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As compared to the previous edition (2016), the twentieth edition contains the following amendments. 

R U L E S F O R T H E C L A S S I F I C A T I O N A N D C O N S T R U C T I O N O F S E A - G O I N G S H I P S 

P A R T H . H U L L 

1. Chapter 1.2: in para 1.2.3.1 the reference in the last sentence has been specified. 
2. Chapter 1.4: para 1.4.1.1 has been supplemented with a reference to the requirements of new Part X I X 

"Additional Requirements for Structures of Container Ships and Ships, Dedicated Primarily to Carry their 
Load in Containers" considering IACS U R S U A (June 2015) and S34 (May 2015). 

3. Chapter 3.1: para 3.1.1.1 has been supplemented with a reference to the requirements of new Part X I X 
"Additional Requirements for Structures of Container Ships and Ships, Dedicated Primarily to Carry their 
Load in Containers" considering IACS U R S U A (June 2015) and S34 (May 2015). 

4. Editorial amendments have been made. 
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PART II. HULL 

1 DESIGN PRINCIPLES 

1.1 G E N E R A L 

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. 

T a b l e 1.1.1.1 

Proportion 
of ship 

Area of navigation 
Proportion 

of ship Unrest
ricted R l R2 R2-RSN R2-RSN(4,5) R3-RSN R3 

L/D 
BID 

18 
2,5 

19 
2.51 

20 
3 2 

21 
3 

21 
3 

22 
3 

23 
4 3 

'For vessels of dredging fleet, not more than 3. 
2 F o r vessels of dredging fleet, not more than 4. 
3 F o r 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 90 m in length and above, 
contracted for construction on or after 1 July 2015. 
The scantlings of hull members, essential to the 
strength of hull and the construction of the said ships 
are regulated by Part X V I I I "Common Structural 
Rules for Bulk Carriers and Oil Tankers". 

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. 

1.1.2 General. 
1.1.2.1 A l l hull structures regulated by the pre

sent 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 X I I I "Materials" and Part X I V "Welding" 
and with the approved technical documentation lis
ted in Part I "Classification". 

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

1.1.3 Definitions and explanations. 
The definitions and explanations relating to the 

general terminology of the Rules are given in Part I 
"Classification". 

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

U p p e r d e c k is the uppermost continuous 
deck extending the full length of the ship. 

M o u l d e d d e p t h D is the vertical distance 
measured amidships from the top of the plate keel or 
from the point where the inner surface of shell plating 
abuts upon the bar keel, to the top of the upper deck 
beam at side. In ships having a rounded gunwale, the 
depth is measured to the point of intersection of the 
moulded lines of upper deck and side, the lines ex
tending so as i f the gunwale were of angular design. 

L e n g t h Z, 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 i f 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 Re
gister. 

A f t e r p e r p e n d i c u l a r is a vertical line run 
through the ship centreline, which limits the ship 
length L at the aft end. 

B l o c k c o e f f i c i e n t C&is the block coeffi
cient at draught d corresponding to summer load 
waterline, based on length L and breadth B, de
termined by the formula 

Moulded displacement (m ) 
LBd ' 

S u m m e r l o a d w a t e r l i n e is the waterline 
on the level of the centre of the load line ring for the 
ship's position without heel and trim. 

E n g i n e r o o m a f t corresponds to the posi
tion of the mid-length of the engine room beyond 
0,31- aft of amidships. 

M i d s h i p s e c t i o n is the hull section at 
the middle of ship's length L . 

S u p e r s t r u c t u r e 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. 

T i g h t s t r u c t u r e is a structure impervious to 
water and other liquids. 

L o w e r d e c k s are the decks located below 
the upper deck. 
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Where the ship has several lower decks, they are 
called: second deck, third deck, etc., counting from 
the upper deck. 

F o r w a r d p e r p e n d i c u l a r is a vertical line 
run through the ship centreline at a point where the 
summer loadline and the fore side of stem intersect. 

S h i p ' s e n d s are portions of the ship's length 
beyond the midship region. 

D r a u g h t 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 mea
sured at side to the summer timber load waterline. 

M a i n f r a m e s are vertical side framing 
members fitted in the plane of floors or bilge brackets 
within a spacing of each other. 

F r e e b o a r d d e c k is the deck from which the 
freeboard is calculated. 

S u p e r s t r u c t u r e d e c k is a deck forming 
the top of a tier of superstructure. Where the super
structure has several tiers, the superstructure decks 
are called as follows: first tier superstructure deck, 
second tier superstructure deck, etc., counting from 
the upper deck. 

B u l k h e a d d e c k is the deck to which the 
main transverse watertight bulkheads are carried. 

D e c k h o u s e t o p is a deck forming the top of 
a tier of a deckhouse. 

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

P l a t f o r m is a lower deck extending over 
portions of the ship's length or breadth. 

I n t e r m e d i a t e f r a m e s are additional 
frames fitted between main frames. 

S t r e n g t h d e c k 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). 

D e c k h o u s e is a decked structure on the upper 
deck or superstructure deck with its side plating, on 
one side at least, being inboard of the shell plating by 
more than 4 per cent of the breadth of the ship. 

S p e c i f i e d s p e e d o f s h i p v 0 is the max
imum speed of the ship, in knots, at the summer load 
waterline in still water at rated engine speed of pro
pulsion plant. 

g = 9,81 m/s 2 — acceleration due to gravity; 
p = 1,025 t / m 3 — density of sea water. 

M i d s h i p r e g i o n is the part of the ship's 
length equal to 0,41- (0,21- forward and aft of amid
ships), unless expressly provided otherwise. 

M o u l d e d b r e a d t h B is the greatest moul
ded breadth, in m, measured amidships from outside 
of frame to outside of frame. 

S p a c i n g is the distance between primary 
members, determined on the basis of the value of 
standard spacing a0, in m, determined by the formula 
a0 = 0,0021, + 0,48. 

Deviation from normal spacing may be permitted 
within the following limits: 

0,75a0 to l,25a 0 for ships of unrestricted service 
and restricted area of navigation R l ; 

0,7ao to l,25ao for ships of restricted areas of 
navigation R2, R2-RSN and R2-RSN(4,5); 

0,65a0 to l,25a 0 for ships of restricted areas of 
navigation R3-RSN and R3. 

In the fore and after peaks the spacing of primary 
members shall not exceed 0,6 m; between the fore 
peak bulkhead and 0,21, aft of the forward perpen
dicular — 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 scant
lings of hull members. 

1.1.4.1 The scantlings of hull members are regu
lated based on the Rule design loads, calculation 
methods and safety factors with due regard to cor
rosion allowance (refer to 1.1.5). 

1.1.4.2 Derivation of the scantlings of hull mem
bers 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: 

ReH = upper yield stress, in MPa; 
CT„ = design specified yield stress for normal 

stresses, in MPa, determined by the formula 

235 (1.1.4.3-1) 

where T| = application factor of mechanical properties of steel, 
determined from Table 1.1.4.3; 

T„ = design specified yield stress for shear stres
ses, in MPa, determined by the formula 
T„ = 0,57CT„. (1.1.4.3-2) 

T a b l e 1.1.4.3 

235 315 355 390 

•n 1,0 0,78 0,72 0,68 
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1.1.4.4 The requirements for strength of struc
tural members and structures as a whole aiming at 
determining their scantlings and strength character
istics are set forth in the Rules by assigning the spe
cified values of permissible stresses for design normal 
Op = k„a„ and shear zp = kTz„ stresses (where ka and 
kT = factors of permissible normal and shear stresses 
respectively). 

The values of ka and kT are given in the relevant 
Chapters of this Part. 

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

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

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

T a b l e 1.1.4.6 
Permissible reduction of minimum hull member thickness 

Hull members 
Service area 

Hull members 
R2, R2-RSN 

and R2-RSN(4,5) 
R3-RSN and R3 

Primaty support 
members in way 15 per cent 30 per cent 
of ballast tanks 
Other hull members 10 per cent 20 per cent 

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 require
ments for determining the hull member scantlings are 
based on the assumption that during the construction 
and service of a ship measures are taken for the cor
rosion prevention of the hull in accordance with current 
standards and other current normative documents. 

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

The reduced scantlings as well as scantlings de
termined in accordance with the requirements of the 
present Rules for the 24-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 I "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-l2) (1.1.5.1) 

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

T = planned service life of structure, in years; if service life is 
not specially prescribed, T shall be taken equal to 24. 

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 24 years, 
scantlings determined at T = 24 shall be additionally 
indicated. A special entry shall be made in the Clas
sification Certificate of such ships (refer to 2.3.1, 
Part I "Classification"). 

1.1.5.2 When there are no special requirements 
for service conditions and means of corrosion pre
vention 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 depending on the group of ships and 
the designation of the space. 

Table 1.1.5.2 provides for division of all ships into 
two groups depending on corrosion wear conditions: 
Group I : dry cargo ships and similar ships as regards 

the service conditions; 
Group I I : tankers, bulk carriers, combination carriers 

and similar ships as regards the service 
conditions. 

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

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

In the drawings of hull structures, which scan
tlings have been adopted with regard to the reduced 
value of u, the reduced scantlings determined at u 
according to Table 1.1.5.2 shall be additionally in
dicated. A special entry shall be made in the Classi
fication Certificate of such ships (refer to 2.3.1, Part I 
"Classification"). 

1.1.5.3 The factor coc taking into account corrosion 
allowance with regard to the cross-sectional area of the 
web and to the section modulus of members of rolled 
section is determined by the formula 

coc = 1 + ctcAs (1.1.5.3) 

where ac = 0,07 + ^ ^ 0 , 2 5 for W < 200 cm 3; 

ac = (0,01 + ^7) for W>200 cm 3 

where W = section modulus of the member under consideration in 
accordance with 1.6.4.2; 

for As, refer to 1.1.5.1. 
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T a b l e 1.1.5.2 
Average annual reduction in thickness of structural members 

Structural member 
it, in mm per annum 

Nos. Structural member Group I Group I I 

1 Plating of decks and platforms 
0,2 >• 2 1.1 Upper deck 0,1 0,2 >• 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 0,1 0,13 2 

2.1.2 in the region of alternating waterlines 0,17 0,19 2 

2.1.3 below the region of alternating waterlines 0,14 0,16 
2.2 Side (inner skin is provided) (compartments of double skin side are not designed 

to be filled): 
2.2.1 freeboard 0,1 0,1 
2.2.2 in the region of alternating waterlines 0,17 0,17 
2.2.3 below the region of alternating waterlines 0,14 0,14 
2.3 Side (inner skin is provided) (compartments of double skin side are designed for 

the of carriage cargo, fuel oil or water ballast): 
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 tank filled with fuel oil 0,18 0,18 

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

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

.2 tank for reception of water ballast 0,18 0,18 
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 0,2 0,2 
3.2 Bottom (inner bottom is provided): 
3.2.1 including bilge 0,14 0,14 
3.2.2 in way of fuel oil tanks 0,15 0,15 
3.2.3 in way of ballast compartments 0,2 0,2 
4 Plating of inner bottom, hopper tank and trapezoidal stools under transverse 

bulkheads 
4.1 Inner bottom in the area of cargo holds (tanks): 
4.1.1 in way of fuel oil tanks 0,12 0,17 
4.1.2 in way of ballast compartments 0,15 0,2 
4.1.3 in way of boiler room 0,3 0,3 
4.1.4 in way of engine room 0,2 0,2 
4.1.5 with no wood sheathing in holds if cargo is expected to be discharged by grabs 0,3 0,3 
4.2 Hopper tanks, trapezoidal stools under transverse bulkheads, margin plate: 
4.2.1 plating of hopper tanks and trapezoidal stools: 

bottom strake 0,25 0,3 
other strakes 0,12 0,17 

4.2.2 margin plate (inclined and horizontal) 0,2 0,22 
4.2.3 margin plate in boiler room: 

inclined 0,28 0,3 
horizontal 0,23 0,28 

5 Plating of longitudinal and transverse bulkheads of inner skin 
5.1 Watertight bulkheads: 
5.1.1 top strake (0,1 D from the upper deck) 0,1 — 
5.1.2 middle strake 0,12 — 
5.1.3 bottom strake 0,13 — 
5.2 Bulkheads between holds loaded with bulk cargoes: 
5.2.1 top strake (0,1 D from the upper deck) — 0,13 
5.2.2 other strakes — 0,18 
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) — 0,2 2 
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Table 1.1.5.2 — continued 

Nos. 
Structural member 

it, mm per annum 
Structural member Group I Group I I Structural member Group I Group I I 

5.4.2 middle strake — 0,13 2 

5.4.3 bottom strake — 0,18 
5.5 Bulkheads between cargo and ballast compartments: 
5.5.1 top strake (0,1Z> from the upper deck) 0,13 0,3 
5.5.2 middle strake 0,15 0,25 
5.5.3 bottom strake 0,16 0,2 
5.6 Topside tanks 0,12 0,2 
6 Framing of decks and platforms 
6.1 Deck longitudinals and beams of decks and platforms forming boundaries of: 
6.1.1 holds loaded with general cargoes 0,12 — 
6.1.2 holds loaded with bulk cargoes — 0,15 
6.1.3 holds loaded with crude oil and petroleum products or bulk cargoes — 0,18 
6.1.4 cargo tanks — 0,25 2 

6.1.5 fuel oil tanks 0,15 0,17 
6.1.6 ballast compartments 0,18 0,2 
6.2 Deck girders, transverses of decks and platforms forming boundaries of: 
6.2.1 holds loaded with general cargoes 0,12 — 
6.2.2 holds loaded with bulk cargoes — 0,13 
6.2.3 holds loaded with crude oil and petroleum products or bulk cargoes — 0,15 
6.2.4 cargo tanks — 0,2 2 

6.2.5 fuel oil tanks 0,19 0,19 
6.2.6 ballast compartments 0,21 0,21 
6.3 Cargo hatch coamings 0,1 0,12 
7 Framing of sides and bulkheads 

7.1 Longitudinals, main and web frames, cross ties, vertical stiffeners and horizontal 
girders of sides and bulkheads forming boundaries of: 

7.1.1 holds loaded with general cargoes 0,1 — 
7.1.2 holds loaded with bulk cargoes — 0,13 
7.1.3 holds loaded with crude oil and petroleum products or bulk cargoes — 0,15 
7.1.4 cargo tanks — 0,2 2 , 3 

7.1.5 fuel oil tanks 0,18 3 0,18 3 

7.1.6 ballast compartments 0,21 0,21 
8 Framing of bottom and inner bottom 
8.1 Bottom centre girder, side girders, floors and bottom longitudinal girders (inner 

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

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

'For combination carriers and ships for the carriage of bulk cargoes, u = 0,15 mm per annum. 
2 With a compartment filled with inert gas, u is increased by 10 per cent. 
3 For horizontal stiffeners arranged in the upper portion having a width of 0,1 times the compartment height, u = 0,25 mm per annum. 

1.1.6 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 requirements1: 

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

'For the purpose of this paragraph, "length of ship" is the length measured between perpendiculars from the extreme points of the ship 
on the level of the deepest subdivision load line. For the definitions of the deepest subdivision load line refer to 1.2, Part V "Subdivision". 
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Where the stem forms the external contour of 
the hull from the forward end with no protruding 
parts except the bulbous bow, the forward perpen
dicular 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 extension shall be 
so arranged as to preclude the possibility of the bow 
door causing damage to i t 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 1.1.6.1.1 or 1.1.6.1.2. 

