo and ballast tanks of Group Il ships
(the division of ships into groups
according to the terms of corrosion wear
- refer to 1.1.5.2), as well as plating and
members of tanks framing.

For ships of restricted areas of
navigationR2, R2-S, R2-RS, A-R2, A-
R2-S, A-R2-RS, B-R3-S, B-R3-RS, C-
R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-
IN, D-R3-S, D-R3-RS a reduction in the
thickness of hull members is permitted,
but not in excess of the values given in
Table 1.1.4.6.

Table 1.1.4.6 Permissible
reduction of minimum hull member
thickness

Hull members Service area
R2, R2-S|R3-S, R3-
R2-RS, A4RS, R3,
R2, A-R2-S/R3-IN, D-
A-R2-RS, B{R3-S,
R3-S, B-R3{D-R3-RS
RS, C-R3-S,
C-R3-RS
Primaty  support 0 0
members in way 15% 30%
of ballast tanks
Other hull
0, 0,
members 10% 20%
In all cases, unless expressly

provided otherwise, the hull member
thickness shall not be less than 4 mm.
1.1.4.7 In the present Part of the
Rules, the requirements for determining
the hull member scantlings are based on
the assumption that during the
construction and service of a ship
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measures are taken for the corrosion
prevention of the hull in accordance with
current standards and other current
normative documents.

1.1.48 On agreement with the
shipowner, a reduction in the scantlings
of certain hull members may be
permitted within the limits agreed with
the Register..

The reduced scantlings as well as
scantlings determined in accordance with
the requirements of the present 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 2.3.1, Part | "Classification™).

1.1.5 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),  (115.1)

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 7' = 25.

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 2.3.1, Part | "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 the Rules one shall
be guided by the data on the average
annual reduction in thickness u, of
structural member given in Table 1.1.5.2-
1 and 1.1.5.2-2, depending on the group
of ships and the designation of the space.

Tables 1.1.52-1 and 1.15.2-2
provide for division of all ships into two
groups depending on corrosion wear
conditions:

| — dry cargo ships and similar ships
as regards the service conditions;

Il — 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.

In sound cases, in agreement with
the shipowner thickness of some hull
structural members may be reduced to
values , agreed with the Register.

The average structural members
thickness  reduction  of  restricted
navigation area ships operated in fresh
water for 50 and more per cent of the
service life is specified in the Table
1.1.5.2-2. If the ship is operated in fresh
water at least 50% of operational service
life, average structural hull members
thickness reduction shall be determined
by linear interpolation between Tables
1.1.5.2-1 and 1.1.5.2-2 depending on the
percentage of ship in fresh water. 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 Il relative
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to the corresponding values specified in
the Table 1.1.5.2-1.

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 Tables 1.1.5.2-1 and 1.1.5.2-
2. shall be additionally indicated.

A special entry shall be made in the
Classification Certificate of such ships
(refer to 2.3.1, Part | "Classification™).

Table 1.1.5.2-1 Average annual reduction in thickness of structural members

u, in mm per annum

Nos. Structural member Group | Group 11
1 2 3 4
1 |Plating of decks and platforms
1.1 |Upper deck 0,10 0,20%2
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 0,10 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
29 Side (inner skin is provided) (compartments of double
"~ |skin side are not designed to be filled):
2.2.1 |freeboard 0,10 0,10
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
Side (inner skin is provided) (compartments of double
2.3 |skin side are designed for the of carriage cargo, fuel oil
or water ballast):
2.3.1 |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 tanks 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 tanks filled with fuel oil 0,17 0,17
.2 tank for reception of water ballast 0,18 0,18
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
3.1.4 |in way of ballast compartments 0,20 0,20
3.1.5 |flat keel 0,23 0,25
3.2 |Bottom (inner bottom is provided):
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Nos.

Structural member

u, in mm per annum

Group | Group 11
3.2.1 |including bilge 0,14 0,14
3.2.2 |in way of cargo tanks 0,15 0,15
3.2.3 |in way of ballast compartments 0,20 0,20
3.2.4 |flat keel 0,20 0,20
4 Plating of inner bottom, hopper tank and trapezoidal
stools under transverse bulkheads
4.1 |Inner bottom in the area of cargo holds (tanks):
4.1.1 |in way of fuel oil tanks 0,12 0,17
4.1.2 |in way of ballast compartments 0,15 0,20
4.1.3 |in way of boiler room 0,30 0,30
4.1.4 |in way of engine room 0,20 0,20
415 with no wood sheathing in holds if cargo is expected to 0.30 0,30
" |be discharged by grabs '
49 Hopper tanks, trapezoidal stools under transverse
"~ |bulkheads, margin plate:
4.2.1 |plating of hopper tanks and trapezoidal stools:
bottom strake 0,25 0,30
other strakes 0,12 0,17
4.2.2 |margin plate (inclined and horizontal) 0,20 0,22
4.2.3 |margin plate in boiler room::
inclined 0,28 0,30
horizontal 0,23 0,28
5 Plating of longitudinal and transverse bulkheads of
inner skin
5.1 |Watertight bulkheads:
5.1.1 |top strake 0,10 —
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 (0,1 D from the upper deck) — 0,13
5.2.2 |other strakes — 0,18
53 Bulkheads between holds loaded with oil cargo or bulk
cargo:
5.3.1 |top strake (0,1 D from the upper deck) — 0,16
5.3.2 |other strakes — 0,18
5.4 |Bulkheads between cargo tanks:
5.4.1 |top strake (0,1 D from the upper deck) — 0,202
5.4.2 |middle strake — 0,132
5.4.3 |bottom strake — 0,18
5.5 |Bulkheads between cargo and ballast compartments:
5.5.1 |top strake (0,1 D from the upper deck) 0,13 0,30
5.5.2 |middle strake 0,15 0,25
5.5.3 |bottom strake 0,16 0,20
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Nos. Structural member u, In mm per anium
Group | Group 11
5.6 |Topside tanks 0,12 0,20
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 B 0,18
7 |bulk 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 0,20
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 3 0,15
"= |bulk cargoes
6.2.4 |cargo tanks — 0,202
6.2.5 |fuel oil tanks 0,19 0,19
6.2.6 |ballast compartments 0,21 0,21
6.3 |Cargo hatch coamings 0,10 0,12
7 |Framing of sides and bulkheads
Longitudinals, main and web frames, cross ties,
7.1 |vertical stiffeners and horizontal girders of sides and
bulkheads forming boundaries of:
7.1.1 |holds loaded with general cargoes 0,10 —
7.1.2 |holds loaded with bulk cargoes — 0,13
713 holds loaded with crude oil and petroleum products or B 0,15
" |bulk cargoes
7.1.4 |cargo tanks — 0,20%2
7.1.5 |fuel oil tanks 0,18° 0,188
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 — 0,20
8.1.3 |in ballast compartments 0,20 0,20
8.1.4 |under the boilers 0,30 0,30
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 0,20 0,20
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Nos. Structural member u, IN MM per annum
Group | Group 11
8.2.4 |under the boilers 0,25 0,25
9 |Superstructures, deckhouses and bulwarks
9.1 |Shell plating 0,10 0,10
9.2 |Framing 0,10 0,10

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

2With a compartment filled with inert gas, u is increased by 10 per cent.

3For horizontal stiffeners arranged in the upper portion having a width of 0,1 times the compartment
height, u = 0,25 mm per annum.

Table 1.1.5.2- Average annual reduction in thickness of structural members for
ships intended for operation in fresh water for 50 and more percent of operational
service life

Nos Structural member u, In Mm per annum
Group |
1 2 3 4
1 |Plating of decks and platforms
1.1 |Upper deck 0,08 0,13
1.2 |Lower deck 0,08 —
1.3 |Deck in accommodation and working spaces 0,08 0,08
2 |Side plating
2.1 |Side (no inner skin is provided):
2.1.1 |freeboard 0,08 0,08
2.1.2 |in the region of alternating waterlines 0,12 0,12
2.1.3 |below the region of alternating waterlines 0,12 0,12
59 Side (inner skin is provided) (compartments of double skin
"~ |side are not designed to be filled):
2.2.1 |freeboard 0,08 0,08
2.2.2 |in the region of alternating waterlines 0,12 0,12
2.2.3 |below the region of alternating waterlines 0,12 0,12
23 Side (inner skin is provided) (compartments of double skin side
"~ |are designed for the of carriage cargo, fuel oil or water ballast):
2.3.1 |freeboard:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
2.3.2 |in the region of alternating waterlines:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
2.3.3 |below the region of alternating waterlines:
.1 tanks filled with fuel oil 0,15 0,15
.2 tank for reception of water ballast 0,15 0,15
3 |Bottom plating
3.1 |Bottom (inner bottom is not provided):
3.1.1 |including bilge 0,12 —
3.1.2 |in way of cargo tanks - 0,15
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u, in mm per annum

Nos Structural member
Group |
3.1.3 |in way of fuel oil tanks 0,15 0,15
3.1.4 |in way of ballast compartments 0,15 0,15
3.2 |Bottom (inner bottom is provided):
3.2.1 |including bilge 0,12 0,12
3.2.2 |in way of cargo tanks 0,15 0,15
3.2.3 |in way of ballast compartments 0,15 0,15
4 Plating of inner bottom, hopper tank and trapezoidal stools
under transverse bulkheads
4.1 |Inner bottom in the area of cargo holds (tanks):
4.1.1 |in way of fuel oil tanks 0,12 0,15
4.1.2 |in way of ballast compartments 0,15 0,15
4.1.3 |in way of boiler room 0,17 0,17
4.1.4 |in way of engine room 0,10 0,17
with no wood sheathing in holds if cargo is expected to be| 0,17 0,17
415 | .
discharged by grabs
49 Hopper tanks, trapezoidal stools under transverse bulkheads,
"~ |margin plate:
4.2.1 |plating of hopper tanks and trapezoidal stools:
bottom strake 0,17 0,17
other strakes 0,12 0,15
4.2.2 |margin plate (inclined and horizontal) 0,17 0,17
4.2.3 |margin plate in boiler room:
inclined 0,17 0,17
horizontal 0,17 0,17
5 Plating of longitudinal and transverse bulkheads of inner
skin
5.1 |Watertight bulkheads:
5.1.1 |top strake 0,10 —
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 (0,1 D from the upper deck) — 0,13
5.2.2 |other strakes — 0,15
5.3 |Bulkheads between holds loaded with oil cargo or bulk cargo:
5.3.1 |top strake (0,1 D from the upper deck) — 0,16
5.3.2 |other strakes — 0,18
5.4 |Bulkheads between cargo tanks:
5.4.1 |top strake (0,1 D from the upper deck) — 0,13
5.4.2 |middle strake - 0,10?
5.4.3 |bottom strake — 0,13
5.5 |Bulkheads between cargo and ballast compartments:
5.5.1 |top strake (0,1 D from the upper deck) 0,13 0,15
5.5.2 |middle strake 0,15 0,15
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Nos Structural member u, In MM per annum
Group |
5.5.3 |bottom strake 0,15 0,17
5.6 |Topside tanks 0,12 0,15
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 - 0,15
cargoes
6.1.4 |cargo tanks — 0,15
6.1.5 |fuel oil tanks 0,15 0,15
6.1.6 |ballast compartments 0,15 0,15
6.2 Deck girders, transverses of decks and platforms forming
'~ |boundaries of:
6.2.1 |holds loaded with general cargoes 0,08 —
6.2.2 |holds loaded with bulk cargoes — 0,12
6.2.3 holds loaded with crude oil and petroleum products or bulk - 0,15
cargoes
6.2.4 |cargo tanks — 0,15?
6.2.5 |fuel oil tanks 0,10 0,10
6.2.6 |ballast compartments 0,10 0,10
6.3 |Cargo hatch coamings 0,08 0,10
7 |Framing of sides and bulkheads
Longitudinals, main and web frames, cross ties, vertical
7.1 |stiffeners and horizontal girders of sides and bulkheads
forming boundaries of:
7.1.1 |holds loaded with general cargoes 0,10 —
7.1.2 |holds loaded with bulk cargoes — 0,13
713 holds loaded with crude oil and petroleum products or bulk - 0,15
cargoes
7.1.4 |cargo tanks — 0,15
7.1.5 |fuel oil tanks 0,15 0,15
7.1.6 |ballast compartments 0,15 0,15
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 — 0,15
8.1.3 |in ballast compartments 0,15 0,15
8.1.4 |under the boilers 0,17 0,17
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 0,12 0,12
8.2.2 |in oil fuel tanks 0,15 0,15
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Nos Structural member g, In M per annum
Group |

8.2.3 |in water ballast tanks 0,15 0,17

8.2.4 |under the boilers 0,17 0,17
9 |Superstructures, deckhouses and bulwarks
9.1 |Shell plating 0,06 0,06
9.2 |Framing 0,06 0,06

1 _ for tankers carrying crude oil, u is increased by 50 %.

1.1.5.3 The factors wk and ji, 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 are determined
by the formulae:

.1 for rolled tee, angular and
symmetrical flat bulb profile members:

o, =(215/3W")+¥/as/ 2,

o, =01As+0,96,
.2 for band and flat profile members

o, =(085/3W")+ ¥asT2,

but at least 1,05,
where W' — section modulus of the member
under consideration in accordance with 1.6.4.2;

As —referto 1.1.5.1;

jk Rk

1.1.6 Compliance with statutary
requirements.

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®.

3 For the purpose of this paragraph,
"length of ship” is the length measured be-
tween perpendiculars from the extreme points
of the ship on the level of the deepest subdi-

.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
per cent of the length of the ship and not
more than 3 m plus 5 per cent of the
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 per cent of the length of the
ship  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

vision load line. For the definitions of the
deepest subdivision load line refer to 1.2, Part
V "Subdivision".
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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 specified in
1.16.1.10r1.1.6.1.2.

However, in
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; and

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
noninterference 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

ships constructed

July 1997, the requirements of 1.1.6.1.3
and 1.1.6.1.4 shall apply not later than
the date of the first periodical survey
after 1 June 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.

1.1.6.2 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 a collision 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 per cent
of the length of the ship or 10 m,

4 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 Ship.
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whichever is the less, in separate cases
other value may be permitted, but not
more than 8 per cent of the length of the
ship.

.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 per cent of the length of the
ship  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 in 1.1.6.2.1 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

25
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 In passenger ships and cargo
ships, other than tankers, the keels of
which were laid or which were at a
similar stage of construction on 1 January
2009 or after that date, 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 up to the
bulkhead deck. This bulkhead shall be
located at a distance from the forward
perpendicular of not less than 5 per cent
of the length of the ship or 10 m,
whichever is the less, and if other value is
not permitted, not more than 8 per cent of
the length of the ship or 3 m plus 5 per
cent of the length of the ship, 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 per cent of the length of the
ship  forward of the  forward
perpendicular, or at a distance 3 m
forward of the forward perpendicular,
whichever gives the smallest
measurement.
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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 below the bulkhead deck.

.5 except as provided in 1.1.6.3.6,
the collision bulkhead may be pierced
below the bulkhead deck by not more
than one pipe for dealing with the
forepeak tank, provided that the pipe is
fitted with a screwdown valve capable of
being operated from above the bulkhead
deck, the valve chest being secured inside
the forepeak tank to the collision
bulkhead. This valve may be fitted on the
after side of the collision bulkhead
provided that the valve is readily
accessible under all service conditions
and the space in which it is located is not
a cargo space. Al | valves shall be of
steel, bronze or other approved ductile
material. Valves of ordinary cast iron or
similar material are not acceptable.

.6 if the forepeak is divided to hold
two different kinds of liquids, the
collision bulkhead to be pierced below
the bulkhead deck by two pipes, each of
which is fitted as required by 1.1.6.3.5,
provided that there is no practical
alternative to the fitting of such a second
pipe and that, having regard to the
additional subdivision provided in the
forepeak, the safety of the ship is
maintained.

.7 where a long forward
superstructure is fitted, the collision
bulkhead shall be extended weathertight
to the deck next above the bulkhead
deck. The extension of the collision
bulkhead need not be fitted directly
above the bulkhead below provided it is

located within the limits prescribed in
1.1.6.3.1 or 1.1.6.3.2 with the exemption
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.

.8 where bow doors are fitted and a
sloping loading ramp forms part of the
extension of the collision bulkhead above
the bulkhead deck, the ramp shall be
weathertight over its complete length. In
cargo ships, the part of the ramp which is
more than 2,3 m above the bulkhead 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.

.9 the number of openings in the
extension of the collision bulkhead above
the freeboard deck shall be restricted to
the minimum compatible with the design
and normal operation of the ship. Al |
such openings shall be capable of being
closed weathertight.

.10 bulkheads shall be fitted
separating the machinery space from
cargo and accomodation spaces forward
and aft and made watertight up to the
bulkhead deck.

In passenger ships, an afterpeak
bulkhead shall also be fitted and made
watertight up to the bulkhead deck. The
afterpeak bulkhead may, however, be
stepped below the bulkhead deck,
provided the degree of safety of the ship
as regards subdivision is not thereby
diminished.

11 in all cases stern tubes shall be
enclosed in watertight spaces of moderate
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volume.

In passenger ships, the stern gland
shall be situated in a watertight shaft
tunnel or other watertight space separate
from the stern tube compartment and of
such volume that, if flooded by leakage
through the stern gland, the bulkhead
deck will not be immersed.

In cargo ships, other measures to
minimize the danger of water penetrating
into the ship in case of damage to stern
tube arrangements may be taken.

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 61m in length 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 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 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.

4 OcHoBHa
B/2 JliHis

I
Fig.1.1.6.4

.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.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 the requirements of present
paragraph.

.4 a double 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.

.5 In ships of restricted navigation
area B-R3-S,B-R3-RS, C-R3-S, C-R3-
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RS 1a D-R3-S, D-R3-RS The Register
may permit not to arrange a double
bottom in any part of the ship, with
subdivision index less than 0.50 if the
arrangement of double bottom in this part
of the ship is not compatible with her
design and normal operation.

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 In passenger ships and cargo
ships, other than tankers, the keels of
which were laid or which were at a

similar stage of construction on 1 January
2009 or after that date, 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 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.

But in any case the height of double
bottom shall beat least 0.76 m, and is not
required more than 2.0 m.

.3 small wells constructed in the
double bottom, in connection with the
drainage arrangements of holds, etc. shall
not extend downward more than
necessary. 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 the present paragraph.

In no case shall the vertical distance
from the bottom of such a well to a plane
coinciding with the keel line be not less
than 500 mm.

.4 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.

.5 any part of a passenger ship or a
cargo ship that is not fitted with a double
bottom in accordance with 1.1.6.6.1 or
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1.1.6.6.4 shall comply with the
requirements of 2.9, Part V "Subdivi-
sion".

6 in case of unusual bottom
arrangement in a passenger ship or a
cargo ship it shall be demonstrated that
the ship is capable of withstanding
bottom damages as specified in 2.9.3,
Part V "Subdivision™.

1.16.7 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 and
upwards a continuous slot shall generally
be provided between the freeboard and
sheerstrake edge instead of freeing ports.

1.1.6.8 In passenger ships and cargo
ships, the design of watertight decks,
trunks, etc. shall comply with the
following requirements.

.1 watertight decks, trunks, tunnels,
duct keels and ventilation ducts shall
have a strength equal to that of watertight
bulkheads fitted on the same level.
Watertight ventilation ducts and trunks
shall be carried at least to the bulkhead
deck in passenger ships and at least to the
freeboard deck in cargo ships.

.2 where a ventilation trunk passing
through a structure penetrates the
bulkhead deck, the trunk shall be capable
of withstanding the water pressure that
may be present within the trunk, after
having taken into account the maximum
heel angle allowable during intermediate
stages of flooding, in accordance with
3.3.3, Part V "Subdivision".

.3 where all or part of the
penetration of bulkhead deck is on the
main ro-ro deck, the trunk shall be
capable of withstanding impact pressure
due to internal water motions of the
trapped water on the vehicle deck.

4 In ships constructed before 1
January 2002, the requirements of
1.1.6.8.2 shall apply not later than the
date of the first periodical survey after 1
July 2002.

1.2 MATERIALS

1.2.1 General.

The materials wused for hull
structures regulated by this Part of the
Rules shall comply with the requirements
of Part XII | "Materials".

1.2.2 Steel grades for hull
structures.
1.2.21 Hull members shall be

fabricated of mild steel grades A, B, D
and E with the upper yield stress Ren=
235 MPa and of AH,DH,EHand FH
high tensile steel grades A32, D32, E32
and F32 with the upper yield stress Ren =
315 MPa; A3 6, D36, E36 and F36 steel
grades with the upper yield stress Ren =
355 MPa, and A40, D40, E40 and F40
steel grades with the upper yield stress
Ren = 390 MPa.

The application of high strength
steel grades D, E, F with the upper yield
stress of 420 MPa and above is subject to
special consideration by the Register in
each case.

1.2.2.2 In case of high local stresses
in the thickness direction, Z-steel (refer
to 3.14, Part XII | "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.
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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,
Part XI1 | "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
to 1.2.3.1-3 shall be selected for various
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Design temperature of structure, in °C
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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 7,,.

In the absence of any other
provisions, for the value of 7, 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 In all cases the value of T
shall not excee:

—40°C® — for icebreakers of ice
classes Icebreaker?, Icebreaker3, Ice-
breaker4 and ships of ice classes Ice6,
Iceb;

— 30 °C — for icebreakers of ice class
Icebreakerl and ships of ice classlce4;

—10°C - for ships of ice classes
Ice3, Ice2;

5 When operating with calls at the
mouth of the northern rivers the value of 74
shall not exceed —50 °C.

0 °C — for ships of ice class Icel, and
ships without ice class.

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

1.2.3.5 At the design tensile stresses
in the upper deck and side longitudinals
(of sheerstrake) due to the still water
hogging moment (osw), exceeding the
value 65/m, the design temperature of
longitudinals may be corrected by the
value of

AT, = 10(csw /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:
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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

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
Tablel.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

consequences for safety of the ship as a structural member  thickness is
whole, the structural members are  determined in accordance with Table
grouped into three Classes according to 1.2.3.7-6.
Table 1.2.3.7-1.
Table 1.2.3.4
Operation .
conditions Design temperature t,
Hull structure . Cargo space Region of
Insulati Heati region spaces other
eating g
on than cargo
tanks | holds spaces
Exposed part of strength deck, side Not
plating portion above summer load | Fitted | provid Ta
waterline (for ice class ships — ed
above ice belt) as well as adjacent
framing and portions up to 1,0 m _ Fitted 0,50 Ta
wide of bulkhead structures, decks, '
platforms, topside tanks, etc.
Not Not
provid | provid | 0,70 Ta [Ta+5 °C 0,60 Ta
ed ed
Strength deck portion under unhealed Not
superstructures. - provid -10°C
ed
External structures of superstructures | Fitted | Fitted 0,50 Ta
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and deckhouses. Not
provid 0,70 Ta
ed
Structures cooled on both sides with Not Not
ambient air provid | provid Ta
ed ed
Side plating portion in the region of Not
alternating waterline. Ice belt of ice | Fitted | provid 0,55 Ta
class ships ed
— Fitted 0,35Ta
Not Not
provid | provid 0,40 Ta
ed ed
Notes to Table 1.2.3.4 : 1. For external structures of underwater portion of the hull
t,=0°C.
2. "-" means that the isolation does not affect the design temperature 7.
Table 1.2.3.7-1
Nos Structural member category Material class/grade
1 2 3
1 Longitudinal bulkhead strakes, other than that given in | Class | throughout the length
para 7 of a ship
2 Deck plating exposed to weather, other than that given

in paras 5, 12, 13, 15 and 16

3 Side plating
4 | Bottom plating, including keel plate Class Il amidships.
5 Strength deck plating, excluding that given in paras ) o
12,13, 14, 15 and 16 Class I outside of amidships.
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
External longitudinal members, plating and framing of
10 | long superstructures and plating of sides of short
superstructures and deckhouses (first tier)
11 | Sheerstrake . Class 111 amidships
12 | Stringer plate in strength deck . Class Il outside of amidships
13 | Deck strake at longitudinal bulkhead, excluding deck | Class |  outside  0,6L
plating in way of inner-skin bulkhead of double-hull | amidships

ship .
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14 | Lower deck strakes at cargo hatch corners in
refrigerated spaces?.
15 | Strength deck plating at outboard corners of cargo | Class Il amidships
hatch openings in container carriers and other ships | Class Il outside of amidships
with similar hatch opening configurations Class | outside 0,6L
amidships
Class |11 within cargo region.
16 | Strength deck plating at corners of cargo hatch openings | Class Il within 0,6L of the
in bulk carriers, ore carriers, combination carriers and | ship
other ships with similar hatch opening configurations. Class Il within rest of cargo
region.
17 | Trunk deck and inner deck plating at corners of | Class Il within 0,6L of the
openings for liquid and gas domes in membrane type | ship
liquefied gas carriers Class Il within rest of cargo
region.
18 | Bilge strake in ships with double bottom over the full | Class Il within  0,6L
breadth and length less than 150 m? amidships _
Class 1 outside 0,6L
amidships.

19

Bilge strake in other ships!

Class Il amidships

Class 1l outside of amidships
Class | outside 0,6L
amidships.

20

21

Longitudinal hatch coamings of length greater than
0,15L, including coaming top plate and flange.

End brackets and deck house transition of longitudinal
cargo hatch coamings.

Class 111 amidships

Class Il outside of amidships
Class | outside 0,6L
amidships.®

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 Ice4, Ice3, Ice2, Icel

Class | throughout the length
of a ship

.2 ships of ice classes Ice6, Ice5 and icebreakers
irrespective of ice class

Class Il throughout the length
of a ship

24

Rolled section framing of:
.1 ships irrespective of ice class and icebreakers of ice
class Icebreakerl

Class | throughout the length
of a ship

.2 icebreakers of ice classes Icebreaker2, Icebreaker3,
Icebreaker4

Class Il throughout the length
of a ship

1 Single strakes required to be of Class Il within 0,4Z 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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3 Not to be less than Grade D/D H

Table 1.2.3.7-2

Structural member category

Material grade

Longitudinal plating of strength deck where contributing

to the longitudinal strength.

Grade B/AH amidships.

Continuous longitudinal plating of strength members

above strength deck.

Grade B/AH amidships.

Single side strakes for ships without inner continuous
longitudinal bulkhead(s) between bottom and the strength

deck.

Tablel.2.3.7-3

Grade B/AH within cargo
region

Structural member category

Material class/grade

Longitudinal plating of strength deck where contributing

to the longitudinal strength.

Grade B/AH amidships.

Continuous Trunk deck plating
longitudinal

Class Il amidships.

plating of strengt h | Inner deck plating.

member s above | Longitudinal  strength  member
the strength deck plating between the trunk deck and

inner deck

Grade B/AH amidships.

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 amidships
Stringer plate in strength deck?. Grade E/EH amidships
Bilge strake1' Grade D/DH amidships

1 Single strakes required to be of Grade E/EH and 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.

Table 1.2.3.7-6

Grade B/AH.
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Class, hull member is related to
Structural
member I I Ll
thickness Hi ; ; ; ; ;
: . igh tensile . High tensile . High tensile
S, inmm | Mild steel steel Mild steel steel Mild steel steel
S<15,0 A
—_—] A AH
15<S<20 A AH B
20<S<25 B
= AH D DH
25<S<30
30<S<35 B D DH
35<5<40 E EH
40<S<50 D DH E EH
1.2.3.8  Structural members not

mentioned in Tables 1.2.3.7-1 to 1.2.3.7-
5, whose scantlings are regulated by the
present Part, shall be referred to Class I .

The steel grade shall correspond to
the asbuilt plate thickness and material
class.

1.2.3.9 For structures with high level
of stress concentration, subject to
dynamic loads (e.g. when mooring at sea)
or being in combined stress state, the use
of steel grade D or grade E may be
required.

Steel grade A is not permitted.

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

T

w0
7 |

A

¥

1,25F¢

2.5¥

Fig.1.2.3.7. Areas of cargo hatch
corners (lined) belonging to members
referred to Class IlI.

1.2.3.11 For ships less than 40 m in
length, steel specified for Classes of
structural members outside 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
.

For rudder and rudder body plates
subjected to stress concentrations (e.g. in
way of lower support of semispade
rudders or at upper part of spade
rudders), Class I11 shall be applied.

1.2.4 Aluminium alloys.

1.2.4.1 This Part of the Rules admits
the following applications of aluminium
alloys:

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

1.2.5 Anticorrosive protection
and coatings.

1.2.5.1 Effective protective coatings
complying with the requirements of
6.5.1.1, Part XII | "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 XII |
"Materials".

1.2.5.2 Anti-fouling coatings of ship
hulls, in case of their application, shall
comply with the requirements of Part VI
“ Requirements to Anti-fouling Systems
” Rules for the Prevention Pollution from
Ships.

1.2.5.3 For cargo tanks of oil tankers
of 500 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) amended by IMO
Resolution MSC.342 (91) (refer to

6.5.1.2, Part XII | "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
3.16.1.1, Part XIII "Materials").

1.2.5.4 All specially designed for
seawater ballast tanks in all types of ships
with a gross tonnage of 500 and double
side areas, fitted on bulk carriers up to

150 m and more, shall be protected by
applying a protective coating specifically
designed for seawater in accordance with
IMO Resolution MSC.215 (82) amended
by IMO Resolution MSC.341 (91) (refer
to 6.5.1.1, Part XII | "Materials").

1.3 DESIGN LOADS

1.3.1 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.

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

cw = 0,0856 L for L <90m,
Cw = Cw=10,75 - {(300 — L) /
1003372 (1.3.1.4)
for 90 <L <300 m,

cw = 10,75 for 300 < L <350 m.

1.3.1.5 For ships of restricted area of
navigation the wave factor cy, shall be
multiplied by the reduction factor or,
obtained from Table 1.3.1.5.
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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 summer load waterline,

P=pPst + Pw; (1.3.2.1-1)

for the points of application of the
loads above the summer load waterline,

P =Pw, (1.3.2.1-2)

where pst — static pressure, in kPa, determined
by the formula
pst = 10z;

zi — distance form the point of application
of the load to the summer load waterline, in m;
pw — as defined in 1.3.2.2.

* For ships with a sign B-R3-S and B-R3- subject
to the establishment of the area of operation with a
wave height of at 3% provided between 3.5 m and
6.0 m, or is determined by linear interpolation
between the values for R2-S i R2-RS and R3-S
and R3-RS, respectively to a specific waves height
values.

** For ships with a sign R2-S i R2-RS subject to
the establishment of the area of operation with a
wave height of at 3% provided between 4,5 m and
6,0 m, or is determined by linear interpolation
between the values for R2-S i R2-RS Tta R2-
S(4,5) and R2-RS(4,5), respectively to a specific
waves height values.

1.3.2.2 The design pressure pw, 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 summer load waterline,

D = Puo —1.5 Cu (z/d) (1.3.2.2-1)

for the points of application of the

s-above-the-summer load waterline,

Table 1.3.1.5
Area of Factor or,
navigation Lo
1
= =7,5ax Z
R1, 1 Pw = Pwo x Li
A-R1 where

(1.3.2.2-2)

Pw =5 Cw av ax;

R2, 1,25 -0,25L-102 <1
A-R2

Cw — as defined in 1.3.1.4 i 1.3.1.5;
a, =08v,(L/10° +04)/ L +15;

R2- 1,0 - 0,20L-102
S**, R2-
RS**, A-R2-
S, A-R2-RS

ax = kx (1 -2x1/L)>0,267;

k« — factor equal to 0,8 and 0,5 for hull
sections forward and aft of the midship section
respectively;

R2-S
R2-RS

0,94 -0,19L-10°2
(4.5),
(4.5)

x1 — distance of the considered section from
the nearest fore or after perpendicular, in m.
zi—referto 1.3.2.1-2.

R3- 10,86 -0,18L-102
S, R3-RS, B-

R3-S*, B-R3-
RS*, C-R3-S,
C-R3-RS

In—any—€ase;—the product avax shall not be
taken as less than 0,6.

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

R3, 0,75-0,18L 102
R3-IN, D-R3-
S, D-R3-RS
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Fig.1.3.2.2

1.3.3 Acceleration at motions.

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

a=.faZ+aZ+04a? , (133.1-1)

where ac — projection of ship's centre of
gravity acceleration on the appropriate direction;

ax , as — projections of pitching and rolling
acceleration on the appropriate directions at the
point under consideration.