However, in ships constructed before 1 July 1997: 
.4.1 where a sloping ramp forms part of the ex

tension, the part of the extension which is more than 
2,3 m above the bulkhead deck may extend no more 
than 1 m forward of the forward limits specified 
in 1.1.6.1.1 or 1.1.6.1.2; 

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

The extension to the collision bulkhead shall open 
forward. The extension shall comply with the require
ments of 1.1.6.1.3 and shall be so arranged as to pre
clude 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 re
quirements shall be disregarded as an extension of the 
collision bulkhead; 

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

.7 an after peak bulkhead dividing the engine 
room from the cargo and passenger spaces forward 

and aft, shall also be fitted and made watertight up to 
the bulkhead deck. 

The after peak bulkhead may, however, be step
ped 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 water
tight spaces of moderate volume. The stern gland shall 
be situated in a watertight shaft tunnel or other water
tight space separate from the sterntube compartment 
and of such volume that, i f 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 requirements1: 

.1 a collision bulkhead shall be fitted which shall 
be watertight up to the freeboard deck. This bulk
head 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, 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 perpendi
cular, whichever gives the smallest measurement; 

.3 the bulkhead may have steps or recesses pro
vided 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 ex
tension need not be fitted directly above the bulkhead 
below provided i t is located within the limits pre
scribed 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 free
board deck may extend forward of the limit specified 
in 1.1.6.2.1 or 1.1.6.2.2. The ramp shall be weather
tight over its complete length; 

.6 the number of openings in the extension of the 
fore peak bulkhead above the freeboard deck shall be 

'For the purpose of the present paragraph "freeboard deck", "length of ship" and "forward perpendicular" have the meanings as 
defined in 1.2 of Load Line Rules for Sea-Going Ships. 
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restricted to the minimum compatible with the design 
and normal operation of the ship; 

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

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

1.1.63 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 per
pendicular of not less than 5 per cent of the length of 
the ship or 10 m, whichever is the less, and i f 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 mid-
length 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 pro
vided 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, ventila
tors or any other openings shall be fitted in the col
lision 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 screw-
down 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 i t 
is located is not a cargo space. A l l valves shall be of 
steel, bronze or other approved ductile material. 
Valves of ordinary cast iron or similar material are 
not acceptable; 

.6 i f 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 sub
division 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 ex
tension of the collision bulkhead need not be fitted 
directly above the bulkhead below provided i t is lo
cated 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 i t 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. A l l such openings 
shall be capable of being closed weathertight; 

.10 bulkheads shall be fitted separating the ma
chinery 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, pro
vided 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 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, 
i f flooded by leakage through the stern gland, the 
bulkhead deck wil l not be immersed. In cargo ships, 
other measures to minimize the danger of water pe
netrating 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 



12 Rules for the Classification and Construction of Sea-Going Ships 

as far as this is practicable and compatible with the 
design and proper working of the ship. 

I n ships of 50 m and upwards but less than 6 1 m 
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. 

I n 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. 

I n 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 wil l 
be deemed satisfactory i f the line of intersection of 
the outer edge of the margin plate with the bilge 
plating is not lower at any part than a horizontal 
plane passing through the point A at midship section, 
as shown in Fig. 1.1.6.4.2; 

\ 
Base line Base line 

Fig. 1.1.6.4.2 

.3 small wells constructed in the double bottom in 
connection with drainage arrangements of holds, etc. 
shall not extend downwards more than necessary. 
The depth of the well shall in no case be more than 
the depth less 460 mm of the double bottom at the 
centreline, nor shall the well extend below the hor
izontal 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 i f the arrangements give protection 
equivalent to that afforded by a double bottom com
plying with the requirements of present paragraph; 

.4 a double bottom need not be fitted in way of 
watertight compartments of moderate size used ex
clusively for the carriage of liquids, provided the 

safety of the ship, in the event of bottom or side 
damage, is not thereby impaired. 

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 per
mitted at the after end of the shaft tunnel of the ship. 
Other wells may be permitted i f 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 I n 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 Jan
uary 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; 

.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 i f the arrangements 
give protection equivalent to that afforded by 
a double bottom complying with the present para
graph. I n 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; 
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.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 1.1.6.6.4 shall comply with the re
quirements of 2.9, Part V "Subdivision"; 

.6 in case of unusual bottom arrangement in a 
passenger ship or a cargo ship i t shall be demon
strated that the ship is capable of withstanding bot
tom damages as specified in 2.9.3, Part V 
"Subdivision". 

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

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

In ships of 65 m in length and upwards a conti
nuous 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. Water
tight 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 allow
able during intermediate stages of flooding, 
in accordance with 3.3.3, Part V "Subdivision"; 

.3 where all or part of the penetration of bulk
head 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. 

1.2 M A T E R I A L S 

1.2.1 General. 
The materials used for hull structures regulated 

by this Part of the Rules shall comply with the re
quirements of Part X I I I "Materials". 

1.2.2 Steel grades for hull structures. 
1.2.2.1 Hul l members shall be fabricated of mild 

steel grades A , B, D and E with the upper yield stress 
ReH = 235MPa and of A H , D H , E H and F H high 
tensile steel grades A32, D32, E32 and F32 with the 

upper yield stress ReH = 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 ReH = 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 X I I I 
"Materials") shall be used for the fabrication of 
structural members having a thickness in excess of 
18 mm unless no measures are taken to structurally 
prevent lamellar tearing. 

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

Hul l structural steel stated in 3.17, Part X I I I 
"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 pro
longed exposure to low service temperatures accord
ing to Figs. 1.2.3.1-1 to 1.2.3.1-3 shall be selected for 
various Classes of structural members proceeding 
from the actual thickness adopted for the member 
concerned and the design temperature of structures 
to be determined by a procedure agreed with 
the Register. 

For hull structural members of icebreakers and 
Arc4 to Arc9 ice class ships, the design temperature 
for which does not exceed —30 °C, with member 
thickness exceeding 25 mm, the Register may require 
for application of steel of improved weldability and 
of steel complying with specific Register requirements 
for viscosity and cold resistance properties (steels 
marked with an additional superscript "Arc"). The 
requirements for these steels are specified in 3.5.2.5 of 
Part X I I I "Materials". 

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 de
sign temperature of ambient air TA. In the absence of 
any other provisions, for the value of TA the mini
mum 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 wa
ters as regards cooling conditions. 

1.2.3.3 In all cases the value of TA shall not exceed: 
— 40 "C 1 for icebreakers of ice classes 

Icebreaker9, Icebreaker8, Icebreaker7 and ships of 
ice classes Arc9 to Arc5; 

' i f operation involves sailing into the mouths of northern rivers, the value of TA shall not exceed — 50 °C. 
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— 30 °C for icebreakers of ice class Icebreaker6 
and ships of ice class Arc4; 

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

1.2.3.4 A n approximate determination of tem
peratures of structures is permitted based on the va
lues of TA obtained by this method in accordance 
with the recommendations given in Table 1.2.3.4. 

1.2.3.5 A t the design tensile stresses in the upper 
deck and side longitudinals (of sheerstrake) due to the 
still water hogging moment (osw), exceeding the va
lue 65/T) , the design temperature of longitudinals may 
be corrected by the value of ATd = -10(0^/65 - 1 ) °C. 

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

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

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

with insulation fitted on the side of the re
frigerated 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 workman
ship, the assumed damage consequences for safety of 

the ship as a whole, the structural members are grouped 
into three Classes according to Table 1.2.3.7-1. 

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

Additional requirements: 
for single deck ships with length exceeding 150 m, 

excluding those covered in Table 1.2.3.7-3, are given 
in Table 1.2.3.7-2; 

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

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

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

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

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 as-
built 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 I I I 
or steel grade E/EH and within 0,4Z, amidships shall 
have breadths not less than 800 + 5L mm, need not be 
greater than 1800 mm. 

T a b l e 1.2.3.4 

Hull structure Insulation Heating 

Design temperature TD 

Hull structure Insulation Heating Cargo space region Region of spaces 
other than cargo 

spaces 

Hull structure Insulation Heating 

tanks holds 

Region of spaces 
other than cargo 

spaces 

Exposed part of strength deck, side plating portion Fitted Not provided TA 

above summer load waterline (for ice class ships — 
above ice belt) as well as adjacent framing and 
portions up to 1,0 m wide of bulkhead structures, 
decks, platforms, topside tanks, etc. 

Not relevant Provided 0,50TA 

above summer load waterline (for ice class ships — 
above ice belt) as well as adjacent framing and 
portions up to 1,0 m wide of bulkhead structures, 
decks, platforms, topside tanks, etc. 

Not fitted Not provided OJOTa TA + 5 °C 0,607/^ 

Strength deck portion under unhealed superstructures Not relevant Not provided - 1 0 °C 

External structures of superstructures and 
deckhouses Fitted 

Provided 0,50TA External structures of superstructures and 
deckhouses Fitted 

Not provided 0,707/^ 

Structures cooled on both sides with ambient air Not fitted Not provided TA 

Side plating portion in the region of alternating 
waterline. Region I of ice class ships 

Fitted Not provided 0,55TA 
Side plating portion in the region of alternating 
waterline. Region I of ice class ships 

Not relevant Provided 0,35TA 

Side plating portion in the region of alternating 
waterline. Region I of ice class ships 

Not fitted Not provided 0,40TA 

N o t e . For external structures of underwater portion of the hull 7^=0 °C. 
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T a b l e 1.2.3.7-1 

Nos. Structural member category Material class/grade 

1 
2 
3 

Longitudinal bulkhead strakes, other than that given in para 7 
Deck plating exposed to weather, other than that given in paras 5, 12, 13, 15 and 16 
Side plating 

Class I throughout the length of a ship 

4 
5 
6 

7 
8 
9 
10 

Bottom plating, including keel plate 
Strength deck plating, excluding that given in paras 12, 13, 14, 15 and 16 
Continuous longitudinal plating of strength members above strength deck, excluding 
hatch coamings 
Uppermost strake in longitudinal bulkhead 
Vertical strake (hatch side girder) and uppermost sloped strake in top wing tank 
Longitudinal hatch coamings of length less than 0,15£ 
External longitudinal members, plating and framing of long superstructures and plating of 
sides of short superstructures and deckhouses (first tier) 

Class I I amidships 
Class I outside of amidships 

11 
12 
13 

14 

Sheerstrake1 

Stringer plate in strength deck1 

Deck strake at longitudinal bulkhead, excluding deck plating in way of inner-skin 
bulkhead of double-hull ships1 

Lower deck strakes at cargo hatch corners in refrigerated spaces2 

Class I I I amidships 
Class I I outside of amidships 
Class I outside 0,6i amidships 

15 Strength deck plating at outboard corners of cargo hatch openings in container carriers 
and other ships with similar hatch opening configurations 

Class I I I amidships 
Class I I outside of amidships 
Class I outside 0,6i amidships 
Class I I I within cargo region 

16 

17 

Strength deck plating at corners of cargo hatch openings in bulk carriers, ore carriers, 
combination carriers and other ships with similar hatch opening configurations 
Trunk deck and inner deck plating at corners of openings for liquid and gas domes in 
membrane type liquefied gas carriers 

Class I I I within 0,6i of the ship 
Class I I within rest of cargo region 

18 Bilge strake in ships with double bottom over the full breadth and length less than 150 m Class I I within 0,6i amidships 
Class I outside 0,6i amidships 

19 Bilge strake in other ships1 Class I I I amidships 
Class I I outside of amidships 
Class I outside 0,6i 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 I I I amidships 
Class I I outside of amidships 
Class I outside 0,6i amidships 
Not to be less than Grade D / D H 

22 Side plating at cargo port corners Class n throughout the length of a ship 

23 Plating and framing (welded members) in ice-strengthening region I (refer to Figs. 3.10.1.3.2 
and 3.10.1.3.3), welded plate stems and stern frames of: 
.1 ships of ice classes Arc4, Ice3, Ice2, Icel Class I throughout the length of a ship 

.2 ships of ice classes Arc9, Arc8, Arc7, Arc6, Arc5 and icebreakers irrespective of ice class Class II throughout the length of a ship 

24 Rolled section framing of: 
.1 ships irrespective of ice class and icebreakers of ice class Icebreaker6 Class I throughout the length of a ship 

.2 icebreakers of ice classes Icebreaker9, Icebreaker8, Icebreaker7 Class II throughout the length of a ship 

'Single strakes required to be of Class III 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. 

T a b l e 1.2.3.7-2 

Structural member category Material grade 

Longitudinal plating of strength deck 
where contributing to the longitudinal 
strength 
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 

Grade B / A H within 
cargo region 

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 sup
porting the rudder and propeller boss, rudders, rud
der horns and shaft brackets shall in general not be of 
lower grades than corresponding to Class I I . For 
rudder and rudder body plates subjected to stress 
concentrations (e.g. in way of lower support of semi-
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T a b l e 1.2.3.7-3 T a b l e 1.2.3.7-5 

Structural member category Material class/grade 

Longitudinal plating of strength deck 
where contributing to the longitudinal 
strength 

Grade B/AH amidships 

Continuous 
longitudinal 
p lat ing of 
s t r e n g t h 
m e m b e r s 
above the 
strength deck 

Trunk deck plating Class I I amidships Continuous 
longitudinal 
p lat ing of 
s t r e n g t h 
m e m b e r s 
above the 
strength deck 

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

Grade B/AH amidships 

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

T a b l e 1.2.3.7-4 

Structural member category Material grade 

Sheerstrake at strength deck1 

Stringer plate in strength deck1 

Bilge strake1 

Grade E / E H amidships 
Grade E / E H amidships 
Grade D/DH amidships 

Single strakes required to be of Grade E / E H and 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. 

spade rudders or at upper part of spade rudders), 
Class I I I shall be applied. 

1.2.4 Aluminium alloys. 
1.2.4.1 This Part of the Rules admits the fol

lowing applications of aluminium alloys: 
hull, superstructures and deckhouses, i f 

12 < L < 4 0 m; 
superstructures and deckhouses, i f 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 X I I I "Materials" shall 
be applied to the inner surfaces of ballast tanks. 

I t is recommended to protect the inner spaces of 
cofferdams, duct keels, supports of transverse bulk-

Structural member category Material grade 

Shell strakes in way of ice strengthening 
area for plates 

Grade B/AH 

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

referred to Class I I I 

heads and other similar void spaces of oil tankers and 
bulk carriers with protective coatings in accordance 
with 6.5.1.2 of Part X I I I "Materials". 

1.2.5.2 Anti-fouling coatings of ship hulls, in case 
of their application, shall comply with the require
ments of 6.5.2, Part X I I I "Materials". 

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

applying protective coatings in compliance with 
I M O resolution MSC.288(87) (refer to 6.5.1.2, 
Part X I I I "Materials"); 

using alternative means of protection or corro
sion resistant materials to maintain the required 
structural integrity for 25 years in accordance with 
I M O resolution MSC.289(87) (refer to 3.16.1.2, 
Part X I I I "Materials"). 

T a b l e 1.2.3.7-6 

Structural member 
thickness S, in mm 

Class, hull member is related to Structural member 
thickness S, in mm 

I I I I I I 

Structural member 
thickness S, in mm 

Mild steel High tensile steel Mild steel High tensile steel Mild steel High tensile 
steel 

5<15,0 
A A H 

A 
A H 

A A H 

15 < 5<20 
A A H 

A 
A H 

B 

A H 

20 < 5<25 

A A H 

B 

A H 

D 
D H 

25 < 5<30 

A A H 

D D H 

D 
D H 

30 < 5<35 
B 

A H 

D D H 

E E H 
35 < 5<40 

B 

A H 

D D H 

E E H 

40 < 5<50 D D H E E H 

E E H 
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1.3 D E S I G N L O A D S 

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 por
tion 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 chap
ters pertaining to particular structures. In the absence 
of such provisions the load is assumed to be on the 
lower edge of the plate, at the middle of design span 
of the member or at the centre of the area taking up 
distributed load. 