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:

a,, = 01100/ L)"*go,;
a,, =0,2(100/ L) go,;
a, =0,2(100/L)"?go,;

axx = (ZTE/TK)Z\IIZO;

(1.3.3.1-2)
a, =0;
a‘xz = (ZE/TK)ZWXO;
a, =0;

a,, = (2n/T;)?0 2,

a;, = (275/1—6)29 Yo,

where @r—is given in Table 1.3.1.5 (or =1 for
ships of unrestricted service);

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;

Tx i Ts — pitching and rolling periods, in s,
determined by the formulae:

I o,&/TL ;
v
1+ 0,40[ + 0,4J 13313
Jeliod ( )
Ts =cB/h,
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, Tp as a first
approximation, can be determined by the formula:

T = R¥B;
y — design angle of trim, in rad, determined
by the formula:
0,23

1+L-107°
For ¢ — refer to Table 1.4.4.3 (¢ =1 for ships
of unrestricted service);
0 — design angle of heel, in rad., determined
by the formula:

v=g (1.3.3.1-4)

0=g, —————, (13.3.1-5)

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

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

09
a, =g T(u ky), (1.3.3.1-6)
L

where ka = 16 (1 — 25x1/ L) >0 in the
forward region;
ka=0,5 (1 -3,33x1/L) >0 in the aft region;
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x1 — refer to 1.3.2.2.
If L < 80 m in Formula (1.3.3.1-6)
shall be taken equal to tensile 80 m.

1.3.4 Cargo, fuel and ballast loads.
1.3.4.1 Design pressure pc, 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+az/g), (1.34.1)

but not less than 20 kPa,
where h — design stowage height, in m;
pc— density of the cargo carried, in t/md;

2 2 2
— 2
a, = \/acz +a,, +04a,, wc

where for ac;, axz, asz — referto 1.3.3.1.

Where decks and platforms are
designed only to accommodate the crew
and passengers, the design pressure
pmin IS taken equal to 5 kPa.

For platforms in the engine room
pmin = 18 kPa.

1.3.4.2 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 per
cent of the bulkhead area are considered
as effective bulkheads.

.1 The design pressure pc, in kPa, on
the  structures of fully loaded
compartments is determined by the
following formulae:

Pc = pc g
(1.3.4.2.1-1)
Pc=pcg (zi+bo),

Q + alg) z,

(1.3.4.2.1-2)

Pe=pcg (zi + 1 y), (1.3.4.2.1-3)
pe = 0,75ps g (zi + Az), (1.3.4.2.1-4)
Pec = pcg Zi + px, (1.3.4.2.1-5)

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

a; — design acceleration in the vertical
direction according to 1.3.3.1;

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

6 and y — as determined by Formulae
(1.3.3.1-4) and (1.3.3.1-5).

Az — 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;

px — 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 m? capacity, the minimum values of pc
are not stipulated;

I 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
midheight 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.

.2 Where a compartment shall be
partially filled proceeding from service
conditions, with the compartment length
I<0,13L and compartment breadth
b <0,6B, the design pressure pc, 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
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side intersection, or of the longitudinal
bulkhead

pe = pe(5—B/100)b;  (1.3.4.2.2-1)
for transverse bulkheads and
adjoining compartment top within 0,25l
of the line of compartment top and
transverse bulkhead intersection

e = pe(4 —L/1200)1. (1.3.4.2.2-2)

I 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 pc, in
kPa, on structures bounding the bulk
cargo hold is determined by the formula
pe=pcgkc(1+a./qg) zi, (1.3.4.3)
but not less than 20 kPa.
where for pc—referto 1.3.4.1;

Ke = sin?(o.— 0) G245 — pur! 2) + c0s X0 —6),

where a — angle of web inclination to the base
line, in deg.;

where [a — 57,3 0] <10° is taken kc = 1;

6 — refer to Formula (1.3.3.1-5); for
transverse bulkheads 6 = 0;

¢ if — internal friction angle of bulk cargo, in
deg;

a; — design acceleration in the vertical
direction according to 1.3.3.1, m/s?;

zi — vertical distance from the load
application point to the free surface level of cargo,
inm.

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, = \/afy + (aﬁy +gsin 9)2 ,(1.3.4.4-1)

and in the horizontal-longitudinal
direction

a =.a’ +(a, +gsiny) (1.3.4.4-2)

where 0, vy — are determined by Formulae
(1.3.3.1-4) and (1.3.3.1-5).

1.4 LONGITUDINAL STRENGTH

1.4.1 General and definitions.

1.4.1.1 The requirements of this
Chapter apply to ships of unrestricted
service A and of restricted areas of
navigation R1, A-R1, R2 and A-R2, 65
m in length and upwards, as well as to
ships of restricted areas of navigation
R2-S, R2-RS, A-R2, A-R2-S, A-R2-RS,
B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3-S, R3-RS, R3, R3-IN, D-R3-S, D-
R3-RS, 60 m in length and upwards,
whose proportions are stated in 1.1.1.1..

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

1.4.1.2 Special consideration shall
be given to ships having the following
characteristics:

.1 proportion:

L/B <5,

B/D > 2,5 ((for ships of restricted
areas of navigation R2, A-R2, R2-S, R2-
RS, A-R2, A-R2-S, A-R2-RS, B-R3-S,
B-R3-RS, C-R3-S, C-R3-RS, R3-SN,
R3-RS, R3, R3-IN, D-R3-S, D-R3-RS
the ratio B/D is obtained from Table
1.1.1.2);

2 block
Cv<0,6;

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

formulav = k+/L ,
where k =2,2ifL<100 m;

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

Special consideration will also be
given to ships carrying heated cargoes
and ships of unusual design and/or type.

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 the 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.

1.4.2 Symbols.

L. — length of the compartment
considered, in m;

B1 — breadth of the compartment
considered, in m;

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

[Tepepisyioui crm
Ke + = 4
~ (+) (
I (
3ruHANBHI MOMEHTH
‘\\_._ ( (+) ) (
2 h)
Kopma Hic
Fig.1.4.1.4
zr — vertical distance from the

summer load waterline to the upper deck
(forecastle deck included), as measured
on the forward perpendicular, in m;

I —actual inertia moment of the hull
about the horizontal neutral axis of the
hull section under consideration, in cm?;

S —actual statical moment, about the
neutral axis, of the portion of the
considered hull section, located above or
below the level at which the thickness of
the web is determined, 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.

1.43.1 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
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(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, e.g.
container or 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;

all cases of loading specified in 3.3.

.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 partial 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
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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 abovementioned trim values are
as follows:

trim by the stern for 3 per cent of ship
length;

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

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

Maximum and minimum filling levels
of the abovementioned one or maximum
two pairs of side ballast tanks shall be
included to the Loading Manual.

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
method.

1.43.2 The maximum absolute
values of sagging and hogging bending
moments Mg, and shear force Ns 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 Msy and Ns, 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
3.34.1. 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
determined in accordance with 1.3.3.1.

exchange
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Fig.1.4.3.3. Shear force curve correction diagram

1 — transverse bulkhead; 2 — uncorrected curve; 3 — corrected curve; R and R —
total of bottom longitudinal responses for a loaded hold in way of aft bulkhead and

forward bulkhead accordingly;

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 1.4.5.3.
[leperun
Ey
[porun E" HII? é
Sk
Fig.1.4.3.4

R'1 and R'2 — same for an empty hold.

1.4.4 Wave bending moments and
shear forces.

1.4.4.1 The wave bending moment
M, in kKN-m, acting in the vertical plane
at the section under consideration shall
be determined by the formulae:

hogging bending moment

My =190 cyBL2Cha-10°; (1.4.4.1-1)

sagging bending moment

Muy=-110yBL2(Co+0,7) o - 103,

(1.4.4.1-2)
where cw— as determined from 1.3.1.4;
o — coefficient determined from Table
1.4.4.1 or Fig.1.4.4.1;
Cv — as defined in 1.1.3, but not less than
0,6.

Table 1.4.4.1

Position of section along
the ship's length o
x/L< 04 25x/L
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04< x/L< 0,65

1.4.4.2 in kN, at the section

x/L > 0,65 (1-x/L)/0,35 concerned shall be determined by the
formulae:
ol positive
0,8 : : NW:BOCwBL(Cb+O,7)f1'1072,
0,6 . | (1.4.4.2-1)
0,4 ' [ .
0‘2 | | negative
% | |
| | i Nw=-30cwBL(Cp +0,7)f2'1072,
02 04 0,65 0.8 10 *
o an h determined f 1%?&42_2)
wnere cw— as aetermined trom 1.o.1.4;
Fig.1.4.4.1 Cb — as defined in 1.1.3, but not less than
0,6.
ﬂ i 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 f f
ship's length ! 2
1 2 3
0<x/L<0,2 7,945 f, x/L 4,6 x/L
02<x/L<0,3 1,59 f, 0,92
03<x/L<04 1,59 f,— (15,9 f,—7) (x/L-0,3) 0,92 - 2,2(x/L - 0,3)
04<x/L<06 0,7 0,7
06 <x/L<0,7 0,7 + 3(x/L - 0,6) 0,7+(17,3 f,— 7) (x/L — 0,6)
0,7<x/L<0,85 1,0 1,73 f,
0,85<x/L<10 1-6,67(x/L — 0,85) fo [1,73 — 11,53(x/L — 0,85)]
fo=Co/ (Co+0,7)
fi f
f======-=--- -
159G, +--- r ; | 1,73C, i B
L P A AN a7, T ;_‘_:“ S= ‘t“ -
oo ; ' Lot Do !
0.4 i b i Loy AN
o2/ o L A R R
\ ! ! ' 1 | 1 ! | |
0 020304 0607 085 107F 0 020304 0607 08 10 “F
K1 HIT KI1 HIT
Fig.1.4.4.2-1 Fig.1.4.4.2-2

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

d=(1+pafl072); (1.4.4.3-1)
v = 1/(1+A), (1.4.4.3-2)
where pn= 0%0,5 + 2,5 sinfo)>a — for

conventional bow shape ( no bulb);

pn=a?(1 + a?) > 1 for a bulbous bow;

a — waterplane area coefficient for summer
load waterline;

Bo — angle, in deg., between a frame
tangential and a vertical at the level of summer
load waterline at the section within
0,4(1 - Cb) L <0,1L from the fore perpendicular.

Lv, 213105 075
{430D ( ) I3 ( )
D1—D+hk,
h«—  height of continuous hatch side

coamings, in m (where these are not fitted, hk= 0);
A =0,045(c — 0,25 - (L/ 20 D1 g)-(L/ 100).

Table 1.4.4.3

* For ships with a sign B-R3-S and B-R3-
subject to the establishment of the area of opera-
tion with a wave height of at 3% provided be-
tween 3.5 m and 6.0 m, ¢r is determined by linear
interpolation between the values for R2-S i R2-
RS and R3-S and R3-RS, respectively to a
specific waves height values.

** For ships with a sign R2-S i R2-RS sub-
ject to the establishment of the area of operation
with a wave height of at 3% provided between
45 m and 6,0 m, ¢r is determined by linear
interpolation between the values for R2-S i R2-
RS ta R2-S(4,5) and R2-RS(4,5), respectively to
a specific waves height values.

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

Application of the requirements to
ships of a different length is subject to

special consideration by the Register.
1.4.4.4 Bending moment due to
wave impacts on the flare.

.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 Ar/L ze>0,1.

.2 The sagging bending moment due
to wave impacts on the flame Mg, in
kN-m, shall be calculated as follows

Me=— K cw BLA(Cp+0,7) 0 1073,
(1.4.4.4.2)

where kr=7(1+1,25 vo/L) cic2 but not more
than 23;

c1= (L —100)/30 for 100 < L <130 m;

ci=1 for 130 < L < 170m;

ci=1 — (L —170)/30 for 170 <L <200 u;

c2=5 Ar/L zr — 0,5 for 0,1 < Ar/Lzr<0,3;

c2=Ar/L zr + 0,7 for 0,3 <4r/L zr <0,4;

c=1,1 for Ar/L zr>0,4;

for cw— refer t01.3.1.4;

for Vo—referto 1.4.1.2.3;
oF — is obtained from Table 1.4.4.4.2 or
Fig 1.4.4.4.2.

Area of 4
navigation
R1, A-R1 1,1-0,23 L-107< 1
R2, A-R2 1,0-0,25 L1072
R2-S** R2- 0,94-0,26 L-1072
RS**, A-R2-S,
A-R2-RS
R2-S (4,5), R2- 0,92-0,29 L-107
RS (4,5)
R3-S, R3-RS, B-

R3-5* B.R3.RG*| 071-0.22L:107

C-R3-S, C-R3-RS

R3, R3-IN, D- 0,60-0,20 L1072
R3-S, D-R3-RS
Table 1.4.4.4.2
Position of section OF
along the  ship's

length
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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)

Fig.1.4.4.4.2

.3 For ships of restricted area of
navigation, the bending moment due to
wave impacts on the flare Mr, calculated
in accordance with 1.4.4.4.2, shall be
multiplied by the reduction factor ¢,
determined from Table 1.4.4.3.

For ships of restricted areas of
navigation R3-S, R3-RS, B-R3-S, B-R3-
RS, C-R3-S, C-R3-RS, RS3, R3-IN, D-
R3-S, D-R3-RS M¢=0.

1.4.5 Hull section modulus and
moment of inertia.

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

1.4.5.2 The hull section modulus (for
deck and bottom) W, in cm 3, at the
section concerned shall not be less than

W=M.,-10°/c, (1452)
where M: = | Msw + My | design bending
moment, in KN-m, at the section concerned equal
to the maximum absolute value of algebraic sum of
Msw and My components at this section;

for Msw — refer to1.4.3, in kN-m;

for Mw — refer to 1.4.4;

6=175/n MPa.

1.4.5.3 In cases specified by 1.4.3.4,
the section modulus W, determined in
accordance with 1.4.5.2, shall be
multiplied by the factor m, determined by

the formula
Y/ MM M
m=1+ 5 -1],
10M ™| 0,076¢,BL%(C, +0,7)

(1.4.5.3)
but not less than 1,

where M, MEX - absolute values of

hogging and sagging bending moments at the
maximum range section, in kNm (refer to Fig.
1.4.3.4);

1.45.4 For ships for which the
bending moment due to wave impacts on
the flare (refer to 1.4.4.4), shall be
considered the section modulus W, in
cm?, at the section concerned shall not be
less than

-3
w _M, 107 . (1.45.4)
O

where: Mr=| Msw+ Mw+ Mr| - design
bending moment, in kNm, at the section concerned
equal to the maximum absolute value of algebraic
sum of Msw, Mw and Mg 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);

MFr  as determined from 1.4.4.5;
forc referto 1.4.5.2.

1.455 The hull section modulus
determined from 1.45.2 — 1454 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



Part /1. Hull

49

the ship's length up to the section where
maximum design bending moment acts.

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

1.4.5.6 For sharp-lined ships without
middlebody,  deviation from the
requirements of 1.4.5.5 may be permitted
on agreement with the Register.

1.4.5.7 In any case, the hull section
modulus, in cmd within the midship
region (for deck and bottom) shall not be
less than

Whin = cuBL%(Cp+0,7)7,
where for cw — refer to 1.3.1.4.

(1.45.7-1)

For ships of restricted area of
navigation, the minimum hull section
modulus, in cmd within the midship
region (for deck and bottom) shall not be
less thanWmin1 or Wminz, Whichever is the
greater, determined by the following
formulae:

Wmin]_: (0 Wmin; (1457 '2)

Wininz= 0,95¢vp Wiin, (1.4.5.7 -3)

where: for p— refer to Table 1.4.4.3;
for ¢- refer to Formula 1.4.4.3-1;
for v- refer to Formula 1.4.4.3-2.

1.4.5.8 Scantlings of all continuous
longitudinal members of hull girder based
on the section modulus requirement in
1.45.7, shall be maintained within
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.

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

Imin = 3cwBL3 (Co+ 0,7), (1.4.5.9-1)
where cw as determined from 1.3.1.4.

For ships of restricted area of
navigation Imin shall be multiplied by the
reduction factor ¢o, determined by the
formula

8
) = - = (14592
P =0n ™ ( )

D).
where for ¢ — refer to Tablel.4.4.3;
for n — refer t01.1.4.3;
(L/D)max — maximum permissible value of

L/D, for the area of navigation under
consideration, obtained from Table 1.1.1.1.
14510 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
1.5.5;

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

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

1.4.6.1 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

$=S (Nsw+ Nw) - 102/ (27 1), (1.4.6.1)

where for Nsw— refer to1.4.3.2, xH;
Nw—referto 1.4.4.211.4.4.3;
7= 110/m MPa.

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

Ss =S as ( New+ Ny) - 102/ (t 1);
(1.4.6.2-1)

S =Sa|(Nsw+Nw)‘102/(T|);

(1.4.6.2-2)
Where for Nsw, Nw,t—refertol.4.6.1;
as =0,27;
ar =0,23.

1.4.6.3 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.

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 a.

1.4.7 Calculation of actual hull
section modulus.

1.4.7.1 The hull section modulus is

determined: for strength deck W — at
moulded deck line at side (lower edge of
deck stringer); for bottom Wb‘b — 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 Wd‘b is

calculated by dividing the moment of
inertia of hull section about the
horizontal neutral axis by the value of zr,
determined by the formula

zr=12(0,9+0,2 y/B),
where z — distance from neutral axshall the
top of continuous strength member above deck
included in the calculation of de’ ,inm;

y —horizontal distance from the centreline of
the ship to the top of continuous strength member
above deck included in the calculation of Wd‘b ,in
m.

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

1.4.7.2 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
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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 approved by
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+C, L
C=m+ ,
3 Zl, + Al + Al
(1.4.7.2)

—0,12axmon = 2;

n — number of longitudinal strips over ship's
breadth;
>l — total length of longitudinal deck strips,

where  m — {—0,10$IKHIOI’] =1,

inm;

A li, Alz — 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.1.4.7.2)

AI]_,Z =4f /Blrzsdl,Z s

where f — sectional area of one longitudinal

deck strip, in cm?;

B1,2 — breadth of ship in way of longitudinal
deck strip termination, in m;

Sq,, — 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"sg =nf i

f (b
Al, =13n——| —+1],
10s; | p"

where sq — 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.

b">b

1.4.7.3 Large openings, i.e. openings
exceeding 2,5 m in length and/or 1,2 m in
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.1.4.7.3) in one transverse section of
the hull does not exceed 0,06 (B —ZXb)
(where b — is the total breadth of
openings) or does not reduce the section
modulus at deck or bottom by more than
3 per cent;

the height of lightening holes, drain
holes and single scallops in longitudinal
members does not exceed 25 per cent of
the web depth, and the height of scallops
in way of welds is not over 75 mm.
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Fig. 1.4.7.2. Longitudinal deck strips to be included in the calculation of hull
section modulus

@ g

Fig.1.4.7.3. Design section

1474 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.

1.4.7.5 The continuous longitudinal

members at a distance from horizontal
neutral axis of hull section greater than

2Wasr 1 475)

n W‘q:l

shall be made of steel with the same yield
stress as the strength deck (continuous
hatch coaming) or bottom.

where: z — distance of strength deck (upper
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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=1 — actual section modulus and
required section modulus with

n=1 for the deck (continuous hatch
coaming) or bottom respectively.

1.4.8 Loading control facilities.

1.4.8.1 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.

1.4.8.2 Ships to be provided with
loading control facilities are categorized
as follows:

Category | :

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 II:
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.

1483 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

the results of the calculations of still
water bending moments, shear forces for
loading conditions stated in1.4.3.1;

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.

1.4.8.4 A loading 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.

1.4.8.5 Al | ships other than category
Il ships of less 90 m in length, which
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deadweight is not greater than 30 per cent
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
100 m and more shall carry a loading
instrument approved by the Register
(requirements for loading instruments are
given in Appendix 2).

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

1.4.8.7 Information (booklet) on
Stability and Strength during Loading,
Unloading and Stowage of Bulk Cargoes
Other than Grain.

To prevent excessive hull stresses,
provision shall be made for Information
(booklet) on Stability and strength during
Loading, Unloading and Stowage of Bulk
Cargoes other than Grain to be carried on
board, including the following as a
minimum:

.1 stability data required in 1.4.11,
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 general instructions 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 Information (booklet) shall be
prepared in a language understood by the
ship officers, and in English.

1.5 VIBRATION OF HULL
STRUCTURES. VIBRATION
STANDARDS

1.5.1 General.

15.1.1 The present Chapter shall
establish  the  highest  permissible
vibration levels (hereinafter, vibration
standards) of hull structures in sea-going
displacement ships.

1.5.1.2 The vibration standards are set
down proceeding from the condition of
ensuring the strength of hull structures
and the dependability of machinery,
instruments and equipment installed on
board the ship.

1.5.1.3 The application of standards
stipulated in this Chapter does not release
one from compliance with sanitary norms
and requirements of Ukraine health
authorities and other requirements for
permissible vibration parameters at work
places in the accommodation, service and
other spaces of ships.

1.5.1.4 Vibration standards for ship
machinery and equipment are specified in
Section 9, Part VII "Machinery
Installations".

1.5.1.5 Regardless of vibrations
measurements results in the first ship of a
series and in single buildings vibration
measurements to assess their vibration
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characteristics based on the standards of
acceptable vibration parameters specified
in 1.5.3 of this unit shall be carried out.

15.1.6 The procedure, scope and
sequence of vibration measurement shall
be approved by the Register.

1.5.1.7 On special agreement with the
Register, deviation from the present
standards may be permitted in well-
grounded cases.

1.5.2 Technical documentation.

After mooring tests and sea trials, a
report on vibration measurement shall be
submitted to the Register, which shall be
approved by the management of the firm
having carried out the evaluation of the
vibration characteristics of the ship.
Where additional measures are taken to
reduce vibration, the report shall contain
those measures as well as the results of a
second measurement of vibrations to
confirm the efficiency of measures taken.

In some cases, the Register reserves
the right to request a preliminary
conclusion of the enterprise that carried
out vibration measurements.

153 Measured
parameters.

15.3.1 For the purpose of the
present Chapter, the following vibration
parameters have been adopted as main
ones:

root mean square value of vibration
velocity measured in one-third octave
bands and, where necessary, in octave
bands;

root mean square value of vibration
acceleration and, in well-grounded cases,
the root mean square or peak value of
vibratory displacement.

1.5.3.2 Vibration parameters shall be
measured in absolute units or in
logarithmic units (decibels) with regard

vibration

to standard threshold values of vibration
velocity or acceleration equal to 5-10~
*mm/si 3-10* m/s? accordingly.

1.5.3.3 Measurements shall be carried
out in the following directions:

in each of the inter-perpendicular
directions with regard to the ship:
vertical, horizontal-transverse and
horizontal-longitudinal direction, when
measuring the main hull vibration;

in the direction normal to the plane of
ship structures (deck, side, bulkheads,
etc.) or in the lowest-rigidity direction of
the hull girder, when measuring local
vibration.

1.5.3.4 The permissible root mean
square values of vibration velocity and
vibration acceleration of the hull and
superstructures as well as hull structures
are mentioned in Table 1.5.3.4 and in Fig.
1.5.3.4.

1535 When measuring the
parameters in octave bands, the
permissible values stated in Table 1.5.3.4
for mean geometric frequencies of 2, 4,
8, 16, 31,5 and 63 I'u, may be increased

1,41(\/5 ) times or by 3 dB as compared
to tabulated values.

1.5.3.4 Permissible values given in
Table 1.5.3.4 and in Fig. 1.5.3.4 shall not
be exceeded at specified ship speeds and
at zero speed, if specified.

1.5.4 Definitions and explana-
tions.

For the purpose of the present Chap-
ter:

1 main vibration —
vibration of ship’s hull,
generated by forces on account, of opera-
tion of propeller, main engine or caused
by the action of waves;

2 vibration of
superstructures and
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deckhouses means vibrations
superstructures and deckhouses
about the hull generated by its
vibrations (mainly bending and
longitudinal)

3 Local vibration means vi-
bration of hull structures (plates, stiffen-
ers, framing members, grillages, etc.)
generated by propeller, un balanced ma-
chinery located near these structures or
by the main hull » -bration of the ship
under way;

4 Exciting forces means any
external forces or moments q: forces act-
ing on vibrating system and causing its
vibration;

b5 First-order frequency —
means frequency of exciting forces varia-
tion equal to the propeller speed. Forced
vibration of the system arising at this fre-
quency is called first-order vibration;

.6 Top-order frequencies
means frequencies of exciting forces var-
iation equal to the doubled, trebled, etc.
propeller speed. Forced vibration of the
system arising at such frequencies multi-

ple to propeller speed is called vibration
of the second, third, etc., order, respec-
tively. In this case frequency of exciting
force variation equal to the product of
propeller speed by the number of blades
is called first-blade (or blade); frequen-
cies multiple to it are called second-
blade, third-blade, etc., and vibration
arising at these frequencies, for example,
in case of four-bladed propeller is called
blade vibration of the fourth order, sec-
ond-blade vibration of the eighth order,
etc. respectively;

.7 Main order frequencies
of exciting forces, generated by
internal combustion engines means fre-
quencies of variation of unbalanced forc-
es and moments of inertia forces equal to
the engine crankshaft speed (first order)
or double speed (second order) as well as
frequencies of variation of capsizing
moments the order of which is equal to
the cylinder number (two-stroke engines)
or to half the number of cylinders (four-
stroke engines).

Table 1.5.3.4 The hull, superstructure and hull structures viration sstandards

Hull and superstructure, Hull structures
Mean rigid members ! frames? | plates
geometric Permissible root mean square values
values of L vibration N vibration . vibration
vibration . vibration . vibration
octave_ velocity acceleration velocity acceleration velocity accglera-
ranges, in tion
"™ s | s | de [ms| a8 | mis | 0B | M| a8 | mis | dB
1,6 5,6 | 101|0,054|45| 56 |101|0,054| 45 |56 | 101 | 0,054 | 45
2 5,6 | 101 |0,067 | 47| 5,6 |101|0,067 | 47 | 5,6 | 101 | 0,067 | 47
2,5 5,6 | 1010084 |49 | 56 |101|0,084| 49 |56 | 101 | 0,084 | 49
3,15 56 |101|0,106 51| 7,1 |103|0,135| 53 | 7,1 | 103 | 0,135 | 53
4 56 |101|0,135|53| 89 |105| 0,21 | 57 |89 | 105 | 0,21 |57
5 56 | 101|017 |55| 11 |107| 0,34 | 61 | 11 | 107 | 0,34 |61
6,3 56 | 101|021 |57 | 11 |107| 0,43 | 63 | 14 | 109 | 0,54 | 65
8 56 | 101|027 |59 | 11 |107| 054 | 65 | 16 | 110 | 0,75 | 68
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Hull and superstructure, Hull structures
Mean rigid members ! frames? | plates
geometric Permissible root mean square values
values of o vibration o vibration L vibration
vibration . vibration . vibration
octave_ velocity acceleration velocity acceleration velocity acc_elera-
ranges, in tion
Hz ™| g | st | dB | mmis | dB | mis2 | a8 | | B | mis | dB
10 56 | 101|034 |61 | 11 |107| 0,65 | 67 | 16 | 110 | 0,94 | 70
12,5 56 | 101|043 |63 | 11 |107| 0,84 | 69 | 16 | 110 | 12 |72
16 56 | 101|054 | 65| 11 |107| 1,06 | 71 | 16 |110| 15 | 74
20 56 |101| 067 |67 | 11 |107| 135 | 73 |16 |110| 1,9 | 76
25 56 [101]| 084 |69 | 11 |107| 1,7 75 | 16 | 110 | 2,4 |78
31,5 56 |[101] 106 | 71| 11 |107| 21 77 | 16 | 110 | 3,0 | 80
40 56 [101| 135 | 73| 11 |107| 27 79 | 16 | 110 | 3,8 | 82
50 56 [101| 1,7 | 75| 89 |105| 2,7 79 | 12,108 | 3,8 |82
5
63 56 [101| 21 | 77| 7,1 |103| 2,7 79 | 10 | 106 | 3,8 | 82
80 56 [101| 2,7 | 79| 56 |101| 27 79 | 8 | 104 | 38 |82

L Hull and superstructures, rigid members are the intersections of decks with main transverse and
longitudinal bulkheads, sides, transom, superstructure walls, etc.
2 Girders supporting the foundations of ship machinery and equipment are included.
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Fig.1.5.3.4. Permissible mean root values of vibration velocity and
vibrational acceleration:
1 — hull, superstructures and rigid members; 2 — framing members including the girders by
which the foundations of ship machinery and equipment are supported; 3 — plates.

Calculation of main hull vibration  and basic modes of natural frequencies of
of the ship hull vibration for ship being designed as
1.5.5.1 Calculations of frequencies  well as estimation of parameters of its
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forced vibration under way are carried
out according to the procedure approved
by the Register.

1.5.5.2 Calculations of main hull vi-
bration of the ship under way are to be
carried out for the main operating loading
conditions.

The calculation of natural (resonant)
frequency spectra of hull vibration in ver-
tical and horizontal-transverse directions
within the range of inducing forces fre-
guency variation to the blade frequency
inclusive is to be made.

In this case for horizontal-transverse
vibrations of hull of dry cargo ships, is a
rule, consideration is to be given to their
interdependency with torsional vibra-
tions; deviations may be permitted on
special agreement with the Register.
when calculating the natural frequency of
vibration, it is recommended to take into
account the interaction of hull and added
large masses (grillages, deckhouses, etc.).
For the top mode vibrations (generally,
above the third mode) ac count of such
interaction is necessary.

In addition, the amplitude estimation
of vibration displacement of the hull
forced vibration (including resonant) is to
be carried out in the aftermost section at
the point where vibration is normalized.
Such estimation is carried out for the
main specified running conditions. The
obtained values are compared with the
values specified in 1.5.7.

1.5.6 Calculation of local vibration
of hull structures.

1.5.6.1 The local vibration strength
of the hull structures subject to vibration
loads is checked by the appropriate cal-
culations performed at the designing
stage according to the procedure ap-
proved by the Register.

1.5.6.2 The basic condition of ensur-
ing the vibration strength of hull struc-
tures in way of influence of vibration
loading is to prevent the possibility of
origination of their resonance oscillations
for the main operating conditions of the
ship.

In this case, only local vibration cal-
culation is to be made to evaluate the
lowest natural frequencies of hull struc-
ture vibration and to correlate them with
the relevant frequencies of excitation
forces listed in 1.5.6.7. When comparing
these frequencies, one should be guided
by conditions of prevention of resonant
fenomena stated in 1.5.6.6.

1.5.6.3 For the hull structures in way
of direct influence of pulsating pres sures
from propellers (see 1.5.6.4.1) as well as
for the structures in way of unbalanced
machinery (see 1.5.6.4.3) in addition to
the calculations specified by 1.5.6.2 it is
recommended to make additional calcu-
lations of their forced vibration under the
action of forces with the blade frequency
(for the region stated in 1.5.6.4.1) or with
the rotor speed (for rotor-type machin-
ery), or with the first-and second-order
frequencies for internal combustion en-
gines (as applied to the region according
to 1.5.6.4.3). These calculations are car-
ried out to determine the vibration stress-
es arising in the plates and framing mem-
bers which are to be correlated with the

standards given in Table 1.5.7.2.4.

N o te. When the propeller is located in the
nozzle, the calculations of forced vibration of hull
structures of the after end of the ship according to
1.5.6.4.1 need not be performed. However, in this
case it is necessary to carry out the estimation of
the local vibration strength of structures*of the
nozzle itself according to 1.5.6.2.

1.5.6.4 Calculations specified in
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1.5.6.2 are to be performed for the hull
structures arranged in the following re-
gions of the ship:

.1 in way of the direct influence of
pulsating hydrodynamical pressures from
propellers; this region extends from the
aftermost section (transom) to the section
located at a distance equal to single pro-
peller diameter forward of the disc centre
of the latter;

.2 in machinery spaces in way of
unbalanced main and auxiliary machin-
ery;

.3 in other spaces in way of unbal-
anced machinery.

1.5.6.5 To be calculated according
to 1.5.6.4 under vibration loading are the
following structures:

.1 after peak structures (refer also to
1.5.6.4.1) shell plating with associated
framing, inner bottom plating, bulkhead
plating and stiffeners, plating and stiffen-
ing of platforms;

.2 engine room structures similar to
those listed in 1.5.6.5.1;

.3 structures of other ship spaces in
way of unbalanced machinery similar to
those listed in 1.5.6.5.1.

1.5.6.6 To prevent origination of the
resonance vibration, natural frequencies
of the first mode hull structure vibration
are to exceed the relevant frequencies of
the excitation forces specified in 1.5.6.7
at least 1,5 times for the plates and 1,3
times for the framing members and stiff-
eners.