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

cw = 0,0856L for L ^ 9 0 m; 

cw = 10,75 — ( 3 0 ^ L ) 3 / 2 f o r 90<L< 300 m; 

cw= 10,75 for 300=^1^350 m. (1.3.1.4) 
1.3.1.5 For ships of restricted area of navigation 

the wave factor cw shall be multiplied by the reduc
tion factor (pr obtained from Table 1.3.1.5. 

T a b l e 1.3.1.5 

Area of navigation 

R l 1 
R2 1,25-0,25Z/10 _ 2 ^1 

R2-RSN 1,0-0,20Z/10" 2 

R2-RSN(4,5) 0,94-0,19Z/10~ 2 

R3-RSN 0,86-0,18Z/10~ 2 

R3 0,75-0,18L-10" 2 

pw = as defined in 1.3.2.2. 

1.3.2.2 The design pressure pw, in kPa, due to 
ship's hull motion about the wave contour is de
termined by the following formulae: 

for the points of application of the loads below 
the summer load waterline 

P* = P^W -4 ,75( £ + ̂ ) J] >0,5pWo; (1.3.2.2-1) 
for the points of application of the loads above 

the summer load waterline 

Pw - pWo — l,5axZi (1.3.2.2-2) 
where pwQ = 5cwavax; 

for cw, refer to 1.3.1.4 and 1.3.1.5; 

^ = 0 , 8 - ^ ( ^ 3 + 0,4)+1,5; 

ax = ^ ( 1 - ^ ) ^ 0 , 2 6 7 ; 
kx= factor equal to 0,8 and 0,5 for hull sections forward and 

aft of the midship section respectively; 
x\ = distance of the considered section from the nearest fore 

or after perpendicular, in m; 
for zh refer to Formula (1.3.2.1-2); 

In any case, 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. 

, , , , , , , , , 
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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=Pst + Pw, (1.3.2.1-1) 

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

P = Pn (1.3.2.1-2) 

where pst = static pressure, in kPa, determined by the formula 
Pst = 10zf; 

zt = distance form the point of application of the load to the 
summer load waterline, in m; 

Fig. 1.3.2.2 

1.3.3 Acceleration at motions. 
1.3.3.1 Design acceleration a, in m/s 2, at motions 

in waves is determined by the formula 

a = *Ja2

c + ap + 0,4a2 (1.3.3.1-1) 

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

ap, ar = projections of pitching and rolling acceleration on the 
appropriate directions at the point under consideration. 

Acceleration projections for the considered mem
ber on the vertical (index z), horizontal-transverse 
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(index y) and horizontal-longitudinal (index x) direc
tions are determined by the following formulae: 

acx = 0,l(100/L/ / 3 gcp r ; 
acy = 0,2(100/L/ / 3gcpr; 
acz = 0,2(100/Z,//3gcp r; 
apx = (2n/Tpf\\iz0; 

apy = 0; (1.3.3.1-2) 
apz = (2n/Tpftyx0; 
arx = 0; 
ary = (2n/Tr)2Qz0; 
arz = (2n/Tr)2Qyo 

where cpr is given in Table 1.3.1.5 (cpr — 1 for ships of unrestricted 
service); 

Tp and Tr = pitching and rolling periods, in s, determined by the 
formulae: 

1 + 0 ' 4 7 z ; ( l ^ + 0 ' 4 ) : (1.3.3.1-3) 

Tr = cB/Jh 

where c = numerical factor determined on the basis of the data for 
the ship of similar type. As a first approximation, 
c = 0,8; 

h = metacentric height for the most unfavourable conditions 
of operation; for a ship in fully loaded condition, 
Aw 0,072? unless more detailed data are available. 

For a tanker in ballast condition, Tn as a first approximation, 
can be determined by the formula 

TT*l\jB; 

\|f = design angle of trim, in rad, determined by the formula 
0,23 \|r = cp 1 + Z/10" (1.3.3.1-4) 

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

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

> = cp, 
0,6 

r l +0,51/10" (1.3.3.1-5) 

xo = distance of the considered point from the transverse 
plane passing through the ship's centre of gravity, in m; 

yo, zo = distance of the considered point from the centreline and 
the horizontal plane passing through the ship's centre of 
gravity respectively, in m. 
If L ^ 4 0 m in Formulae (1.3.3.1-4) and (1.3.3.1-5), L shall 
be taken equal to 40 m. 

A t all types of motions, the total acceleration in 
the vertical direction az, in m/s 2, can be determined 
by the formula 

0 9 
az = gf^{\ +ka) (1.3.3.1-6) 

where k„ = 1,6(1—2,5 X\/L)^0 in the forward region; 
ka = 0,5(1 — 3,33JCI/Z.) > 0 in the aft region; 

for x\, refer to 1.3.2.2. 
If L < 80 m in Formula (1.3.3.1-6), L shall be taken equal 
to tensile 80 m. 

1.3.4 Cargo, fuel and ballast loads. 
1.3.4.1 Design pressure pc, in kPa, on the grillages 

of cargo decks, platforms and double bottom from 

package cargo is determined having regard to inertia 
forces by the formula 

Pc = hpcg(l + az/g) (1.3.4.1) 
where h = design stowage height, in m; 

p c = density of the cargo carried, in t/m 3; 
az = design acceleration in the vertical direction determined in 

accordance with 1.3.3.1, 

but not less than 20 kPa. 
1.3.4.2 The design pressure on the structures 

forming boundaries of the compartments intended 
for the carriage of liquid cargoes and ballast in tan
kers, 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. 

1.3.4.2.1 The design pressure pc, in kPa, on the 
structures of fully loaded compartments is de
termined by the following formulae: 

Pc = Pog(l + azlg)zi, 
Pc = Pcg(zi + bQ); 
Pc = Pcg(zi + A|0; 
pc = 0,75ft.g(zj + Az); 
Pc = PcgZi + Pv 

(1.3.4.2.1-1) 
(1.3.4.2.1-2) 
(1.3.4.2.1-3) 
(1.3.4.2.1-4) 
(1.3.4.2.1-5) 

where p c = cargo, ballast or fuel density, in t/m3, whichever is 
appropriate; 

az = design acceleration in the vertical direction according 
to 1.3.3.1; 

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

9 and \|f = 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 3 capacity, the minimum values of Az are not stipulated; 

pv = 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 3 capacity, the minimum values of pv are not 
stipulated; 

/ and b = length and breadth, in m, of a compartment as measured at 
mid-height; if the values of / and/or b change abruptly over 
the compartment height, / and/or b are measured at mid-
height of each compartment section where their variation is 
not appreciable; the Formulae (1.3.4.2.1-2) and (1.3.4.2.1-3) 
are used for each measured value of / and b accordingly, 

whichever is the greater. 
1.3.4.2.2 Where a compartment shall be partially 

filled proceeding from service conditions, with the 
compartment length 0,131, and compartment 
breadth b < 0,65, the design pressure pc, in kPa, for 
the structures mentioned below shall not be less than: 

for the side, longitudinal bulkheads and adjoi
ning compartment top within 0,25ft of the line of 
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compartment top and side intersection, or of the 
longitudinal bulkhead 

pc= p c(5-B/100)ft; (1.3.4.2.2-1) 

for transverse bulkheads and adjoining com
partment top within 0,25/ of the line of compartment 
top and transverse bulkhead intersection 

Pc= p c(4-Z,/200)/. (1.3.4.2.2-2) 

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

For compartments where I > 0,131, and/or 
b > 0,65, 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 struc
tures bounding the bulk cargo hold is determined by 
the formula 
Pc = Pcgkc(l + ajgfo (1.3.4.3) 
where for p c, refer to 1.3.4.1; 

kc = s in 2 atg 2 (45° -cp , v / 2 ) + cos2<x; 
or 

kc = cos <x, 
whichever is the greater; 

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

az = design acceleration in the vertical direction according to 1.3.3.1; 
zt = vertical distance from the load application point to the 

free surface level of cargo, in m, 

but not less than 20 kPa. 
The pressure on the inner bottom is determined 

by Formula (1.3.4.3) where kc = 1. 
1.3.4.4 The design pressure from package cargo 

acting upon the structures in horizontal plane is de
termined with regard for inertia forces. In For
mula (1.3.3.1-1) the acceleration in the horizontal-
transverse direction is determined by the formula 

ay = slaly + (ary + gsinO) 2; (1.3.4.4-1) 

and in the horizontal-longitudinal direction 

ax = yJa2

cx + (apx + gsm^f (1.3.4.4-2) 

where 9 and \|f are determined by Formulae (1.3.3.1-4) 
and (1.3.3.1-5). 

1.4 L O N G I T U D I N A L S T R E N G T H 

1.4.1 General and definitions. 
1.4.1.1 The requirements of this Chapter apply to 

ships of unrestricted service and of restricted areas of 
navigation R l and R2, 65 m in length and upwards, 
as well as to ships of restricted areas of naviga

tion R2-RSN, R2-RSN(4,5), R3-RSN and R3, 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 re
quirements of 3.1 and 3.6 respectively. 

The requirements of the this Chapter shall not 
apply to container ships and ships, dedicated pri
marily to carry their cargo in containers, both of 
90 m in length and upwards and operated in unrest
ricted service. When assessing the longitudinal 
strength, the requirements of Part X I X "Additional 
Requirements for Structures of Container Ships and 
Ships Dedicated Primarily to Carry their Load in 
Containers" shall be applied. 

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 navi

gation R2, R2-RSN, R2-RSN(4,5), R3-RSN and R3 
the ratio B/D is obtained from Table 1.1.1.1); 

.2 block coefficient Cb < 0,6; 

.3 specified speed v0 exceeding the value of v, in 
knots, determined by the formula 

v = kJZ (1.4.1.2.3) 

where k = 2,2 if 100 m; 
k = 2,2-0,25 ( £ - 1 0 0 ) / 1 0 0 if L > 100 m. 

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

1.4.1.3 For longitudinal strength calculation, de
sign loads shall include still water bending moments 
and shear forces, wave bending moments and shear 
forces, and for ships with large flare, bending mo
ments 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 mo
ment and shear force are as shown in Fig. 1.4.1.4. 
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Shear forces 

+ 

Bending moments 

( (+> ) 
Aft Fore 

Fig. 1.4.1.4 

1.4.2 Symbols. 
For the purpose of this Chapter the following 

symbols have been adopted: 
L x = length of the compartment considered, in m; 
Bx = breadth of the compartment considered, in m; 
AF= 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 2 ; 

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

/ = actual inertia moment of the hull about the 
horizontal neutral axis of the hull section under 
consideration, in cm 4 ; 

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 thick
ness of the web is determined, in cm 3 ; 

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

1.4.3 Still water bending moments and shear forces. 
1.4.3.1 The still water bending moments and 

shear forces shall be calculated for all actually pos
sible cases of weight distribution over the length of 
the ship including full-load and ballast conditions for 
departure and arrival of the ship. 

The bending moments and shear forces in the 
course of consuming the contents of each tank with 
ship's stores (fuel oil , water, lubricating oil) during 
voyage shall be also calculated i f the above moments 
and forces exceed those for departure or arrival of the 
ship. The same applies to ship's ballasting/deballast-
ing at sea. In so doing, partially filled ballast tanks, 
including peak tanks, shall be ignored in the con
sideration 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; 
.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 com
pliance with maximum, minimum and assigned partial 
filling levels of these one or maximum two pairs of side 
tanks, so that actual trim does not exceed any of these 
trim values. Fill up levels for the rest side ballast tanks 
shall be considered between full and empty. The above-
mentioned trim values are as follows: 

tr im by the stern for 3 per cent of ship length; 
tr im by the bow for 1,5 per cent of ship length; 
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any trim, at which propeller depth axis con
stitutes 25 per cent of its diameter. 

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

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 se
quence shall be included in the Loading Manual or 
the Guidelines for Safe Ballast Water Exchange at 
Sea of any ship that intends to employ the sequential 
ballast water exchange method. 

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

The values Msw and Nsw are regarded further as 
design values for the section under consideration. 

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

The bottom longitudinal responses in way of 
transverse bulkheads shall be determined on the basis 
of the bottom grillage calculation in accordance 
with 3.3.4.1. The design loads to be considered shall 
not include the wave loads mentioned under 1.3.2.2, 

Loaded hold Empty hold 

\ / 2 

\ ^ \ 
/ / 

/ 1 // 
/ / E 

3 ^ / A / J 

/ / 
/ R'i, 

Fig. 1.4.3.3 
Shear force curve correction diagram: 

1 — transverse bulkhead; 2 — uncorrected curve; 
3 — corrected curve; Ri and R2 — total of bottom longitudinal 
responses for a loaded hold in way of aft bulkhead and forward 

bulkhead accordingly; 
R'i and R'2 = same for an empty hold 

the angles of heel, tr im and accelerations at motions 
determined in accordance with 1.3.3.1. 

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 de
termined for use in the calculation under 1.4.6.3. 

Hogging 

Fig. 1.4.3.4 

1.4.4 Wave bending moments and shear forces. 
1.4.4.1 The wave bending moment M w , in kN-m, 

acting in the vertical plane at the section under con
sideration shall be determined by the formulae: 

hogging bending moment 

Mw = l90cwBL2CbOL'\0-3; (1.4.4.1-1) 
sagging bending moment 

Mw = - U0cwBL\Cb + 0,7)a-10"3 (1.4.4.1-2) 

where cw = as determined from 1.3.1.4; 
oc = coefficient determined from Table 1.4.4.1 and 

Fig. 1.4.4.1; 
Cb = as defined in 1.1.3, but not less than 0,6. 

T a b l e 1.4.4.1 

Position of section along 
the ship's length 

0,2 0,4 0,65 0,8 1,0 x/L 
AP FP 

Fig. 1.4.4.1 
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1.4.4.2 The wave shear force Nw, in k N , at the 
section concerned shall be determined by the formulae: 

positive 

Nw = 30CwBL(Cb + O j y r l O " 2 ; (1.4.4.2-1) 

negative 

Nw = -3QCwBL{Cb + 0,7y 2 -10" 2 (1.4.4.2-2) 

where c„ = as determined from 1.3.1.4; 
Q, = as defined in 1.1.3, but not less than 0,6; 

/ i and f2 = coefficients determined from Table 1.4.4.2, Figs. 1.4.4.2-1 
and 1.4.4.2-2. 

T a b l e 1.4.4.2 

Position of section 
along the ship's 

length 
/ i h 

O^x/L < 0,2 4 , 6 / 0 x / L 4,6x/L 
0,2^^/1,^0,3 0,92/0 0,92 

0,3 < x/L < 0,4 0,70+ (9,2/ 0 -7,0) x l , 58 -2 ,2x /L 
x (0,4 -x/L) 

0,4^^/1,^0,6 0,70 0,70 
0,6 < x/L < 0,7 0,70+ 3 (x /L-0 ,6 ) 0,70+ (10/ 0 -7,0) x 

x (x/L -0 ,6 ) 
0,7 sSx/LsS 0,85 1,0 fo 
0,85 < x / L s; 1,0 6 ,67(1-x/L) 6,67(1 -x/L)f0 

190 Cb  

h 110 C 4 + 0,7 

AP FP 
Fig. 1.4.4.2-2 

1.4.4.3 For ships of restricted area of navigation, 
the wave bending moments and shear forces de
termined in accordance with 1.4.4.1 and 1.4.4.2 shall 
be multiplied by the reduction factor cp obtained from 

Table 1.4.4.3 as well as by the factors v|/ and v de
termined by the following formulae: 

v|/ = 0,95(1 + p / - 1 0 - 2 ) ; (1.4.4.3-1) 

where p„ = <x2(0,5 + 2,5sinPo)>a for conventional bow shape 
(no bulb); 

p„ = a 2 ( l + a 2 ) > l for a bulbous bow; 
<x = waterplane area coefficient for summer load waterline; 

Po — angle, in deg., between a frame tangential and a vertical 
at the level of summer load waterline at the section 
within 0,4(1 — Q , ) ! , ^ 0,11, from the fore perpendicular; 

1 1430AT19 U 0 , 3 ' V100) IS \XO0) ' 

DX = D + hc; 
hc = height of continuous hatch side coamings, in m (where 

these are not fitted, hc = 0); 

A ^ O ^ a - O ^ ) 2 ^ - ^ . 