1.5.6.7 When determining the possi-
bility of origination of resonance vibra-
tion of hull structures, the frequencies of
excitation forces are to be taken equal to:

.1 double blade frequency corre-
sponding to the range of full speed of the
ship for the structures subject to direct

action of pulsating pressures from propel-
lers (see 1.5.6.4.1). As an exception and
on special agreement with the Register
the blade frequency may be used as de-
sign frequency of the excitation forces
for the structures stated in 1.5.6.4.1

.2 blade frequency corresponding to
the range of full speed of the ship for the
structures of engine room (where located
aft) as well as for the hull part between the
engine room and region according to
15.6.4.1.

Where the engine room is located
amidships or displaced aft the frequencies
corresponding to the first and second orders
of variation of unbalanced forces of main
and auxiliary machinery are taken as de-
sign frequencies;

.3 the first and second orders of fre-
quencies of unbalanced forces of unbal-
anced machinery for the structures in
way of this machinery.

1.5.7 Vibration standards.

1.5.7.1 Standard vibration parame-
ters.

.1 The root-mean-square value of
the vibration rate measured in 1/3-octave
band is taken as the basic parameter
characterizing the vibration.

Vibration measurement in the octave
band is permitted together with analysis
in 1/3-octave band.

.2 The measured parameters may be
the root-mean-square value of vibration
acceleration together with vibration rate
and, in well-grounded cases, the root-
mean-square or peak values of vibration
displacement.

.3 The vibration parameters are
measured in accordance with 1.5.3.2.

1.5.7.2 Permissible values of vibra-
tion.

.1 Main hull and superstructure vi-
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bration and local vibration of ship struc-
tures are considered permissible if the
root-mean-square values of vibration rate
or vibration acceleration measured in 1/3-
octave band do not exceed the values
(levels) stated in Table 1.5.7.2.1 (Fig.
15.7.21) for each of three inter-
perpendicular directions about ship axes:
vertical, horizontal-transverse and hori-
zontal-longitudinal (main vibration) or
for the direction normal to the structure
plane (plate members, panels, grillages
and their girders and stiffeners) or for the
direction corresponding to the lowest
bending rigidity for isolated girders and
beam members (local vibration).

.2 When measuring the vibration in
octave bands the permissible values of
the measured parameter according to
1.5.35.

.3 Permissible values of the vibra-
tion parameters (levels) stated in 1.5.3.4
and 1.5.3.4 are not to be exceeded in
specified ranges of ship speed (including
the range without speed if such range is a
specified one) under operating loading
conditions.

.4 For the plates and framing mem-
bers, exceeding of permissible values
(levels) is allowed provided the vibration
strength of these structural members is
found to be sufficient and the vibration of
the equipment contacting with the mem-
bers in question is considered allowable.

The local vibration strength of
plates and framing nr considered to be
sufficient if the values of the vibration
stressesi do not exceed the permissible
values given in Table 1.5.7.2.4.

Table 1.5.7.2.4
Upper Permissible
Material |yieldd stree | normal stresses
Ren, MPa |in way of welded

joints, MPa
Steel 235 -390 40
Alluminium 150 — 220 20
alloy

Note: 1. This Table shows permissible
stresses for T-connections with double welds.

2. The maximum vibration stresses o, in
MPa, acting in the plates may be estimated by the
formulae:
for steel plates

c= 3,5? sla?;
for allumimium alloy plates
c=125f s/a?,
where ? =fe—fp;

fc, fp —amplitudes of vibration in the centre
of plate and its contour, in mm;

s — thikness of plate, in mm;

a — length of short side of plate, in mm.

3. The maximum vibration streese o, MPa,
acting in the framing members may be estimated
by the formulae:
for steel framing members

o =641 f /(12 Wiin) ;
for allumimium framing members
c =23l f /(|2 Wmin) )
where I — moment of inertia of member sec-
tion, im cm?;
f =fm- fp,
fm — vibration amplitudeof the member in
mid-span normal to the grillage, in mm;
fo — as defined in Note 2;
| — length of beam between supports, in m;
Whmin — minimumsection modulus of the mem-
ber, in cm?®.
.5 Deviations from these standards
may be permitted on agreement with the
Register.

1.6 REQUIREMENTS FOR
SCANTLINGS OF HULL
STRUCTURAL MEMBER S

1.6.1 General.
1.6.1.1 This Chapter contains
general requirements for plating and
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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/cosa. (where o — is the
angle, in deg., between the member web
and the perpendicular to the effective
flange at the section considered). If
o <15° no increase of section modulus
is required.

1.6.1.5 Rounding off the required
scantlings  of  structural members
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 wvalues of negative rolling
tolerances for plates shall comply with
the requirements of 3.2.7, Part XII |
"Materials".

1.6.2 Symbols.

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

i — actual moment of inertia of the
longitudinal taking into account the
effective flange, in cm?;

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

W — section modulus of the member
taking into account the effective flange,
cmd;

f — actual section of the member
without the effective flange, in cm?

fc — section of the member rib taking
into account openings, net, cm?;

h — depth of the member web, in cm;

| — span of concerned member,
determined from 1.6.3.1, inm;

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;

an — primary member effective
flange width, in m;

¢, — deep member effective flange
breadth, in m;

p —design pressure at the point of
load application, determined in the
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relevant Chapters of this Part, in kPa.

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

Tn — 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.

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 ay, in m, of primary members shall
be determined by the formulae:

a=1/6; (1.6.3.3-1)

ai= 0,5( ap + az), (1.6.3.3-2)

where a1, a2 - 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

Fig. 1.6.3.1

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

en=Ke, (1.6.3.4)

where ¢ =0,5(c1+ c2);

c1, c2 — 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 Isp and number n of
members supported by considered deep members.

For simply supported deep members
the given span Is, =1, and for fixed deep
members ls, = 0,61.

For intermediate values ls;/c and »
factor k is determined Dby linear
interpolation.

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.
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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. 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.

Table 1.6.3.4
Number of k values at lsp /c
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

N ote. Forintermediate values of lsp/c and n the factor k is determined by linear interpolation.

1.6.3.8 In case the area of the
effective flange is less than that of the
face plate, the determination of section
modulus and moment of inertia of the
deep members is subject to special
consideration by the Register. This
requirement applies to deep members of
corrugated structures.

1.6.4 Scantlings of
members.

1.6.4.1 The section modulus W, in
cm® and moment of inertia i, in cm?, of
primary members of rolled section shall
not be less than:

structural

W =W, (1.6.4.1-1)
=1k,
for built-up welded members
W=W’"+ AW, (1.6.4.1-2)
i=i"+Ai,

where W’ — section modulus of member
considered, in cm?3, in the middle of service life,
determined from 1.6.4.2;

i'—=moment of inertia of the member
considered, in cm* in the middle of service life,
determined in the relevant sections of these Rules;

ok, Jk — multipliers taking into account
corrosion allowance, determined in accordance
with 1.1.5.3;

AW, A'i — part of the section modulus and
moment of inertia, which is determined by
subsequent increase in thickness of profile
elements by the value As.

1.6.4.2 The section modulus of
member considered, in cm?, in the middle
of service life is determined by the
formula

W’= QI-10%/(m ks o), (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
(excluding

sectional area
openings)
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fu, cm?, of primary and deep member satisfied
webs shall not be less than:

.1 for members of rolled section b/s<0,95/ /ReH . (1.6.45.1)

10N,
f, :ka, (1.6.4.3-1)
.2 for built-up welded members
10N
=—"m% 1 0,lhAs, (1.6.4.3-2)
¢ krTn

where Nmax , k- — maximum shear force value and
permissible shear stress factor as defined in the
relevant Chapters of this Part;

h — general height of the member profile, in
cm;

wk - referto 1.1.5.3;

m—referto 1.1.4.3;

As —refer to 1.1.5.1.

1.6.4.4 The thickness s, in mm, of
the plates under transverse load shall not
be less than

—p+As,
k

O

o~ n

s = mak (1.6.4.4)

where m, ks — bending moment and
permissible stress factors as defined in the relevant
Chapters of this Part;;
k=1latai/a>2;
k=0,16(ai/a+4,2)at15<ai/a<2,0;
k=0,70(ai/a-0,2)at1,0<ai/a<1,5;
a, ar — smaller and greater sizes, in m, of
supporting contour sides of plate structure;

As — corrosion allowance, in mm,
determined from 1.1.5.1.
1.6.45 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), taken a equal to b or c,
whichever is the greater (refer to Fig.
1.6.4.5).

The following relationship shall be

where b — width of the panel parallel to the
bulkhead plane, in m (refer to Fig. 1.6.4.5).

Angle ¢ (refer to Fig. 1.6.4.5a) shall
be assumed not less than 40°.

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

$=22BR |- P

g n

+As, (16.45.2-1)

where Bo — half-angle of spread of
corrugation (refer to Fig. 1.6.4.5 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/Ren. (1.6.4.5.2-2)
b
. V2 N
7 SAANN
b/2 b2 |
d
7 -
~=‘ /'/ } /%\ “
= D
—]
‘AJ oo

Puc.1.6.4.5. Trapezoidal (a) and
wave-shaped (b) corrugations

.3 the section modulus of the
corrugation is determined according to
1.6.4.1, npuaomy

Q = pdol,
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for do — refer to Fig.1.6.4.5).

The spacing and section modulus of
corrugations can be determined by the
formulae given in Table 1.6.4.5 (Linear
dimensions are expressed in cm, ¢, Bo —

in deg.).

Factor y is determined by the
formula:
y=2 Bo + 2B, cos?B, —1,5sin 2B,

1-cosB,
(1.6.4.5.3)

In calculating the factor vy, the angle o
shall be taken in rad.

Table 1.6.4.5
Type Of. Spacing of Section
corrugati d
on corrugations modulus
TrPE20l 4y = 2(b+ ¢ cos )| W=hs(b+ ¢/ 3)
Wave- _ . R
shaped do= 4R sin B, W =1vysR

1.6.4.6 Permissible stress factors ko
and k., defined in the relevant Chapters of
this Part may be increased by 5 per cent
for ships of restricted areas of navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S,
A-R2-RS;

and by 10 per cent for R3-S, R3-RS,
B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3, R3-IN, D-R3-S, D-R3-RS,

unless dependent upon the factors kg
and kp determined by Formula (2.2.4.1).

The above applies only to hull
members, not participating in a
longitudinal bending under 1.4.

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 A and ships of
restricted areas of navigation R1, A-R1 i
R2, A-R2 65 m and greater in length, of
restricted areas of navigation R2-S, R2-
RS, A-R2-S, A-R2-RS, B-R3-S, B-R3-
RS, C-R3-S, C-R3-RS, R3-S, R3-RS,
R3, R3-IN, D-R3-S, D-R3-RS 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

6. = Mrzi-105/1 > 30/, (1.6.5.1-1)

where Mr — design bending moment, in kN-
m, at the section under consideration equal to the
maximum absolute value of algebraic sum of the
moment components; Mr = | Msw + Mw |- for
longitudinal members arranged below the neutral
axis;
Mr=| Maw+Mw +Me|- for longitudinal
members arranged above the neutral axis;

Msw — as defined in 1.4.3, in KN-m;

Muw — as determined from 1.4.4, in kKN-m.

Mkr — refer t01.4.4.4, in KN-m.

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

_Now*Nw S 1652 1 651.2)
2s |

for side shell plating in ships with

Te
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two effective longitudinal bulkheads
_ Ny +N, S

Tc

a10%,(1.6.5.1-3)

S

for longitudinal bulkhead plating in
ships with two effective longitudinal
bulkheads
Ny, +N, S
To=—M W= g.10°, (1.6.5.1-4)
S, |
where Nsw — still water shear force at the
section considered, defined in 1.4.3, in kN;
Nw — wave vertical shear force determined
from 1.4.4.2;
s — actual thickness of side shell plating in
ships without longitudinal bulkheads, in mm;
ss, si—actual thicknesses of side shell
plating and longitudinal bulkhead plating at the
section considered in ships with two longitudinal
bulkheads, in mm;
S, | —as defined in 1.4.2;
for as, ou— refer to 1.4.6.2.

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:

k G < Ocry  Te < Tery (1652-1)

where k = 1,0 — for plating and for web
plating of stiffeners;

k = 1,1 — for stiffeners;

foroc i 1. —refert0l.6.5.1;

for 6o i 1o —refertol.6.5.3.

For plate panels, the factor k may be
reduced in respect of ships of restricted
navigation areas:

R1, A-R1 - by 10 per cent;

R2, A-R2, R2-S, R2-RS, A-R2-S, A-
R2-RS — by 15 per cent;

B-R3-S, B-R3-RS, C-R3-S, C-R3-
RS, R3-S, R3-RS, R3, R3-IN, D-R3-S,
D-R3-RS — by 20 per cent

The factor k for plate panels of a hull
of berth connected ships is subject to
special consideration of the Register.

In this case, when determining the
actual section modulus of hull in
accordance with 1.4.7 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 n,, to be
determined by the formula

Wn = 6o/ Oc . (1.6.5.2-2)

1.6.5.3 Critical stresses o, and ., in

MPa, shall be determined by the
formulae:
G = OCe when  6¢<0,5Ren;
O = ReH (1,00 — ReH /4(5e) When
0e> 0,5 Ren;
Ter = Te when  1.<0,29 Ren ;
Ter — ReH (0,58 — 0,08 ReH /T e) When
Te > 0,29 ReH ,
where ce and te— = 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 ce, 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,

Ge =206i/fI2, (1.6.5.4.1)
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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;

.2 for torsional buckling of primary
longitudinal members

Ge = (203/12)(iwfip) (M2+k/m?)+79310 ifip,
(1.6.5.4.2)

where k=0,05¢c1*/iw;
m — number of half waves, given by Table
1.6.5.4;

it — moment of inertia, in cm 4, of profile
under simple torsion (without plate flange),
determined as follows:

it=hc s /30000 — for flat bars;

it = [he S¢® + bnse® (1 — 0,63 sn / by )] / 30000
— for angles, bulb, symmetrical bulb and T-
profiles;

ip — polar moment of inertia, in cm?* of
profile about connection of stiffener to plate,
determined as follows:

ip = h¢e® sc / 30000 — 4 for flat bars;

ip = (hc® sc + 3 he? b sa ) / 30000 — for angles,
bulb, symmetrical bulb and T-profiles;

iw — sectional moment of inertia, in cmS, of
profile about connection of stiffener to plate,
determined as follows:

iw=hc®sc® - 108/ 36 — for flat bars;
iw = Su bs® h?2+108/ 12 — for T- and
symmetrical bulb profiles;
b’h?

i, = =[5, (b + 2b,h, +4h?)+3s,b,h,]-10°

12(b, +h,)’
— for angles and bulb profiles;

hc— web height, in mm;

Sc — web thickness, in mm, reduced by the
value of As (for As — refer to Table 1.6.5.5-2);

br — flange width, in mm, for angles and T-
profiles or bulb width, in mm, for bulb and
symmetrical bulb profiles;

sn — 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, st may be adopted equal to the mean
thickness of the bulb;

¢ — spring stiffness exerted by supporting
plate panel, determined by the formul

3
68,7kp S

133k, h,. s ’
1+%-10—3 a
asg

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

oc — compressive stress according to 1.6.5.1;

ce — 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.

Table 1.6.5.4

O<k|[4< k|36<k|(m-1)’m?<k
<4 | <36 | <144 | <m¥(m + 1)
m| 1 2 3 m

c=

.3 for web and flange buckling
c.=7,83(s./h.)?-10% (1.6.5.4.3)

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

bs/s; > 15,

where bt — flange width, in mm, for angles,
half the flange width for T-sections;
st — flange thickness, in mm.

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

6.=0,1854n (s'/b)%  (1.6.5.5-1)
1.=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);

s' — as-built thickness of the plate reduced by
the value of As, obtained from Table 1.6.5.5-2;
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Table 1.6.5.5-1
Type of load y=alb n
a . ESVES] a . 8,4
| 1> v+ 11
1\ 21
- p - <1 gl y+— :
Z v Y (Y yj Y
e —1<y<0 s y>1 10y*-64y+76
? = % y<1 S[lO\VZ ~14y+19 (1 +vy)(y +1k) ]
Yo a o
 —
o4 je y>1 534 +4/y?
| I {
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;
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.

Table 1.6.5.5-2
Structure A's, mm
Compartments carrying dry bulk cargoes. Vertical surfaces and surfaces
. . . 0,05s

sloped at an angle greater than 25° to the horizontal line. One side exposure

- 9. (0,5<As<1)
to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than 25° to the
horizontal line. One side exposure to ballast and/or liquid cargo 0,10s
Vertical surfaces and surfaces sloped at an angle greater than 25° to the| (2<As<3)
horizontal line. Two side exposure to ballast and/or liquid cargo
Horizontal surfaces and surfaces sloped at an angle less than 25° to the 0,15s
horizontal line. Two 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.

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.

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
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than determined by the formulae:

for the stiffeners fitted normal to the

girder face plate

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 q;
a — spacing of stiffeners, in cm;
s — actual thickness of the web, in mm;
f — actual cross-sectional area of the

i= ya 3 - 10-3; (1656'1) stiffener, in cm? :
. . | — span of the stiffener, in m;
for the stiffeners parallel to the girder nf;’s determined according to 1.1.4.3.
face plate
i=2,35(f+0,1as)lm, (1.6.5.6-2)
Table 1.6.5.6
h/a; 1 and less 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
Note: The intermediate values of y are determined by linear interpolation.
1.6.6 Aluminium alloy 1.6.6.2 The sectional area of
structures. sternframe, stem, bar keel and propeller
1.6.6.1 The scantlings of shaft brackets shall be 1,3 times that

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.
Tabauys 1.6.6.1

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.

Parameter

Requirement

Thickness of plating for the shell,
decks (without covering), bulkheads,
enclosures and other details made of
plates

si=s Ry /Ry,
=095 |Rey /Ry, —for main hull

— for superstructures;

Section modulus of framing members

Wl =W- ReH /RpO,Z

Cross-sectional area of pillars

fl =f- ReH /RpO,Z

Moment of inertia of pillars and
framing members

1:=3I

Note. R

P2 proof stress of aluminium alloy, in MPa.

The values of s, W, f, I, as stipulated by the Rules may be adopted without corrosion allowance.

1.6.6.4 On agreement with the
Register, the bimetallic (steel —

aluminium)  pressed elements  for
connection of steel and aluminium alloy
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structures may be used.

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. Al |
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 In tight 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

of the Rules, 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 XI V

"Welding".

1.7.2 Connections of framing
members.

1721 In general, the framing

members shall have butt-welded joints.
Overlapping joints may be allowed on
agreement with the Register, except in
regions with high level of vibration, deep
member connections and in way of heavy
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concentrated loads.

In general, brackets shall be made of
steel having the same yield stress as the
steel of the members connected.

1.7.2.2 Connections of primary
members.

.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

- for rolled profiles members:

=955 3,/W0 ,  (L.7.2.2-1)
- for welded profile members:

c=4,03W, (17.2.22)

where W — required section modulus of the
member attached, in cm3;

Wo — section modulus of the fixed member,
not3 taking into account the effective flange, in
cm?;

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 per cent of size ¢, whichever is less.
Otherwise, ¢ may be required to be

increased.

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).

Fig.1.7.2.2.1

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.

.3 The size of brackets may be
reduced:

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

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

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

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).
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.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 I of ships of ice classes Ice6, Iceb,
Ice4, and in region Al of ships of ice
class Ice3, the beam bracket shall have a
face plate or flange.

hf\-.‘
l \ J\N

e =
%

- Lf\-‘\
Fig.1.7.2.2.4
1723 Deep members are
recommended to be connected by

rounded brackets with smooth change of
web depth and face plate size.

.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.

.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 IZlGOS\/ﬁ, in

mm, (s - thickness of bracket) a stiffener
shall be fitted parallel to the line
connecting bracket ends at the distance a
equal to | / 4 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 (refer to 1.7.3.2.2).

.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).

Puc.1.7.2.3

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
member.

1.7.3.1 The depth h and thickness sy
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=200s, /Ry, (1.7.3.1)

where sip — thickness of member face plate, in
mm.

deep



74 Rules for the Classification and construction of Sea-Going Ships

The thickness of face plate shall not
normally exceed a triple thickness of the
web plate.

1.7.3.2 Where h/s¢> 60\/5, (for h

and sw, in mm, refer to 1.7.3.1), 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)..

.1 Where h/s, >1604/1, 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) The
spacing of stiffeners (width of non-
stiffened web area), in mm, shall not be

greater than a; = 890s./ /R, .

Where h/s, < 160\/ﬁ , stiffening

may be carried out as shown in Fig.
1.7.3.2bandc.

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

be greater than a,= 1300 s.//R, -

On agreement with the Register, 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 1,5h from supports (I and h
are the span and depth of member web
respectively), the spacings a:1 and az 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.

The smaller side b of the double
bottom floor web panel shall not be

greater than b = 1600 s.//Ry, -

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

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

.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 Fig.
1.7.3.2, aand b).

In any case, the spacing of brackets
shall not exceed 3,0 m or 15 bty (brp —
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.
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The width of the tripping brackets,
measured at the base shall not be less
than half their depth.

The bracket shall have a face 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. Face plates or flanges
ends of the tripping brackets shall be
sniped.

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 half the 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
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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 distance
between parallel welded joints, whatever
their direction, shall not be less than:

200 mm between parallel butt welds;

75 mm between parallel fillet and
butt welds;

50 mm between parallel fillet and
butt welds on a length not exceeding 2 m.

On agreement with the Register, the
distance between welded joints may be
reduced.

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

1747 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 abovementioned 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. On agreement with
the Register, the butts of webs and face
plates may be arranged in the same plane
provided that:

$

o0
77

60°

=100

Fig.1.7.4.6

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) 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 buitt.

175 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
semiautomatic welding shall not be less
than

a=afs, (1.7.5.1)

where o — weld factor given in Table 1.7.5.1-
1. For structures inside cargo tanks of tankers oc
shall be increased by 0,05;

p - factor given in Table 1.7.5.1-2
depending on the ratio of weld pitch t, 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
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employed instead of the proposed manual
welding, the weld throat or leg length,
whichever is adopted in calculation, may
be reduced in height for single-run welds
by not more than 30 per cent.

For multirun welds the percentage of
the above reduction is subject to special
consideration by the Register.

If the thickness of the thinner of the
items to be joined is less than half the
thickness of the thicker item, then the leg
lengths are subject to  special
consideration by the Register.

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

2,5 mm for s <4 mm;
3,0mmfor4 <s<10 mm;
3,5mm for 10 < s < 15 mm;

0,25s mm for s > 15 mm.

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

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).

1753 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.

Table 1.7.5.1-1
Nos. Connection of structural members Weld factor o
1 2 3
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 035
bearings '
1.4 |Floors to centre girder and duct keel under engines, boilers, thrust 035
bearings 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 035
bulkhead plates '
1.7 | Watertight floors, portions of side girders or centre girder round the
boundaries of tanks, plating of bilge wells to their bottom plates and to 0,35
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 0,20
1.10 |Floors and side girders to inner bottom plating under engines, boilers 0.95
and thrust bearings '
1.11 |Ditto, elsewhere 0,15
1.12 |Floors to side girders within 0,25L from F.P. 0,25
1.13 |Ditto, elsewhere 0,20
1.14 | Margin plate to shell plating 0,35
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Nos. Connection of structural members Weld factor o
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 0,10
1.18 |Brackets, frames (refer to 2.4.4.5) to duct keel, plate keel, shell and 035
inner bottom plating '
1.19 | With longitudinal framing, bottom transverses to shell, inner bottom
plating, centre girder and duct keel, margin plate where the floor 0,25
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, with floor spacing 2,5 m and more, in all regions 0,35
1.23 |Longitudinals to inner bottom plating 0,10
1.24 |Brackets (refer to 2.4.2.5.2) to shell plating, margin plate, inner bottom 0.95
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 0.95
under engines, boilers and thrust bearings, as well as in the after peak '
2.5 |Floors and side girder webs to shell plating elsewhere refer to 1.8, 1.9,
1.1911.20
2.6 |Floors and side girder webs to their face plates elsewhere 0,15
2.7 | Side girder webs to floors 0,20
2.8 | Bottom longitudinals to shell plating referto 1.211
1.22
3 |Side framing
3.1 |Frames (including web frames) and side stringers to shell plating with-
in 0,25L from F.P. in tanks, in the engine room, in way of ice strength-
. - . . . . 0,17
ening 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 013
regions defined in 3.1 '
3.4 |Ditto, elsewhere 0,10
3.5 |Frames (including web frames) and side stringers to shell plating in the 0.25
after 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 0,351
bottom '
3.11 | Ditto to shell plating 0,25
4 | Deck framing and decks
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Nos. Connection of structural members Weld factor a
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 015

beams, to deck plating '
4.6 |Ditto, elsewhere 0,10
4.7 | Deck longitudinals to deck plating and their face plates 0,10
4.8 | Stringer plate of strength deck to shell plating 0,452
4.9 | Ditto for other decks and platforms 0,35!
4.10 | Hatch coamings to deck plating at hatch corners 0,452
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 0.20
coamings '
4.14 Slide and end bulkheads of superstructures and deckhouses to deck 035
plating '
4.15 | Other bulkheads of superstructures and deckhouses to deck plating 0,25
4.16 | Bulwark stays to bulwark plating 0,20
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 035
bottom and other structures '
5 |Bulkheads and partitions
5.1 |Fore and after peak bulkheads, tank (cargo oil tank) boundaries, bulk-
heads (including wash bulkheads) inside after peak around the perime- 0,35
ter
5.2 | Other watertight bulkheads (including wash bulkheads) to bottom shell
. ) S - 0,35
or 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 035
plating or 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
0,15
wash bulkheads
5.7 |Ditto of other bulkheads 0,10
5.8 | Vertical webs and horizontal girders to bulkhead plates according to 017
5.1, 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 0,10
5.12 | Transverse bulkheads to wash bulkheads 0,35!
6 |Brackets and stiffeners
6.1 | Brackets for interconnection of structural members 0,35°
6.2 | Stiffeners and tripping brackets (refer to 1.7.3.2) of deep members, 0.10

floors, etc
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Nos. Connection of structural members Weld factor o
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 0,452
7.3 | Brackets and knees of foundations to vertical plates, shell plating, 0.354
inner bottom (floor face 0,353 plates) and to deck plating ‘
7.4 | Brackets and knees to their face plates 0,25

! Double continuous weld shall be applied.

2 Welding through the entire thickness is to be provided.

3 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 bracket.

4 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
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Puc.1.7.5.1-2.
Table 1.7.5.1-2
Type of fillet weld B
Double continuous 1,0
Staggered, chain and scalloped t/1
Single continuous 2,0
Single intermittent 2t/ 1

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)
where p - pressure, in kPa, specified in
appropriate Chapters of this Part;

a — spacing of members, in m;

| — span of member, in m;

for on—referto 1.1.4.3.

The weld sectional area f, in cm?, 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 nonalignment 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 loading
conditions in way of the intersection.
Where longitudinals are cut at transverse
bulkheads, the construction used for their
attachment shall comply with the
following requirements:

.1 when the brackets are fitted in
line on both sides of the bulkhead, the
area fi, in cm?, of the weld connecting the
brackets (and the longitudinal butt ends,
if they are welded) to transverse
bulkheads (refer to Fig. 1.7.5.4a) shall
not be less than determined by the
formula

f,=1,75S, (1.7.5.4.1)

where So — cross-sectional area of the
longitudinal (effective flange excluded), in cm?.

.2 if one continuous bracket plate
welded in the appropriate slot cut in the
bulkhead plating is fitted (refer to Fig.
1.7.5.4b), the sectional area of the
bracket at the bulkhead shall not be less
than 1,25S.
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Fig.1.7.5.4

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

o 2a '
(1.7.5.4.3)

where S; — area of weld connecting longitudinal
butt ends to transverse bulkheads, in cm?;

a — accepted design thickness of fillet weld
connecting bracket to longitudinal, in mm.

1755 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>30m, 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

Ice6, Ice5, Iced,, 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 t01.7.5.8);

.6 in tanks (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:

.1 7.5.7 Single continuous welds
shall not be used:

.1 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 in region 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 I (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—
I)—for chain welds and scalloped
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framing, and (t — 21)/2 for staggered
welds) shall not exceed 15s (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.

1.7.5.9 Staggered spot welds and
single intermittent welds (refer to Fig.
1.75.1-1dande) 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 =112ats, (1.7.5.9)
where t — pitch of spot weld (refer to Fig. 1.7.5.1-
1)

t max=80 mm;

for a, s —refer t01.7.5.1.

I fd> 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 in regions 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
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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.

1.75.12 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 | and pitch t shall be
determined as for scalloped frames under
1.75.11.

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 a).

Complete filling of slot is not
permitted.

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 c) are
recommended instead of tenon welds or
plug welds.

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 —refer to 1.7.5.1).
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Fig.1.7.5.13

2. GENERAL REQUIREMENTS FOR HULL STRUCTURES

2.1 GENERAL

2.1.1 Application.

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

The Section contains the
requirements for hull structures: shell

plating, platings, primary and deep
members, pillars, stems, sternframes,
seatings, etc.

2.1.2 Symbols.

L. — 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;

B; — 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
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the inner skin and the
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;

I — 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
cmd;

I — moment of inertia of members, in
cm*:

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

ox — = factor taking account of
corrosion allowance to the section
modulus of members (refer to 1.1.5.3);

jx — factor taking account of mo-
memt of inertia allowance to the section
modulus of members (refer to 1.1.5.3).

2.2 SHELL PLATING

2.2.1 General and symbols.

Requirements are given in this
Chapter for the thickness of bottom and
side shell plating, thickness and width of
sheerstrake, plate keel, garboard strakes,

longitudinal

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.

Special requirements to
reinforcement of the bottom and side
plating in the end parts are specified in
2.8, and special requirements to to shell
plating of ice class ships —in 3.10.

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

pst — 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;

pe—design pressure from carried
liquid cargo, ballast or oil fuel according
to 1.3.4.2.1;

r — opening radius, in m.

2.2.2 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.

All other cases shall be specially
considered by the Register. 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.
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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 open-
ing.
In ships of restricted areas of
navigation R2-S, R2-RS, A-R2-S, A-R2-
RS, B-R3-S, B-R3-RS, C-R3-S, C-R3-
RS, R3-S, R3-RS, R3, R3-IN, D-R3-S,
D-R3-RS, 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.

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 = Pst+ Pw. (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 = pc
shall be determined additionally by
Formulae 1.3.4.2.1.

Where pst > pw, counterpressure shall
be considered
p=pc—(Pss—pw). (22.3-2)

For ships with double bottom and
double skin side construction ps: and pw
shall be determined in accordance with
1.3.2 as in the case of the ballasted ships.

As the design pressure, both
external and internal pressure may be
adopted, whichever is the greater.

The pressure pw above the summer
load waterline shall not be less than pmin, ,
in kPa, determined by the formula

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

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

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

2.2.4 Scantlings of plate structures
of shell plating.
2.2.4.1 The thickness of bottom and
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side shell plating shall not be less than
determined by Formula (1.6.4.4) taking:

m=224 and k0=k’c+kLX—L1,

where for k%, k. — refer to Table2.2.4.1;

x1— distance from midsection to the center of
the plate considered , in m; where xi/L < 0,2 is
taken 0,2; when x1/ L > 0,4 is taken 0,4.

Table 2.2.4.1

Framing Bottom Side
ks | ki ks | ko
Longitudinal 09/075(101|05
Transverse 03|225]04 1|20

Reducing of side plating thickness
toward the distance from the main line
shall not exceed 20% of the thickness of
the strake above bilge strake.

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

2.2.4.3 The thickness of bilge strake
shall be adopted equal to that of bottom
or side shell plating, whichever is the
greater.

2.2.4.4 The width of plate keel by, 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.

2.2.4.5 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 or deck plating
(stringer plate), whichever is the greater.
A t 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 s, in mm,
of not less than:

s=0,1L +4,4 forL<80m, (2.24.6-1)
s=0,055L+8 for L>80m. (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 s of garboard
strakes directly adjoining the bar keel, in
mm, within 0,7L from F.P., shall not be
less than defined by the formula

s=0,08L + 6. (2.2.4.7-1)

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

Smin = (0,04L + 5,5) \/ﬁ mm for L
>30m, (2.2.4.8-2)

where for 77— refer t01.1.4.3.

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 A and
restricted area of navigation R1 and A-
R1, a reduction of minimum thickness of
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shell plating is permitted in proportion to
the ratio of adopted spacing to standard
spacing but not more than 10 per cent;

For other ships restricted service —
refer t01.1.4.6.

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, 1. e. a flat bar
welded to the shell plating with an
allround  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.