The above requirements apply to ships of restricted 
area of navigation, from 60 to 150 m in length. Appli
cation of the requirements to ships of a different length is 
subject to special consideration by the Register. 

T a b l e 1.4.4.3 

Area of navigation 9 

R I l , l - 0 , 2 3 £ - 1 0 " 2 ^ l 

R2 l , 0 - 0 , 2 5 £ - 1 0 " 2 

R2-RSN 0,94 - 0 , 2 6 £ 1 0 " 2 

R2-RSN(4,5) 0 , 9 2 - 0 , 2 9 £ - 1 0 " 2 

R3-RSN 0,71-0,22L-10" 2 

R3 0 , 6 0 - 0 , 2 0 £ 1 0 " 2 

1.4.5 Bending moment due to wave impacts on the flare. 
1.4.5.1 The bending moment due to wave impacts 

on the flare shall be calculated only for ships of 
length from 100 to 200 m where the relationship 
AF\LzF~^ 0,1 is satisfied. 

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

MF = -kFCwBL\Cb + 0,7)a F"10- 3 (1.4.5.2) 

where kF = 7(1 + l,25fo/ x/i)ciC2, but not more than 23; 
C! = ( £ - 1 0 0 ) / 3 0 for 100^1, < 130 m; 
d = 1 for 130^1,^170 m; 
C! = l - ( £ - 1 7 0 ) / 3 0 for 170 < L ^ 2 0 0 m; 
c 2 = SAefLzp-0,5 at 0,1 ^AFILzF^0,3; 
c2 = AFJLzF + 0,7 at 0,3 < AF/LzF < 0,4; 
c 2 = 1,1 at AFILzF^0,A; 

for cw,refer tol.3.1.4; 
aF is obtained from Table 1.4.5.2 and Fig. 1.4.5.2. 

1.4.5.3 For ships of restricted area of navigation, the 
bending moment due to wave impacts on the flare MF 

calculated in accordance with 1.4.5.2 shall be multiplied 
by the reduction factor cp determined from Table 1.4.4.3. 
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T a b l e 1.4.5.2 

Position of section along the ship's length aF 

x/Z,^0,15 0,667x/Z, 

0,15 < x/L < 0,45 0,1 + 3(x/Z,-0,15) 

0,45 ^x/L^ 0,75 1 

x/L > 0,75 l -4 (x /Z , -0 ,75) 

0,15 0,45 

Fig. 1.4.5.2 

0,75 

For ships of restricted areas of navigation R3-RSN 
and R3 MF = 0. 

1.4.6 Hull section modulus and moment of inertia. 
1.4.6.1 The requirements of this paragraph 

regulate the hull section modulus and moment of 
inertia about the horizontal neutral axis. 

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

W = M7 •103 (1.4.6.2) 

where MT = \MSW + Mw\ — design bending moment, in kN - m, at 
the section concerned equal to the maximum absolute 
value of algebraic sum of Msw and M„ components at 
this section; 

for Mw, refer to 1.4.4; 

175 
MPa. 

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

m = 1 + 
lvlsw lvlsw + lvlsw 

1 0 M T X 0,076cwBL2(Cb + 0,7) - 1 ) 

(1.4.6.3) 

where A/£JT, = absolute values of hogging and sagging bending 
moments at the maximum range section, in k N m (refer to 
Fig. 1.4.3.4), 

but not less than 1. 
1.4.6.4 For ships for which the bending moment 

due to wave impacts on the flare (refer to 1.4.5) shall 
be considered the section modulus W, in cm 3 , 
at the section concerned shall not be less than 

W=^fl03 (1.4.6.4) 

where MT = \Mm + Mw + MF\ — design bending moment, in k N m , 
at the section concerned equal to the maximum absolute 
value of algebraic sum of Mm, Mw and MF components at 
this section; 

Mm = 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); 
MF= as determined from 1.4.5; 

for a , refer to 1.4.6.2. 

1.4.6.5 The hull section modulus determined 
from 1.4.6.2 to 1.4.6.4 for maximum value of design 
bending moment shall be maintained within 
0,41, amidships. However, i f the maximum design 
bending moment occurs outside 0,41, amidships, 
the steady section modulus requirement is applicable 
over 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 i t 
is being maintained. 

1.4.6.6 For sharp-lined ships without middle-
body, deviation from the requirements of 1.4.6.5 may 
be permitted on agreement with the Register. 

1.4.6.7 In any case, the hull section mod
ulus, in cm 3 , within the midship region (for deck and 
bottom) shall not be less than 

^ m i „ = cwBL2(Cb + 0,7)TI (1.4.6.7-1) 
where for cw, refer to 1.3.1.4. 

For ships of restricted area of navigation, the 
minimum hull section modulus, in cm 3 , within the 
midship region (for deck and bottom) shall not be 
less than Wmini or Wmin2, whichever is the greater, 
determined by the following formulae: 

Wmta, = (P^min; 

^mi„ 2 = 0.954MPWU, 

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

(1.4.6.7-2) 

(1.4.6.7-3) 

1.4.6.8 Scantlings of all continuous longitudinal 
members of hull girder based on the section modulus 
requirement in 1.4.6.7 shall be maintained within 
0,41, 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 0,41, part, bearing in mind 
the desire not to inhibit the ship's loading flexibility. 

1.4.6.9 The moment of inertia of hull section / , in cm 4, 
within the midship region shall not be less than 

4 ™ = 3cwBL\Cb + 0,7) 

where cw = as determined from 1.3.1.4. 

(1.4.6.9-1) 
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For ships of restricted area of navigation, Imin 

shall be multiplied by the reduction factor cp0 de
termined by the formula 

18 
Cp0 = CpTl (1.4.6.9-2) 

where for cp, refer to Table 1.4.4.3; 
for r|, refer to 1.1.4.3; 

(£/D)max = maximum permissible value of L/D for the area of 
navigation under consideration, obtained from Table 1.1.1.1. 

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

in way of the forward end of the engine room; 
in way of the forward end of the foremost cargo 

hold; 
where there are significant changes in the hull 

cross-section; 
where there are changes in the framing system. 
The following shall be made outside amidships: 
buckling strength of members contributing to the 

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

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

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

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

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

= 0,5(jV;w + NJ _s_ . 1 Q 2 (1.4.7.1) 

where Nsw = as defined in 1.4.3.2, in kN; 
for N„, refer tol.4.4.2 and 1.4.4.3; 

x = 110/ri MPa. 

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

0,27; 
0,23. 

^ a , 1 0 2 

„, refer to 1.4.7.1; 

(1.4.7.2-2) 

1.4.7.3 For ships having one or more than two 
continuous plane longitudinal bulkheads as well as 
longitudinal bulkheads with horizontal corrugations 
the required thickness of side plating and members 
in question shall be calculated according to the pro
cedure approved by the Register. 

Appropriate calculation may also be required for 
ships with two continuous longitudinal bulkheads i f 
the transverse distribution of load is substantially 
different from uniform distribution. 

1.4.8 Calculation of actual hull section modulus. 
1.4.8.1 The hull section modulus is determined: 
for strength deck Wd, at moulded deck line 

at side (lower edge of deck stringer); 
for bottom Wb, 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 is calculated by 
dividing the moment of inertia of hull section about 
the horizontal neutral axis by the value of zt de
termined by the formula 

zt = z(0,9 + 0,2y/B) (1.4.8.1) 

(1.4.7.2-1) 

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

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

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

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

The sectional area of long bridges or deckhouses 
shall be included with the reduction coefficient which 
similarly to stresses in the ship's hull and super
structure (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 inclu
ded in the calculation of the hull section modulus only i f 
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 
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Fig. 1.4.8.2 
Longitudinal deck strips to be included in the calculation of hull section modulus 

hatch side coamings not supported by longitudinal 
bulkheads, is included with the reduction coefficient ^ 
determined by the formula 

{ = w + ° ' 6 5

3

+ C ^ / g / A / l + A / 2 (1A8.2) 

where _ f - 0,10 at n = 1; 
m ~ I- 0,12 at n = 2; 

n = number of longitudinal strips over ship's breadth; 
T,lH = total length of longitudinal deck strips, in m; 

All, A/2 = length of end attachments of longitudinal deck strips aft 
and forward, in m. 

If the end of the longitudinal deck strip is effectively attached to 
continuous deck and/or longitudinal bulkhead (refer to Fig. 1.4.8.2), 

A/1,2 = 4 / 7 ^ , 2 ^ 

where / = sectional area of one longitudinal deck strip, in cm 2; 
^1,2 = breadth of ship in way of longitudinal deck strip 

termination, in m; 
sdi 2 = 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 lQb"s'd ^nf and b" > b' 

Alia = 1,3" j^r 07ft" + 1) 

where dd = 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. 

1.4.8.3 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 

I 

Fig. 1.4.8.3 
Design section 

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 de
ducted, i f the following conditions are met: 

the sum of their breadths and shadow area breadths 
(refer to Fig. 1.4.8.3) in one transverse section of the hull 
does not exceed 0,06 (B—Hb) (where DZ> 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 
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exceed 25 per cent of the web depth, and the height of 
scallops in way of welds is not over 75 mm. 

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

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

A. Wn (1.4.8.5) 
Tl W„ = l 

where z = distance of strength deck (upper face plate of continuous 
hatch side coaming) or bottom from neutral axis, in m; 

r| = factor given in Table 1.1.4.3 for the members of the 
remainder of hull section; 

Wa, Wn-\ = actual section modulus and required section modulus 
with T| = 1 for the deck (continuous hatch coaming) or 
bottom respectively, 

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

1.4.9 Loading control facilities. 
1.4.9.1 By loading control facilities are meant 

Loading Manual and loading instrument by means of 
which i t 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 wil l not exceed the specified permis
sible values. 

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

Category I : 
ships with large deck opening, for which com

bined 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 dis
tribution of cargo and/or ballast, is possible; 

chemical tankers and gas carriers. 
Category I I : 
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 I including ships 

of less than 120 m in length, which design takes un
even distribution of cargo or ballast into account. 

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

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

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

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

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

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

1.4.9.4 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 condi
tion can be easily and quickly checked at specified 
readout points. 

The number and position of sections and per
missible 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. 
A n approved Operational Manual shall be pro

vided for the loading instrument. 
The Operational Manual and calculation results 

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

1.4.9.5 A l l ships other than category I I ships of 
less 90 m in length, which 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 I 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). 

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

1.4.9.7 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 I V "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; 
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.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. 

1.4.9.8 When developing the Loading Manual 
and Information (booklet) on Ship Stability and 
Strength During Loading, Unloading and Stowage of 
Bulk Cargoes Other Than Grain, one shall be guided 
by the recommendations contained in Collection of 
Regulating Documents of the Register, Book 9. 

1.5 V I B R A T I O N O F H U L L S T R U C T U R E S . V I B R A T I O N 
S T A N D A R D S 

1.5.1 General. 
1.5.1.1 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 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 V I I 
"Machinery Installations". 

1.5.1.5 Where vibration parameters are de
termined at the design stage, they may be calculated 
using the procedures given in the Collection of Regu
lating Documents of the Register, Book 14. 

1.5.1.6 Vibrations shall be measured in the first 
ship of a series and in single buildings. The proce
dure, 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 per
mitted 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 manage
ment of the firm having carried out the evaluation of 
the vibration characteristics of the ship. Where ad
ditional 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. 

1.5.3 Measured vibration parameters. 
1.5.3.1 For the purpose of the present Chapter, 

the following vibration parameters have been adop
ted as main ones: 

root mean square value of vibration velocity 
measured in one-third octave bands and, where ne
cessary, 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 to standard threshold values of vibration ve
locity or acceleration equal to 5 x l 0 - 5 mm/s and 
3 x 10~ 4 m/s 2, 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. 

1.5.3.5 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 Hz may be increased 1,41(^/2) times or by 3 dB 
as compared to tabulated values. 

1.5.3.6 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, i f specified. 

1.6 R E Q U I R E M E N T S F O R S C A N T L I N G S O F H U L L 
S T R U C T U R A L M E M B E R S 

1.6.1 General. 
1.6.1.1 This Chapter contains general require

ments for plating and framing. 
1.6.1.2 P l a t e s t r u c t u r e 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 mem
bers. 

1.6.1.3 In this Part the term "framing" includes 
primary members and deep members strengthening 
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T a b l e 1.5.3.4 

Mean geometric values of octave 

Hull and superstructure, rigid 
members1 

Hull structures 

frames plates 

Permissible root mean square values 

ranges, in Hz vibration vibration vibration vibration vibration vibration 
velocity acceleration velocity acceleration velocity acceleration 

mm/s dB m/s 2 dB mm/s dB m/s 2 dB mm/s dB m/s 2 dB 

1,60 5,6 101 0,054 45 5,6 101 0,054 45 5,6 101 0,054 45 
2,00 5,6 101 0,067 47 5,6 101 0,067 47 5,6 101 0,067 47 
2,50 5,6 101 0,084 49 5,6 101 0,084 49 5,6 101 0,084 49 
3,15 5,6 101 0,106 51 7,1 103 0,135 53 7,1 103 0,135 53 
4,00 5,6 101 0,135 53 8,9 105 0,210 57 8,9 105 0,210 57 
5,00 5,6 101 0,170 55 11,0 107 0,340 61 11,0 107 0,340 61 
6,30 5,6 101 0,210 57 11,0 107 0,430 63 14,0 109 0,540 65 
8,00 5,6 101 0,270 59 11,0 107 0,540 65 16,0 110 0,750 68 
10,00 5,6 101 0,340 61 11,0 107 0,650 67 16,0 110 0,940 70 
12,00 5,6 101 0,430 63 11,0 107 0,840 69 16,0 110 1,200 72 
16,00 5,6 101 0,540 65 11,0 107 1,060 71 16,0 110 1,500 74 
20,00 5,6 101 0,670 67 11,0 107 1,350 73 16,0 110 1,900 76 
25,00 5,6 101 0,840 69 11,0 107 1,700 75 16,0 110 2,400 78 
31,50 5,6 101 1,060 71 11,0 107 2,100 77 16,0 110 3,000 80 
40,00 5,6 101 1,350 73 11,0 107 2,700 79 16,0 110 3,800 82 
50,00 5,6 101 1,700 75 8,9 105 2,700 79 12,5 108 3,800 82 
63,00 5,6 101 2,100 77 7,1 103 2,700 79 10,0 106 3,800 82 
80,00 5,6 101 2,700 79 5,6 101 2,700 79 8,0 104 3,800 82 

'Hull and superstructures, rigid members are the intersections of decks with main transverse and longitudinal bulkheads, sides, 
transom, superstructure walls, etc. 

2Girders supporting the foundations of ship machinery and equipment are included. 

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 bulk
heads, 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. 

I f the member is so arranged that it is not normal 
to the effective flange, the section modulus shall be 
increased in proportion to 1/cos a (where a is the angle, 
in deg., between the member web and the perpendicular 
to the effective flange at the section considered). 
I f a < 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 values of negative rolling tolerances for 
plates shall comply with the requirements of 3.2.7, 
Part X I I I "Materials". 

1.6.2 Symbols. 
For the purpose of this Chapter, the following 

symbols have been adopted: 
/ = span of concerned member, determined 

from 1.6.3.1, in m; 
p = design pressure at the point of load applica

tion, determined in the relevant Chapters of this Part, 
in kPa; 

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

h = depth of the member web, in cm; 
/ = actual moment of inertia of the hull about the 

horizontal neutral axis, in cm 4 ; 
z,- = vertical distance from horizontal neutral axis 

of ship to the centre of section area of the longi
tudinal considered, in m; 

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

T„ = design specified yield stress for shear stres
ses, in MPa, determined from 1.1.4.3; 

As = corrosion allowance, in mm, determined 
from 1.1.5.1. 
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125 250 
160 

200 
Frequency, Hz 

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 

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. 
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Fig. 1.6.3.1 

1.6.3.3 The width of the effective flange a/9 in m, of 
primary members shall be determined by the formulae: 

a/ = 1/6; 

af = 0,5(^1 + a2) 

(1.6.3.3-1) 

(1.6.3.3-2) 

where a\, 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. 
1.6.3.4 The width of the effective flange of deep 

members Cf, in m, is determined by the formula 

Cf= kc (1.6.3.4) 

where c = 0,5(ci + c2); 
ci, 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 lsp and number n of members supported by 
considered deep members. 

T a b l e 1.6.3.4 

Num
ber of 

k values at lsp/c equal to: 

mem
bers 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 o t e . For intermediate values of lsp/c and 
determined by linear interpolation. 

n, the factor k is 

For simply supported deep members the given 
span lsp = /, and for fixed deep members lsp = 0,6/. 
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. 

1.6.3.5 The width of the hatch coaming effective 
flange shall be equal to one-twelfth of their span but 
not more than half the distance between the cargo 
hatch and the ship's side for the side coaming and, 
accordingly, half the distance between a cargo hatch 
and a transverse bulkhead (or the beam nearest to the 
cargo hatch) for the hatch end coaming. 

1.6.3.6 The width of the effective flange of deep 
members located normal to the direction of corru
gations shall be taken equal to 155* and 205* for tra
pezoidal 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 calcu
lation when determining the inertia moment and 
section modulus of the deep members. 

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 mem
bers of corrugated structures. 

1.6.4 Scantlings of structural members. 
1.6.4.1 The section modulus W, in cm 3 , of pri

mary members of rolled section shall not be less than 

(1.6.4.1) 

where W = section modulus of member considered, in cm , 
determined from 1.6.4.2; 

coc = multiplier taking into account corrosion allowance, 
determined in accordance with 1.1.5.3; 

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

1.6.4.2 The section modulus of member con
sidered, in cm 3 , without taking into account corro
sion allowance is determined by the formula 

W _ Q H 0 3 

m key Gn 

(1.6.4.2) 

where Q = pal — transverse load on member considered, in kN; 
m, kfj = factors of bending moment and permissible stresses to be 

found in the relevant Chapters of this Part. 

1.6.4.3 The net sectional area (excluding openings) 
fW9 in cm 2 , of primary and deep member webs shall 
not be less than: 

for members of rolled section 

fw fw^c 

where f'w = 10 A W 
kxin 

(1.6.4.3-1) 

(1.6.4.3-2) 
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iVmax, kx = maximum shear force value and permissible shear stress 
factor as defined in the relevant Chapters of this Part; 

for coc, refer to 1.1.5.3; 

for built-up welded members, the required web 
cross-sectional area shall be determined by 
Formula (1.6.4.3-2) with a subsequent increase 
in thickness by the value of As. 

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

s = mak 4 ka on 

+ As (1.6.4.4) 

where m, ka = bending moment and permissible stress factors as 
defined in the relevant Chapters of this Part; 

k = l,2 — 0,5a/b, but not greater than 1; 
a and b = smaller and greater sizes, in m, of supporting contour 

sides of plate structure. 

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

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

The following relationship shall be satisfied: 

b/s ^ 0 , 0 6 ^ (1.6.4.5.1) 

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

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

Fig. 1.6.4.5.1 
Trapezoidal (a) 

and wave-shaped (b) corrugations 

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

= 22^0RJJP— + A S (1.6.4.5.2-1) 

where (30 = half-angle of spread of corrugation (refer to 
Fig. 1.6.4.5.16) in rad.; 

R = radius of corrugation, in m; 

ka = factor of permissible stresses determined in the relevant 
Chapters of this Part. 

In this case, the following relationship shall be 
satisfied: 

(1.6.4.5.2-2) 

.3 the section modulus of the corrugation is de
termined according to 1.6.4.1 and 1.6.4.2 taking 
Q = pd0l (for d0, refer to Fig. 1.6.4.5.1). 

The spacing and section modulus of corrugations 
can be determined by the formulae given in Ta
ble 1.6.4.5.3. (Linear dimensions are expressed in cm, 
(p and (30 — m deg.). 

T a b l e 1.6.4.5.3 

Type of 
corrugation 

Spacing of 
corrugations Section modulus 

Trapezoidal 

Wave-shaped 

d0 = 2(b + c cos (p) 

d0 = 4R sin (30 

W = hs(b + c/3) 

W = ysR2 

Factor y is determined by the formula 

2 P° + 2 P o c o s 2 P o — l,5sin2|3o (1 6 4 5 3) 
r 1— cosPo ' ' ' ' ' 

In calculating the factor y, the angle (30 shall be 
taken in rad. 

1.6.4.6 Permissible stress factors k^ and kx de
fined in the relevant Chapters of this Part may be 
increased by 5 per cent for ships of restricted areas of 
navigation R2, R2-RSN and R2-RSN(4,5) and by 
10 per cent for R3-RSN and R3 unless dependent 
upon the factors kB and kD determined by For
mula (2.2.4.1). 

1.6.5 Buckling strength of hull structural members. 
1.6.5.1 The buckling strength of longitudinals, 

shell plates and hull structure plating shall be ensured 
in ships of unrestricted service and ships of restricted 
areas of navigation R I and R2, 65 m and greater in 
length, of restricted areas of navigation R2-RSN, 
R2-RSN(4,5), R3-RSN and R3, 60 m and greater in 
length subject to compressive stresses due to longi
tudinal bending of the hull girder. 

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

^ z , - 1 0 5 ^ 3 0 / r | (1.6.5.1-1) 

where MT = design bending moment, in kN-m, at the section under 
consideration equal to the maximum absolute value of 
algebraic sum of the moment components; 

MT = \MSW + Mw\ — for longitudinal members arranged below 
the neutral axis; 

MT = \MSW + Mw + MF\ — for longitudinal members arranged 
above the neutral axis; 

Msw = as defined in 1.4.3, in kN-m; 
Mw = as determined from 1.4.4; 

for MF, refer to 1.4.5. 
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The maximum hogging bending moment shall be 
assumed as design value MT for longitudinal mem
bers arranged below the neutral axis, and the max
imum sagging bending moment — for longitudinal 
members arranged above the neutral axis. 

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

for side shell plating in ships without effective 
longitudinal bulkheads 

= Nsw + NWS 
2s I 

i o 2 ; (1.6.5.1-2) 

for side shell plating in ships with two effective 
longitudinal bulkheads 

1r = 
N,w + NWS 

a, -102; , ~, „ , (1.6.5.1-3) 
ss I 

for longitudinal bulkhead plating in ships with 
two effective longitudinal bulkheads 

= NSW + NWS 2 

•57 / 
(1.6.5.1-4) 

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; 
j: = actual thickness of side shell plating in ships without 

longitudinal bulkheads, in mm; 
ss, st = actual thicknesses of side shell plating and longitudinal 

bulkhead plating at the section considered in ships with 
two longitudinal bulkheads, in mm; 

S, 1= as defined in 1.4.2; 
for as, <x;, refer to 1.4.7.2. 

Where one or more than two continuous long
itudinal 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 i f the following 
conditions are met: 

(1.6.5.2-1) 

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

for <yc, t c , refer to 1.6.5.1; 
for <ycr, xcr, refer to 1.6.5.3. 

For plate panels, the factor k may be reduced in 
respect of ships of restricted navigation areas: R I — 
by 10 per cent, R2, R2-RSN and R2-RSN(4,5) — 
by 15 per cent, R3-RSN and R3 — by 20 per cent. In 
this case, when determining the actual section mod
ulus of hull in accordance with 1.4.8, the strength 
reduction of compressed plate shall be considered, i.e. 
where acr < ac 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 re
duced factor v|/„ to be determined by the formula 

^n-GcrlGc- (1.6.5.2-2) 

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

1.6.5.3 Critical stresses acr and zcr, in MPa, shall 
be determined by the formulae: 
acr = ae when ae^0,5ReH; (1.6.5.3) 
Ccr = ReH(l-ReH/4Ce) when CTe > 0,5ReH; 
%„• = ze when ^ 0 , 2 9 ^ ; 
T c t = 1 ^ 0 , 5 8 - 0 , 0 8 / W O when ze > 0 ,29R e H 

where <ye, xe = 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 ae, 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 

ae = 206i/jf (1.6.5.4.1) 

where i = moment of inertia, in cm 4 , 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); 

/ = cross-sectional area, in cm 2 , 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 

ae = (203/l2)(iw/ip)(m2 + k/m2) + 79310it/ip (1.6.5.4.2) 

where k = 0,05c/4/!w; 
m = number of half waves, given by Table 1.6.5.4.2; 
i, = moment of inertia, in cm 4 , of profile under simple torsion 

(without plate flange), determined as follows: 

i,= ^ - l O " 4 for flat bars; 

i, = -y- [hw4r + bjsjil — 0,63i// i /)]-10 - 4 for angles, bulb, 
symmetrical bulb and T-profiles; 

ip = polar moment of inertia, in cm 4 , of profile about 
connection of stiffener to plate, determined as follows: 

i p = h A . 1 0 - 4 f o r f l a t b a r s ; 

ip = <r^ + htbfSj)-W~4 for angles, bulb, symmetrical bulb 

and T-profiles; 
iw = sectional moment of inertia, in cm 6 , of profile about 

connection of stiffener to plate, determined as follows: 

iw = -10 for flat bars; 

T a b l e 1.6.5.4.2 

k 0<fc<4 4 < k < 36 36 < it < 144 ( m - l ) V < f c < m 2 ( m + if 

m 1 2 3 m 
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12 •10 for T- and symmetrical bulb profiles; 

b}hl 
U(bf+hwy [ ^ Z + ^ A + ^ + S ^ J - l O - 6 for 

angles and bulb profiles; 
h w = web height, in mm; 
sw = web thickness, in mm, reduced by the value of As (for As, 

refer to Table 1.6.5.5-2); 
bf = flange width, in mm, for angles and T-profiles or bulb 

width, in mm, for bulb and symmetrical bulb profiles; 
Sf = 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, Sf may be adopted equal 
to the mean thickness of the bulb; 

c = spring stiffness exerted by supporting plate panel, 
determined by the formula 

68 ,7M 3 

ae = l,83(sw/hw)2-105 for web plates 
of longitudinal deep members; (1.6.5.4.3) 

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

where bf = flange width, in mm, for angles, half the flange width 
for T-sections; 

Sf = flange thickness, in mm. 

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

°c = 
°e = 

S = 

(1 + l ^ k P ^ s .10~3)fl 

1 —a c / c j e ^0 (to be taken not less than 0,1 for angles, 
bulb, symmetrical bulb and T-profiles); 
compressive stress according to 1.6.5.1; 
Euler stress of supporting plate according to 1.6.5.5; 
supporting plate thickness, in mm, reduced by the value 
of As (for As, refer to Table 1.6.5.5-2); 
distance between longitudinals; 

ae = 0,lS54n(s'/b)2; 

Te = 0,lS54n(s'/b)2 

(1.6.5.5-1) 

(1.6.5.5-2) 

.3 for web and flange buckling 

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; 

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. 

T a b l e 1.6.5.5-1 

Type of load y = a/b 

0^x1/^1 

y > 1 

Y<1 

8,4 
\ | /+ 1,1 

yJ \|/ + 1,1 

-l^ij/^O 
y > 1 

y < 1 

10\|/2-6,4\|/ + 7,6 

8[10\|/2-14\|/ + 1,9(1 + \|/)(y + 1/y)2] 

Y > 1 5,34 + 4/y2 

N o t e s : l . \ | / = ratio between smallest and largest compressive stress when linear variation across panel. 
2. 8 = 1,3 when plating is stiffened by floors or deep girders; 

8 = 1,21 when stiffeners are angles, symmetrical bulbs or T-sections; 
s = 1,1 when stiffeners are bulb flats; 
s = 1,05 when stiffeners are flat bars. 
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T a b l e 1.6.5.5-2 

Structure As, in mm 

Compartments carrying dry bulk cargoes. 
Vertical surfaces and surfaces sloped at an 
angle greater than 25° to the horizontal line. 
One side exposure to ballast and/or liquid cargo 

0,05,$ 
( 0 , 5 ^ A s ^ l ) 

Horizontal surfaces and surfaces sloped at an 
angle less than 25° to the horizontal line. 
One side exposure to ballast and/or liquid cargo 

Vertical surfaces and surfaces sloped at an angle 
greater than 25° to the horizontal line. 
Two side exposure to ballast and/or liquid cargo 

0,10s 
(2 s; Ass; 3) 

Horizontal surfaces and surfaces sloped at an 
angle less than 25° to the horizontal line. 
Two side exposure to ballast and/or liquid cargo 

0,15s 
(2sSAssS4) 

j: = as-built thickness, in mm, of the structural member under 
consideration. 

N o t e. As = 0 otherwise. 

1.6.5.6 The moment of inertia i, in cm 4 , of the 
stiffeners on deep girder webs (refer to 1.7.3.2) shall 
not be less than determined by the formulae: 

for the stiffeners fitted normal to the girder face 
plate 

i = Ya j 3 -10 - 3 ; (1.6.5.6-1) 

for the stiffeners parallel to the girder face plate 

= 2 > 3 5 £ ± 0 J a ^ (1.6.5.6-2) 

where y = coefficient obtained from Table 1.6.5.6 depending on the 
ratio of the girder web depth h to the spacing of stiffeners a\, 

a = spacing of stiffeners, in cm; 
,$ = actual thickness of the web, in mm; 

/ = actual cross-sectional area of the stiffener, in cm 2; 
/ = span of the stiffener, in m. 

r| = as determined according to 1.1.4.3. 

T a b l e 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 

N o t e . The intermediate values of y are determined by linear 
interpolation. 

1.6.6 Aluminium alloy structures. 
1.6.6.1 The scantlings of aluminium alloy struc

tures shall be determined by conversion of the scan
tlings 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. 

T a b l e 1.6.6.1 

Parameter Requirement 

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

for superstructures 

for main hull 

Section modulus of framing 
members 

Cross-sectional area of pillars 

Moment of inertia of pillars 
and framing members 

Ii = 3I 

N o t e s : 1. RPo2 = proof stress of aluminium alloy, in MPa. 
2. The values of s, W, f, I as stipulated by the Rules may be 

adopted without corrosion allowance. 

1.6.6.2 The sectional area of sternframe, stem, 
bar keel and propeller shaft brackets shall be 
1,3 times that required for steel application. 

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

1.6.6.4 On agreement with the Register, the bi
metallic (steel — aluminium) pressed elements for 
connection of steel and aluminium alloy 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. A l l openings shall have rounded corners 
and smooth edges. 