2.2.5.4 In bottom-and-side fittings,
the welded branch wall thickness shall
not be less than that of shell plating

determined according to 2.2.4.8, or 12
mm, whichever is the greater.

2.3 SINGLE BOTTOM

2.3.1 General

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.

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

It — moment of inertia of the floor
cross-section, in cm#;

Ik — moment of inertia of the keel
cross-section, in cm*#;

Is — moment of inertia of the stringer
cross-section, in cm?®.

L; — length of the compartment
concerned (hold, tank, engine room, etc.),
inm;

B1— breadth of the compartment
concerned, in m;

B« breadth of ship, in m, in way of
considered section at the level of summer
load waterline.

2.3.2 Construction.

2.3.2.1 In tankers 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
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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 When the 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. | f the actual section modulus of
floors exceeds the value required by
2.3.4.1.1 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.

[osicku nopiB MOXKYTb OyTH 3ami-
HEHi BiJiIrHyTUMU (IIaHISIMU.

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 Li/B; < 1.

2.3.2.7 In the 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
t0 2.3.5.1.

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
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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.

2.3.3 Single bottom loads.

2.3.3.1 The design pressure on
single bottom structures of dry cargo
ships is the external pressure determined
by Formula (2.2.3-1) for a ship in the
ballast condition. When determining ps
in Formula (2.2.3-1), the ballast draught
may be taken as 0,6 of the summer
draught.

If a dry cargo ship is designed to
operate in a fully loaded condition with
some holds empty the static pressure pst
in Formula (2.2.3-1) for these holds shall
be determined at summer draught.

2.3.3.2 As the design pressure on
single bottom structures of tankers,
external pressure determined by Formula
(2.2.3-1) at summer draught is adopted,
or the total pressure determined by
Formula (2.2.3-2), whichever is the
greater.

2.3.4 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 0,0558;.
In any case, Bi shall not be taken less
than 0,68, where B, — breadth of the
ship in the section under consideration.

Allowable reduction of floor depth
shall not be more than 10 per cent, 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 per cent is not
permitted.

At a distance of 3/8 B, from the
centreline, the depth of floors shall not be
less than 50 per cent of the required
depth of the centreline floors.

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:

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;

| = By, but at least 0,65,

m=11,5;

ke = 0,8 1 0,75 — for floors with
flange and face plate.

Floor webs thickness shall not be
less than 0,01 their height in the center
plane plus 3,5 mm, but they are not to be
thicker than the bottom plating.

On portions equal to 0,05B, from
ship's side, the floor web sectional area
for, CM?, shall not be less than
determined according to the Formula

for = 0,1 By (B, +7). (2.3.4.1.1)

Bilge brackets sectional area may be
included into the value f,.

Floors face plate thickness s, in mm,
is not tobe less than determined by the
Formula

S = S1+ ASy,

where s1 — floor web thickness, in mm;
Asi=2mmforL>50m; 1 mmforL<50m
and 0 for L <30 m.
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Floors face plate thickness is not to
be less than 75 mm. In the fore part within
0,2L fom F.P., and under engine and
boiler foundations floors face plate thick-
ness is to be doubled.

Where bend-up flanges are provided
on floors the flange thickness shall be at
least 10, but not more than eighteen its
thickness.

.2 The center girder web thickness s,
in mm, amidships is not to be less than
determined by the formula

s=0,06L + 6. (2.3.4.1.2)

The center girder web thickness
within 0,1L from F.P and A.P. may be
taken 1 mm less than is required for the
ship’s length amidships, but shall not be
less than floors thickness within this re-
gion.

The center girder face plate thick-
ness shall be 2 mm greater than the cen-
ter girder web thickness.

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.

.3 The side girder web thickness s,
in mm, amidships is not to be less than
determined by the formula

s=0,05L + 5. (2.3.4.1.3)

The side girder web thickness within
0,1L from F.P and A.P. may be taken
1 mm less than is required for the mid-
ship’s length amidships.

Bottom longitudinals face plate
thickness shall be 2 mm greater than the
longitudinal web thickness.

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.i.

The depth of side girder shall be
equal to that of the floor at the place of
their connection.

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.

Taking:

p —as defined in 2.3.3;

m=12;

ks = 0,2 + (xa/L)
where x1 — the spacing of the longitudinal
mid-span from amidships, in m; for xa/L <0,2 the

value of xi/L is taken equal to 0,2; for xi/L >0,4
the value of xi/L is taken equal to 0,4.

In the midship region of ships with
L>60m bottom longitudinals bulk
strength is to be provided according to
1.6.5.

.2 If longitudinal system of side and
bottom framing is adopted and bilge
brackets are fitted (refer to Fig. 2.3.4.2.2)
the section modulus of longitudinals to
which the brackets are connected is to be
30 % more than is required.

Brackets thickness is not to be less
of floors, and their effective flange or
flange shall be taken as bilge brackets
and shall not be welded to longitudinals
effective flange.

.3 Floor wed depth is not to be less
than 0,13B;.

The section modulus of floors shall
not be less than determined according to
1.6.4.1 for | = B, taking:

in the midship tank:

ks =0,6;
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for m = ms — refer to Tables
2.3.4.2.3-1-2.3.4.2.3-3 depending on the
grillage design scheme (refer to Figs.
2.3.4.2.3-1-2.3.4.2.3-3) and the
parameters u and Oc
(where p = (L1/B1)® (I#/I) — parameter of
the grillage relative stiffness; o = I./ I —
parameter of the side girder relative
stiffness); o = 0 — where side girders are
missing. For intermediate values of p and
oc factor m is determined by linear
interpolation;

in wing and centre tanks when in-
stalled in the center plane of the third
longitudinal bulkhead:

ke =0,7; m=12.

Where the deep side girder is in-
stalled in wing tank floor section modu-
lus is determined as for the centre tank,
but in determining the stiffness
pararameters p and o, the keel sectional

Table 2.3.4.2.3-1

moment of inertia I is replaced by the
stringer sectional moment of inertia Is.

4 The floor web sectionnal area fy,
in cm?, with deduction of openings is not
to be less than determined by the Formu-
la (1.6.4.3) for k. = 0,55;

In the centre tank:

Nmax — maximum shear force N; in
the floor outside the bracket region

Ni = ripaBy;

for r; — refer to Tables 2.3.4.2.3-1-
2.3.4.2.3-3 depending on the grillage
design scheme (refer to Figs. 2.3.4.2.3-1—
2.3.4.2.3-3) and the parameters u and o
(refer to 2.3.4.2.3).

For intermediate values of p and o
factor ri is determined by linear
interpolation;

in wing tank Nmax= 0,31paB:

Factor u (grillage with three floors)

Value Olc

0,1 0,2 0,3

04

0,5 0,7 1,0 1,25 15

0 |0375 0,340 | 0,315

0,295

0,285 | 0,260 | 0,240 | 0,225 | 0,205

r 0,4 | 0,265 | 0,250 | 0,240

0,225

0,210 | 0,200 | 0,185 | 0,170 | 0,160

0,8 | 0,245 | 0,225 | 0,215

0,205

0,195 | 0,185 | 0,180 | 0,175 | 0,170

1,0 | 0,235 | 0,215 | 0,205

0,195

0,190 | 0,180 | 0,180 | 0,180 | 0,175

0 |0,320 | 0,290 | 0,260

0,235

0,205 | 0,170 | 0,145 | 0,125 | 0,105

r 0,4 | 0,250 | 0,225 | 0,210

0,185

0,180 | 0,155 | 0,135 | 0,120 | 0,100

0,8 | 0,225 | 0,205 | 0,190

0,175

0,165 | 0,150 | 0,130 | 0,115 | 0,095

1,0 | 0,215 ] 0,195 | 0,180

0,170

0,160 | 0,150 | 0,130 | 0,115 | 0,095

0

rs 04 ]0145 | 0,125 | 0,117

0,115

0,100 | 0,090 | 0,085 | 0,080 | 0,075

0,8 ]0175 | 0,160 | 0,147

0,140

0,133 | 0,125 | 0,117 | 0,110 | 0,105

1,0 | 0,190 | 0,180 | 0,160

0,155

0,150 | 0,145 | 0,135 | 0,125 | 0,120

0

rs 0,4 | 0,115 | 0,085 | 0,080

0,070

0,060 | 0,050 | 0,040 | 0,030 | 0,025

0,8 | 0,145 | 0,123 | 0,110

0,100

0,090 | 0,080 | 0,070 | 0,060 | 0,050

1,0 | 0,160 | 0,240 | 0,125

0,115

0,105 | 0,095 | 0,085 | 0,075 | 0,065

0 56 50 44

39 35 29 28 27 26

mg 0,4 84 65 54

47 42 35 33 31 30

0,8 98 73 60

53 46 38 35 32 29
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Factor u (grillage with three floors)
Vale | o 5T 55 703 | 04 | 05 | 07 | 1.0 | 125 | 15
1,0 | 105 77 63 56 48 40 36 33 29
0 48 54 62 68 74 84 95 104 113
M 0,4 31 34 37 41 43 47 53 58 63
0,8 34 38 41 44 46 50 56 60 65
1,0 36 40 43 46 48 52 57 61 66
0 _ _ _ _ _ _ _ _ _
mc 0,4 63 72 80 85 91 100 110 118 127
0,8 52 60 67 72 78 87 98 107 116
1,0 47 54 61 66 72 81 92 102 111
Table 2.3.4.2.3-2
Factor p (grillage with four floors)
Value % 01 [ 02 | 03 | 04 | 05 | 07 | 10 | 1,25 | 15
1 2 3 4 5 6 7 8 9 10 11
0 0,38 | 0,35 | 0,33 | 0,31 | 0,29 | 0,28 | 0,26 | 0,24 | 0,23
r 04 | 027 | 0,26 | 025 | 0,24 | 0,23 | 0,21 | 0,20 | 0,19 | 0,18
08| 024 | 023 | 023 | 0,22 | 0,21 | 0,49 | 0,18 | 0,17 | 0,16
1,0 0,23 | 0,22 | 0,22 | 0,21 | 0,20 | 0,18 | 0,17 | 0,16 | 0,15
0 0,30 | 0,27 | 0,24 | 0,22 | 0,20 | 0,6 | 0,13 | 0,10 | 0,08
r 04 | 024 | 0,21 | 0,19 | 0,18 | 0,17 | 0,24 | 0,12 | 0,10 | 0,09
08 | 022 | 0,29 | 0,27 | 0,16 | 0,24 | 0,23 | 0,22 | 0,11 | 0,10
1,0 0,21 | 0,18 | 0,16 | 0,45 | 0,23 | 0,13 | 0,12 | 0,11 | 0,11
0 _ _ _ _ _ _ _ _ _
I3 0,4 | 0,14 0,13 0,12 0,11 0,11 0,10 0,17 0,10 | 0,17
08 | 0118 | 0,46 | 0,16 | 0,15 | 0,44 | 0,13 | 0,13 | 0,13 | 0,13
10| 020 | 0,18 | 0,18 | 0,47 | 0,16 | 0,15 | 0,45 | 0,15 | 0,15
0 _ _ _ _ _ _ _ _ _
rs 04 | 0,09 | 0,08 | 0,07 | 0,06 | 0,056 | 0,04 | 0,04 | 0,04 | 0,04
08| 0414 | 0,12 | 0,41 | 0,10 | 0,08 | 0,07 | 0,06 | 0,06 | 0,05
10| 047 | 0,14 | 0,13 | 0,42 | 0,10 | 0,09 | 0,07 | 0,06 | 0,05
0 50 49 49 49 46 35 37 26 20
My 0,4 69 a7 38 36 34 30 27 25 22
0,8 80 49 40 37 35 31 30 29 28
1,0 86 50 41 38 36 32 32 31 31
0 60 68 78 86 94 108 128 145 161
My 0,4 38 43 47 52 55 62 68 73 78
0,8 43 49 54 59 62 69 76 82 88
1,0 46 52 58 63 66 73 80 87 93
0 _ _ _ _ _ _ _ _ _
me 0,4 90 106 119 146 156 183 197 209 | 220
0,8 68 78 87 98 108 122 136 148 159
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Value

Ole

Factor u (grillage with four floors)

0,1

0,2

0,3

04

0,5

0,7

1,0

1,25

1,5

1,0

57

Tabnuys 2.3.4.2.3-3

64

71

74

84

92

106

118

129

Value

Factor p (grillage with five floors)

e

0,1

0,2

0,3

0,4

0,5

0,7

1,0

1,25

15

1

2

3

5

6

7

8

9

10

11

n

0

0,395

0,375

0,355

0,340

0,325

0,300

0,275

0,255

0,235

0,4

0,250

0,245

0,240

0,235

0.230

0,225

0,205

0,190

0,170

0,8

0,240

0,235

0,225

0,215

0,210

0,195

0,170

0,150

0,130

1,0

0,235

0,230

0,220

0,205

0,200

0,180

0,155

0,130

0,120

I

0

0,310

0,280

0,245

0,215

0,190

0,160

0,130

0,105

0,080

0,4

0,240

0,225

0,200

0,180

0,165

0,140

0,110

0,085

0,060

0,8

0,220

0,200

0,180

0,165

0,150

0,130

0,100

0,075

0,050

1,0

0,210

0,190

0,170

0,160

0,145

0,125

0,095

0,070

0,045

0

0,280

0,240

0,205

0,175

0,145

0,110

0,085

0,065

0,045

I3

0,4

0,230

0,205

0,180

0,155

0,135

0,110

0,080

0,055

0,030

0,8

0,210

0,180

0,160

0,140

0,130

0,105

0,075

0,050

0,025

1,0

0,200

0,170

0,150

0,135

0,130

0,105

0,075

0,050

0,025

I4

0

0,4

0,165

0,160

0,145

0,135

0,130

0,120

0,100

0,085

0,065

0,8

0,185

0,180

0,170

0,160

0,155

0,145

0,125

0,110

0,095

1,0

0,195

0,190

0,185

0,175

0,170

0,160

0,140

0,125

0,110

I's

0

0,4

0,110

0,080

0,070

0,060

0,060

0,050

0,040

0,030

0,030

0,8

0,140

0,120

0,110

0,100

0,090

0,080

0,060

0,040

0,040

1,0

0,160

0,140

0,130

0,120

0,110

0,100

0,070

0,060

0,050

I'e

0

0,4

0,090

0,060

0,050

0,040

0,040

0,030

0,030

0,030

0,030

0,8

0,130

0,100

0,090

0,080

0,070

0,060

0,040

0,040

0,030

1,0

0,150

0,120

0,110

0,100

0,090

0,080

0,050

0,040

0,030

my

0

46

40

35

32

30

27

24

22

19

0,4

65

52

41

37

34

32

30

28

27

0,8

72

56

46

40

36

34

34

34

34

1,0

76

58

49

42

37

36

35

35

35

My

0

58

64

76

86

96

106

146

179

213

0,4

39

42

44

49

54

63

81

96

111

0,8

42

45

48

53

58

69

89

106

122

1,0

44

47

50

55

60

72

93

111

129

Me

0

0,4

84

103

119

132

151

188

207

224

239

0,8

70

79

88

96

102

122

158

188

218

1,0

63

67

73

78

78

89

134

170

198
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Factor p (grillage with five floors)
Value | o 5T 55703 | 04 | 05 | 07 | 1,0 | 1.5 | 15
i /wﬁ//
Ly
Fig.2.3.4.2.2 Fig.2.3.4.2.3-1. Three floors grillage

[T LYY ]
/] Y
177777
Lo [/

Ly

Fig.2.3.4.2.3-2. Four floors grillage

.5 If side girders are omitted, the
centre girder section modulus shall not be
less than determined from 1.6.4.1.

Taking: a = B1/2;

| = L1 — 0,3h¢ (where he —
web depth);

ks = 0,25;

for m = my refer to Tables.2.3.4.2.3-
1-2.3.4.2.3-3 depending on the grillage
design scheme (refer to Figs.2.3.4.2.3-1—
2.3.4.2.3-3) and parameter p; where o, =
0.

dock stay

For intermediate values of u factor
m is determined by linear interpolation.

.6 The centre girder with side girders
section modulus shall not be less than
determined from 1.6.4.1.

i/ MN%,/ /
SIS S
/777777
fo [ [/

Ly

Fig.2.3.4.2.3-3. Five floors grillage

Taking:

a=au/ 2 (refer to Figs. 2.3.4.2.3-1-
2.3.4.2.3-3);

| —as defined in 2.3.4.2.5;

ks = 0,25;

for m = my refer to Tables.2.3.4.2.3-
1-2.3.4.2.3-3 depending on the grillage
design scheme (refer to Figs.2.3.4.2.3-1—
2.3.4.2.3-3) and parameters p and o..

.7 The side girders section modulus
shall not be less than determined from
1.6.4.1.

Taking:

a=ayl2 (refer to Figs.2.3.4.2.3-1-
2.3.4.2.3-3);

=Ly

ks = 0,25;
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for m = m. refer to Tables 2.3.4.2.3-
1-2.3.4.2.3-3.

.8 The thickness, in mm, of single
bottom members shall not be less than:

Spin =0,035L+5MM  sxmmo L < 80,
Smin =0,025L +6,5Mm  sixrmio 80 < L <200 M,
Spin =0,020L+7,5Mm  stxmmo L > 200Mm.

(2.3.4.2.8)

Smin May not exceed 13,5 mm for
bottom web members i 11,5 mm for
longitudinals, transverses and brackets.

.9 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 2.3.4.2.5 and those of
bottom transverse, in conformity with
2.3.4.2.3 by 15 per cent.

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;

2.3.4.3 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 2.11.4.1.

The depth of bottom transverse shall
be increased in proportion to the height at
which engine seatings are fitted.

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.

The bottom transverses shall be
attached to the center girder by brackets,
extended to center gireder face plate and
welded to it.

4 In dry cargo ships with length up
to 40 m, excluding the 0,25L region from
F.P., nonyckatotscs Side girders without
vertical plates, made of T or other profile,
welded to floors face plates.

In this case, the cross-sectional area
f, in cm?, of profiles replacing side gird-
ers is not to be less than determined by
the formula

f=0,8 (B + 10). (2.3.5.1.4)
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Profiles which are face plates of side
girders witout vertical plates, shall be
welded to bulkheads with fitting of
brackets of at least the profile depth.

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.

2.4 DOUBLE BOTTOM

2.4.1 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).

2.4.2 Construction.

2.4.2.1 In tankers 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, 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 spacing between duct
keel webs by, m, can be determined by
the formula

bk = 0,004L + 0,7.
(2.4.2.3)

The duct keel shall be wide enough
for the access to all its structures to be
ensured.

A duct keel of more than 1,9 m in
width is subject to special consideration
by the Register.

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
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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 number of side girders from
each side in the middle region of the ship
is not to be less than specified in Table
2.4.2.4.1.

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 4,0 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
2.4.2.7.2and 2.4.2.7.4).

Table 2.4.2.4.1
. The number
Framing Ship l:_)readth of side
B,iInm .
girders
N 8<B<16 1
Longitudi 6<B<25 2
nal
25<B 3
10<B<18 1
Transverse | 18 < B <28 2
28<B 3

.3 where there are two tunnels
symmetrical with regard to the centreling,

their design is subject to special
consideration by the Register.
4 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, if approved by the Register.

5 inclined margin plate, if fitted,
shall extend throughout the double
bottom length and have a width, in m, not
less than
b = 0,0035L + 0,40.

Horizontal margin plate width is to
be (at least 50 mm) more than the amount
of the bilge bracket width and the frame
profile depth.

2.4.2.5 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;

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
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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).

He menme 0,75k

<[Jo oj | o\ /
\ Jnuiosuii
B2

CTPUHIep

He menme 0,754
/

Fig.2.4.25.1-1

.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;

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;

at the fore end within 0,25L from the
fore perpendicular;

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
2.4.2.42), the above spacing may be
increased, but not more than twice.

When the ship's side is framed
transversely and double bottom is framed
longitudinally, brackets shall be fitted at

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).

He menwe 0,54 He menwe 0,5/

He menue 0,254

1<1.2h /sl,.’h/\ 1<1,2h / /

O] O \

A

<2200 <f \
~N
S Crpunrep

Pebpo xopcerkocTi B/2

F.24.25.1-2

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.

bpakera
01711 MIXKZIOHHOIO JIUCTA

Puc.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:
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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
welded thereto.

The stiffeners shall be fitted under
the pillars, at bracket toes of end
stiffeners  of  longitudinal  partial
bulkheads, etc mo3noBxHiX HarmiBIEepero-
POAOK TOMLIO.

.2 watertight floors shall be fitted
with vertical stiffeners spaced not more
than 0,9 m apart.

2.4.2.7 Holes (manholes)
satisfy the following requirements.

shall

.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.
The size of the holes, including
lightening holes, shall satisfy the
requirements of standards or other
normative documents recognized by the
Register. 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 | /s 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 ho, in

mm h, :255\/ﬁ , the free edge of the

plate shall be stiffened.
Where: s — lightened side girder or floor

height, in mm;
forn—referto 1.1.4.3;
Table 2.4.2.7.2
Minimum allowable
Member plate height (in parts of
member height)
Centre girder 0,3
Side girders 0,25
L_|ghtened side 0,15
girders
Floors:
plate 0,25
lightened 0,2
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.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.

Where the plate height hg, in mm, in
the area of opening in lightened side
girders is more than

390s
h0 = , (2.4.2.7.4)
ReH
where s — side girder web thickness, in mm,

horizontal stiffeners are to be insalled
near the upper and lower edges of the
opening.

5 normally,
permitted:

in centre girder over a length of
0,751, 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 3a wHasBHOCTI NOABIMHOIO
0OpTYy HACTWJI APYroro JHa MOBHHHHN
MPOXOJIUTH Yepe3 OOIINBKY BHYTPIIIHBO-
ro OOPTY 10 30BHINTHKOI OOIIMBKH.

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

openings are not
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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; according to 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;

.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 test loads

p =1.5h,, (2.4.3.2.4)

where hp — 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=105(d-h),  (24.3.25)
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

Table 2.4.4.1

difference between the external pressure
p and the cargo (ballast) pressure from
inside pc.

In this case, the value of pc 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 < Pe.

If a hold may be empty during
service, the external pressure p shall be
taken as the design pressure.

2.4.4 Scantlings of double bottom
members.

2.4.4.1 At centre girder, the depth of
double bottom h, M, in m, shall not be
less than

2
h— _Kn_MPL
ko, S
km — factor equal to:
1,0 — for dry cargo ships and tankers;

0,8 — for bulk carriers;
m — factor determined by the Formula

2

(2.4.4.1-1)

where

1 1

for ks, a1, b1, c1 — refer to Table 2.4.4.1;
p — as defined in 2.4.3.3;

ansibi

s=E—
b
i=1

where s — the average thickness of the bottom
plating, in mm;

bi — width of the i-th portion of the plating,
having the thickness s; between the cntre girder
and the first side girder;

n — number of plating portions.

Structural type of ship

@ b, C1 Ko

Dry cargo ship:

With one side

0,0056 | —0,082 | 0,170 | 0,7
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With double side and tankers 0,0330 | 0,153 | 0,201 | 0,7
Bulk cargo:
alternate holds with heavy cargo and empty holds;
0,0880 | -0,272 | 0,217 | 0,4
sequential location of two or more holds with heavy cargo | —0,0200 | —0,018 | 0,109 | 0,7

Double bottom depth hmin, in m, in
all cases shall be taken no less than
determined by the formula

hmin = 0,0078L + 0,13, (2.4.4.1-2)
but not less than 0,76 m.

2.4.4.2 Scantling of centre girder and
girders are to comply with the following
requirements:

.1 Sectional area f.., in cm?, of centre
girder web and girders (with the deduc-
tion of openings) is not to be less than
determined by the Formula (1.6.4.3) for
k. = 0,9 and maximum shear force value:

Nmax = Ng N1 N le a, (24421)

where no — factor determined by the formula:
2
L L
B, B,
where az, b2, c2 —refer to Table 2.4.4.2.1;

n1 — ractor determined by the Formula (de-
pending on position considered ml area of centre
girder (girder) determined by the Formula:

Tabruys 2.4.4.2.1

nz =1-0,25y1/B1 — 3,5 (y1/B1)?,

wher y1 — distance, in m, between considered
sectional area of centre girder and middle of the
hold;

p —in accordance with 2.4.3.3.

.2 The web thickness, in mm, of
centre girder (duct keel) smin shall not be
less than

Smin = 0,035L + 6,5 mm. (2.4.4.2.2-1)

If transverse system of framing is
adopted, the web thickness of side gird-
er is not to be less than determined by
the Formula
Smin =0,035L + 5 mm.  (2.4.4.2.2-2)

If longitudinal system of framing is
adopted, the minimum web thickness of

side girder is to be determined in
accordance with 2.4.4.9.

Structural type of s_hlp and double bottom Memeber @ b, .
grillage
centre girder 0,044 | -0,387 | 0,811
Dry cargo ship with one side girders 0,022 | -0,303 | 0,675
floors -0,061 | 0,378 | -0,161
centre girder 0,094 | -0,514 | 0,847
Dry cargo ship with double side and tankers |girders 0,044 | -0,353 | 0,660
floors -0,050 | 0,338 | -0,059
centre girder 0,180 | -0,670 | 0,820
For bulk cargoes girders 0,160 | 0,600 | 0,670
floors -0,240 | 0,780 | -0,100

.3 the buckling strength of centre
girder web and of side girders, as well as
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of longitudinal stiffeners fitted along
them shall be ensured in accordance with
1.6.5.

4 at ends within 0,11, from the fore
and after perpendiculars, the centre girder
web thickness may be 10 per cent less
than that in the midship region, as
determined for steel used at ends, but not
less than the minimum thickness
stipulated under (2.4.4.2.2-1).

TOBHII/IHa HEIMIPOHUKHUX I[iJ'ISIHOK
BEPTUKAIBHOTO KiJIA 1 CTPUHTEPIB TOBUH-
Ha OyTH HE MeHIe HeoOXiTHOi I He-
MPOHUKHUX (IIOpIB Yy JaHOMY paioHi
(muB.2.4.4.3.3), ane MOXKe HE MEPEBUIILY-
BaTU TOBIIUHY IPUIICTIIUX 10 HUX JINCTIB
30BHIIIHBOI OOIINBKH.

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.

2.4.4.3 Floors shall
following requirements:

.1 Cross-sectional area f.;, cm?, of
watertight floors web (excluding open-
ings) is not to be less than determined by
Formula (1.6.4.3) with k. = 0,9 and max-
imum shear force value:

N..=nnn,pBa, (244.3.1)

satisfy the

for no-referto 2.4.4.2.1;

N1 = 2y1/Ba;

y1 — spacing of the floor, under
consideration, cross-section from the middle of the
width of the hold (compartment), in m;

n=1- 0,25X1/L1 - 3,5 (X1/L1)2;

x1— calculated floor spacing from the middle
of the length of the hold, in m;

p —as defined in 2.4.3.3.

.2 the floors shall be stiffened in
accordance with 1.7.3.2.

the thickness of plate floors Smin, in
mm, in all ship regions shall not be less
than:

for transverse framing system

Smin=0,035L + 5 mm;  (2.4.4.3.2-1)

for longitudinal framing system

Smin=0,035L + 6 MM, (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 = pp as determined by 2.4.3.2.4 for
the middepth of the floor;

ks =0,8;

m = 15,8.

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=224;

p — maximum design pressure as
stipulated under 2.4.3.2.1-2.4.3.2.4;

ks = 1,2 i 1,0 for longitudinal m and
transverse framing system accordingly.

.2 in any case, the thickness of inner
bottom plating Smin, in mm, shall not be
less than:

Smin = 0,05L + 3,8 mm for L < 80 m,
(24.4.4.2)

Smin = 0,035L + 5 mm for L > 80 m.

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.
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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, smin Shall be increased by 4 mm.

.3 in the 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.

2.4.4.5 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 2.4.3.1, and
for inner bottom longitudinals and the
reverse frames of bracket floors and duct
keel, in accordance with 2.4.3.2.1-
2.4.3.2.4;

m=12;

I — 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;

ks — is taken as follows:

for bottom longitudinals
ks = 0,3+x4/L;

for inner bottom longitudinals

ks = O,4+X1/L,

where x1 — longitudinall midspan spacing
from midships, in m; for xa/L < 0,2 value of xi/L is
taken equal to 0,2; for xi/L > 0,4 value of xi/L is
taken equal to 0,4;

for bottom frames of bracket floors
and duct keel
ks =0,8.

.2 if intermediate struts are fitted at
mid-span between bottom and inner
bottom longitudinals, the  section
modulus of such longitudinals may be
reduced by 35 per cent.

.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
Nmax = 0,5pal (p, | — design pressure and
design span of longitudinal as stipulated
under 2.4.45.1),
k: = 0,70.

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 56 Rules for the Classification and
Construction of Sea-Going Ships 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.
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2446 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 = pp — as determined by 2.4.3.2.4
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;

m = 8 and 10 for stiffeners sniped at
ends and welded to the bottom and inner
bottom longitudinals respectively;

ks = 1.

.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 = pp — as determined by 2.4.3.2.4
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 =0,7.

.3 in the midship region of ships of
65 m and greater in length buckling
strength of horizontal stiffeners on the
centre girder (duct keel) and side girders
shall be ensured in accordance with 1.6.5.

24.4.7 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

¢ 210P3l hihas,  (2.4.4.7.1)
GGFI
where p — design pressure, in kPa, defined as

the greater of the values of p or pc according to
2.4.3.1 or 2.4.3.2, whichever is the greater;

I — design span, in m, of stiffened
longitudinals;

ks =0,5;

h — height, in cm, of the strut cross section;

for As —refer to 1.1.5.1.

.2 the inertia moment i, in cm?, of
intermediate struts shall not be less than

i = 0,012 f I?Re, (2.4.4.7.2)

where f — sectional area of intermediate struts
asgivenin 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 2,5 times the
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bottom longitudinal depth (refer to Fig.
2.4.4.8).

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.

L 4pn ]

zz,Sn_\ rgk/R o
AR

— I

Fig.2.4.4.8

2.4.4.9 Structural members inside
the double bottom shall have a thickness
Smin, IN MM, not less than:

Smin = 0,045L + 3,9 mm for L<80 m,
(2.4.4.9)

Smin =0,025L + 5,5 mm for L>80 m.

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

For centre girder, Smin
increased by 1,5 mm.

2.4.4.10 When carrying out updated
calculations of bottom grillage, as a rule,
the following basic provisions are to be
met:

the load on the double bottom shall
be determined in accordance with 2.4.3;

as the basic method of idealizing the
design, rod idealization is to be used,
with the specification of the width of the
members face plates;

the limiting conditions for the
framing members are to be determined
depending on the distribution of the
cargo along the length and breadth of the
vessel and the type of structures adjcent

shall be

to the calculated grillage construction, or
from the calculation of the double bottom
within the compartment or group of
compartments;

safety factors are to be determined
taking into account those given in 2.4.4,
but they may be refined in agreement
with the Register.

In the area of holds intended for the
transport of heavy loads, the strength of
the double bottom members is to be
checked by calculating the strength of the
bottom grillage for the effect of design
loads according to 2.4.3 in accordance
with the requirements of 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
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may be arranged on plate floors in which
case the structure is subject to special
consideration by the Register.

.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 double bottom
structure in way of the extension is in
each case subject the  special
consideration by the Register.

.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 1.1.6.5.3 and 1.1.6.6.3.

The capacity of bilge wells is
specified in Part VIII "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.

2.45.3 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. 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 2.11.4 for the vertical
plates of seatings.
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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.

On agreement with the Register,
only one side girder may be fitted under
the welded insert plate for small power
engines.

2455 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.

2.5 SIDE FRAMING

2.5.1 General.

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). | f 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.

2.5.1.3 Symbols:

| — span of side
measured:

.1 in dry cargo ships:

between upper edge of inner bottom
or floor and lower edge by the side (Fig.
2.5.1.3.1-1and 2.5.1.3.1-2);

For hold frames | is not to be
adopted less than 3m for single deck
ships,

3,5 m for deckers;

between decks for tweendeck frames
but not less than 2,6 m;

.2 in tankers:

between girders or between girder
and mid-height of bilge bracket for the
frames;

between deep frames or deep frame
and transverse bulkhead, whichever the
greater, for side longitudinals;

between inner edges of floor and
deck transverses for deep frame (refer to
Fig. 2.5.1.3.2);

between  transverse  bulkheads
including knees for girders; between deep
frames or between deep frame and
transverse bulkhead where deep frames
are used.

The calculation of design span of
vertical and horizontal diaphragms of
double skin side is subject the special
consideration by the Register.