1.7.1.2 The scantlings of sections and the thick
nesses 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 per
mitted 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 gra
dual change of their sections is required in way of the 
ends together with other arrangements, contributing 
to the reduction of stress concentration. 
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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 terminat
ing 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 con
tinuous 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 gene
rally 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 X I V 
"Welding". 

1.7.2 Connections of framing members. 
1.7.2.1 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 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. 
1.7.2.2.1 Unless provided otherwise, the size of 

brackets c, in cm, measured in accordance with 
Fig. 1.7.2.2.1 shall be determined by the formula 

c = 5jwfs (1.7.2.2.1) 

where W = required section modulus of the member attached, in cm3; 
s = thickness of bracket, in mm. 

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 dif
ferent 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. 

Fig. 1.7.2.2.1 

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 al
lowable gap shall not exceed 40 mm or 25 per cent of 
size c, whichever is less. Otherwise, c may be required 
to be increased. 

1.7.2.2.2 I f the free edge /, in mm, of a bracket 
(refer to Fig. 1.7.2.2.1) is longer than 455* (s = thick
ness of the bracket, in mm), the bracket shall have a 
flange (face plate). The width of the flange shall be 
not less than 50 mm, the width of the face plate, not 
less than 75 mm. The thickness of the face plate shall 
not be less than that of the bracket. The width of the 
flange (face plate) shall be in accordance with the 
requirements of 1.7.3.1. 

1.7.2.2.3 The size of brackets may be reduced: 
by 10 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. 

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

^ 3 * 
7 

Fig. 1.7.2.2.4 

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

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

1.7.2.3.1 The height and width of brackets in
terconnecting 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 mem
ber web thicknesses. In member connections no gaps 
are permissible. 

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

I f the distance, in mm, between bracket ends 
exceeds \60s*Jr\ (s = thickness of bracket, in mm), 
a stiffener shall be fitted parallel to the line con
necting bracket ends at the distance a equal to l / 4 of 
the bracket height or 35 times its thickness 
(whichever is less). The inertia moment of the stif
fener 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). 

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

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

Fig. 1.7.2.3.3 

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

1.7.3 Construction of deep members. 
1.7.3.1 The depth h and thickness sw 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 = msuly[R^ (1.7.3.1) 

where s/mP = thickness of member face plate, in mm. 

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

1.7.3.2 Where h/sw > 60^/r] (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). 

d) 

Bracket 

Fig. 1.7.3.2 
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1.7.3.2.1 Where h/sw^ 160^/rf, the webs of mem
bers shall be stiffened with the stiffeners fitted parallel 
to the member face plate (refer to Fig. 1.7.3.2 a). 
Where h/sw < 160^/T), stiffening may be carried out as 
shown in Fig. 1.7.3.2 b,c. 

The spacing of stiffeners (width of non-stiffened 
web area), in mm, shall not be greater than 
a = 90sw/y/r]. 

On agreement with the Register, the structure 
shown in Fig. 1.7.3.2 dmay be permitted. 

In way of portions equal to 0,2/, but not less than 
l,5h from supports (/ and h are the span and depth of 
member web respectively), the spacing a shall be re
duced 1,5 times. 

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

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

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

1.7.3.2.3 The tripping brackets stiffening deep 
members shall be fitted at the toes of brackets se
curing 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 a and b). In any case, the spacing of 
brackets shall not exceed 3,0 m or \5bf,p (bf,p = 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 wel
ded to it i f the width of the face plate exceeds 150 mm, as 
measured from the member web to the free edge of face 
plate. The width of the bracket section being welded 
shall be at least 10 mm smaller than the face plate width. 
Where the width of face plates symmetric to the member 
web exceeds 200 mm, small brackets shall be fitted at the 
opposite side of the web in line with the tripping bracket. 
The width of the tripping brackets, measured at the base 
shall not be less than half their depth. 

The bracket shall have a face plate or flange i f the 
length of free edge / > 60s (s = thickness of bra
cket, in mm). The width of the face plate or flange 
shall not be less than l/s. 

1.7.3.3 Lightening holes, cut-outs for the passage 
of framing members, etc. are permitted in the mem
ber 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 water
tight 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 require
ment, 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 con
struction 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 in
tersection girders under variable dynamic loads 
(e.g. in regions with high level of vibration) shall be made 
with smooth transition by means of diamond plates. 

1.7.4.6 I t is recommended that local concentra
tion 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). 
1.7.4.7 The butts (seams) in assembling joints of 

the plating shall be located at a distance not less than 
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full penetration welding is ensured at the con
nection of the web to face plate on a length of at least 
100 mm each side of the butt by non-destructive tes
ting (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 butt. 

1.7.5 Types and dimensions of fillet welds. 
1.7.5.1 The design throat thickness a, in mm, of 

fillet welds for tee-connections for manual and semi
automatic welding shall not be less than 

a = a>$s (1.7.5.1) 

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

(3 = 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 = 0,1k. When automatic 

T a b l e 1.7.5.1-1 

Nos. Connection of structural members Weld factor a 

1 Double bottom 
1.1 Centre girder and duct keel to plate keel 0,35 
1.2 Ditto to inner bottom plating 0,25 
1.3 Ditto to inner bottom plating in the engine room and in way of thrust bearings 0,35 
1.4 Floors to centre girder and duct keel under engines, boilers, thrust bearings and within 0,25L 0,35 

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 bulkhead plates 0,35 
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 inner bottom, floors and side girders 0,35 
1.8 Floors and side girders to shell plating within 0,25L from F.P. 0,25 
1.9 Ditto, elsewhere 0,2 
1.10 Floors and side girders to inner bottom plating under engines, boilers and thrust bearings 0,25 
1.11 Ditto, elsewhere 0,15 
1.12 Floors to side girders within 0,25L from F.P. 0,25 
1.13 Ditto, elsewhere 0,2 
1.14 Margin plate to shell plating 0,35 
1.15 Inclined margin plate to inner bottom plating 0,35 
1.16 Bracket floors: bottom frames and brackets to shell plating 0,15 
1.17 Reverse frames and brackets to inner bottom plating 0,1 
1.18 Brackets, frames (refer to 2.4.4.5) to duct keel, plate keel, shell and inner bottom plating 0,35 
1.19 With longitudinal framing, bottom transverses to shell, inner bottom plating, centre girder and duct 

keel, margin plate where the floor spacing is less than 2,5 m outside the regions defined in 1.4 and 1.7 0,25 
1.20 Ditto, with floor spacing 2,5 m and more, in all regions 0,35 
1.21 Longitudinals to shell plating within 0,25L from F.P. 0,17 
1.22 Ditto, elsewhere 0,13 
1.23 Longitudinals to inner bottom plating 0,1 
1.24 Brackets (refer to 2.4.2.5.2) to shell plating, margin plate, inner bottom plating and longitudinals 0,25 
2 Single bottom 
2.1 Centre girder to plate keel 0,35 
2.2 Centre girder to face plate 0,25 
2.3 Floors to centre girder and longitudinal bulkheads 0,45 
2.4 Floors and side girder webs to their face plates and to shell plating under engines, boilers and 0,25 

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, 1.19 and 1.20 
2.6 Floors and side girder webs to their face plates elsewhere 0,15 
2.7 Side girder webs to floors 0,2 
2.8 Bottom longitudinals to shell plating refer to 1.21 and 1.22 

Fig. 1.7.4.6 

200 mm from the bulkheads, decks, inner bottom 
plating, deep members fitted parallel to the above-
mentioned joints. 

In assembling joints, the welded butts of built-up 
members shall be arranged so that the butts of a 
member web are not less than 150 mm clear of the 
butts of this member face plate. 

On agreement with the Register, the butts of 
webs and face plates may be arranged in the same 
plane provided that: 
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Table 1.7.5.1-1 — continued 

Nos. Connection of structural members Weld factor a 

3 Side framing 
3.1 Frames (including web frames) and side stringers to shell plating within 0,25L from F.P . in tanks, 

in the engine room, in way of ice strengthening and strengthening of sides of ships mooring at sea 
alongside other ships or offshore units 0,17 

3.2 Ditto, elsewhere 0,13 
3.3 Frames (including web frames) and side stringers to their face plates in regions defined in 3.1 0,13 
3.4 Ditto, elsewhere 0,1 
3.5 Frames (including web frames) and side stringers to shell plating in the after peak 0,25 
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 bottom 0,35' 
3.11 Ditto to shell plating 0,25 
4 Deck framing and decks 
4.1 Deck transverses and girders to deck plating 0,17 
4.2 Ditto to their face plates 0,13 
4.3 Cantilever beams to deck plating and to their face plates 0,25 
4.4 Webs of deck transverses to girder webs and bulkheads 0,25 
4.5 Beams in way of tanks, fore and after peaks, as well as hatch end beams, to deck plating 0,15 
4.6 Ditto, elsewhere 0,1 
4.7 Deck longitudinals to deck plating and their face plates 0,1 
4.8 Stringer plate of strength deck to shell plating 0,45 or full penetration 

welding 
4.9 Ditto for other decks and platforms 0,35' 
4.10 Hatch coamings to deck plating at hatch corners 0,45 or full penetration 

welding 
4.11 Ditto, elsewhere 0,352 

4.12 Face plates of hatch coamings to vertical plates of same 0,25 
4.13 Stays, horizontal and vertical stiffeners to vertical plates of hatch coamings 0,2 
4.14 Side and end bulkheads of superstructures and deckhouses to deck plating 0,35 
4.15 Other bulkheads of superstructures and deckhouses to deck plating 0,25 
4.16 Bulwark stays to bulwark plating 0,2 
4.17 Bulwark stays to deck and guard rails 0,35 
4.18 Pillars to deck and inner bottom, pillar brackets to pillars, decks, inner bottom and other structures 0,35 
5 Bulkheads and partitions 
5.1 Fore and after peak bulkheads, tank (cargo oil tank) boundaries, bulkheads (including wash 

bulkheads) inside after peak around the perimeter 0,35 
5.2 Other watertight bulkheads (including wash bulkheads) to bottom shell or inner bottom plating, 

shell plating in way of the bilge 0,35 
5.3 Ditto to sides and deck 0,25 
5.4 Vertical box corrugations of corrugated bulkheads to inner bottom plating or upper strake of 

lower stool 0,35 
5.5 Shaft tunnel plating all round 0,35 
5.6 Vertical and horizontal stiffeners to bulkhead plates under 5.1, and to wash bulkheads 0,15 
5.7 Ditto of other bulkheads 0,1 
5.8 Vertical webs and horizontal girders to bulkhead plates according to 5.1, and to wash bulkheads 0,17 
5.9 Ditto to their face plates 0,13 
5.10 Vertical webs and horizontal girders to plating of other bulkheads 0,13 
5.11 Ditto to their face plates 0,1 
5.12 Transverse bulkheads to wash bulkheads 0,35' 
6 Brackets and stiffeners 
6.1 Brackets for interconnection of structural members 0,352 

6.2 Stiffeners and tripping brackets (refer to 1.7.3.2) of deep members, floors, etc. 0,1 
7 Foundations for main engines, boilers and other machinery 
7.1 Vertical plates to shell, inner bottom and deck plating 0,353 

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

7.3 Brackets and knees of foundations to vertical plates, shell plating, inner 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. 
Fillet welds attaching face plates to member webs shall be welded in way of brackets with weld factor 0,35. The face plates shall be 

welded to the brackets by the same weld as that of the face plate of the member in the span between the brackets. 
3 The structures under the girder webs, brackets and knees of foundations shall be welded to the inner bottom and decks by double 

continuous fillet welds with factor 0,35. 
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T a b l e 1.7.5.1-2 

Type of fillet weld P 

Double continuous 1,0 

Staggered, chain and scalloped t/l 

Single continuous 2,0 

Single intermittent 2t/l 

welding is employed instead of the proposed manual 
welding, the weld throat or leg length, whichever is 
adopted in calculation, may be reduced in height for 
single-run welds by not more than 30 per cent. 
For multirun welds the percentage of the above reduc
tion is subject to special consideration by the Register. 

I f 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 con
sideration by the Register. 

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

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

0,25^ for s > 15 mm. 
The dimensions of fillet welds taken from calcu

lations shall not exceed a^0,ls (k^s). 
1.7.5.2 Overlapping connections, i f allowed (refer 

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

1.7.5.3 The primary members (beams, deck 
longitudinals, frames, bulkhead stiffeners, etc.) shall 
be connected to supporting members (deck girders, 
deck transverses, side stringers, horizontal girders, 
etc.) by welds with factor 0,35. 

The sectional area / , in cm 2 , of the welds con
necting the primary members to supporting members 
shall not be less than determined by the formula 

/= 25pal/an (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 CT„, refer to 1.1.4.3. 

The weld sectional area/is determined by summing 
up the results obtained by multiplying the throat 
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Fig. 1.7.5.1-1: 
Weld types: a — staggered intermittent; b — chain intermittent; c — scalloped; d — single intermittent; e — staggered spot 
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_l,15S0 — Si 2 (1.7.5.4.3) 

Fig. 1.7.5.1-2 

thickness by the weld length of each portion of the 
connection of member web to supporting member. 

1.7.5.4 The framing members cut at intersection with 
other structures shall be in good alignment. A non-
alignment shall not exceed half the thickness of the 
member. Where continuity is obtained by directing 
welding of the members to the structure involved, the 
throat thickness of the weld shall be determined con
sidering the thickness of the member concerned. 
Otherwise, through penetration welding shall be per
formed. I f 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 bulk
heads, 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 f\, in cm 2 , of the weld 
connecting the brackets (and the longitudinal butt 
ends, i f they are welded) to transverse bulkheads 
(refer to Fig. 1.7.5.4.1 a) shall not be less than de
termined by the formula 

fx = 1,75S0 (1.7.5.4.1) 

where So = cross-sectional area of the longitudinal (effective flange 
excluded), in cm 2; 

Fig. 1.7.5.4.1 

.2 i f one continuous bracket plate welded in the 
appropriate slot cut in the bulkhead plating is fitted 
(refer to Fig. 1.7.5.4.1 b), the sectional area of the 
bracket at the bulkhead shall not be less than l,25So; 

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

where S\ = area of weld connecting longitudinal butt ends to 
transverse bulkheads, in cnr; 

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

1.7.5.5 Where plate thickness exceeds 18 mm, for 
connections made by fillet welds in which excessive 
stress in Z-direction may be caused by welding pro
cess 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 re
sidual 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 0,251- from the forward perpendicular 
in ships with length Z,>30 m, for connection of 
framing members to bottom shell, and in case of only 
a single bottom in this region, also for welding of the 
webs of centre girder, side girders and floors to face 
plates of these members; 

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

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

.4 for the structures in the after peak; 

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

.6 in tanks (including double bottom tanks), ex
clusive the tanks for fuel oi l or lubricating oil; 

.7 for structures providing tightness. 
1.7.5.7 Single continuous welds shall not be used: 
.1 within 0,21, from F.P. for connection of side 

framing to shell plating, and within 0,251, 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 I of ice strengthening of ships; 

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

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

1.7.5.8 For all types of intermittent joints the 
weld length (refer to Fig. 1.7.5.1-1) shall not be less 
than 15a (for a, refer to 1.7.5.1) or 50 mm, whichever 
is the greater. The spacing of welds (t—I) — for chain 
welds and scalloped framing, and (t—2l)/2 — 
for staggered welds) shall not exceed 15s (s = plate 
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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 sub
stituted 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, i f 
a bracket is fitted, and shall be twice the web depth i f 
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 inter
mittent welds (refer to Fig. 1.7.5.1-1 d, e) may be used 
in the structures of deckhouses and superstructures of 
the second tier and above, on decks inside first tier 
superstructures, casings, enclosures inside the hull, 
not subject to intense vibration and impact loads and 
not affected by active corrosion, provided that the 
maximum plate or member web thickness is not more 
than 7 mm. The spot diameter d, in mm, shall not be 
less than 

d= IJZJMS (1.7.5.9) 

where t = pitch of spot weld (refer to Fig. 1.7.5.1-1); 
m̂ax = 80 mm; 

for a and s, refer to 1.7.5.1. 

I f d > 12 mm, as determined by the For
mula (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 0,21, from F.P. and for 

connection of framing members to bottom shell 
plating within 0,251, 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 I of ice 
belt and for side framing in ships mooring at sea 
alongside other ships or offshore units; 

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

.5 for deck and inner bottom framing in locations 
where containers, trailers and vehicles may be stowed 
and for upper deck framing under deckhouses in way 

of their ends at a distance less than 0,25 of the 
deckhouse height from the intersection of deckhouse 
side and end bulkhead. 

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

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

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

I t 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 1.7.5.11. 

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

Complete filling of slot is not permitted. 
In regions of high level of vibration (refer 

to 1.7.1.6) welded joints with complete root pene
tration 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 wel
ded 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 0,5^ (for s, refer 
to 1.7.5.1). 



Fig. 1.7.5.13 
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2 GENERAL REQUIREMENTS FOR HULL STRUCTURES 

2.1 G E N E R A L 

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. 
For the purpose of this Chapter, the following 

symbols have been adopted: 
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 long
itudinal bulkhead at the upper edge of the floor; 

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

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

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

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

h = depth of the member web, in cm; 
a = spacing of primary or deep members con

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

s = plate thickness, in mm; 
W = section modulus of members, in cm 3 ; 
/ = moment of inertia of members, in cm 4 ; 
As = corrosion allowance to the plate thickness, 

in mm (refer to 1.1.5.1); 
coc = factor taking account of corrosion allowance 

to the section modulus of members (refer to 1.1.5.3). 

2.2 S H E L L P L A T I N G 

2.2.1 General and symbols. 
2.2.1.1 Requirements are given in this Chapter 

for the thickness of bottom and side shell plating, 
thickness and width of sheerstrake, plate keel, gar-
board strakes, as well as the requirements for the 
minimum structural thicknesses of these members 
and construction of openings therein. The require
ments are applicable to all regions over the ship's 
length and depth unless additional requirements for 
shell plating thickness are put forward. 

2.2.1.2 For the purpose of this Chapter the fol
lowing 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; 
pc = design pressure from carried liquid cargo, 

ballast or oil fuel according to 1.3.4.2.1. 
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 i f the distance 
between the upper edge of opening and the strength 
deck is less than half the opening depth. A l l 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. 

Reinforcement by means of thickened insert plates 
is required for openings located within 0,351, 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: 

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

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

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

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

2.2.2.2 The area of transition from sheerstrake to 
deck stringer may be rounded. In this case, the radius 
of curvature of sheerstrake shall not be less than 
15 times the sheerstrake thickness. No openings are 
permitted in the rounded area. 

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-(Pst-Pw)- (2.2.3-2) 

For ships with double bottom and double skin side 
construction, pst and pw shall be determined in ac
cordance 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 Pmm, in kPa, determined by the 
formula 

/Wn = 0,031, + 5. (2.2.3-3) 

Where L > 250 m, L shall be taken equal to 250 m. 
For ships of restricted area of navigation, the 

value of ^min may be reduced by multiplying by the 
factor cpr 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 side shell 

plating shall not be less than determined by For
mula (1.6.4.4) taking: 

m = 15,8; 
for bottom shell plating 
ka

 = 0,3&g^0,6 in the midship region for 
Z,>65 m and transverse framing system; 

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

Where 12 < L < 65, ka shall be determined by 
linear interpolation taking ka = 0,45 for L = 65 m; 

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

ka = 0,7 at the ends of the ship within 0,11, from 
the fore or after perpendicular. 

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

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

ka = 0,6 in the midship region; 
ka = 0,7 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation. 

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

For region above 0,5-D from the base line, ka is 
determined by linear interpolation between fcCT for 
upper deck level and ka for side shell plating in way 
of (0,4 — 0,5)D from the base line. 

ka for upper deck level is determined in the same 
way as ka for bottom shell plating, parameter kD 

being substituted for parameter kB 

kB= WBM W;kD= W$/i\ W (2.2.4.1) 

where W = required hull section modulus amidships in accordance 
with 1.4.6 and assuming T| = 1; 

Wb and Wr> = actual section moduli for bottom and deck amidships 
according to 1.4.8; 

•n = factor indicating application of the steel mechanical 
properties for the member for which k„ is determi
ned, to be established on the basis of 1.1.4.3. 

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

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

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

bk = 800 + 5L; (2.2.4.4) 
in this case, bk 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 The sheerstrake width bs, in mm, shall not 

be less than determined by Formula (2.2.4.4) taking 
bs not greater than 2000 mm. 
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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,lL + 4,4 for L < 80 m; (2.2.4.6-1) 
s = 0,0551, + 8 for Z,> 80 m. (2.2.4.6-2) 

Where L > 200 m, L shall be taken equal to 200 m. 
The aforesaid thickness shall be ensured after hot 

bending, i f applied. 
2.2.4.7 The thickness of garboard strakes directly 

adjoining the bar keel shall not be less than that re
quired 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: 

Jmin = 3,1 + 0,121, for L < 30 m; (2.2.4.8-1) 
Jmin = (5,5 + 0,04Z,yri for Z,> 30 m (2.2.4.8-2) 

where for T | , refer to 1.1.4.3. 

Where L > 300 m, L shall be taken equal to 300 m. 
Where the adopted spacing is less than the standard 

one (refer to 1.1.3) for ships of unrestricted service and 
restricted area of navigation R I , a reduction of mini
mum thickness of shell plating is permitted in propor
tion to the ratio of adopted spacing to standard spacing 
but not more than 10 per cent. 

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. 61, 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 all-
round continuous fillet weld. Connection of the bilge 
keel to this member shall be weaker than that of the 
member to the shell plating. However, the connection 
shall be strong enough to keep the bilge keels under 
the ordinary operating conditions of the ship. 

The intermediate member shall be made continuous 
over the length of bilge keel. Bilge keels shall termi
nate 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 S I N G L E B O T T O M 

2.3.1 General and symbols. 
2.3.1.1 Requirements are given in this Chapter 

for the bottom framing of ships having no double 
bottom and in way where i t is omitted, as well as for 
the floors, centre girder, bottom longitudinals and 
the brackets by which they are connected. 

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

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

B\ = breadth of the compartment concerned, in m; 
Bx = 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 stiffened on both sides with 
flanged brackets fitted between the bottom trans
verses 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 i f the web of the latter is stiffened verti
cally or to the second horizontal stiffener from below i f 
the centre girder web is stiffened horizontally. 

In way of bottom plating, the brackets shall ex
tend 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 
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centre girder. I f the actual section modulus of floors 
exceeds the value required by 2.3.4.1.2 less than 
1,5 times, the width of their face plates shall be dou
bled, where attached to the centre girder face plate, or 
horizontal brackets of adequate size shall be fitted. 

The floor face plates may be replaced by flanges. 
Flanged floors are not permitted in way of engine 

room, in the after peak, and in ships of 30 m and 
above; they are not permitted within 0,251, from the 
fore perpendicular, either. 

2.3.2.4 When the bottom is framed longitudinally, 
brackets shall be fitted in line with the bottom trans
verse 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 bot
tom 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, i f fitted, shall 
form a ring system together with vertical stiffeners of 
transverse bulkheads and deck girders. 

Deep side girders having the same depth as the 
centre girder, as well as conventional side girders 
having the same depth as bottom transverses, shall 
run continuous from one transverse bulkhead to 
another with L\\B\ < 1. 

2.3.2.7 In the engine room, the centre girder may 
be omitted i f the longitudinal girders under engine 
seating extend from the fore to the after bulkhead of 
the engine room and terminate with brackets beyond 
the bulkhead according to 2.3.5.1. 

2.3.2.8 In ships having a length of 65 m and 
more, the buckling strength of centre girder and side 
girders in the midship region shall be ensured in 
accordance with 1.6.5. 

The webs of centre girder, side girders and floors 
shall be stiffened in accordance with 1.7.3. 

2.3.2.9 Connections of bottom longitudinals to 
transverse bulkheads shall be such that the effective 
sectional area of the longitudinals is maintained. 

2.3.3 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 pst in For
mula (2.2.3-1), the ballast draught may be taken 
as 0,6 of the summer draught. 

I f a dry cargo ship is designed to operate in 
a fully loaded condition with some holds empty the 
static pressureps t 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 0,0555]. In any case, B\ shall not be taken 
less than 0,65*. 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 be
tween longitudinal girders under the seating shall not 
be less than 0,65 of the required depth at the cen
treline. 

A reduction of floor section modulus by more 
than 10 per cent as compared to that required 
by 2.3.4.1.2 is not permitted. 

A t a distance of 0,375* from the centreline, the 
depth of floors shall not be less than 50 per cent of 
the required depth of the centreline floors; 

.2 at the centreline, the section modulus of floors 
shall not be less than determined according to 1.6.4.1 
and 1.6.4.2 taking: 

m = 13; 
K = 0,6; 
1 = B\, but not less than 0,65*; 
for p, refer to 2.3.3.1, but i t shall not be less 

than 35 kPa for dry cargo ships and not less 
than 85 kPa for tankers. 

On portions equal to 0,055* from ship's side, the 
floor web sectional area shall not be less than de
termined according to 1.6.4.3 taking: 

-Nmax = 0,4pal; 
K = 0,6. 
When determining p and /, the above limitations 

shall be used; 
.3 in accordance with 2.3.4.1.2, the section modu

lus of centre girder shall be at least 1,6 times greater 
than the section modulus of a floor at the centreline. 
The depth of centre girder shall be equal to that of 
a floor at the place of their connection; 

.4 the section modulus of a side girder shall not 
be less than the section modulus of a floor at the 
centreline in accordance with 2.3.4.1.2. The depth of 
side girder shall be equal to that of the floor at the 
place of their connection. 
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2.3.4.2 I f longitudinal system of framing is 
adopted, the bottom members in way of the cargo 
tanks in tankers shall satisfy the following require
ments: 

.1 the section modulus of bottom longitudinals 
shall not be less than determined in accordance 
with 1.6.4.1 and 1.6.4.2 taking: 

p = as defined in 2.3.3.2; 
/ = span, in m, equal to the distance between 

bottom transverses or between bottom transverse and 
transverse bulkhead; 

m = 12; 
ka = 0,45kB < 0,65 in the midship region; 
ka = 0,65 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation. 

kB shall be determined by Formula (2.2.4.1); 
.2 the section modulus of a bottom transverse 

shall not be less than determined from 1.6.4.1 
and 1.6.4.2. Bottom transverse web sectional area, 
excluding openings, shall not be less than stipulated 
under 1.6.4.3 taking: 

p = as defined in 2.3.3.2; 
l = Bu 
K = k% = 0,6; 
for a wing tank 
m = 18; 
-Nmax = 0,35pal; 

for a centre tank 
m = mbJ; 
-Nmax = 0,7nb_tpal; 
mbJ and nbJ shall be obtained from 

Table 2.3.4.2.2 depending upon the parameter ii and 
the number of bottom transverses within a tank; 

H = ^AI\L,IB,f; 
a = Wb.,/Wc.g; 
WbJ = bottom transverse section modulus sa

tisfying the present requirements; 
Wcg = centre girder section modulus satisfying 

the requirements of 2.3.4.2.3. 
The value of the parameter a is optional, but 

shall not exceed 0,6; the value of the parameter \y 
shall not exceed 1,5. 

Bottom transverse section modulus shall not be 
less than aWc.g; 

.3 centre girder section modulus shall not be less 
than determined from 1.6.4.1 and 1.6.4.2. The sec
tional area of centre girder web shall not be less than 
stipulated under 1.6.4.3 taking: 

p = as defined in 2.3.3.2; 
/ = W, 
m = mc,g; 
-Nmax = 0,7nc_gpal; 
mc,g and nc,g shall be obtained from 

Table 2.3.4.2.2 depending upon the parameter ii and 
the number of floors within a tank; ii shall be de
termined in accordance with 2.3.4.2.2; 

ka = 0,35kB< 0,6 in the midship region; 

T a b l e 2.3.4.2.2 

Number of transverses within a tank 

2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 

mb.t nb., "eg 

0,01 96,0 95,9 95,9 95,8 27,3 21,7 25,5 23,3 0,253 0,255 0,256 0,257 0,329 0,370 0,393 0,409 

0,02 95,8 95,6 95,4 95,1 27,6 22,1 26,0 23,9 0,256 0,260 0,261 0,264 0,326 0,367 0,387 0,401 

0,04 95,4 95,4 93,9 92,7 28,3 22,8 27,1 25,0 0,261 0,269 0,271 0,277 0,318 0,355 0,375 0,387 

0,06 94,7 92,7 91,8 89,3 28,9 23,5 28,1 26,2 0,267 0,277 0,281 0,289 0,311 0,346 0,364 0,374 

0,08 93,9 90,5 89,2 85,5 29,6 24,3 29,1 27,4 0,272 0,286 0,290 0,301 0,304 0,337 0,354 0,363 

0,1 92,9 88,1 86,3 81,5 30,2 25,0 30,2 28,6 0,276 0,293 0,298 0,311 0,298 0,329 0,344 0,352 

0,2 86,5 75,1 72,1 64,0 33,4 28,9 35,5 34,7 0,298 0,326 0,333 0,352 0,269 0,294 0,304 0,307 

0,3 79,6 64,0 61,1 52,3 36,6 32,8 40,9 41,0 0,316 0,352 0,359 0,382 0,246 0,266 0,273 0,274 

0,4 73,3 55,7 53,1 44,7 39,8 36,9 46,5 47,6 0,330 0,373 0,380 0,404 0,226 0,243 0,249 0,249 

0,6 63,2 44,9 43,3 36,1 46,2 45,4 58,0 61,6 0,354 0,404 0,409 0,436 0,195 0,206 0,213 0,214 

0,8 56,1 38,5 37,6 31,5 52,6 54,4 70,1 76,6 0,371 0,426 0,429 0,457 0,171 0,184 0,188 0,189 

1,0 51,0 34,4 34,0 28,6 59,0 64,0 82,8 93,1 0,386 0,443 0,445 0,471 0,153 0,165 0,170 0,171 

1,2 47,2 31,6 31,6 26,9 65,4 74,2 96,6 110,8 0,397 0,456 0,456 0,482 0,138 0,150 0,155 0,158 

1,5 43,1 28,8 29,1 25,0 75,0 90,7 117,0 141,1 0,410 0,471 0,469 0,492 0,120 0,132 0,139 0,142 
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kv = 0,6 at the ends of the ship within 0,11, from 
the fore or after perpendicular. 

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

k% = 0,6; 
kB shall be determined by Formula (2.2.4.1). 
The section modulus of centre girder shall not be 

less than WbJa where WbJ is bottom transverse 
section modulus satisfying the requirements 
of 2.3.4.2.2; a shall be as stipulated under 2.3.4.2.2; 

.4 in ships of 200 m and above, provision shall be 
made for side girders midway between longitudinal 
bulkhead and centre girder, as well as between 
longitudinal bulkhead and ship's side, in centre and 
wing tanks. 