2.5.2 Construction.

2.5.2.1 When the ship's side is
framed transversely, side stringers may
be provided.

Side stringers shall be fitted at a
distance of not more than 3.5 m from
each other, from the deck or from the
main line.

In tankers with two or more
longitudinal bulkheads, fitting of cross

longitudinal,
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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

'———\ A

™~
]
~

| /
p—

an OcHOBHA JIiHIA

Fig. 2.5.1.3.1-1. Single deck ships

Fig.2.5.1.3.2

In tankers with
longitudinal bulkheads, fitting of cross

two or more

ties is recommended between side

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.

v/2

' /

OcHoBHa JTiHIS
An

Fig. 2.5.1.3.1-2. Multi deck ships
transverses and vertical webs of
longitudinal bulkheads.

2.5.2.2 Structures of double skin
side  shall satisfy the following

requirementsKewerpyxiis—HoABIHORO
; .
BHVOFan.

.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 membersaps-oaHakoBii-cHe-
- : . .
HbOFO—OOPTIB—PeKeMeHAYETbes—Po3ta-
= s
5 o S . 5
Hpr—homy—Mik—HHaHFoyFaH-a00—Fo-
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) i - ;
.2 diaphragms or platforms shall be

bulkheads,
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

which serve as platform

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 miadpparmiabo

e R e e S e e e
M;—MM;—He—HOBHIHHA—HEPEBHIYBaTH
100sy/n -,

where s is the thickness, in mm, of the

diaphragm or platformTy+:-s—roBmunaraiadpar—
b e

for n — ams-refeer to 1.1.4.3;

.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 1/4 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

SUPPOIMSAH—A0e T Iy —F0—BEH—Ha€FHH
-~ - iad .

2.5.2.3 In the engine room, the side
framing shall be strengthened by fitting
of web frames and side stringers¥—va-

HHHHOMY—BHUHACHH—O0pTOBIHI—HA0 P
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ORI Oy FACHACH —hOTAHOD
pin,

The web frames shall be fitted not

2.5.3 Side loadsHasanramenna—Ha

2.5.3.1 The design pressure on the
side shell shall be determined in

more than 5 standard spacings or 3 m

accordance withPespaxyikeBrm—rHexkoM

apart, whichever is the greater. The web
frames shall be arranged taking into
account the location of main engine, i.e.
they shall be fitted at the extremities of

e RerE s s e e P S e e e
R : . |
myrore (2.2.3-1). In way of tanks, the
pressure determined in accordance with

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

B e e e
PSS e e e e e e e
1.3.4.2_shall additionally be taken into
consideration.

with web frames. In the engine room, the
side stringers shall be fitted so that the

The design pressure on the side shell

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 MPamiHFHHAHFOYEH HOBHIHH
= . . ]

shall be take at least PespaxyrcoHit
. §
Py HOBHHHHE—OPaties—HE—MCHHE
25 xHakPa. The design pressure on the
superstructures side shell shall not be

taken less PespaxyrcoBii—rHek—Ha
e e Do Do
R B e S e Y
pamaraersegsrianesthan required under
2.12.3.1  pp—B0KOBHX—HEPEFOPOHOK
py6oxfor deck house side shell.

2.5.3.2 The design pressure on
double skin side structures shall be

determined as followsPespaxyticontit
. 5

v

HOBHHHH - BHSHA R THC A —HacTy vt
HOM.
.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 pespaxyHKoBH-FHER Ha-OOHHBIY
- . . - 2

v

Saﬂ%leﬁe—Bi;H—Bﬂﬂ-}FBﬁHTaﬁ(—y,—ﬂ{H&H—H%pe—
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.2 the scantlings of cross sections of

HpOFOHyY—IHHAHFOYFa—HO—BEepXHbo!
PR SRR RS s E

m — xeegitientHo-Aopinmocfactor
equal to:

14,5; 16,01 17,5 — for frames of dry
cargo ShIDS with one, two and three or

diaphragms and platforms are determined

more decks accordinglyass—tumarroyTis

using the design pressure specified in
PospesE I e e R e
HoHCpeHIoTO-HEePePISY;BH3HaTat0Th—3H-
are3-2.2.3;

.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. pespaxytoBit

— ad :
PR S e B E e

SRS S S R e SR S R e
sriane-31-3-4-2-However, it shall not be

%}%GBaHTa%K-HH%G}%&eH—B{ﬂHGBHHG%—Gﬂ—
R im’e”a Fbinpiie nanyon
11,0 — for frames of tankersass
PR S e
ks — factor equal toxeepiricrr o

1,0 — for dry cargo ships hold

framesams—FpromiHx—HIFaHFOYFB—CyX0-
BaHTOKHHX-CYAESH,

0,7 — for frames of tankersasstrra-
HEOVFHBHAHHBHIN-CVHCH,

2.5.4.2 The section modulus of
'tween deck frames shall not be less than

taken less than the test pressure specified

determined from 1.6.4.1 takingMemens

in accordance with AnnexHpere—te—ro-
- .
B épa*.ﬂfﬁ MOHIHCHBKTDHIPO 63
Ao-Hoaarxat.
2.5.4 Member_scantlings of side

structuresPesmipn—s'a3eit—6opropix
.s

25.4.1 If transverse system of
framing is adopted, the section modulus

; )
OROpY—HIRAHTOYFIB— ”.EHIEHB&HEL‘
Hp#apomy:

p — design pressure, as stipulated
under 2.5.3.3riane—s3—253-1 (for
tweendeck frames not less than hydro-
static pressure from frame midspan to the

upper deck at the sidesss—mrrat-FoyFin

of hold frames in dry cargo ships and of
side frames in tankers shall not be less
than determined from 1.6.4.1 takingMe-

p — as defined in 2.5.3.1; the value
of p for the side shell shall not be less
thansriane 32531 —ane yre MeHme HiK
H—H-p@%"ﬁa:HFHHH{—Hﬂ-FH-p—lHﬂ—Gepeﬂ-H{H{

e s e e

v

.

. S G
6opEy);
m — factor which is takenxeeiri-
’4,2 —  for tV\;o-decked ships
tweendeckass—rBitaeka—ABORATFOHHX
eyeH;

6,4 — for lower tween- deck of multi

decked ships i
RS e
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4,7 — for upper tween-deck mmst  exAanacHe MeHHe 75 MOMEHEY-OHOPY;

. e P P e e S

eyara0f  multi  decked ship and  #reyra—y-FBiACKY MOKEOYEH 3MEHHIE-

superstructurei#aaéyroBH,

ks — factor equal toxeeiriers,—iHo
aopipmoe. 0,8 — for lower tween-deck

The section modulus of tween deck
and superstructure frames shall not be

of multi decked ShIDSﬂﬂ}ﬂ—H{BKHHHB-l-H—
&eIe}B—éaPaTeﬂaﬂyémﬂeeyﬂeH 1,2 -
for

double-decled ship twin-deck, for upper
tween-deck of multi decked ship and

superstructuresepxtsore————FBitAeKa
S S e e e e D e

Ok = 1 — —for
superstructuressaa6yaes.

The above applies in case the lower
end of 'tween deck frame is not stiffened
by a bracket. |1 f the lower end of the
frame is stiffened by a bracket of a height

not less than 3aswiadetieBHite-€FOCYETH-
: o
AR . e
. ' ; e

19

H-lﬂ-lépi—Hﬂ%Hﬂ-H—IéH—HH%IG—BﬂGGTG{G—H%
merme—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

[£55 ThaN YOy ith-sROVY BHEHERY MOMCHT
. . »

6parnesHe Menme-12 em’cm®,

2.5.4.3 The section modulus of side
longitudinals of all ships shall not be less
than determined according to Memens

6 2 .

CVHCHHOBHHHH OV EH-HCMCHIHCBH3HA-
genoro-3a-1.6.4.1 taking-

Hp#apomy!

p — as defined in sianesiAHeo—#0
2.5.3.1;

m=12;

for ks -
Table2.5.4.3.

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 CrifikieTs—Fpbox—BepxHix——Fprox

sa—rabmrefer  to

consideration, the section modulus of FHIHIX GROIC B Cepe i tacTHHCy AR
'‘tween deck frame may be reduced by 30 ~ HOPHHHOR L - Ge M HEB.HHHE; 6 ? o
DCI COMl e bt S S ) T
P S R L S B S
Fabaun-Table 2.5.4.3

Position of longitudinals on side heightHesesxen- - Ko -

5 5 dry cargo shipseyxesat- HEHHHE

FaKH-CYHa eyanatankers

Bigmasybus-wmexaxWithin 0,25D from deck 0,45 0,45
Hecepeanni—sreorsn—mikIn the midheight within
0,25D sia—manyu—ifrom deck and 0,25D sin 0,55 0,50
suamafrom bottom
Within 0,25D from bottom Bia—snmsmasmesxax 0,45 0,45
025D
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2.5.4.4 In a transversely framed side,
the section modulus of side stringers

nasmBHx—eyaeH0f tankers moBuHHMI
shall not be less than stipulated under

shall not be less than stipulated under

1.6.4.1 takingMemenr—onopy—bopToBHX
CTPHIFCPIB—HpH —HORCpeHHi—cHeTe M
TS SR O S S B S e e e e
BH3HadcHOFO3a—-6-d—HpHr-Hbony:

ks =0,5;

p — as _defined in sianesiateo—#o
2.5.3;

M — wechitenT—tHo—Aepiaroe_with

cross ties: 18,4 — without cross tiessa—si-

AeyrHoerposmipexr; 29,0 i 37,0 — with
one, two or more cross tiessa—wassHoctt
S e e S e B S e
BiAHO.

If web frames and cross ties are
fitted (refer to 2.5.4.5), the scantlings of
side stringer section may taken 3a—stass-

mpufor m = 8,9.
The

Bueota——erinei——erprarepal he
stringer web height reswHiHa—6yFH—B

HEOMY—pasi-—He—mere—iS Not to be less
than 0,08l .

2.5.4.5 The section modulus of web
frames (side transverses) fitted in the
holds of dry cargo ships Memenr-oropy
A R S s e
yﬁﬁl@%ﬂﬂ)—ey%%—a{ﬁaﬁ&ﬁi%e}%&%—y

v

FptoMt—HOBHT-HHA—BH3HaaTHEA—BIAHO-
siane—seshall be determined according to
2.5.4.1, and in tween decksa—B-miskrasty-
Grmx—mpHMiteHtsix  according to —sa
2.5.4.2 with compulsory increase of
values obtained by 3-o6es’s3xeBHM36i-
HEHEHHINMOFPHMYyBatHx—sHateHb—Ha-30
%.

The section modulus of web frames

e S S B R R

1.6.4.1 taking6yrru—te—Mere—BH3HAYE-
Horo3at=-6-4t—Hprusory

p — as defined in miasonizmo—szo
2.5.3;

m equal to—xeeditieHT—HHo—AOPiB-
e
21 — without cross tiessa-siaeyrHoe-
. e
29, 35 i-and 42 — with sa#assroer
one, two and three eamiciABox—i+Fprox

cross ties accordinglypeswipexBiareBi-
HO,

ks =0,5.
The cross-sectional area f., in
CIM e s S e e s e e

KxH—pamHoro—mmHanroyra—Tte, considering

em®—openings, shall not be less than

stipulated under 1.6.4.3 taking

Nmax = npa| (2 5 4, 5)
ne N —with cross ties xeediictrto-#opiBiioc

0,33 — without cross tiessa-sizeyrHoct-posripok,
0,23 i 0,21 — with one, two or more cross tiessa

. i — —"
k. = 0,65 mmsrnamusmmx—ecyaen—ifor tankers

and 0,8 ams-eyxoBarraskrmxdry cargo ships;
p — as defined in siaresiare-a0-2.5.3.

The depth Buecota—eTiru—partiore
mrratroyra0f web frame —sa—wassrHocT:
pesmipexwith cross ties, me—s'eamryiors

pamiH—aHaHFoyEsHconnecting web frame
3-with the longitudinal bulkhead pam#-

MI-cFosaMHWED Cross ties-resaeB b1

HEPECrOopoAKH,
menrreshall not be less than 0,081, sasia-
eyrHoer—pesmiperwithout cross ties
0,121

The depth of web frame (side
transverse) webs may be taken variable
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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 per cent of its mean value.Buecora

spagerpt: For stiffening of web frames

refer 1o Brsors 40 nbakpiiec s pastiix
s s 1.7.3.2,

2.5.4.6 The sectional areaHﬁeHia
HGH%p%‘-IHGFG—H%p%pBy—pO&FHpK—Hf em>in
cm® , of a cross tie fitted between deep
members of side framing and of
longitudinal bulkhead shall not be less

than AOBHHHHA-GYTFH-HC-MCHHC—RH3HAYC-
304

40
f =— paa; +0,05> hAs, (25.46-1)
n
whereae p — design pressure, in kPa, at mid-
length of a cross tie, as determined from pespaxy-

HiéGB-EHI%HGI&Hﬁ—piBiH—H%H%pﬂ—pGSFH—piGH—B&BHﬂ‘}%—
pui—sibmosiane—ae—2.5.3.1 aBe—or 2.7.3.2
whichever is the greatersazesxcno—siaA—Foro—Ho
BSinpie,

a — spacing of web frames connected with
cross ties, in m; mﬂ&?&iﬁ—hﬁﬂ%

— mean depth, in m, of S|de area supported

aewhere |1 — cross tie length, in m, as measured
between the inner edges of deep members of side
framing and of longitudinal bulkheadzesskussa

M.
2547 The side framing of the
engine room and tanks shall satisfy the

following requirementsboprossitHadip-y
MaiHifH—HeiHﬂﬂiﬁ%HHl—”Pa—EH%&T%pH—a*

HOBHHHHH—S3aA0BOAbIITH —HacTyH M
BHMOFaM.

.1 The web frames section modulus

5 W,

ex’in_cm?®, shall not be less than
determined by the Formulameswst

R S S B R S RS R S

Fo10

10°
mk o

- n

W =(250+ paI2J+AW,

(2.5.4.7.1)
aewhere m=175;
ks=0,6;
p — sianesiare-#eas defined in 2.5.3, but not
less than ame-se-menmremii-pressure to the upper

deck levelrarip-to-pisrsBepxtboiticyoit;
for AW — aus-refer 101.6.4.1.

.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

Dy & Cross tieecpestts-BHEOFA-HAOTH-OOPFV-—Cy-tHt:
SHRAHHEEHPHAYEFRCH-POSHIPRAVHH;
=hi — perimeter of cross section, in cm, of a

CIOSS IR ot oo 2 S S S o
KH—EM,

Minimum moment of inertia |,

InMeM%}H—H—I%p-H-H—HGH%p%L}HGFG—H—ep%pi—
sy pesmiprrt, cm?,

shall not be less than determined by the

Formulasiciinie sH3HASCHOTO 38 opmy-

F010

| =12R,, 17 f 107, (25.4.6-2)

omitted on condition that the main frame

has a section modulus Hsst—eyaen—on-

mmanroyra—\W, eam®in_cm® not be less
than determined by the Formulaéyae—se

SCHEHC BH3HATCHOFO-Sa-hopaivtor
W=W;+0,5W,/(n+1), (2.5.4.7.2)
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ne Wi — section modulus of main frame, as

stipulated under MGM%H‘[—G-HG}EW—GGHGE-HG-FG—IH—H&H—
royra-piapoBiano-a0-2.5.4.1, em®in cm?;

W2 — section modulus of web frame as
stipulated undermomenr—omopy—parHOoro—HIHAHEG-
yra-Bianosiano-#e 2.5.4.7.1 for maximum spacing
between web frameSﬂﬂ-ﬂ—Ma{éeHMaﬁbHe—&eHy%"Hi—
Mei—Biﬂ%’PaHi—MBK—paMHHMH—HiHaH-FGH&MH GM
cms;

n — xiskiers—the number of main frames

ocHOBHHX——HIRaHFoyEB—Mbkbetween  web
framepantrasa,

.3 in way of the ballast and fuel oil
tanks of dry cargo ships 30 m and greater
n length Y-—paitoti—6anactrmx—i—HamHs-
fHHﬂ%"E%pH—%y*GBa{-HBﬁ&H’I*G}P&%H—,&G-
paasroro—E=30m—side the framing

shalldeprosi—Ha o p—HOBHHHIH O
nocHAeHHHBeranosaerpmbe reinforced
with 6epresux—erprirepinside stringers
fitted in B—eaniHmremuH+—30Ne_plane
WITN FOPHIO R FHHR PR HEPero-
peaexbulkheads horizontal webs. ¥+we-
my—pasi-In this case when wap#-Beramon-
S e R S s e e e e
stringer is fitted memyexacrbest—3MeH-

HSHHS-MOMEHTY—OHOpYHHaHFoyTB—Ha
frames section modulus may be reduced
by 10 %, aspnand when when two side
stringers_are fitted seranosserri—ABOX
boproBux—crpHurepin— #mHa—by 20 %
compared to the required in wepiBHsto3
Heobxbtny-2.5.4.1,

B S S B O SO B e

pisSide stringers section modulus, a—Fa-
KOK-BHCOTaFoBHHHa Ix—cFinoxas well
as height and thickness of their webs s#-
spagarorres—akis determined as for the

bulkheads  horizontal

nuerepatanks’
webs.

A4 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

MMP e HHHAHPOYFHHOBHHHHMaTH BH-
bi ) .

TOBHHHHY—CTHHGHHeMeHHe—0-:01-BHeoTH
eriki-Hoe3;:5-MM. The flange Fenrw-
ma-pimsnore-thicknessmogexa shall be at
least 2 Mmm mMore moBHHA-OYFH-FpHaH-
: : i

erirnthan the web thickness.

.5 in the engine room, the web depth
of a side stringer shall be equal to that of

a web frameBueora—crinkn—GoproBore
CEPHINCPE HOBHIHA AOPIBIHOBATH BHCOT

CHHEH—PHHOrO— Ao, 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

AT B e S
SRR e e e e
HEHHHH—pavHoro—HHatroyta—ToBHtHHa
L T e e
. .
BEBHOFO-HOSEKA-PAMHOFO-HHATHOV-HA,
.6 Mimmassi—rosmmmuMinimum
thickness Smin 6oproBOFre—HaGEPY—B

HHCTepHaXx—BH-SHaTHOThe—34a
opmyaoroof side framing in tanks is
determined by the Formula (2.7.4.1-2).
2.5.4.8 The section moduli and
cross-sectional areas of diaphragms and

platforms shallMement—onopy—BepTiica-
- . .
B ﬂia.qaﬁam HHAHTOY T HOABIRIC
Fo bopry+ Hﬂ.ieﬂi; a-XHOHEPOUHOFoHepe
mx-ynot be less than specified in 2.5.4.4
sa—and 2.5.4.5 siamesizmeaccordingly.
2.5.4.9 | f 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 on
agreement  with the  Register _in
connection with the upper deck pliability,
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which shall be determined by calculation
(refer also to Sa—HaﬁBHeeH—B%HHHHHH—

3.1.4).
2.5.4.10 The thickness of inner skin

If cross ties are fitted, the section
modulus of frames complying with
25.4.1 and 25.4.2, as well as of
longitudinals complying with 2.5.4.3,
may be reduced by 35 per centHpu

; -
N o
2.5.4.12 In the cargo and ballast
tanks of tankers, in holds into which
water ballast can be taken and in tanks,

shall comply with the requirements for

the thickness of structural members of

the thickness of longitudinal bulkhead

side framing shall not be less than that

plating in tankers, as specified in 2.7.4.1,

required by Esemenru—koHcrpykii—60p-

using the design pressure determined in
accordance with TFeopmwa—oOHHBEH

- = . .
f{-&TH—B—HMQPB.M—HG—TGBH:[—HHH—G@HiH{H‘I
HGSﬂGB%K}H?H}ep%FGpG{iGK—H-&H-HB{HHQ
B B S R R e e
2.5.3.2.1. In any case, this thickness shall
not be less than determined by Formula¥~

S S D S R s R R e

. - oy 5
HH&"F%pHHGB-}H{Hi—MaTH—TOB-H:HH{-H—H%
MeHIe FiciIHo-BHMaracrres3.5.4.

2.5.5 Special requirementsCreni-
%HI—HH—B—H—MOFH

2.55.1 If transverse system of
framing is adopted, efficient connection

S R B R H B S e
e e
BHHERErhes o pyiyere (2.7.4.1-1).

2.5.4.11 The cross ties between

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

frames and longitudinals of side shell and

shall comply with the following

inner skin, as mentioned under Pesmipks
: . g

me%ﬂmmﬂiﬁ?pﬂm
6oprin—3riAne—3—2.5.2.2.1 shall comply
with  the  requirements  for  the

intermediate struts of double bottom, as
mentioned in FoBHHH—BIAHOBIATH BH-
MGP&M—,EEG—HpG&VH%IHﬂHE&”HHGK—HGﬂB—I—HHG—
ro—amasriane—3-2.4.4.7 using the design
pressure determined from 2.5.3.1 or
2.5.3.2.1, whichever is the greatermps

requirementsHp#—rorepetHii—eHeremt

.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
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compliance with He—s#eori—exyoBi
T S S S S S
B . .
R R R R S S B A
. , .
i 1.7.2.2.2.
The thickness of a bilge bracket is taken

.4 where a horizontal margin plate is
fitted in the double bottom or transverse

equal to that of plate floors in the hull

system of framing is adopted in the single

region under consideration, but it need

pottom, the width of bilge brackets shall

not exceed the frame web thickness more

be determined proceeding from the

than 1,5 times.
Holes cut in bilge brackets shall be

condition that their section moduli at the
point of connection to the inner bottom

such that the width of plating outside the

plating or upper edge of floor shall be at

hole is nowhere less than Fostra—ecky-

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. | f

B the face plate (flange) is welded, the floor
—Pesmipu—BupisiB—y—ecxyropux—kmpx  web shall be stiffened with a vertical
FOBHIH-OyTH-FakHMiL— 06—y —Kkoanomy  stiffener or a bracket at the point of
MicHI-HHpHIa-AHeTa3-oAHoro—6oky—B#-  Welding, also welded to the inner bottom
pisy—6yra—te—menmte—'s Of the bracket plating or to the floor face plate
width. (Tlange) Hpi—FopHs3oHTatHoN Y — R AOH-
In any case, the size of bilge brackets  wemy—HeT-HOABHHOFO—AHA—HHHPH-HO-
shall not be less than that required by  mepewii—eHeremi—Habopy—OAHHAPHOFO
HHPHHHA I ARG HHPHHACKYIOBOI I HOBHHHAE

P A R S R RS e

S B R e
S D e e
Hie BHSHAYeHHX3FiAHe3-1.7.2.2.

.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 frameKemerpyxitis
R S S R S e e e
. . ’
A0S s .
SRS B S R S

.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 platingHp#Hexi-
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FI-a—H-p{;%Fe—ﬂ-H—a—'—X—H—HeﬁeKa—&bﬂﬁHﬂﬁ)
ropa.
The depth of a bilge bracket shall

not be less than its widthBueora—ewymo-

.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

TIAITI S e e e e S

.6 If transverse system of framing is

adopted on tankers HawasBHix-eyAHax
-~ . S
wis—mnanroyrisframe  brackets, e
3HaxOAIFrCI—He—B—HARoHHHWHICh are
outside the plane of floos and web beam
St R e SRk, e
FHTHES Ao Hamyor——amHaare to be se-

cured to deck and webs wrsmsEMHDY
brackets.
brackets extent by height sa—sxeozoto

R oS R P e e 1S

not to be less than:

1 =0,08D + 0,35 —m_smpufor D <
10 mMm;

1 =0,04D + 0,75 »¥—m_forsps D >

10 mm,

but not greater than age—se6impme-1,5
M.

Cryrosi—xmnmiBilge brackets shall

cover the bilge completelyroprrs—is

Brackets shall be welded to the

nearest e Hi—HOBHHH—RPHBaptOBaFHEst
Fo—HaHOMHBRIOT HOAOBIHbOT—OarHGH—Ha-
Ayon————ammadeck  or  bottom
longitudinal. Hpe®sbiHiets—HaryoHHx

xras T he length of deck brackets |, ain
m,
menrrein height shall not be less than

1=0,04D + 0,3, amene6immebut not
greater than 1,1 am.

2.5.5. 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)2

Bepxiiici—umanroy iy Mikranyd
HHX EPHMHHCHHI + A0y AoBAX HOBHI
H-GyTH ﬂeBeﬂ’ EIH;.’HB FasyOH S MitHMasT-

Kpomxn—mmanreyra.  Scantling  of
brackets connecting the upper ends of the

beams to the of frames, shall meet the

requirements ofPesmipr—iHiE;—Ho-3'cA-
caMi,—HoOBHHHT—BIAHOBIAaTH—BHMOFaM
1.7.2.2 smamo—for n=1,8.

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 beamsHss
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Where sides _are framed transversely  stringer) shall _comply with the

i and  requirements of Hp#wassrocti-posHipok

decks are framed longitudinally i+ #e3ae-  y—6oproBHx—TFarKkax—HATHBHHX—CYACH;
BIRHEOV—HAB O p— Ry b—rideck TP B HRGHEO TR0 0pFORIF:
[rACals, s s eeee e s e s e s
wmranroyrisstiffening upper frame brack-  pex—moBHIHHH-OYFH-FAKPIFFCH-PebpamH
ets, SO RSS e e SIS SRS e e e b ee L bl
Haibmpkgoiare to be extended to the HHX—HOSCKIB—POsTHPOR—KpiaeHs—pos-
nearest R R e
Gemendeck longitudinal +apHBapOBaTHEs  FO-CTPHHFCPYROBIHHCRETROREATH-BH-

zoneiand welded to it.

Hpu—urosy—srcora—wammBreacket
height, measured from decksmipsaBiz

mawyowu, shall be at least a two-time
height of the frame webres#Ha-6yrite

2..5.5.3 If the frame is cut at deck, its
lower end shall be attached by a
Dracketshetto—trHEOVEH—POsPRH—Ht
R S e s e s e

cu

BHHHO—S3AHHCHOBATHC A —3ad—AO0HOMOTO10
s, The height and width of the
brackets are determined by the formula

aa—fbepMyHe{e—(lj.Z.Z) e

= 1,8 (aus—raxesxalso refer to

moram-1.7.2.3.

2.5.5.6 In the region of connection
of double skin side with double bottom
the plating of the second bottom is to be
extended (not to be cut) through the skin
of inner bottom till outer skin. In the line
of inner side is to be side girder or scal-
loped plates are to be filled.

2.6 DECKS AND PLATFORMSHA-
IHNBUTHHAATFPOPMH

2.6.1 General3araasHi—HoA0KeH-

HSE.

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

for
254 2)
2554 Side stringers shall be

exceed 0,7 times the ship's breadth
abreast of the opening. Additional

attached to web frames by brackets

requirements for the decks and platforms

carried to the web frame face plate and

of ships having greater width of openings

welded theretobeproBi—erpHitreps—Ho-
KHHESIMEHO-A0X0AA T A0-BHEIEHOFO-HO-
. .
HEOFO.
2.5.5.5 If cross ties are fitted in the

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 3.1Y-wiApesaisHaBOAFTbEsR

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
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For decks and platforms of ro-ro
ships, refer to 3.2.

Requirements for the cargo hatch
coamings of bulk carriers are given in
D0 e e e e
3—FropH3oHTaAbHOIO—CHETeMOTIO—3aBat-
FasKeHHBT HaBOAITLCA B 32

BumMorn—10—KkoMIHFCiB—BaHTFaKHHX
FHOKIB—eyACH A HABAHOBAABHHX—BaH-

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

tanke rSHiﬂ-pea-H-l-H—M-}e”PHTB—y—GG@i—B-HMQFH

Additional requirements for the areas
of upper deck situated below the
superstructures are given in 2.12.5.1 to
2025 Stlosmmmea i e
BEPXHBOT—HEA YO H—POIFAHOBAHHN—HTH

2.6.1.2 Hestauerrsr——Symbols
(pre-Fig. 2.6.1.2):

lo — maximum deck girder span, in
m, measured between supports (end
hatch beams and pillars)sai6irsrmdt

. - : . N

123

. ;. ’
e

l1, I2 — deck girder span, in m, spe-

FHE-Rapaintes BEC Hepe-roposass - from
bulkhead to end hatch beamaexirresore

TSRS E A
I — end hatch beam spansperissi-

HHeBOFO—JHOKOBOFe—6iMea In the section

of the hatch openingwa—aims—BHPi3Y
FHOKR, M,
I”— end hatch beam span, in m,

HpoFH—KHHeBOFO—HOKOBOFO—bived—BHt
GopTy-o—Kapsirrea,—mirom side to deck
girder;

I _

xapainreamoment of inertia of deck

girder, em*in cm*;
IG— moment of inertia of end hatch

Fo—Gives Ha - tstsHEHE BHPY cHoxain the
section of the opening, ex*in cm*;
W, W —  required _under

Rules for roi—meo—BHMaracrbes—HHMH
e = Lihoienennd =
mMenrH—onopy—kopryeyand actual hull
section modulus asswamsyeufor deck sri-
sro—sunder 145 +—and 1.4.7
Biﬂﬁeﬁiﬂﬁﬁﬁwy'

I — moment of inertia of end hatch

beam moverFAHCPHITKIHHCBOFO—HOKO-
Bore-6iMea-in the section Ha—AiAsHH-BiA

Gopryfrom side me—sHpisy—soxato hatch
opening, ex*in cm*;
Iy — moment of inertia of memens

these

fH%pHH—HGSﬂGB%K—}H:GFG—KGMH{FGa
sroxalongitudinal hatch coaming, that is

both a deck QIrderﬂi&eeﬂﬁeqaeHe—l—Ieap—
sreoM, em'in cm?,
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|
o | x
! /Ig I

ITinepc

l{ Lo lﬁ

PueFig. 2.6.1.2

2.6.2 ConstructionKexerpyicsist.
2.6.2.1 In tankers 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 transversesHa—amsBHmx—eyAHax

ropant.

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 Hesua—6yrH—3abesnedera
O e S e S R e

. & e . .
i -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 qgreater face plate
thickness3eaarntsRogeriBKapIHHFeiB—
FoBHHHa—HKHX—HOBHHHIa—AOPIBHHOBATH

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




Part /7. Hull 125
corners shall be well rounded in the 6y hpHBapeHiAo-BibHOFO-HOfCKEPa-
transverse directionY—yrax—HokiB,po3-  MHOFO—OiMea;,—cTHIKH - BiAbHOFO—HOsCKa
TAHIOBAHHX —Ha PO3PaxyHKoBit Radydh  Kapainrea.
e o g . . —AE S
Y HOKPS P35 o ;
) . 15 oHe 5 ) A . i
FHORA R R o B e —8vTH 2.6.2.5 In the case of connection of

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

StlffenerSKapﬁﬂ—I-FeHﬂaM{H—@l—MGH—B—kﬁe—

deck longitudinals  to  transverse
bulkheads, the effective sectional area of
the longitudinals shall be
maintained3'easans—HO3AOBKHX—FHA-
R B e S S R S s
PO SR e R e B e

3A3HAUCHHX-0a10K,

2.6.2.6 In tankers with two effective
longitudinal bulkheads, provision shall be
made for a wash plate at the centrelineHa

2.6.3 Deck loading.
2.6.3.1 The design pressure on the

weather deck PespaxyoBrmTFHeKkoMHa
BEpXHi—BiAKpHT—HamyoH—IS  a  wave
pressure %@mpw BiAHOBIA-
go-#o-as defined in 1.3.2.2.

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 pressureHss—Bepxiix
B-lﬂ*pimHaﬂ-yé,—iHﬂ—Hpﬂaﬂ-a‘{e{H—ﬂﬂﬂ

o ’ :

ps, determined by

For weather decks intended to carry
timber and coke, the value of Asssepx-
A e e et | I
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Formula (1.3.4.1) shall be taken equal to
0,7 times the stowage height of timber

and coke on decks—gpopmyai—-3-4-H

B T
o -

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 longi
tudinals, the design pressure value shall

be suitably Increasedﬂﬂﬂ—}HﬁK—HﬂkH-aﬂyé—l

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

aromy—Ae6yror—hpscg shall not be less
than 3,5 KPamomtHHHHI-GYFH—HC—VCHIHES
3 54cHa.
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: Hss—rmas-

p =15h,,xHainkPa (2.6.3.2)

#e-where h, — vertical distance, in m, from
deck (platform) plating to air pipe topsirerass—Ho
— ; i

. Cany6H M.

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 withPespaxyi-
R e S e e e e
HaHeH A ——HCPeBe3CH Pt
HiHL—BHSHaYacTbeA—BIAHOBIAHO—HAO
1.3.4.2.

2.6.4 Scantlings of deck
members j PEYS S
26.4.1 Thickness of deck

Plating o HE HE R O,

.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 Feprura—HacTHAY-PO3PaXy—
Bﬁpi%iﬁ%—ypﬁ?&}%ﬁﬂﬂﬂM—HG%ﬂ-@Bﬁ(—HiHiﬂ—
Ay S HI—BaT0K—OCHORHOFO——PANHOFO
RO O S B R O S S e
JaHHTHeooxiAHorosriAne—3—1.4.50-

SR O R S R SO SR S e

The adopted thickness of strength
deck plating within midship region shall
be in accordance with the requirements
for buckling strength (refer to Hpwitrstra

: . ;
HOBHHHA 3adA0BOAGIEITH BHMO3+-CTHAKOCTT
G8:1.6.5).

2 In the end portions withinB—xis-
Hepux—vacrHHaxBMexkax 0,1L BiaHece-
BOTO 1 KOPMOBOLO Hepher ik vaspisfrom
F.P. and A.P. of ships of 65 meters and
more

EICH—IepAIHO—65——i
ST HA—HORCPCHHOTO—HACHePBY
peapa*ylﬂeeﬁei—ﬁaﬂyéﬂdesmn deck cross

section Fi, em?in cm?, shall not be less
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than determined by Formulameswia  priHa—HanyoHORO—CTPHIFFEpa—BEePXHbOT
B e T e e e
MYHOTO PSRRI e ms B e

F1 = 4Bsmin, (2.6.4.1.2) b =5L + 800 < 1800, (2.6.4.1.5)
,;egv:ezrﬂ smin — zus—rabarefer to- Table  gnd the thickness of stringer plate shall

.3 If the engine room is located aft,

not be less than that of side shell plating

(sheerstrake)a—soBttia—HamyoHOre

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 openingHp#—«eprmoBomy—peosra-

A4 |If the distance from the fore edge
of casing opening to the poop
(deckhouse) front is less than the width

e

6 omrmme—mee e
masy6 The thickness of deck plating #
mrardopmand platforms in a way y—pai-
otH—tereprol tanks AeRHHA—RH3HAT -
sres—steshall be determined —Asso6ums-
x—neperopoaexas for bulkhead plating,
HO—— O8N RO —— e reprHTOrming

boundaries of tanks (mms-refer to 2.7.4.1).
However, it shall not be less than Hp#

necessary for appropriate deck platingse-
HyOH. _

2.6.4.2 In any case, the thickness of
the decks and platforms plating shall not

of the opening, additional strengthening

be less than specified in Table 2.6.4.2¥%

of deck may be required in this

region S—I&Hie—ﬁeeeﬂa—lepemea—mfpﬁy—m-

.5 If the thickness of strength deck

S B S RS e B

The thickness of plating Tesusa

FHCTHBHACTH Y+ KOHCT-PyKTHBHHAX e~
smenriB—ramydand structural deck ele-

ments  Smin, ™Min___mm, (including

plating is taken less than the side plating

perforateds—remy—mtei—Hepdopopatix)

thickness, a deck stringer plate shall be

providedstico-FoBHtHHAHACTHAY-PO3Pa-
- 616

TR DI S S e s B e

e S e S e

2 2 . The
width b, in mm, of the strength deck
stringer plate shall not be less thanFs-

TabuysTable 2.6.4.2

y-paitori-rerepain the way of tanks #e-
prHHa—6yrH—He—wmermeshall not be less

than

Smin = 0,03'— + 4,5, (2642)

6,0 S Smin S 7,5
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Smin, MM
Hamsfan mik-6eprombetween the side + Terop aT T T E
mrarpopmDeck and | sirero-Benmux-Bupisisand line supizisin the middle of large
platforma of large openings! openings line iB-kiHeBHxHae-
riaxand in end portions
B
mary6aStrength deck:
saerto-for L < 80 0,055L + 3,8 0,055L + 3.3
forswme L > 80 0,04L +5,0 0,015L + 6,5
Hpyra—maamxy6aSecond
deck:
forsame L < 80 0,055L + 3.3 0,04L + 3,5
for smare-L > 80 0,015L + 6.5 0,015L +5,5
B
$opmuThird deck and
platforms:
forsseme L < 80 0,04L + 3,5
forswme L > 80 0,015L +5,5
HpuwmizraNote. HFpr——posvipax——tHariWith scantling of spacings

more/lesséipiix/merrmx, than normal spacingsisk-Hepmanbta—traris, specified thicknesses of deck

platingsas
proportionally to the adopted spacing ratio to
ao.

Smin mosuurishall/mexyrs—may 6yss—be changed

s nanuprr—eyaen—Oor tankers— naermsnanyouB-paiteni-ramcndeck plating in the way of

tanks.

2.6.4.3 For ships with L<65 m in the
midship region the cross section area of
the longitudinals of design deck Fo, in
cm?, is not to be less than determined by
the Formula

Fo = Bsmin (1,4 + 0,06L) ci1Com, (2.6.4.3-1)

where Smin — minimum thickness of deck
plating at the ands of the ships which determined
by the formula

Smin = 0,055L + 3,3;

o =1+ o,ozzﬁ(L —12] :

D
02:1+12[9—0,06J.
L
Where transverse framing is fitted the

thickness of design deck plating in the
midship region s for ships with L<65 m

is not to be less than determined by the
formula

1000a Fo
(90-0,35L)n V F

where Fo — required, in accordance with For-
mula (2.6.4.3-1) cross sectional area where n = 1,
in cm?;

F — actual cross sectional area of longitudi-
nals of design deck, in cm?,

. (2.6.4.3-2)

2.6.4.4 The section modulus of
cross section area of underdeck longi-
tudinals is not to be less than determined
in accordance with 1.6.4.1 taking:

p — in accordance with 2.6.3;

m=12;

ks — factor which equal:

for design
ks =0,2 + Xx4/L,

deck
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where x1 — distance, in m, between middle of
frame span and midship; for xi/L <0,2 the value
xi/L is to be equal to 0,2; for xi/L > 0,4 the value
x1/L is to be equal to 0,4;

for second deck and other lower
decks and platforms k; = 0,6.

Buckling strength of longitudinals of
design deck in the midship region is to be
in accordance withl1.6.5.

2.6.4.5 Where transverse framing of
decks and platforms is fitted the action
modulus of beams is not to be less than
determined according to 1.6.4.1 taking:

p — in accordance with 2.6.3;

m = 10;

ks =0,7.

Where transverse framing is fitted
the moment of inertia ip, in cm?, of « the
midship region for ships with L>65 m is

not to be less than
3 2
. S 4 A -3
i-=376|—| 1"p———-107°,
; (a] A 158
(2.6.4.5)
where | — beam span, in m;

¢ =1for o.<0,5Ren;

0= 100, (1,13_00] for oc > 0,5ReH;
31R,, Ren

% = 2 (a)z,
¢ \ S
but not more than 1,0;
o — compression determined in accordance
with 1.6.5.1;

s — accepted thickness, in mm, of design
deck plating.

2.6.4.6 The scantling of deck trans-
verses are to satisfy the following re-
guirements:

.1 For dry cargo ships where longi-
tudinal framing of deck is used the sec-
tion modulus of cross section of deck
transverse is not to be less than deter-
mined in accordance with 1.6.4.1 taking:

p — in accordance with 2.6.3;

m = 10;

ks=0,7.

.2 or tankers the section modulus of
cross section W, in cm?®, of deck trans-
verse in the central tank (where wash
plate in the central line is fitted) is not to
be less than determined in accordance
with 1.6.4.1 taking:

Q=paL;, =By

m = 40 — where four and less beams
are fitted in the tank;

m =35 — where more than four beams
are fitted in the tank;

ke =0,5;
p — in accordance with 2.6 3;

.3 In wing tanks of tankers and in
underdeck tanks of ships for bulk cargoes
the section modulus of cross section of
deck transverse is not to be less than de-
termined in accordance with 1.6.4.1 tak-

ing:
p — in accordance with 2.6.3;
m=12;
ks =0,5.

4 of deck transverse of dry cargo
ships with the deduction of openings, is
not to be less than determined by the
Formula (1.6.4.3) where

Nmax = 0,73pal; k.=0,8;

p — in accordance with 2.6.3.

.5 Where longitudinal framing is
used the moment of inertia Iy, in cm?, of
deck transverses of design deck in the
midship region is not to be less than de-
termined by the Formula

N1, a2
l.=076/ - | —ip—"——.
0 (cj a A 15t

(2.6.4.6.5)

Where I, ¢ — in accordance with 2.6.4.5;
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¢ — distance, in m, between deck transverses;

a1 — distance, in m, between underdeck lon-
gitudinals;

i — actual moment, in cm 4 of inertia of un-
derdeck longitudinals with effective flange;

- o, (f +10sa)c*
203ip

but not more than 1,0,
where o — compression determined in ac-
cordance with 1.6.5.1;

f — section area of inertia of underdeck longi-

tudinals without effective flange, in cm?;
s — thickness, in mm, of design deck plating.

2.6.4.7 Deck girders and hatch end
coamings are to satisfy following re-
guirements:

.1 The section modulus W, in cm®, of
deck girders is not to be less than mtined
in accordance with 1.6.4.1 taking:

Q=pal, 1=l

p — in accordance with 2.6.3;

az — deck breadth, in m, (including
loads hatch), supported by deck and
measured in the section on the distance
(I + lo + 1) /2 from bulkhead, in m;

ke = 0,6 10,7 — or the deck girder of
design and deck and lower decks respec-

tively;
m — factor which determined in
accordance with Table 2.6.4.7.1-1

depending on design plan of grillage
(refer to Fig. 2.6.1.2) and on parameter of
comparative buckling strength o, as well
as on ratio of spans li/ly (for 11 = I, the
greatest value of deck girder span I, or I,
is to be taken);

6 3
)
I0 Il

Table 2.6.4.7.1-1

there the pillars are fitted in the
points of crossing of hatch end beam and
deck girder o = 0;

k — actor determined in accordance
with Table 2.6.4.7.1-2 depending on the
accepted structure.

Outside the region of load hatches
the section modulus of deck girder is
determined in accordance with 1.6.4.1
where m = 12, ks = 0,6 1 0,7 for deck
girder of design and and lower deck
respectively. During the setting of scant-
ling of deck girder the following condi-
tions is to be carried out:

The web height is not to be less than
0,05 of deck girder span in the ship with
length of 80m and greater and not less
than 0,04 of deck girder span in the ship
with length of 65 m and less. Intermedi-
ate values are determined by liner inter-
polation;

web thickness s, in mm, is not to be
less than

s=0,01h; + 5, (2.6.4.7.1)

where hc — accepted web height, in mm.

For ships of length less than 30 m
the web thickness may not 'be greater
than deck plating. The webs of deck
girders are to be strengthened by
stiffeners in accordance with 1.7.3.2.

In midship region of ships with
length 65 m and greater buckling strength
of deck girders webs are to be checked in
accordance with 1.6.5.

l1/lo

m where o equal to,

0 |[005]010 | 025 | 050 | 1,00 | 1,50 | 2,00 | 250 | 3,00
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0,2 13,14 | 13,32 | 13,50 | 13,97 | 14,67

15,79 | 15,40 | 14,87 | 14,49 | 14,20

04 | 13,95 | 14,54 | 15,15 | 15,09 | 13,23

11,32 110,35 | 9,77 | 938 | 9,10

0,6 14,08 | 15,38 | 15,27 | 12,54 | 10,21

822 | 732 | 681 | 648 | 6,25

N ote. The linear interpolation is possible for the intermediate values o.

Table 2.6.4.7.1-2

Deck Hatch beam structure

kwhere 17 /1, equal to
0,25 0,50 0,75

without pillars

0,139 | 0,640 | 1,626

uppermost deck

pillar in the centre line

0,033 | 0,065 | 0,098

without pillars

0,022 | 0,150 | 0,478

lower deck and platforms

pillar in the centre line

0,009 | 0,031 | 0,053

Note. The linear interpolation is possible for the intermediate values of |16 / |06 .

.2 The section modulus of the hatch
side coamings is to be greater than neces-
sary one in accordance with 2.6.4.7.1 by
20 per cent.

The thickness of vertical plate of
uppermost deck hatch coamings s is not
to be less than

for dry cargo ships with length less than
30m

s=0,2L +3, (2.6.4.7.2)

but it is to be greater than thickness of
deck plating at least by 1mm;

for dry cargo ships with length 65 m
and greater s = 11mm.

For ships with intermediate length
the thicknesses is to be determined by
linear interpolation.

The webs of the hatch side coamings
are to be strengthened by stiffeners in
accordance with 1.7.3.2.

In. midship region of ships with
length 65 m and greater buckling strength
of the hatch side coamings webs are to be
checked in accordance with 1.6.5.

.3 If the side coamings of strength
deck hatches terminate in brackets, the

length I, in m, of these brackets on the
deck is to be:

Ic > 1,50h, where Ren =390 MIla,

where he — height of coamings above deck,
nm.

For the intermediate values of Ren
the bracket length is to be determined
by linear interpolation.

4 If containers or other cargo are
stowed on cargo hatch covers, the
scantlings of stiffeners for vertical
coamings plates are to be so chosen as
to consider both the horizontal and ver-
tical components of inertia forces act-
ing upon the stiffeners in the event of
rolling.

.5 In the tankers (where two longi-
tudinal bulkheads are fitted) wash plate
is to be fitted in the centre line. The
height of wash plate is not less than
two heights of deck transverses and the
thickness is not to be less than that of
deck transverse web.

Along the free edge, the wash
plate is to be strengthened with a face
plate the sectional area of which is not
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to be less than that of the deck transverse
face plate.

.6 The section modulus of strength-
ened underdeck longitudinals (when they
are fitted in wings and central tanks of
tankers) is not to be less than 0,9 of the
value of deck transverse section modulus.

2.6.4.8 The section modulus W, in
cm?®, of the hatch ends beams is not to be
less than determined in accordance with
16.4.1

m — factor which determined in
accordance with Table 2.6.4.8;

ks =0,7;

p — in accordance with 2.6.3;

as — deck breadth, in m, supported
by deck girders in the line of the

hatch ends beams.

where the pillars are fitted in the
points of crossing of hatch end beam
and deck girder the section modulus of
the hatch ends beams is to be deter-
mined in accordance with 2.6.4.6.1.

Q=pas(li +lo); 1=17;
Table 2.6.4.8
6,16
Deck Hatch beam structure 1717 m where | /1;’, equal to
0,25 0,50 0,75
without pillars 1,0 3,1 3,1 3,1
50 4,9 6,2 7,2
10,0 7,1 10,2 12,4
uppermost 15,0 9,3 14,0 17,5
deck pillar in the centre line 1,0 3,0 438 5,6
5,0 7,7 19,1 31,7
10,0 13,6 355 60,5
15,0 19,6 52,4 89,3
without pillars 1,00 51 6,5 8,2
1,25 6,0 7,0 9,3
lower deck and 1,50 6,5 8,8 10,0
platforms pillar in the centre line 1,00 6,3 7,9 10,5
1,25 6,9 8,3 12,1
1,50 74 10,0 13,7

N ote. The linear interpolation is possible for the intermediate values of Ig / If .

2.6.4.9 The section modulus of deck
girder is to be increased in case when
deck pillars which are located above are
not fitted over each other.

In this case the wvalue p in
accordance with 2.6.4.7.1 is added to the
value Ap, is to determined by the Formu-
la

Ap = kP/'oaz, (2649)

where k = 1,151 1,65 — if pillar is fitted not

further than 1/8 of deck girder span from its bear-
ing in the length and within 1/4 and 1/2 of the deck
girder span respectively;
k is determined by linear interpolation for interme-
diate pillar;

P — pillar load, kN, in accordance with
2.9.3.1.

2.6.4.10 Structural members of deck
framing which bound tanks (load and
ballast) of tankers and holds which can

be filled up by water ballast are not to
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have thickness less than determined by
the Formula (2.3.4.2.8). In this case min-
imum thickness of beams webs and un-
derdeck longitudinals may not to be
greater than 11,5 mm.

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 ar-
ranged in the fore-and-aft direction with
their greater side. Otherwise, the corner
design of openings will be subject to spe-
cial consideration by the Register.

.1 For the strength deck within 0,6L

amidships, if L>65 m, and 0,5L, if 40 <
65 m, the corner radii of openings in
cargo hatches and engine and boiler
casings shall comply with the following
requirements:
If adjacent and continuous in-line ar-
ranged openings are on the distance ¢
from each other which is not greater than
scantling determined by the Formula

£ __ j . (265.1.1-1)

c -BE[ 2
" "1,\Vb/B

where b, 11 — breadth and length of opening,

inm,
radius of rounding r, in m, along the
circumferential arc with is not to be less
than determined by the Formula
r=0,1cW/W.> . (2.6.5.1.1-2)
If the corners of adjacent openings
are strengthened by thickened insert
plates scantling of which are complied to

Fig. 2.6.5.1.1 radius of rounding is not to
be less than determined by the Formula

r=0,07cW/W,". (2.6.5.1.1-3)
When the corners are rounded along
the elliptical arc with the ratio of the
length of longitudinal half-axis to the
length of transverse half-axis being equal
to 2, the following condition are to com-
plied
n>0,05cW/W,". (2.6.5.1.1-4)
Where the distance between
transverse edges of adjacent openings are

greater than value of co the openings are
separated.

For the corners of separated open-
ings radius of rounding is to be deter-
mined from the condition

r>0,1bW/W,". (2.6.5.1.1-5)

If the corners of separated openings
are strengthened by thickened insert
plates radius of rounding is not to be less
than determined by the Formula

r=0,07bW/W,. (2.6.5.1.1-6)

Pauox C

|

PauoH A

> 1,257
>1,8r //
.

230r

L

Fig. 2.6.5.1.1
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When the corners are rounded along
the elliptical arc the scantling of trans-
verse half-axis are to comply the follow-
ing condition.

n > 0,05bW/W.} . (2.6.5.1.1-7)

The corners of fore (respectively af-
ter) edges of end openings from adjacent
openings of load hatches are considered
as corners of separated openings.

If 40 <L <65m instead of ratio of

W/W,? the ratio of Fo/F is to be accepted

(refer to 2.6.4.3).

If L< 40 m as well as within
| <0,2L, the scantlings of rounding are to
be determined in accordance with
2.6.5.1.2.

In any case the corner radii of deck
openings may not be accepted greater
than 0,04 B.

.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 1.1.3.5, 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.

.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).

4 In the 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.

| T 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 butt joint of the deck
plating.

.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;.
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15°
:
/é_ 2 >
<
e
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$>13s

Fig.2.6.5.1.5

.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 2.6.4.2.

The thickness Smin is
permitted in way of transverse edges of
isolated openings in the area shown in
Fig. 2.6.5.1.6.

Puc.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.

.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 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
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opening. The aforesaid distance shall not
be less than 75 mm..

The corners of rectangular openings
shall be rounded with a radius.

In general, rmin = 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.

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 on the open decks of superstructures

within ~ 0,25L  from the forward
perpendicular shall not be less than

s =0,01di + 5, (2.6.5.2)
where di — 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, A-R2, R2-S, R2-RS, A-
R2-S, A-R2-RS, B-R3-S, B-R3-RS, C-
R3-S, C-R3-RS, R3-S, R3-RS, R3, R3-
IN, D-R3-S, D-R3-RS less than 24 m in
length, the thickness s, in mm, of
ventilator coamings shall not be less
than:

s =0,01d + 4;
S= Spal + 1,
where d — internal diameter or length of the

greater side of a coaming section, in mm;
Smax — 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 per
cent as compared to that required for

coamings on freeboard deck and raised
guarter 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 Il "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.

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.

2.7.1.2 Definitions and symbols.

.1 Definitions:

Tight bulkhead is a bulkhead
proof against water and other liquids.

Cofferdam bulkhead
bulkhead having two parallel

is a
tight
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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.

Watertight (emergency)
bulkhead — a bulkhead restricting the
flow of water through ship spaces in the
case of emergency.

Tank/cargo tank bulkhead
is a bulkhead bounding a ballast, fuel or
other tank, as well as a cargo tank of
tanker.

Wash bulkhead is a bulkhead
with  openings, fitted inside a
compartment in order to reduce impact
pressure due to the movement of liquid
therein.

Partial bulkhead - is a
bulkhead fitted in a compartment or part
thereof, which shall ensure additional
support for deck structures.

.2 Symbols:

Zy — distance, in m, measured in the
centre line from design load application
point to its upper level;

The upper level of loading is:

Table 2.7.1.3

bulkhead deck for watertight bulk-
heads and propeller shaft tunnel; upper
edge of forepeak bulkhead for forepeak
bulkhead; top of the tank (deck which
bound the tank) - for the tank bulkheads
(load tanks of tankers);

I. — the vertical web length, in m,
measured between inner edges of floors
or web beams;

I, — the horizontal girder length, in
m, measured between inner edges of deep
frames or horizontal girders;

I. — the moment of inertia of vertical
web, in cm*;

Ih — the moment of inertia of hori-
zontal girder, in cm*.

2.7.1.3 The total number of
transverse watertight bulkheads,
including fore and after peak bulkheads,
shall not be 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”.

Length of the ship, in

Total number of bulkheads

m Machinery amidships

Machinery aft?

Up to 65 4

3

65 to 85

85" 105

105" 125

125" 145

145" 165

O o|N|o|0|~

165" 185

0| N|O|O|O A~
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Length of the ship, in

Total number of bulkheads

m Machinery amidships |

Machinery aft?

Above 185

On agreement with the Register

1 With after peak bulkhead forming after boundary of the engine room.

In special cases, a reduction in
number of bulkheads may be permitted
by the Register.

In this case, two adjacent watertight
bulkheads shall be spaced not more than
30 m apart. Increase of this distance shall
be a matter of the special consideration of
the Register in each case.

All  the transverse  watertight
bulkheads located between fore and after
peak bulkheads shall generally be carried
to the freeboard deck.

2.7.1.4 Peak and engine room
bulkheads, shaft tunnels shall also
comply with the requirements 1.1.6.1,
1.1.6.20r1.1.6.3.

2.7.1.5 Compartments intended for
the carriage of liquid cargoes and ballast,
for which 1>0,13L and/or b>0,6B (I
and b are the length and breadth, in m, of
a compartment, as measured in the
middle of its height), are subject to
special consideration by the Register.

Where the tank’s length is more than
0,1L or 15 m, whichever is greater, wash
bulkhead is to be fitted in the middle of
tank’s length.

Where the tank’s length and/or or
breadth more than 9 m wash
longitudinals and/or transverse bulkheads
(plates) are to be fitted.

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.

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.
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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.

2.7.2.5 Shaft tunnel stiffeners ends
are to be attached by brackets in a way
similar to attachment of watertight and
tanks bulkheads stiffeners.

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=az, (27.3.1)

where oa = 10 for
structure;

o = 7,5 elsewher.

Zy, — 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

forepeak bulkhead
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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.

bulkheads of tanks shall be
additionally tested for design pressure,
corresponding to the pressure up to the
tank top and test pressure according to
Appendix 1.

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 pmin = 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 ks — refer to Table2.7.4.1.

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 min length or below, by 1 mm. For
intermediate ship lengths, the reduction
in thickness shall be determined by linear

interpolation.

Table 2.7.4.1
Bulkheads Ko

Watertight (emergency) 0,85
Fore peak 0,60
Tank/cargo tank and ballast water| 0,80
tank bukhead
Bulkheads of the tanks where the
pressure is:

up to the top of overflow 0,90

To the top of tank 0,50
Bulkheads of the holds of bulk car- | 0,70
rier ship

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 Smin, 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)

Where L > 150 m, L shall be taken
equal to 150 m. The thickness of bottom
plates of bulkheads shall exceed the
above value specified in 2.7.4.1-1 by 1
mm, but shall not be less than 6 mm.

For tank bulkheads (except
lubricating oil tanks), the thicknes Smin, 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 <Smin < 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,
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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

bulkheads shall not be less than
stipulated under 1.6.4.1 taking:

p — as defined in 2.7.3;

ks— as obtained from Table 2.7.4.2;

m — factor equal to:

21 for vertical webs and horizontal
stiffeners whose ends are attached by the
brackets;

13 for vertical webs and stiffeners
whose ends are extended without cutting
through supporting structure (web, deck
and bulkhead) or welded thereto (brack-
ets are not fitted). As well as for the stiff-
eners whose ends are fitted by brackets
and extended along the stiffener from
each side from support less than 1/12 of
stiffener span;

10 — for vertical webs and stiffeners

whose ends sniped at end.

vertical and horizontal stiffeners of
Table 2.7.4.2
Bulkheads and primary members Ko
Watertight (emergency)* 0,85
Fore peak bulkhead 0,65

Tank / cargo tank , ballast water tank,bulk cargo tanks bulkhead:

horizontal stiffeners of longitudinal bulkheads in the midship region within 0,15 | 0,75
D from deck and bottom

others horizontal stiffeners of longitudinal bulkheads as well as vertical webs of | 0,80
longitudinal and transverse bulkheads
Bulkheads of the tanks® where the pressure is:

up to the top o overflow 0,80

to the top of tank 0,45

1 Vertical webs and horizontal stiffeners.

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.

The scantlings of the brackets
measured from lower or upper ends of
vertical webs, from the end of the hori-
zontal stiffener are not to be less than

determined by the Formula (1.7.2.2), tak-
ing n equal to:

2,0 and 2,2 for the brackets in a way
of lower or upper ends of vertical webs;

1,6 for the bracket of horizontal
stiffener.

The extending of lower bracket
along the vertical web is not to be less
than the 1/2 of vertical web span. For the
brackets of bulkheads vertical webs of
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tanks with horizontal stiffeners stated
size is not to be less than the 1/7 of ver-
tical web span.

2.7.4.3 The section modulus and
cross section area of web (with the ex-
ception of opening) of bulkheads deep
members taking in to account web
which suit to the plans in the Fig.
2.7.4.3-1 - 2.7.4.3-4 are not to be less
than determined in according with
1.6.4.1 and 1.6.4.3 respectively taking:

Nmax = npal kN;

p —as defined in 2.7.3;

m, n — in accordance with Table
2.7.4.3-1 - 2.7.4.3-5 depending on pa-
rameter of strength

I

3
| ) .
W= I_CLI_F] , for the intermediate

r Cc

values of p the linear interpolation is
permitted;

Table 2.7.4.3-1

Koy Ke —
2.7.4.3-1;

a — the breadth, in m, of section of
bulkhead supported by the considered
member of deep framing;

| = |.— for the vertical web;

| = I, — for the horizontal stiffener
(refer to 2.7.1.3).

The members of deep framing of
bulkheads of structural plans which are
different from stated in Table 2.7.4.3-1 -
2.7.4.3-5 are to be determined by the di-
rect calculation.

2.7.4.4 Profile height of wvertical
webs and horizontal girders of watertight
(emergency) bulkheads is not to be less
than /10 of the their span length.

Profile height of vertical webs and
horizontal girders of tank bulkheads is
not to be less than 1/8 of their span
length.

in accordance with Table

Bulkheads and primary members Ko m K+ n
Watertight (emergency) 0,85 21 0,70 0,5
Fore peak bulkhead 0,65 21 0,55 0,5
Of tank / cargo tank , ballast water tank trans-
verse bulkheads

for vertical webs 0,60 inac- 0,90 in accord-
cordance .
. ance with
with Ta- Table
of horizontal girder in centre tank 0,35 ble 0,60
2.7.4.3-2—
2.7.4.3-2— 27434
2.7.4.3-4 T
of horizontal girder in wing tank 0,35 50 0,60 0,5
of tanks 12 0,65/0,50 21 0,55/0,40 0,5
of holds for bulk cargoes?® 0,60 21 0,50 0,5

1 Vertical webs and horizontal stiffeners.

2 In the numerator - where the pressure is up to the top o overflow, in the denominator where the

pressure is to the top of tank for factor of ks and k.

Table 2.7.4.3-2
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Parameter of rigidity p
Structure 1 > 3 4 5 6 7 8 9
Vertical web 348 | 285 | 222 | 209 | 19,1 | 185 | 185 | 18,3 | 18,1
0,115 0,145 0,180 | 0,204 | 0,204 | 0,215 | 0,215 | 0,219 | 0,222
Horizontal girder 52,6 | 620 | 714 | 812 | 90,9 | 90,9 | 90,9 | 90,9 | 90,9
0,219 10,187 | 0,154 | 0,142 | 0,130 | 0,125 | 0,119 | 0,116 | 0,112
Notes: 1. Inthe numerator — factor m, in the denominator —n
2. For the intermediate values of p linear interpolation is permitted.
Table 2.7.4.3-3
Structure Parameter of rigidity u
1 2 3 4 5 6 7 8 9
Vertical web 357 | 244 | 225 | 208 | 196 | 189 | 185 | 18,2 | 17,9
0,245 | 0,335 | 0,390 | 0,427 | 0,452 | 0,470 | 0,482 | 0,490 | 0,495
First horizontal girder | 455 | 625 | 76,9 | 89,3 | 93,5 | 98,0 | 100,0 | 105,2 | 1111
0,275 0,235 | 0,210 | 0,190 | 0,175 | 0,170 | 0,162 | 0,155 | 0,150
Second horizontal 476 | 645 | 83,3 | 95,2 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0
girder 0,260 | 0,220 | 0,195 | 0,180 | 0,165 | 0,160 | 0,155 | 0,150 | 0,145
Notes: 1. Inthe numerator — factor m, in the denominator — n
2. For the intermediate values of p linear interpolation is permitted.
Tabauys 2.7.4.3-4
. Parameter of rigidity p
Koncrpyxuis 1 2 3 4 5 6 7 8 9
Vertical web 50,0 | 31,8 | 270 | 244 | 225 | 213 | 20,4 | 19,9 | 196
0,225 | 0,320 | 0,370 | 0,405 | 0,435 | 0,455 | 0,470 | 0,480 | 0,490
First horizontal girder | 435 | 54,0 | 645 | 690 | 74,1 | 758 | 76,9 | 80,0 | 83,3
0,270 | 0,230 | 0,205 | 0,190 | 0,180 | 0,175 | 0,165 | 0,160 | 0,160
Second horizontal 35,7 | 465 | 56,8 | 625 | 69,0 | 73,5 | 76,9 | 80,0 | 83,3
girder 0,305 | 0,260 | 0,230 | 0,212 | 0,200 | 0,190 | 0,180 | 0,175 | 0,170
Third horizontal girder | 51,3 | 66,7 | 76,9 | 83,3 | 87,0 | 90,9 | 90,9 | 952 | 95,2
0,260 | 0,220 | 0,200 | 0,185 | 0,175 | 0,167 | 0,160 | 0,155 | 0,152
Notes: 1. Inthe numerator — factor m, in the denominator —n
2. For the intermediate values of p linear interpolation is permitted.
Table 2.7.4.3-5
Parameter of rigidity p
Structure 1 > 3 4 5 5 7 3 9
1 2 3 4 5 6 7 8 9 10
Vertical web 690 | 435 | 339 | 303 | 278 | 28,0 | 240 | 341 | 235
0,205 | 0,295 | 0,345 | 0,380 | 0,410 | 0,430 | 0,445 | 0,455 | 0,465
First horizontal girder | 57,1 | 66,7 | 74,1 | 80,0 | 83,3 | 84,0 | 84,7 | 84,7 | 87,0
0,240 | 0,210 | 0,190 | 0,175 | 0,170 | 0,160 | 0,155 | 0,151 | 0,150
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Second horizontal 375 | 476 | 57,1 | 66,7 | 74,1 | 80,0 | 83,3 | 90,9 | 90,9
girder 0,310 | 0,265 | 0,235 | 0,215 | 0,205 | 0,195 | 0,190 | 0,182 | 0,175

Third horizontal girder | 37,5 | 47,6 | 57,1
0,315 | 0,270 | 0,245

66,7 | 741 | 80,0 | 833 | 909 | 90.9
0,225 0,210 0,195 | 0,190 | 0,180 | 0,175

4-a ropU30OHTANIbHA 500 | 625 | 74,1 | 833 | 870 | 909 | 90,9 | 93,5 | 935
pama 0,250 | 0,220 | 0,200 | 0,185 | 0,180 | 0,165 | 0,155 | 0,152 | 0,150

N otes: 1. Inthe numerator — factor m, in the denominator —n
2. For the intermediate values of p linear interpolation is permitted.

2

Ze

Fig.2.7.4.3-1. Plan of the grillage with
one horizontal girder:
1 — horizontal girder; 2 — deck;
3 — wertical web; 4 — bottom
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Fig.2.7.4. 3-2. Plan of the grillage with
two horizontal girders:
1 — many6a; 2 — first horizontal girder;
3 —second horizontal girder; 4 —bottom;
5 — wertical web

1 1
2
2
J
e J o
~ 4
w
4 5 .
W 5 [ 6
. L 1

Fig.2.7.4.3-3. Plan of the grillage with
three horizontal girders:
1 — deck; 2 —first horizontal girder;
3 —second horizontal girder; 4 — third hori-
zontal girder ; 5 — bottom; 6 — wertical web

Where the vertical web is fitted in
the centre line profile height of horizontal
girders of transverse bulkheads in the

Fig.2.7.4.3-4. Plan of the grillage with
three horizontal girders:
1 — deck; 2 — first horizontal girder;
3 —second horizontal girder; 4 — third hori-
zontal girder; 5 — fourth horizontal girder;
6 — bottom; 7 — wertical web

load tanks is not to be less than I/10 of
the horizontal girders span length.
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Profile height of vertical webs may
be variable decreasing in a way of upper
end and increasing in a way of lower end.
This change may be up to 10 per cent of
the mid-height of vertical web.

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. | f 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 0,1-D, but need not
exceed 1,8 m.

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, Part V | "Fire
Protection”, 4.3.4, Part VI | "Machinery
Installations” and 13.7.5, 14.5.2, 17.3,
Part VII | "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 2.7.5.3, 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.

2.7.5.3 The scantling of the partial
bulkheads members is to comply the fol-
lowing requirements:

.1 The thickness of partial bulkhead
plating is not to be less than 7 mm in the
hold and 6 mm' in the 'tween deck spac-
es, but not greater than the thickness of
the adjacent watertight transverse bulk-
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heads, where the distance between prima-
ry members (stiffeners) are equa.

.2 Partial bulkhead stiffeners sup-
porting deck trans-verses and hatch end
beams are to be in accordance with the
requirements for relevant pillars (refer to
2.9).

.3 Where diametrical partial bulk-
heads may be used for separating bulk
cargo, the scantlings of the stiffeners are
to comply with 3.3.

4 Under the last hatch beams as
well as under the last bulkheads of super-
structure two-sided stiffeners which at-
tached to deck and bottom by flanged
brackets or by other equal tool are to be
fitted.

2.7.5.4 In tankers the scantlings of
members of wash bulkheads and wash
plates are to comply with the following
additional requirements:

.1 In the wash bulkheads, the total
area of openings is not to be greater than
10 per cent of the bulkhead area as a
whole. The number and size of openings
in the top and bottom strakes should be
as small as possible.

The thickness and breadth of the top
and bottom plates of wash bulkheads are
to comply with the requirements for the
bulkhead plating of tanks.

The section modulus of framing
members of wash bulkheads (stiffeners,
bulkhead stringer, horizontal girders, ver-
tical webs) is not to be less than 50 per
cent of necessary for members of tank
bulkheads.

The ends of framing members are to
be attached by brackets (refer to 2.7.2.3).

.2 The height of wash plate meas-
ured" from the top of the tank is not to be
less the half of the tank height for fuel
tanks and not less than 1/3 of height for

other tanks. The thickness of the wash
plate is not to be less than the thickness
of upper face plate of bulkheads shell
plating which bound the tank. Along the
free edge of wash plate horizontal stiff-
ener or face plate are to be fitted. The
section modulus of the stiffener W, in
cm?, (face plate) is not to be less than
determined by the Formula

W = 3hl?,

where h — wash plate thickness, in m;
| — free span of plate, in m.

Wash plates are to be to be
stiffened by vertical or horizontal
stiffeners fitted not father than 0,75 from
each other.

2.7.5.5 In watertight bulkheads cor-
rugated structures may be used. The ar-
rangement of corrugations may be both
horizontal and vertical (refer to 1.6.4.5).

.1 The thickness of corrugations de-
termined in accordance with 1.6.4.5.

.2 The section modulus of corruga-
tion is not to be less than determined in
accordance with 2.7.4.2 where m = 13 for
non cutting corrugations and m = 10 for
corrugations which are cut on frame
members. In this case 1.6.4.5.3 should be
taken into account.

.3 Requirements to the web girders
of corrugated bulkheads are the same as
for plane bulkheads. In this case the low-
est cross sectional area of web girder is
taken as a calculation one and the breadth
of effective flange is to be taken in ac-
cordance with 1.6.3.6.

4 Attachment of corrugated bulk-
heads is to comply with the following
requirements:

In a way of attaching corrugated
bulkheads to the bottom and deck (for
horizontal corrugations) and to the ship

(2.7.5.4.2)



Part /1. Hull

147

sides and longitudinal bulkheads (for ver-
tical corrugations) transition plane sec-
tions are to be fitted, the thickness and
stiffening of which are to comply re-
quirements to plane bulkheads.

Attachment of corrugated bulkheads
ends is to be carried out directly by their
welding to double bottom plating (or bot-
tom plating), side plating, deck plating
etc. Attantion is to be paid to exclusion of
“hard spots” (refer to 1.7.1.4) in struc-
tures considered.

Requirements to attachment of cor-
rugated bulkheads of bulk cargo ships are
specified in 3.3.2.

2.7.5.6 The thickness of vertical
webs and plating of propeller shaft tunnel
is to be the same as for watertight bulk-
heads in accordance with 2.7.4.1.

If the top plating is well curved, the
thickness may be reduced by 10 per cent.

The recess of the shaft tunnel is to
comply the requirements to watertight
bulkheads in accordance with 2.7.4.1 and
beams to comply the requirements in
accordance with 2.6 and the section
modulus is not to be less than for
watertight bulkheads.

Under hatchways the thickened of
top plating is to comply the requirements
of 2.4.4.4.

The section modulus of vertical web
of propeller shaft tunnel is not to be less
than determined in accordance with
2.7.4.2 for the watertight vertical webs.

For the tunnels and passage which
pass trough the tanks the thickness of the
shell plating and profile of the vertical
webs are not to be less than necessary for
tank bulkheads (refer to 2.7.4.112.7.4.2).

2.8 FORE AND AFTER ENDS

2.8.1 General.

2.8.1.1 Requirements are given in
this Chapter for the following structures:
fore peak and bulb (if any);

bottom within 0,25L, aft of the fore
perpendicular;

side within 0,15L, aft of the fore
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 summer load
waterline.

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

Dt — minimum design draught, in m,
in way of forward perpendicular;

ax — angle, in deg., between a
vertical and the straight line connecting
the intersection points of summer load
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);

Bx — angle, in deg., between a
tangent to the waterline at vertical mid-
distance between the summer load
waterline and weather deck on forward
perpendicular, and a line parallel to the
centreline at a cross section within 0,05L
from the forward perpendicular (refer to
Fig. 2.8.1.2-2).
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Fig.2.8.1.2-1.
Determination of angle o,

2.8.2 Construction.

2.8.21 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.

2.8.2.2 Fore peak floors shall be
fitted at every frame. Their height shall
not be less than stipulated under 2.8.4.5.

| R
0,05L

0,01v,L

Puc.2.8.1.2-2.
Diagram for determining the angle Py
and the area (lined) to which the
move impact pressure is applied:

1 — open upper deck; 2 — impact
pressure area; 3 — water line for determining
the angle Bx; 4 — forward perpendicular; hx—
vertical distance between the loadline and the
open upper deck at forward perpendicular.

Floor webs shall be strengthened
with vertical stiffeners to be spaced not
more than 0,6 m apart.

A t 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
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which have the same width and thickness
as the floor face plates.

2.8.2.3 | f 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 summer
load waterline. Side stringers shall be so
fitted that the distance measured
vertically between them does 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.
A t 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 per cent 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..

If the forepeak is a tank, a
longitudinal wash bulkhaed or plate is to
be fitted in the centre plane.

In tanks within 0.15L from the
forward perpendicular (including the
forepeak tank), whose length exceeds
0.06L or 6 m, whichever is greater, a
transverse wash plate is to be fitted.

2.8.24 The bulb shall be
strengthened by platforms spaced not
more than 2 m apart. 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.

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
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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 1,1m 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. A n 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
1,1m. 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 0,25L,
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 If transverse 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
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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=1/4s.+ As uu s=0,05h,
whichever is the greater,,

where | — is the length of the free edge of stringer
between frames, in mm;

h — is the stringer depth, in mm;

Sc— the stringer web thickness, in mm, as de-
fined in 1.6.5;

As— value in mm, as obtained from 1.6.5.5.

In ships having the characteristic (vo

/\/E) >15 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.

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 /\/E) > 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 0,1L, 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
width exceeds 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
2.8.4.6. 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
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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).

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 Side stringers in fore and
after peak tanks shall be fitted with
flanged edge or face plate.

If peaks are used as tanks, fitting of
a wash bulkhead or plate is
recommended at the centreline.
2.8.2.15 In impact pressure area (refer to
2.8.3.2) in centre girder, stringers and
floors minimum number of openings are
to be provided.
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Where L > 80 the openings are to be
strengthened by member along the edge
or stiffening rib.

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 to 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 /\/E) > 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 ps., in kPa, shall be determined
by the formula

P= 5,56’102 (Pr (bx/B)(l'sdf/I_)><

x(1-Xa/lp)10°,  (2.8.3.2-1)
where C, = \/E for L <200 m;
=5 10-L/100) forL >200m;

c2=0,134v, (1-17,1 diL)/VL;
b= (0,22 + 1,5¢2)L,
for v, — referto 1.1.3;

¢r — as obtained from 1.3.1.5 (¢r = 1 for
ships of unrestricted service);

bx — 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 Iy;

dr — lowest
prpendicular , in m.

moulded draft at forward

L/20 L/20
N

\
Pse Pu

Fig.2.8.3.2 Determination of design
pressure ps.
1- value of p determined by Formula
(2.8.3.2-1);
2- forward perpendicular.

Formula (2.8.3.2-1) is used for
derivation of p values in a number of
sections within the portion lg from which
the maximum value of p (hereinafter —
symbol — pmax) and the value of x; (here-
inafter symbol — xmax) corresponding to
Pmax are chosen.

[Pinax

The design pressure ps. (refer to Fig.
2.8.3.2) is determined by the formula.

Pst = Prt(pmax — Pr) x1/(xmax- 0,05L)
When 0 S X1 < Xmax — 0,05 L
PsL = pmax, when
Xmax — 0105 L< x1< Xmax + 0,05 L

PsL = Pmax (0,5|—' xl)/(0,45|—'xmax),
when
Xmax+ 0,05L< x1<0,5L. (2.8.3.2-2)

where px = 0,5 — with bulb;
p= = 0 — without bulb.

The hydrodynamic pressure as
determined by Formula (2.8.3.2-2) is
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distributed over a height of 0,04L above
the base line.

2.8.3.3 Under the wave impact upon
the bottom of the fore end, the extreme
values of the design hydrodynamic
pressure pst, in kPa, shall be determined
by the formula

pst = 0,9 c3 c?, (2.8.3.3)

where Cc3=2,2+151tg9 o,

G =V, [QG—%))(M—O,Z/}X/(D) anf, +0.6L;

for v, - refer to1.1.3;
ax, Px— 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 0,01voL 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 scantlings of structural
members using the service loads given in
2.8.3.1 are not to be less than determined
in accordance with 1.6.4.1 -1.6.4.4

taking:
Nmax = I’lpa| KH,

m, ks, N — in accordance with Tables
2.8.4.1-1, 2.8.4.1-2 and 2.8.4.1-3 respec-
tively;

k. = 0,8 — for web frames and web
beams of dry cargo ships;

k.=0,65 — for web frames of tankers;

k. — in accordance with 2,3 and 2,4
for bottom framing members.

In this case the thickness of shell
plating and scantlings of members which
support shell plating is to be determined
as for steel with Rey = 235 MPa without
regard to the liquid limit of used steel.

Table 2.8.4.1-1
Structure Framing members Factor m
Longitudinals 12
Beams 10
Deck transverce (exept for web beams in the load 11
Deck tanks of tankers)_ _ _
Deck transverce in the load tanks of tankers in accordance with
2.6
Deck girders in accordance with
2.6
Peaks frames 12
Longitudinals 12
Hold frames of dry cargo ships
one deck 24
Side two decks 26
three and more decks 28
Hold frames of tankers 13
'tween deck frames:
in upper ‘tween deck 8
in other 'tweendecks 10
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Structure Framing members Factor m

Web frames of dry cargo ships
in hold 18
in 'tween deck 6

Web frames in the load tanks of tankers:
where struts are ommited 20
where one strut are fitted 24
where two strut are fitted 30
where three strut are fitted 35

Stringers if transverse framing is fitted:
where struts are ommited 16
where one strut are fitted 24
where two or more strut are fitted 30
where web frams are fitted 8

Bottom All members of framing |2n 4accordance with 2.3,
Table 2.8.4.1-2
Structural members Factor ks
Plate 1,2
Draming members of deck and side (exept for web beams in the 06

load tanks of tankers and deck girders)

Deck transverce in the load tanks of tankers and deck girders

in accordance with 2.6

Framing members of bottom

in accordance with 2.3

and 2.4
Table 2.8.4.1-3
Structure Framing members Koeoimient n
[Many6a Deck transverse of dry cargo ships 0,73
Deck transverse of dry cargo ships 0,50
Side Deck transverse of tankers where truts are ommited 0,33
where one strut are fitted 0,23
where two and more struts are fitted 0,21
Bottom All members of framing in accordance with 2.3
and 2.4
2.8.4.2 Where exposed to extreme s=13k.a./0/R.. +As
loads to be determined in accordance 1BV P e ’
with 2.8.3.2 and 2.8.3.3, the scantlings of ~ (2.8.4.2.1)
bottom and sides members at the fore end  \yhere ki=1,25—0,5a/b for a/b > 0,5:

are to comply with the following re-
quirements

.1 The thickness of shell plating s, in
mm, is not to be less than determined by
the Formula

ki=1for a/b<0,5;
a, b — the thickness, in m, of smaller and
bigger side of the pate respectively.

.2 The section modulus W, in cm?®,
of framing members is not to be less than
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2
w=47P2ly o 28422
k2 eH
where p - design pressure in accordance with
2.8.3.2and 2.8.3.3;
kz 2%;
3-(all)
ks = 1,0 if the members are continuous
through the webs of supporting structures;
1,75 - if the members are cut at supports;
0,55 - if the supporting sections of the mem-
ber 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;

.3 The cross-sectional area f, in cm?,
of a primary member or of welds by
which intercostal members are connected
to supporting structures is not to be less
than determined by the Formula

. 8,7k, pa,l

eH
ks=1-0,5(avl);

h1 — perimeter of the member section;

for p — refer t02.8.4.2.2.

+0,05h,As, (2.8.4.2.3)

where

The cross-sectional area of a mem-
ber includes the web area, as well as the
portion of the sectional area of shell plat-
ing, having a breadth b; =3s (me s — is
the thickness, in mm, of face plate). If the
face plate is of bulb profile, the whole of
its face plate is included in the cross-
sectional area. In the case of face plate of
T-section, a portion of its breadth is in-
cluded in the cross-sectional area similar-
ly to face plate.

2.8.4.3 The web thickness s, in mm,
of floor, side girder and centre is not to
be less than determined by the Formula

0,76p(L, —50)
S¢ =
(61-a,)L2h, +nh, +25h +25h R,
(2.8.4.3)

p — in accordance with 2.8.3 2;

+As’

where

Lo = L — is not to be less than 80 and greater
than 160;

hx — centre girder height in the given region
of ship length;

n=0,01L(3 + az)/az — 0,6(1 — 2/az);

ht — floor height in the given region of ship
length within L/40 from centreline to ship side, but
not less than the height of the nearest to the side
girder, with the deduction of opening height (if
any is in this plate of floor between girder and
half-height side girders;

>hs i Zhns — the sum of the heights, in m, of
side girder and half-height side girders in the given
region of ship length which are within L/40 from
centreline to ship side with the deduction of open-
ing height (if any).

The thickness of the web of girder,
of web and face plate of half-height side
girders (see 2.8.2.6) is to be equal to the
thickness of floor and the thickness of
centre girder is to be greater than thick-
ness of the floors by 20 per cent.

2.8.4.4 Where transverse framing is
used the height of floors h, in mm, within
the region from load tanks to forward, is
not to be less than determined by the
formula

h=7L + 100;

the thickness of face plates of floors
is to be greater than thickness of web by
2 mm. The breadth of face plate is not to
be taken less than 10 thicknesses of face
plate.

2.8.4.5 In the fore peak the height of
floors is not to be less than B./8 and the
thickness is to be equal to 0,01 of floors'
height but no need to take it thicker than
bottom plating in the considered region .
The thickness of face plate of floors is
not to be less than web thickness.

The breadth of face plate (flange)

is to comply with the requirements
1.7.3.1.
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Flor webs are to be strengthened
with with vertical stiffeners, spaced 0,6
m apart.

2.8.4.6 Within the area of the stern
counter, the scantlings of frames are to be
not less than those of the after peak
frames, unless their span exceeds 2,5 m.
With a greater span, the frame scantlings
should be increased accordingly. The
thickness of floors and side girders is not
to be less than required by 2.8.4.5.

2.8.4.7 Where the transverse fram-
ing is used the scantlings of the side
stringers of fore and after peaks are not to
be less than (b - breadth, s -thickness):

b =0,005L + 0,24 mfor L<80 m;
b=0,003L+ 0,4 mforL>80m;
s =0,025L + 5,75 mm.

2.8.4.8 The scantlings of panting
beams as well as scantlings of penetrated
platforms which are fitted instead of
panting beams are determined in ac-
cordance to 2.9.4.1. In this case area and
section modulus of penetrated platforms
beams is determined taking into account
the face plate.

2.8.4.9 The thickness of shell plating
in way of the bulb is not to be less than
0,08L + 6, ane moxxe Opatucst He OibIe
25 mm. but it need not be taken greater
than 25 mm. In this case, the shell plating
thickness at the lower part of the bulb is
not to 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®.

.1 The present requirements apply to
the construction of visor-type bow doors

& The requirements apply to Visor-type bow
doors.

which form a component part of the fore
end of the ship, being mechanically con-
nected with the side and deck structures
and capable of moving in the vertical
direction to provide access for motor ve-
hicles and/or other transport means.

.2 The thickness of visor-type bow
door plating is not to be less than that
required by 2.8.4.2.1 for the appropriate
sections of shell plating.

.3 The section modulus of primary mem-
bers is not to be less than that for the ap-
propriate fore end regions.

The sectional area, f, in cm? of
member web is not to be less than

f = 12pal/Ren,
where p - load, in kPa, on shell plating of fore end
part in accordance with 2.8.3.3 but not less than

Prmin = 0,8(0,15v0 + 0,6 /L )2,

.4 Structural measures are to be tak-
en to ensure rigid attachment of primary
members and support members of bow
doors.

.5 The scantlings of support mem-
bers are to be obtained by strength calcu-
lation using the design loads given in
2.8.3.3, and the following permissible
stresses:

shearing stress t = 80/n;

normal stress ¢ = 120/n;

combined stress ceq = 150/m.

.6 The construction of support
members is to comply with the require-
ments of 1.7.3.

2.8.5.2 In ships provided with fixed
propeller nozzles, transverse bulkheads
or support members are to 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 ap-
proximately 90° to the shell plating.
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2.8.5.4 In multi-screw ships, the
structural strength and rigidity in way of
sterntube, shaft bracket and shaft bossing
attachments are subject to special consid-
eration by the Register.

2.9 PILLARS AND PANTING
BEAMS

2.9.1 General.

2.9.1.1 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 Symbols:

I — length of pillar (panting beam),
in m, measured:

for the pillar between the face plate
of the deck girder (or the deck transverse,
if the latter is supported by the pillar) and
the deck plating (or the inner bottom plat-
ing);

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 (pant-
ing beam), incm?;

| — the least value of moment of in-
ertia of the pillar (panting beam), in cm*;

) | .
1= \/;— the least moment of iner-

tia of the pillar (panting beam), in cwm;
A= l— flexibility of pillar (panting
I

beam);

s — the thickness, in mm, of pillar
web;

do — outer diameter of the pillar, in
mm.

2.9.2 Construction.
2.9.2.1 The pillar axes in 'tween deck
spaces and holds are generally to be fitted
in the same vertical line.

The pillars are to be fitted on plate
floors and side girders (see also
2.4.2.5.3).

With the load P>250 kN the pillars
are to be fitted at the intersection of plate
floors and side girders, otherwise the
plate floor (side girder) is to be strength-
ened with vertical brackets attached to
the adjacent floors (side girders).

Where do > 125 under the heel of
pillar on the plating of inner bottom or
deck (where brackets, cones or inserted
plate for load distribution) doubling
plate, which welded along the contour by
continuous welding seam is to be fitted
(refer also to 2.9.4.3).

In tanks pillars, as a rule, are to be
open proftte shaped.

2.9.2.2 The pillars shall be attached
at their heads and heels by brackets or
other arrangements approved by the
Register, in order to effectively transmit
the loads to the hull structures below:

in the holds of ships of ice classes
Ice6 and Ice5;

in the
platforms,
superstructures,
capstans, etc.;

at the fore end of ships with the

specified speed vo > 1,5 JL (where for vo
refer to 1.1.3.6) 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=plyb, + 2 (plyby ), (2931)

tanks under
deckhouses,
windlasses,

watertight
ends  of
winches,
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where p — design pressure on the above deck
specified in 2.6.3, in kPa;

. — distance measured along the deck
girders between midpoints of their spans, in m;

bm — mean breadth of deck area (including
the hatchways in the region concerned) supported
by the pillar, in m;

Z“(p|mbm )i — sum of loads from the pillars

I

fitted above, determined having regard to 2.6.3,
which may be transmitted to the pillar considered,
in kN.

2.9.3.2 Loads on the panting beam
P, in kN, is determined by the formula

(2.9.3.2)

where p = pst + pw — 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;

a — 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.

P =pac,

2.9.4 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 = 8Pk (2 + }\,)/Gcr,

where

(2.9.4.1)

P — as determined in accordance with;
k =1,0 and 1,15 for pillars and panting
beams respectively;

ocr — critical  stress according to 1.6.5.3 at
Euler stress depending on c. = 203/A2;

It is recommended to take A = 0,4/n in the
first approximation.

2.9.4.2 The wall thickness s, in mm,
of tubular pillars is not to be taken less
than:

s = (do/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, is not to be less
than:

s = hy/50, (2.9.4.2-2)
where hp - width of the pillar wall, in mm.

The wall thickness of a pillar, in general,
IS not to be taken less than 6 mm.

In small ships the thickness of the
pillar walls may, on agreement with the
Register, be reduced to 5 mm, provided
the required sectional area of the pillar is
maintained.

2.9.4.3 The thickness of inserted
plate under the heel of pillar (see 2.9.2.1)
s, in mm, is not to be less than:

$=3,3-103P + 10, (2.9.4.3)

where P —in accordance with 2.9.3.1.

The diameter of inserted plate is to
be greater than diameter of pillar ~ 6s.

2.9.5 Special requirements.

The thickness of face plate of sec-
tion members of compound profile pillar
measured from web is not to exceed de-
termined in 1.7.3.

2.10 STEMS, KEELS , RUDDER
HORN, PROPELLER SHAFT
BRACKETS, FIXED NOZZLES OF
PROPELLER

2.10.1 General.

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.

2.10.1.2 Symbols:

Is — the length of section area of
stem, in mm;
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bs — the breadth of section area of
stem, in mm;

hs — the height of section area of
stem, in mm;

Xs — the distance, in m, of design sec-
tion of rudder horn of semi-spade rudders
from lower bearing of rudder blade;

R4 — reaction force of lower support
of the rudder, in kN (refer to 2.10.3);

Ry— radius of propeller, in mm;

D, — outer diameter of the nozzles of
propellers, in m.

2.10.2 Construction.
2.10.2.1 Stem is to be efficiently con-
nected to the bar or plate keel and, when-
ever possible, to the centre girder.

The welded stem plates are to be stiff-
ened with transverse brackets. Arrange-
ment of transverse brackets of the stem
should, as far as possible, be consistent
with the hull framing. Transverse brack-
ets stiffening the stem plate are fitted not
more than 1 m apart below and not more
than 1,5 m above the summer load line.
The brackets are to overlap the joints of
the stem with the shell plating and are to
be extended and welded to the nearest
frames.

The brackets which cannot be ex-
tended to the framing, except for the
brackets in way of ice belt in ships with
ice categories, should have their rear
edge made along a smooth curve.

In case where the small sharpness of
hull configuration or the radius of curva-
ture of the stem in the summer load line
level is larger than 200 mm , it is recom-
mended to fit a c'enterline girder with a
face plate along the free edge in the cen-
treline of fore stem from keel to the level
which higher than summer load line by
0,15d .

In cast stem for connection with
centre girder the special rib is to be fitted
in a way of solepiece of sternframe.
Along the height cast stem is to be pro-
vided with transverse. Arrangement of
transverse ribs in should be consistent
with the hull framing.

2.10.2.2 The construction of
sternframe of a single screw ship shall
comply with the following requirements:

.1 the sternframe shall have such
dimensions as to provide the clearances
between sternframe and propeller, and
between propeller and rudder (refer to
Fig. 2.10.2.2) not less than indicated in
Table 2.10.2.2;

.2 the solepiece shall be made with a
smooth rise in the aft direction;

Table 2.10.2.2

Dimensions| a b c d e

Clearances, |0,2R;|0,42R/{0,36R, 0,08R,{ 200
in mm —
250

o 30°
a
b 3 T
t ,ﬂ
[
x
B [
. ° Y %
' I A Ml
e\ & a
b Sy
a
¥
Fig.2.10.2.2
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.3 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.

.4 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 a length L>120m 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.

Propeller post of a single screw ship
where it forms a single whole with rud-
der-post is to be extended to the aft from
the axis of rudder spindle at distance not
less than three normal spacing.

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 of
approximately 90° to each other. Their
axes shall intersect at the axis of the
propeller shaft.

The construction of propeller shaft
brackets with struts arranged at an angle
less than 80° and greater than 100°,
additional strengthening of the hull
within the region of shaft brackets are
subject to special consideration by the
Register.

The propeller shaft brackets shall be
so arranged in relation to the ship's hull
that the clearance between the blade tip
and the ship's hull is as large as possible
and, but, not less than 25 per cent of the
propeller diameter.

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, Part
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Il | "Equipment,
Outfit".

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. I f 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 R4
according to 22412, Part I
"Equipment, Arrangements and Outfit"..
In the Formulae (2.2.4.7-2) to (2.2.4.7")
the coefficient o 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 Is and bs, in
mm, of a bar stem from the keel to the
summer load water line is not to be less
than determined by the Formula

Is=0,95L + 100;

Arrangements and

bs = 0,40L + 15, but not more than 100
mm. (2.10.4.1)

The sectional area may be reduced
for ships of restricted areas of navigation:
R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-
RS — by 10 per cent;

B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3-S, R3-RS, R3, R3-IN, D-R3-S, D-
R3-RS — by 20 per cent.

Above the summer load waterline
the sectional area may be gradually
reduced to 70 per cent of the area stated
above.

.2 the plate thickness s, in mm, of
welded stem shall not be less than
s=0,1L + 4, but not less than 7 mm.

Where L > 220 m, L shall be taken
equal to 200 m.

Where d/L > 0,065 the thickness of
the plate of welded stem is to be multiply
by factor 0,35 + 10 d/L.

The plate thickness of the stem may
be reduced for ships of restricted areas of
navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-
RS — by 5 per cent;

B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3-S, R3-RS, R3, R3-IN, D-R3-S, D-
R3-RS — by 10 per cent

The plate thickness of the stem
above the summer load 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 re-
duced by 0,5 m, as compared to stated
above, the reduction of plate thickness of
stem by 20 per cent may be permitted.
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It is recommended to take the length
of section area of welded stem equal to
two length of section area of bar stem.

.3 The thickness of transverse
brackets of welded after stern is to be
greater than the thickness of shell plating
by 20 per cent.

The  thickness  of  Dbrackets
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.

In this case the thickness of plates is
not to be less than the thickness of plates
of shell plating adjoining to stem.

The thickness of the ribs which
strengthen cast after stern is to be greater
than shell plating adjoining to after stern
by 50 per cent.

2.10.4.2 The sternframe of a single
screw ship shall satisfy the following
requirements:

.1 the length I and bs, in mm, of
rectangular solid propeller post section,
from the keel to the counter, shall not be
less than:

Is= 1,30 L+ 95; bs=1,60L+ 20
forL<120 m;

Is=1,15L+ 110; bs=0,675L+ 130

forL>120m. (2.10.4.2.1)

The scantlings of the propeller post
may be reduced for ships of restricted
areas of navigation:

R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-
RS — by 5 per cent;

B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3-S, R3-RS, R3, R3-IN, D-R3-S, D-
R3-RS — by 10 per cent.

Above the counter the sectional area
of sternframe may be gradually reduced.
And nowhere its sectional area shall be
less than 40 per cent of the required area
of the propeller post, corresponding to
the scantlings determined by the
following formulae (2.10.4.2.1).

The solepiece of after stern is to be
greater by 10 per cent along the height
and by 40 per cent along the breadth than
the length and breadth of sectional area
of propeller post.

.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 so,
in mm, determined by the following
formulae:

$o=10,1 L+ 4,4 for L <200 m;
So= 0,06L+12,4 for L > 200 m.
(2.10.4.2.2)

The thickness of the sternframe free
edges s, which are welded to the plating,
and the length of the transition to plating
thickness as shall be taken in accordance
with  existing regulations on the
construction of places of transition for
welding of various thicknesses.

The thickness of webs shall be at
least 50 per cent 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 so — shall be determined in
accordance with 2.10.4.2.2.

The thickness of transverse brackets
shall be at least 20 per cent greater than
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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.

L

\S

53 N S
0,51, -

Fig.2.10.4.2.2:
1- web; 2 —along hull counters;
3 —adjoining plate of shell;

S1 = 1,550; Sy = 2,550; S3 = 3,550;
Is>1,9L + 135mm for L < 200 m;
ls>1,4L + 235mm for L > 200 m;

r — cast radius.

.4 the finished thickness of propeller
boss shall be not less than 60 % of the
sterm frame cross-section width or 30 %
of the shaft diameter, whichever is great-
er.

.5 the section modulus Ws, in cmd,
of the solepiece about the vertical axis
shall not be less than

Ws = 8 a Ra Xs. (2.10.4.2.5-1)

The section modulus of the
solepiece about the horizontal transverse
axis shall not be less than specified in
2.10.4.2.1.

Fig.2.10.4.2.3:

s =1,65sofor L <150 m;
s=1,5s for L > 150 m;
Is=2,5L + 180 mm for L < 200 m;
Is=1,4L + 400 mm for L > 200 m;
R — bending radius.

The section modulus Wrp,, in cm®,
of the rudder post about the horizontal
longitudinal axis shall not be less than

Wi p. = 8(1-0) Rs Ipm. (2.10.4.2.5-
2)

where
pos;

o= 0,85 if there is a rudder

o= 1,0 1 if there is no rudder post
or a bolted rudder post is fitte;

xs — distance from the solepiece section
concerned to the centre of the rudder stock (xs
shall not be taken less than 0,5 Is and more
than Is)

Is — span of the solepiece, measured
from the centre of the rudder stock to the
beginning of rounding of the propeller post,
inm;

I.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;
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1 — as determined according to 1.1.4.3.

The section modulus of the
solepiece about the horizontal transverse
axis shall not be less than 0,5 W5

where Ws 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;p. shall be detennined by
Formula (2.10.4.2.5-2.

.6 the scantlings of the sternframe
structural members may be determined
on the basis of direct strength calculation
taking the permissible stress factor k, =
0,55 and external loads according to 2.2,

Part Il | "Equipment, Arrangements and
Outfit".

2.10.4.3 Sternframes of multi screw
ships.

2.10.4.3.1 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 per cent 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 per
cent. The thickness of the sternframe wall
shall be at least 7 mm.

2.10.4.3.2 The scantlings of the
sternframe of three screw ships shall
satisfy requirements for the scantlings of
propeller post in single screw ship of the
same size.

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 = 12Rs Zem. (2.10.4.4)

where z; — vertical distance for the mid-
thickness of the horn gudgeon to the section
concerned, in m (zs shall not be taken less
than 0,5 Inand more than Ip);

Inh — 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;

M — as defined in 1.1.4.3.

R4 — as defined in 2.10.3.

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, = 0,55 and
external loads according to 2.2, Part 1l |
"Equipment, Arrangements and Outfit".

2.10.4.5 The sectional area of either
strut of twostrut shaft brackets shall be
equal to not less than 60 per cent of the
propeller shaft section in the bracket
plane, the strut thickness — to not less
than 45 per cent, and the boss thickness
— to not less than 35 per cent of the
propeller shaft diameter.

The length of the boss shall be in
accordance with 5.6.1, Part VI |
"Machinery Installations".
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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 per cent of the propeller shaft
sectional area. Where the struts are
attachhed by means of flanges, the
thickness of the latter shall be not less
than 25 per cent of the propeller shaft
diameter.

2.10.4.6 The height hs and width bs,
in mm, of the bar keel cross section shall
not be less than:

hs = 1,30L + 100;

bs=0,70L+8 for L<60m;

bs =0,40L + 26 for L > 60 m.

(2.10.4.6)

The height and width of the bar keel
cross section may be reduced for ships of
restricted areas of navigation:
R2, A-R2, R2-S, R2-RS, A-R2-S, A-R2-
RS — by 5 per cent;
B-R3-S, B-R3-RS, C-R3-S, C-R3-RS,
R3-S, R3-RS, R3, R3-IN, D-R3-S, D-
R3-RS — by 10 per ment.

2.10.4.7 The thickness of outer and
inner plating of fixed propeller nozzle
shall comply with the requirements of
2.4.2, Part 11l "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;

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. If the
solepiece serves as support of the rudder,
the connection of the nozzle to the
solepiece is subject to  special
consideration by the Register.

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 0,3Do.

If the propeller nozzle is attached to
the hull by shaft brackets, their strength
shall comply with the requirements of
2.10.4.5.

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), Part I
"Equipment, Arrangements and Outfit".

2.10.5 Special requirements.

2.10.5.1 The thickness of the floors
to which rudder post and propeller post
of single screw ship are attached is to be
greater than thickness of the floors of
sternframe by 3 - 5 mm depending on the
scantling of the ship (for double screw - 2
mm). Floors are to be extended to the
nearest deck or platform.

2.10.5.2 The thickness of floors to
which rudder horn is joined is to be in-
creased by 50 per cent in comparison
with thickness of the floors Smin in ac-
cordance with 2.4.4.3.2.

2.10.5.3 Buckling strength of stern-
frame of any construction when bending
and cutting shall not be less than buck-
ling strength of a solid cross-section
sternframe, manufactured according to
2.10.4.2; where sternframe longitudinal
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stiffener is not included in standardized
cros-section area.

2.11 SEATINGS OF MACHINERY
AND BOILERS

2.11.1 General.

2.11.1.1 Requirements are given in
this Chapter for the construction and
dimensions of the seatings intended for
main machinery and boilers, deck
machinery, fishing installations, cargo
handling gear, auxiliary machinery, etc.

Requirements concerning
construction and dimensions of structural
components of a seating, which are
contained in the technical documentation
of the machinery, unit or device to be
installed on the seating concerned, shall
also be complied with.

2.11.1.2 Symbolss:

Q — mass of machinery (boiler) in
working condition, in t;

N — specified power of engine, in
kW.

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, Part 11
"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 (refer to 2.3.2.7,2.4.5.412.4.5.5);

.2 the seating shall be so constructed
that the resonance vibration of the seating
as a whole and of its structural
components can be avoided under all
specified running conditions;

.3 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.

Attachment of the seating to the
upper edge of sheerstrake is subject to
special consideration by the Register.

.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.

In particular cases agreed with the
Register, a hermetic construction of the
seating is permitted, the inner space of
the seating being filled with some
chemically neutral material with good
adhesion properties.

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.
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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.

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

Table 2.11.3.1-1

S=ko§/6+k1,

ko — factor given in Table 2.11.3.1-1;
ki — factor given in Table 2.11.3.1-2.

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 = kzi/W + Ks,

(2.11.3.1)

where

(2.11.3.2)
ne ke, ks —factors given in Table 2.11.3.2,

but not less than required by
2.11.3.1.

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
guarter decks.

The applicability of the
requirements contained in this Chapter to
long superstructures not extending from
side to side of the ship as well as to long
deckhouses shall be specially agreed with
the Register.

Ko
Seating of machinery (boiler i
g y( ) Top plates Vertlca}I Brackets, knees
plates
Main internal combustion engine 4,65 3,0 2,5
Main geareq turbine set, main diesel generator 415 2.7 2.7
and 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.
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Table 2.11.3.1-2
. . . > 20 > 50 > 100
Mass of machinery (boiler), int < <50 <100 <200 > 200
k1 3 2 1 0
Table 2.11.3.2
N, in Number of Vertical
KW vertical plates Factor Top plates olates Brackets, knees
2 ka 1,7 1,1 0,9
ks 6 4 3
= 1000 , ke 14 0.9 0.9
ks 5 3 3
2 ko 1,0 1,0 0,7
ks 13 5 5
> 1000 4 ke 0.8 0.7 0.7
ks 11 5 5
2.12.1.2 For the purpose of this Short bridge is any bridge

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 0,20 L, having no expansion
or sliding joints .

Long bridge is a superstructure
having a length not less than:

= 21, (2.12.1.2-1)

but not less than 0,15 L .

Quarter deck isthe after part of
upper deck stepped up to a portion of
‘tween deck height.

Ends of superstructur s
and deck-houses are the ends of
the length measured from the end
bulkheads, in m,

Le=15(B2/2+h). (2.12.1.2-1)
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.

which is not a long bridge.

Superstructures of ships less than 65
m in length are considered as short
superstructures.

Transition area of
guarter 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
a forecastle (poop) having a length not
less than

li= 0,1L+ I, (2.12.1.2-3)
in ships of 65 m and greater in
length

Deck step up isa stepped up or
lowered part of the deck upon side depth,
(may be vertical or inclined).

2.12.1.3 Symbols:

B> — breadth of superstructure deck
measured at its mid-length, excluding the
breadth of openings of cargo hatches,
machinery casings, if any, in m;
helicopter deck (platform), which is part
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of the upper deck or the superstructure or
deckhouse top;

B, — ship's breadth at the level of the
upper deck at the section considered, in
m,

b — breadth of the deckhouse, in m;

b, — half-breadth of continuous re-
gion of deckhouse between its side webs;

1 — the breadth of side overhang of
deckhouse;

I — pole span measured as distance
between decks;

h — height of the first tier of
superstructure or deckhouse, in m;

I, — the section of upper deck length
in the midship region in accordance with
Formula:

W(b

Ib=(0,9-0,5""d /W)L;

l1 — length of superstructure (deck-
house) measured between the end bulk-
heads along the side in the superstructure
and long the side bulkhead in deckhouse;
the length of forecastle (poop) measured
from the fore or after perpendicular to the
end bulkhead of the forecastle (poop), in
m,

¢ = lW/(B2/2 + h) — relative length of
superstructure;

W and Wd‘i’ —required by the Rules for n

= 1 and actual section

modulus of hull for the deck in
accordance with 1.4.5 and 1.4.7 respec-
tively.

2.12.2 Construction.
2.12.2.1 The short bridge are to be made
with equal thicknesses of side shell plat-
ing and deck plating along the length.

For the bottom strake of side plating
the grade of steel and yield stress are to
be the same as required for the strength
deck in this region.

2.12.2.2 The long bridge are to be
made with different thicknesses of side
shell plating and deck plating for the end
regions and for the mid part of the bridge
length.

In this case the bottom strake of side
plating in the end regions is to have
thickness equal to the thickness of side
plating of bridge in the mid part of its
length, and the breadth is not to be less
than 0,5 of bridge height.

The change of thickness from the
mid part of the bridge to the end regions
is to be gradual.

For the bottom strake of side plating
and for the longitudinal bulkheads plating
of bridges in the end section regions the
grade of steel and vyield stress are to be
the same as required for the strength deck
in this region.
2.12.2.3 The deckhouse (or its part)
which are situated on the design deck
within the section l>in the midship
region and with length

1< 6(bs+ci) W2 /W, is to have bottom

strake of side bulkheads plating

with the same the grade of steel and
yield stress as required for the strength
deck in this region.

Where the length of deckhouse

l; > 6(bs + c)) W, /W this requirement is

only for end parts of the deckhouse.

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.

But if inside of the deckhouse partial
bulkhead are fitted, as defined in
2.12.2.5.1, at the distance not more than



Part /1. Hull

171

8m the ends of the vertical stiffeners may
be welded to the deck.

2.12.25 The bulkheads of deck-
houses and superstructures are to be
strengthened by web structure and partial
bulkhead in accordance with stated below
requirements.

.1 In the deckhouses and superstructures
web frames and web stiffeners or partial
bulkheads fitted in the line of web mem-
bers or bulkheads below are to be provid-
ed.

The distance between partial bulkheads
or web frames and vertical stiffeners in
the deckhouses and superstructures is not
to be greater than 10 m.

Stated requirement is also for ar-
rangement of web stiffeners on the end
bulkheads of deckhouses and superstruc-
tures.

.2 Where the superstructure end
bulkhead is not in line with the transverse
bulkhead of the hull, partial bulkheads or
pillars are to be fitted in ‘tweendeck
spaces the end bulkhead, or frames and
beam knees are to be strengthened i 36i-
JIBIIIEHHS OIMCOBUX KHUIIb.

.3 Where the end of long deckhouse
is within the length I, of midship region
and the end bulkhead of deckhouse is not
in line with the transverse bulkhead be-
low, short-deck girders are to 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.

.4 Where the end bulkheads of su-
perstructures and deckhouses abut on the
undeck longitudinal structures and the
sides of deckhouses on the transverse
underdeck structures fitted below (bulk-
heads, partial bulkheads, undeck girders,
deck transverses, etc.), the webs of these

underdeck structures are to be stiffened
with brackets or knees in the line of
bulkheads of superstructures and deck-
houses below for the purpose of exclud-
ing of hard points.

.5 Adequate strengthening is to be
provided for the side bulkheads and
deckhouse decks where cockboats and
sloops acre fitted.

2.12.3 Design loads.

2.12.3.1 Pressure on the end bulk-
heads of superstructures and deckhouses
as well as on sides of deckhouses p, in
kPa, is determined by the formula

p= 9,8nc2 (kZo — Zl), (21231)

where n — factor determined from Table

2.12.3.1-1;
c2=0,3+0,7b/Bx, in thiscase c2>0,5;

x /L—0,45

k=10+
C,+0,2

2
J for xi/L <0,45;

x /L—0,45

k=1,0+15
C, +0,2

2
j afor xi/L > 0,45;

for the sides of deckhouses the factor k is as-
sumed to vary for the length of bulkhead. F.or this
purpose the deckhouse is subdivided into parts of
approximately equal length not exceeding 0,15L
each, and xi1 is taken as the distance between the
after perpendicular and the middle of the part con-
sidered;

Cb — shall be taken as not less than 0,6, nor
greater than 0,8; for the aft end bulkheads forward
of amidships C» = 0,8;

zo—as given in Table 2.12.3.1-2,

71 — vertical distance, in m, from the summer
load waterline to the mid-point of the plate panel
considered or the midpoint of span of the bulkhead
stiffener.

The above-stated varus of factor »
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
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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 wvalue, then the
appropriate factor n may be determined
by linear interpolation between the values

Table 2.12.3.1-1

of that factor for superstructures with
standard and actual positions of decks
under the superstructures.

2.12.3.2 In any case, the design
pressure shall not be taken less than
indicated in Table 2.12.3.2.

Bulkhead Structure n
1st tier 2 + Lo/120
Unprotected 2nd tier 1+ Lo/120
Front 3rd tier
1
Protected 0.5+ Lo/150
Aft of amidships
07+ gk
1000 L
Aftend Forward of amidships L x
05+— 042
1000 L

Lo — length of ship, in m (to be taken not greater than 300 m for the purpose of calculation);
x1 — distance, in m, between the after perpendicular and the bulkhead under consideration.
! formula is also used for the deckhhouses sides.

Table 2.12.3.1-2

L,inm Zo, iINM L,inm Zo, iINM
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 6,60 260 10,92

120 7,69 280 11,00

140 8,63 300 11,03

160 9,35 350 11,05
2.12.4 Scantlings of structures of and poop shall not be less than s = (mL

superstructures,  deckhouses  and +no (2.124.1)

where m, n — obtained from Table 2.12.4.1-

quarter decks.
2.12.4.1 The thickness s, in mm, of
side plating of short bridges, forecastle

Table 2.12.3.2

1
o, — obtained from Table 2.12.4.1-2.

Design pressure p, in kPa

L, m

for 1st tier unprotected fronts

| elsewhere
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<50 30 15
50 < L< 250 25 + (L/10) 12,5 + (L/20)
> 250 50 25
Table 2.12.4.1-1 side _plating _and d_eck plating is a subject
: i i special consideration by the Register.
Ship region  |_>1de Plating |Deck plating The thickness of steal deck plating
m n m n may be decreased according to special
Forecastle | 0,045 | 40 | 003 | 35  agreement with the Register.
Poop 0,040 | 4,0 | 0,03 | 35 Extended forecastle (poop) is to be
Table 2.12.4.1-2 considered as bridge with length equal to
d/D o 2(|1_L IZJm
>0,8 1 2
0,65<d/D<0,8 d/D +0,2 . . .
<065 0.85 In this case the thickness of side

For ships with length less than 40 m
the thickness of plates of side plating and
deck plating is determined as for ships
with length 40 m.

Where distance between strengthen-
ing girders a>(<)ao which determined in
accordance with 1.1.3.7, the plate thick-
ness of side plating and deck plating is
(may) to be increased (decreased) by
As =s(a — ag)/ao. But the reducing of
plate thickness is not to be greater than
15 per cent of the value in accordance
with Formula (2.12.4.1).

The reducing of plate thickness
where a < ag is not permitted in the re-
gions within 0,2 L and less from fore
perpendicular and above the after peak

The thickness of the side plating of
the superstructure may not be taken
greater than the thickness of side framing
of hull in considered region.

The thickness of the side plating of
forecastle and poop in all cases is not to
be less than necessary in accordance with
2.2.4.1.

Where the steal of increased strength
is used the reducing of plate thickness of

plating and deck plating of forecastle
(poop) within the region I, is to be taken
in accordance with 2.12.4.2 and outside
stated boundaries is to gradually decrease
to the end parts with scantling given in
2.12.4.1.

2.12.4.2 The thickness of side plat-
ing and deck plating in mid part of the
long bridge between end parts s, in mm,
is not to be less than determined by the
Formulae

s=s; forc<3;

s=s, forc=>4p5;

c c
S=|3—— |8, +| ——
( 1,5) (1,5

for3<c<4p5,

where s1 = the thickness of side plating or deck
plating determined as for the forecastle in accord-
ance with 2.12.4.1, in mm;

sz = the thickness of side plating in accord-
ance with 2. 2.4.1 and 2.2.4.2 and deck plating
respectively to 2.6.4.1.

The thicknesses of side plating and
deck plating of end part of long bridge
are determined as for forecastle in ac-
cordance with 2.12.4.1.

The thicknesses of side plating and
deck plating of end part of short bridge

2} s, (212.4.2)
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are determined as for forecastle in ac-
cordance with 2.12.4.1.

2.12.4.3 The plate thickness s, in
mm, of the end bulkheads plating of
forecastle, bridge side and end bulkheads
of deck houses is not to be less than de-
termined by the Formula

s=147a,/ p/ Ry,

where p - in accordance with 2.12.3.1.

The thickness of bottom plates of
end bulkheads in superstructures (deck-
houses) of 1-st tier is to be increased by 1
mm as compared with the design thick-
ness. The width of bottom plate is to 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 The thickness of side plat-
ing and end bulkheads of superstructures
as well as the thickness of deckhouse
bulkheads is not to be less than 0,01L+5
for bottom tier and 0,01L +4 for upper
tiers, but not less than 5 mm.

The minimum thickness is not to be
less than 5 mm for ships of length L>50
m. The minimum thickness may be re-
duced to 4 mm for ships of length L<20
m and to 3 mm for ships of length L < 20
m, subject to an agreement with the Reg-
ister. Reduction of the minimum thick-
ness 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 bulk heads of the forecastle,
poop and bridge, quarter deck and deck-
house is to satisfy the following require-
ments:

(2.12.4.3)

.1 Side framing of forecastle, poop
and bridge are to fulfill requirements of
2.5.4.2 and requirements of 2.8.

Beams are to be fitted in every
frame. The section modulus W, in cm?, of
framing members of deckhouses and su-
perstructure decks is to fulfill the re-
guirements of 2.6.4 where
Wk = 1.

.2 The section modulus W, in cm® |
of cross section area of end bulkheads
girders forecastle, poop and bridge and
deckhouse, side bulkheads of deckhouses
is not to be less than determined by the
Formula

W = 85ap/? IRen, (2.12.4.5.2)

where p - in accordance with 2.12.3.1.

.3 The value of section modulus in ac-
cordance with Formula (2.12.4.5.2) re-
lates to structure with welding of the ends
of members to the deck.

Where the lower ends of members
are attached to the undeck framing by
knees whose scantling are fulfill the re-
quirements of 2.7.2.3, the section modu-
lus of members may be reduced by 20
per cent.

2.12.5 Special requirements.
2.12.5.1 The minimum thickness of up-
per deck plating within I, of midship re-
gion under the superstructure with length
more than 2(0,5B2 + h) in the region be-
tween sections by 2(0,5B; + h) from the
end of superstructure may be reduce from

s’ in accordance with Table 2.6.4.2,

min ?
for design deck to s, in accordance

with Table 2.6.4.2 for second deck by the
value
S’ _ k (SI _ S” ) '

min min min

(2.12.5.1)
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where k=0forc>2; k=1,0forc>5.
Note. For the intermediate values ¢ the value

k is determined by linear interpolation.

The reducing of design deck plating
under the long deck house is a subject of
special consideration of the Register.

2.12.5.2 The structure at the ends of
superstructures within the length I, of the
midship region is to satisfy the follow-
ing requirements:

.1 At the ends of bridge, the side
plating is to be extended beyond the end
bulkhead with smooth tapering to the
ship's side on a length d in m, , deter-
mined by the formula (2.12.5.2.1) The
blunted ends of projecting side plates are
to be machined flush with the deck. (Fig.
2.125.2.1):

di>0,2(W/W,*)? (0,5B; + h). (2.12.5.2.1)

The value d; is not taken greater
than 1,5h. Where L <60 m instead the

ratio W/W,? the ratio Fo/F is to be taken

(refer to 2.6.4.3).

.2 The plates of the upper side plat-
ing of superstructure which overflow its
ends is to have thickness which exceed
the thickness of side plating in the mid
part of the superstructure A, %, deter-
mined by the Formula

A=10(2c - 3) W/W} <35, (2.12.5.2.2)

The free edge of side plating is to be
stiffened by flat bar carried down for 50
mm from the edge. The ends of that bar
are to be sniped. The plates are to be at-
tached to the bulwark by means of flexi-
ble joints. The members of flexible joints
are not to be welded to the plate project-
ing beyond the edges of superstructures.

Openings in side plating projecting
beyond the ends of a superstructure are

normally not permitted. But in case when
the openings are necessary, their ar-
rangements are the subject of the special
consideration of the Register.

[ ] 635
75

0,5h <d; =0,65d1 < 0,75h
Puc.2.12.5.2.1

.3 If the value d; determined by the
Formula (2.12.5.2.1) is greater than 1.5h
(taking into account 2.12.5.2.1) d; = 1.5h,
is to be taken. The thickness of sheer-
strake in a way of the end of the bridge is
to be increased in comparison with its
thickness outside the borders of super-
structure by Ai, %, determined by the
Formula

A1=25(c-15)<30. (2.12.5.2.3)

Where ¢ < 2 the value A; =0.
Fractional increase of thickness of deck
girder is not to be taken than 70% of val-
ue Ai. he extension and arrangement of
thickened plates of sheerstrake and deck
girder are present in the Fig. 2.12.5.2.1.

4 At the ends of extended forecastle
and poop the plate of side plating project-
ing beyond the ends of a superstructure
are to be made as stated for the end of
bridge taking

c= —Zj . (2.125.2.4)

B,/2+h
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Where the distance between end
bulkheads of forecastle (poop) and bridge

less than 3(0,5B, + h)W/W._?, the thicken-

ing of sheerstrake and deck stringer of
upper deck in a way of the adjoining ends
of the superstructures and thickening of
the plating projecting beyond the ends of
the superstructures their side plating is
the subject of special consideration by
the Register.

.5 At the ends of short bridge not ex-
tending from side to side of ship the, at-
tachment of the side to the deck should
be made similarly to the attachment re-
quired by 2.12.5.3 for deckhouses, oth-
erwise gussets are to 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 in accordance
with 2.12.5.2.3.

2.12.5.3 The structure at the ends of
superstructures which are outside the
length 1, of the mid ship region is to sat-
isfy the following requirements.

If the end of superstructure (forecas-
tle, poop) is located within 0,1L, from the
fore or after perpendicular the thickening
of the side plating of the superstructure in
a way of the ends is not necessary. But it
is necessary to fulfill the requirements
2.12.5.2.1 concerning the packaging of
the lower plate projecting beyond the
ends of the superstructures taking d; >
0,1(0,5B, + h) or di:> 0,5 m, whichever
the greater.

If the end of a superstructure (fore-
castle, poop) is located between the end
of the length I, of midship region and
0,1L from fore or after perpendicular the
value d; and the scantling of thickening
of plates are to be determined by linear

interpolation based on the requirements
of 2.12.5.2.1 and this paragraph.

2.12.5.4 Attachment of sides of the
deckhouse, situated on the upper deck
within the length I, of midship region, to
the end bulkhead (fore and after) should
be performed by rounding with a radius
r, in m, determined by the formula
r=1/100 (1,5+0,1 l/b) <14 (2.12.5.4)

2.12.5.5 Rectangular openings in outer
sides and top plating of long deckhouses

with length I > 6(b: + cl)W/Wd‘b should

have their corners well rounded and
should be substantially framed. In the
deckhouse or its part with length

l, > 6(by + c)W/W.?, which are situated

on the design deck within the length |, of
midship region door openings should be
addition ally reinforced with thickened
plates above and below. Where the length
of deckhouse is less or the deckhouse is
situated outside the length I, of midship
region door openings should be addition
ally reinforced with thickened plates only
below. The structure of reinforcement are
presented in the Fig. 2.12.5.5.

Where the distance between the ex-
pansion or sliding joints is less than a
triple height of the deckhouse, it is suffi-
cient to provide the rounding of the cor-
ners of openings. Openings for side scut-
tles should have the upper and lower
edges reinforced with horizontal stiffen-
ers.

In side webs of deckhouse
or its part, with length

ly > 6(b: + c)W/W,> within the region
with length not less than the height of

deckhouse measured froni, the end locat-
ed on the design deck within the length I
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of midship region, rectangular openings
are not permitted.
1

Z
1.9s
r ]l 2
a
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Fig.2.12.5.5:

1 — deckhouse top; 2 — deckhouse side;
3 — thinckened plate;
4 — strength deck

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
are to satisfy the following requirements.

.1 The upper deck plating in way of
the break is to 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 is to
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
should 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
should 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 be-
yond the break is to be adequately stiff-

ened and its free edge should have a face
plate or flange.

4 The sheerstrake of quarter deck

should extend forward of the deck string-
er plate projecting beyond the break
bulkhead for at least 1,5 times the height
of break and should be smoothly tapered
into the upper edge of ship's side sheer-
strake. For other structural requirements
refer to 2.12.5.2.
.5 Diaphragm plates spaced not more
than 1,5 m apart are to be fitted over the
ship's breadth between the overlapping
decks in way of the break. The thickness
of diaphragms is not to be less than the
thickness of the break bulkhead plating.

The diaphragm plates are to be
strengthened by vertical stiffeners.

Vertical stiffeners with effective
flange are to have a moment of inertia
not less than that obtained from Formula
(1.6.5.6-1).

Continuous welds are to 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 bulk-
head made of continuous plate welded to
the decks over the ship breadth. The plate
thickness of that bulkhead is to 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 should be
stiffened with brackets fitted to their ends
(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 the line with bracket
.7 Where a raised quarter deck is adjoin-
ing the bridge, it should extend into that
superstructure for two frame spaces be-
yond the break, the extension being, in
any case, not less than the elevation of
superstructure above the quarter deck.

The quarter deck stringer plate
should 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 is to 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 ex-
tending aft of the superstructure are to be
smoothly tapered into the sheerstrake on
a length of at least 1,5 times the height of
break (refer also to 2.12.5.2.1).

.8 Strengthening in case where the
break bulkhead is located within 0,25L
from the after perpendicular should com-
ply with the following requirement:
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 are, in this
case, to 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 be-
low, the upper deck plating need not ex-
tend aft of the break over the ship
breadth, however, the upper deck stringer
and the raised quarter deck stringer and
sheerstrake should be extended forward
and aft as provided in 2.12.5.6.3 and
2.12.5.6.4.

Strengthening in position of a break
in ships with the length L>90 m is sub-
ject to special consideration by the Regis-
ter.
2.12.5.7 The use of aluminium alloys for
the construction of deckhouses is permit-
ted. Decks of accommodation and service
spaces situated above the machinery and
cargo spaces should be made of steel.

The scantlings of aluminium deck-
houses should be determined according
to 1.6.6. The minimum scantlings are to
be the same as those required for steel
deckhouses.

The degree to which the deckhouse
of aluminium alloys contributes to longi-
tudinal bending of the hull and stresses in
ship's hull and deckhouse should be de-
termined according to the procedure ap-
proved by the Register.

2.12.6 Helicopter deck.

2.12.6.1 The design of the Helicopter
Deck, which is the upper deck or the
superstructure or deckhouse top.

.1 The main members of the deck
framing should be installed parallel to
the axis of the helicopter during its take-
off and landing.

.2 The helicopter deck, in accordance
with its location along the length and
depth of the ship, shall comply with the
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requirements for an open deck for the
carriage of goods in accordance with 2.6
or the superstructure or deck house tops
in accordance with 2.12.4.2 and
2.12.45.2.

The design load is determined in accord-
ance with 1.3.4.1 as the maximum type
load of helicopters and equipment to be
placed on this deck in operation and an
additional pressure of 0.5 kPa, as a result
of snow or ice.

.3 The helicopter deck members shall
meet the requirements to Ro-Ro ships
deck members in accordance with 3.2.
The design load in the conditions of
helicopter landing is determined, taking:

Qo — the nominal (static) load on the
wheel axle of the helicopter is assumed to
be equal to the take-off weight of the
helicopter, in kN;

no = 2 — the notional amount of the
wheels on the axle;

n = 1 — number of wheels that form a
group;

uxvi=0,3x0,3, m?

u — wheel print size, perpendicular to the
axis of rotation, in m;

vi — wheel print size, parallel to the axis
of rotation, in m;

k,=1,5 — dynamic factor.

.4 Scantling of web members and pillars,
as well as the thickness of the deck for a
helicopter, having skids instead of
wheels, shall be determined by direct
calculation.

2.12.6.2 The design of the Helicopter
Deck (platform), which is not the upper
deck or the superstructure or deckhouse

top.

.1 Plating thickness, section modulus
cross-section area of the deck main and
web members webs is determined in ac-
cordance with 2.12.6.2 and 2.12.4.2 and
2.12.4.5.2 as for the short deck house or
deck house of corresponding tier.

.2 Scantling of stiffeners and panting
beams is determined in accordance with
2.9 as for pillars and/or half bulkheads in
accordance with 2.7.4.5.

.3 Scantling of members, pillars, as well
as cross stays and panting beams, are to
be determined taking into account forces
of inertia of the mass of deck structures.
Acceleration to determine the inertial
forces are determined according to
1.3.3.1and 1.3.4.4.

4 If the Helicopter Deck (platform) has
structures protruding beyond the side
line, the Helicopter Deck (platform) con-
struction and the setting of permissible
stresses are  subject to  special
consideration by the Register.

.5 Use of aluminum alloys is allowed.
Strength and stability of the Helicopter
decks made of aluminum alloys are
allowed to be determined by the method
of model tests, which is to be carried out
in the presence of a representative of the
Register under an agreed program.

.6 The Helicopter Deck (platform) con-
struction is to take into account the
provisions of paragraphs 11.2.6.3 +
11.2.6.5 of Part 1l "Equipment,
Arrangements and Outfit".

2.13 MACHINERY CASINGS

2.13.1 General.
2.13.1.1 Openings in decks and
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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.

2.13.1.2 If the part of machinery
casing which located lower than the
bulkhead deck where it is included in
subdivision calculation as watertight con-
struction the strength of the machinery
casing is not to be less than suitable
along the height parts of transverse wa-
tertight bulkhead.

2.13.2 Construction.

2.13.2.1 Where there are large open-
ings in the deck in way of machinery
space, additional pillars and deck trans-
verses are to be fitted for strengthening of
the deck in way of machinery casing. For
the lower strake of the casing longitudi-
nal wall plating, adjoining the strength
deck within the midship region of ships
with a length L>60 m the steel are to be
the same as for the strength deck plating
in this region.

2.13.2.2 Where machinery casing
are located along the whole length of ma-
chinery space and support decks the
structure of the machinery casing in this
region are to be strengthened. The range
of this strengthening is a subject of the
special consideration of the Register.

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.
2.13.2.4 For the 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 m of steel grade and yield

stress shall be the same as for the
strength deck plating in this region.

2.13.3 Loads.

Design loads for plating and framing
of machinery casing are the similar to
loads on suitable along the height mem-
bers of watertight bulkheads (refer to
2.7.3.1) or the webs of deckhouse in giv-
en region (refer to 2.12.3.1) for ¢, = 1.

2.13.4 Scantlings of machinery
casing structures.

2.13.4.1 The plating thickness of
machinery casing which located on the
upper open deck or on quarterdeck is to
be greater than necessary for deckhouse
in the same place by 15 per cent and sec-
tion modulus of struts greater by 50 per
cent.

The plating thickness of part of machin-
ery casing located on open, deck at the
level of second and upper tiers of deck-
house is to be greater than necessary for
deckhouse of this tier by 10 per cent and
section modulus of struts greater by 20
per cent.

The lower plate of casing which ad-
joined to the upper deck is to be in-
creased by 1 mm.

2.13.4.2 If the part of machinery
casing which located lower than the
bulkhead deck where it is not included in
subdivision calculation as watertight con-
struction, the plating thickness of casing
in 'tweendeck spaces is to be equal to 6
mm and the thickness of coamings - 7
mm. In same cases for ships with L <100
the plate thickness may be reduced but
not more than by 5 mm and the thickness
of coamings - up to 6 mm.

The webs of casing are to be
strengthened by struts located on the dis-
tance not more than 0,9 mm from each
other. The scantlings of the struts is to be
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enough in order that section modulus is
not to be less than 70 per cent of neces-
sary for the suitable on height strut trans-
verse watertight bulkheads (refer to
2.7.4.2).

Where d/D < 0,70, the scantling of
struts of casing in upper ‘tweendeck
space may be reduced counting that the
section modulus is not to be less than 55
% for the suitable strut transverse water-
tight-bulkheads (refer t0.2.7.4.2).

The plating thickness of casing in
the bridge, poop or deckhouse may be
less than casing plating in 'tween deck
spaces by 0.5 mm, but not less than 4,5
mm and for coamings - not less than 5,5
mm. Struts may have scantlings which
are necessary for the casing in
‘tweendeck spaces where d/D < 0,7.

2.14 BULWARK

2.14.1 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, Part Il "Equipment, Arrangements
and Outfit".

2.14.2.2 The bulwark plating within
the 0,6L, 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 0,07 L,
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 tightening 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
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general, the flanges (face plates) of stays
shall not be welded to deck plating and
rail 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 the 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:

pminz 0,02'. + 14 kPa y

but not less than 15 kPa.

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

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

(2.14.3)

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 1/ of the
ship's length from the fore perpendicular,
as well as that of bulwark plating of 2nd
tier deckhouses or superstructures may be
reduced by 1 mm. For 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 3rd tier deckhouse.

The thickness of gunwale of bul-
wark is to be greater by 1 mm than the
plate thickness of bulwark. The breadth
of gunwale is not to be less than 75 mm
where the thickness of bulwark is 3 mm
and not less than 150 mm where the
thickness of bulwark is 8,5 mm. The in-
termediate values of the breadth of gun-
wale is to be determined by linear inter-
polation.

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
per cent .

The thickness of struts is to be
greater by 1 mm than the thickness of
plates of bulwark.

The breadth of the lower end of the
strut b, in mm, measured along the weld-
ing seam, is not to be less than

b = (0,65L + 190) «/5 (where a — spacing
between struts, in m). However b may be
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taken not more than 360 mm.

Where the height of a bulwark is
greater than 1 m the breadth of the lower
end of the strut shall be increased in
proportion to height.

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.