The section modulus of deep side girders, when 
fitted in accordance with 2.3.2.6, shall not be less 
than 0,5 of centre girder section modulus. The centre 
girder section moduli may be reduced in conformity 
with 2.3.4.2.3 and those of bottom transverse, in 
conformity with 2.3.4.2.2 by 15 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; 

.5 alternatively to the requirements of 2.3.4.2.2 
to 2.3.4.2.4, the scantlings of bottom transverses, 
centre girder and side girders may be selected pro
ceeding from the calculation of bottom grillage, using 
beam models. In this case, design loads shall be 
chosen in accordance with 2.3.3.2, permissible stress 
factors, in accordance with 2.3.4.2.2 and 2.3.4.2.3, 
boundary conditions, proceeding from cargo dis
tribution over the length and breadth of the ship and 
the type of structures adjoining the calculated one. 
The effect of brackets shall be considered; 

.6 in the engine room, the bottom transverse and 
side girder web thickness shall not be less than the 
centre girder web thickness. 

I f a girder acts as the vertical plate of engine 
seating, the girder thickness shall not be less than the 
vertical plate thickness as required by 2.11.3. The 
depth of bottom transverse shall be increased in 
proportion to the height at which engine seatings are 
fitted. 

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

Jmin = 5,3 + 0,041, for L < 80 m; (2.3.4.3-1) 
Jmin = 6,5 + 0,0251, f o r Z , > 8 0 m . (2.3.4.3-2) 

Where L > 250 m, L shall be taken equal to 250 m. 
For the centre girder, smm shall be increased 

by 1,5 mm, but shall not exceed the plate keel 
thickness; floor web thickness need not exceed the 
bottom shell plating thickness. 

In tankers, the minimum thickness of single 
bottom members shall also satisfy the requirements 
of 3.5.4, whichever is the greater. 

2.3.5 Special requirements. 
2.3.5.1 End attachments of bottom members and 

deep member web stiffening shall satisfy the fol
lowing 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 i f 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. I f 
the centre girder is not fitted in the engine room, then at 
discontinuities beyond bulkheads i t 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 at
tached to side transverses and/or vertical webs of 
longitudinal bulkheads by brackets. For size of 
brackets, refer to 1.7.2.3. 

2.3.5.2 I f transverse system of framing is adopted, 
the holes cut in floors shall have a diameter not ex
ceeding 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 D O U B L E B O T T O M 

2.4.1 General. 
Requirements are given in this Chapter for dou

ble 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 
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carriers and ore/oil carriers, the double bottom shall 
be framed longitudinally. 

2.4.2.2 The centre girder shall extend fore and aft 
as far as practicable to the stem and sternframe and 
shall be attached to them whenever possible. The 
centre girder shall generally be continuous within 
at least 0,6L amidships. Where longitudinal framing 
is adopted in the double bottom, brackets shall be 
fitted on both sides of centre girder, which shall be 
spaced not more than 1,2 m apart, extended to the 
nearest longitudinal or ligthened side girder and 
welded thereto. The distance between brackets shall 
not exceed 1,2 m. 

2.4.2.3 In lieu of centre girder, a duct keel may be 
fitted consisting of two plates arranged on both sides 
of the centreline. The duct keel shall be wide enough 
for the access to all its structures to be ensured. 
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 bot
tom plating between the side plates of the duct keel. 

I f longitudinal system of framing is adopted, 
brackets shall be fitted at every frame on both sides of 
the duct keel, similar to those used for the centre girder. 

Where the duct keel fitted only over a part of the 
ship's length terminates and is transformed into the 
centre girder, the duct keel and centre girder plates 
shall overlap over a length of at least one frame 
spacing and shall terminate in brackets with face 
plates. In this case, the length of the brackets shall 
not be less than three spacings i f the transition areas 
lie within 0,6L amidships, and not less than two 
spacings elsewhere. 

2.4.2.4 The design of side girders and margin 
plate shall satisfy the following requirements: 

.1 the spacing of side girders and the distance 
between a side girder and centre girder or margin 
plate, as measured at the level of the double bottom 
plating, shall not exceed 4,2 m for transversely 
framed double bottom and 5,0 for longitudinally 
framed double bottom; 

.2 i f longitudinal framing is adopted in the double 
bottom, lightened side girders may be fitted on bottom 
and double bottom instead of longitudinals (for panels 
with large openings, refer to 2.4.2.7.2 and 2.4.2.7.4); 

.3 where there are two tunnels symmetrical with 
regard to the centreline, 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, i f approved by the Register; 

.5 inclined margin plate, i f fitted, shall extend 
throughout the double bottom length. 

2.4.2.5 The arrangement and design of floors 
shall satisfy the following requirements: 

.1 i f 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 per

pendicular; 
in the holds intended for the carriage of heavy 

cargo and ore, as well as in holds from which cargo is 
regularly discharged by grabs; 

in ships which may happen to be aground due to 
the ebb-tide in ports. 

In other regions, plate floors may be fitted five 
spacings or 3,6 m apart, whichever is less. In this 
case, provision shall be made for open floors (bracket 
or lightened). 

Bracket floors consist of bottom and reverse 
frames connected with brackets at centre girder, side 
girders and margin plate (refer to Fig. 2.4.2.5.1-1). 

Not less than 0,75h Not less than 0,75h 

Fig. 2.4.2.5.1-1 

Lightened floors consist of plate panels having 
large openings of a smooth shape between side gir
ders (refer to Fig. 2.4.2.5.1-2); 

.2 i f longitudinal framing is adopted in the double 
bottom, plate floors shall generally be fitted at a 
distance not exceeding two spacings from each other: 

in engine and boiler rooms; 
at the fore end within 0,25L from the fore per

pendicular; 
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; 
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Not less than 0,5h Not less than 0,5h_ 

Not less than 0,25h 

Fig. 2.4.2.5.1-2 

in ships which may happen to be aground due to 
the ebb-tide in ports. 

In other regions, plate floors may be fitted five 
spacings or 3,6 m apart, whichever is less. Where 
lightened side girders are fitted in lieu of bottom and 
double bottom longitudinals (refer to 2.4.2.4.2), the 
above spacing may be increased, but not more than 
twice. 

When the ship's side is framed transversely and 
double bottom is framed longitudinally, brackets 
shall be fitted at every frame between plate floors to 
stiffen the margin plate, which shall be carried to the 
nearest bottom and inner bottom longitudinals or to 
the nearest additional side girder, and welded thereto 
(refer to Fig. 2.4.2.5.2). 

Bracket in way 
of margin plate 

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; 

.3 irrespective of the requirements of 2.4.2.5.1 
and 2.4.2.5.2, plate floors shall be fitted: 

under pillars and ends of longitudinal partial 
bulkheads; 

under bearers and boiler bearer ends; 
under transverse bulkheads and sloping plates of 

low trapezoidal stools of corrugated bulkheads; 
under bracket toes of deep tank bulkhead stif

feners 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. 

I f longitudinal system of framing is adopted, the 
stiffeners on plate floors shall be fitted in line with 
bottom and inner bottom longitudinals. The stiffen
ers 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; 

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

2.4.2.7 Holes (manholes) shall satisfy the fol
lowing requirements: 

.1 an adequate number of holes (manholes) shall 
be provided in the inner bottom plating, side girders 
and floors for access to all portions of double bot
tom. The size of the holes, including lightening holes, 
shall satisfy the requirements of standards or other 
normative documents recognized by the Register. 

Ai r 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 in
dicated in Table 2.4.2.7.2. Besides, the minimum 
height of the plate in way of the hole shall not be less 
than l/s of the length of the hole. 

The plate height indicated in Table 2.4.2.7.2 may 
be reduced i f suitable stiffening is provided. Besides, 
lightened side girder and floor plates shall satisfy the 
requirements of 2.4.4.5.5, and i f the plate height h0, 
in mm, exceeds 25s^Jr\ (where s is the web thickness, 
in mm, of a lightened side girder or floor), the free 
edge of the plate shall be stiffened; 

T a b l e 2.4.2.7.2 

Member 
Minimum allowable plate 

height (in parts of member 
height) 

Centre girder 0,3 
Side girders 0,25 
Lightened side girders 0,15 
Floors: 

plate 0,25 
lightened 0,2 
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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 stif
feners 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 be
tween floors (side girders) or between a floor (side 
girder) and vertical stiffener, whichever is less (refer 
to Fig. 2.4.2.5.1-2). The distance of the edges of 
openings in lightened side girders and floors from 
each other shall not be less than half the centre girder 
depth in this region; 

.5 normally, openings are not permitted: 
in centre girder over a length of 0,751, 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 ex
treme 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 l / 3 of the 
width or height of the bracket, whichever is less. 

2.4.2.8 Where double skin side construction is 
provided, the inner bottom plating shall extend 
through the inner skin as far as the shell plating. 
A side girder shall be fitted in line with the inner skin. 
Festoon plates may be fitted in lieu of the inner 
bottom plating inside the double skin side or addi
tional side girder in line with the inner skin. 

2.4.2.9 Connections of bottom and inner bottom 
longitudinals to watertight floors shall be such that 
the effective sectional area of these members is 
maintained. 

2.4.3 Double bottom loads. 
2.4.3.1 The external pressure on double bottom 

structures is determined by Formula (2.2.3-1). 
For design ballast condition, the value of z, 

in Formula (1.3.2.1-2) shall be counted from the de
sign 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 = l,5hp (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 = 10,5(rf-A) (2.4.3.2.5) 

where h = actual depth of double bottom, in m. 

2.4.3.3 The total design pressure on the double bottom 
is defined as a difference between the external pressure p 
and the cargo (ballast) pressure from inside pc. In this 
case, the value of pc is defined as the smallest value of 
counterpressures determined from 2.4.3.2.1 to 2.4.3.2.3 
with p > pc and as the greatest of the above values 
with p < pc. 

I f a hold may be empty during service, the ex
ternal pressure p shall be taken as the design pressure. 

2.4.4 Scantlings of double bottom members. 
2.4.4.1 A t centre girder, the depth of double 

bottom h, in m, shall not be less than 

h = + 0,045 + 3,5-^- (2.4.4.1) 

but not less than 0,65 m. 
2.4.4.2 The centre girder and side girders shall 

satisfy the following requirements: 
.1 the thickness, in mm, of centre girder (duct 

keel) shall not be less than 

s = Ucgh-r-J'*) + A s (2.4.4.2.1) 

where h = height of centre girder, in m, required by 2.4.4.1; 
ha = actual height of centre girder, in m; 

for r|, refer to 1.1.4.3; 
for As, refer to 1.1.5.1; 
ac.g = 0,03£ + 8,3, but not greater than 11,2. 
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In any case, the thickness of centre girder shall be 
1 mm greater than that of a plate floor. 

The thickness of side girders shall not be less than 
that of plate floors; 

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

.3 at ends within 0,11, 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 2.4.4.9. 

The thickness of side plates of the duct keel shall 
not be less than 0,9 of that required for the centre 
girder in this region; 

.4 the thickness of watertight sections of centre 
girder and side girders shall not be less than de
termined by Formula (1.6.4.4) taking: 

p = as determined by Formulae (1.3.4.2.1-4) 
and (1.3.4.2.1-5) for the mid-depth of centre girder (side 
girder), whichever is the greater (where no safety valve is 
fitted, pv shall be taken as zero); 

m = 15,8; 
i f the centre girder (side girder) is stiffened with 

vertical brackets or stiffeners, 
ka = 0,6kB<0,75 for Z , > 6 5 m in the midship 

region; 
ka = 0,75 for L = 12 m. 
For 12 < L < 65 m, ka shall be determined by 

linear interpolation taking ka = 0,68 for L = 65 m; 
i f the centre girder (side girder) is stiffened with 

horizontal stiffeners, in the midship region 
K = 0,75; 
at the ends of the ship within 0,11, from the fore 

or after perpendicular 
ka = 0,85. 
For regions between the midship region and 

above portions of ship's ends, ka shall be determined 
by linear interpolation. 

kB shall be determined by Formula (2.2.4.1). 
The thickness of the watertight sections of centre 

girder and side girders need not be greater than that 
of adjacent shell plating. 

2.4.4.3 Floors shall satisfy the following require
ments: 

.1 the thickness, in mm, of watertight floors shall 
not be less than 

s = akajr] + As (2.4.4.3) 

where <x = 0,122,-1,1, but not greater than 6,5 for transversely 
framed double bottom; 

<x = 0,023L + 5,8 for longitudinally framed double bottom; 
k = k\ki, 

k\,k2 = coefficients given in Tables 2.4.4.3-1 and 2.4.4.3-2 
respectively; 

T a b l e 2.4.4.3-1 
Coefficient k, 

Framing 
system 

ajja Framing 
system 

1 2 3 4 5 

Transverse 

Longitudinal 

1 1,15 

1,25 

1,20 

1,45 

1,25 

1,65 

1,30 

1,85 

S y m b o l s : 
Of = distance, in m, between plate floors; 
a = spacing, in m. 

T a b l e 2.4.4.3-2 
Coefficient k2 

Framing system Number of girders per side 

0 1 2 3 and above 

Transverse 1 0,97 0,93 0,88 

Longitudinal 1 0,93 0,86 0,80 

a = spacing, in m, of stiffeners, but not greater than the 
actual depth of double bottom; 

for r|, refer to 1.1.4.3; 
for As, refer to 1.1.5.1; 

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

Between the fore peak bulkhead and 0,251, from 
the forward perpendicular, in the engine room and 
peaks, and in the holds of ships which may happen to 
be aground due to ebb-tide or from which cargo is 
regularly discharged by grabs, the thickness of plate 
floors Smin, in mm, shall not be less than: 

for transverse framing system 

S m i n = 0,0351, + 5; (2.4.4.3.2-1) 

for longitudinal framing system 

S m i n = 0,0351, + 6; (2.4.4.3.2-2) 

.3 the thickness of watertight floors shall not be 
less than determined by Formula (1.6.4.4) taking: 

p = as determined by Formulae (1.3.4.2.1-4) 
and (1.3.4.2.1-5) for the middepth of the floor, 
whichever is the greater (in the absence of a safety 
valve, pv= 0); 

m = 15,8; 
ka = 0,85. 
In any case, the thickness of watertight floors 

shall not be less than that required for plate floors in 
this region. 

2.4.4.4 Inner bottom plating and margin plate 
shall satisfy the following requirements: 

.1 the thickness of inner bottom plating, inclu
ding margin plate, shall not be less than determined 
by Formula (1.6.4.4) taking: 
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m = 15,8; 
p = maximum design pressure as stipulated 

under 2.4.3.2; 
ka

 = 0 ,6&g^0,8 in the midship region for 
Z , > 6 5 m and transverse framing system; 

ka = 0,8 in the midship region for L = 12 m and 
transverse framing system. 

Where 12 < L < 65 m, fcCT is determined by linear 
interpolation taking ka = 0,7 for L = 65 m, 

ka = 0,8 in the midship region for longitudinal 
framing system; 

ka = 0,9 at the ends of the ship within 0,11, from 
the fore or after perpendicular. 

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

kB shall be determined by Formula (2.2.4.1); 
.2 in any case, the thickness of inner bottom 

plating Smin, in nun, shall not be less than: 

Jmin = (3,8 + 0,05Z,)^/T) for L < 80 m; (2.4.4.4.2-1) 
Jmin = (5 + 0 , 0 3 5 Z , y r i for Z , > 80 m (2 .4.4.4.2-2) 

where T | = as stated in Table 1.1.4.3. 

Where L > 260 m, L shall be taken equal to 260 m. 
Where the adopted spacing is less than the stan

dard one (refer to 1.1.3) for ships of unrestricted 
service and restricted area of navigation R I , the 
minimum thickness of inner-bottom plating may be 
reduced in proportion to the ratio of adopted spacing 
to the standard spacing, but not more than by 
10 per cent. In any case, the minimum thickness shall 
not be less than 5,5 mm. 

The thickness of inner bottom plating in holds 
into which water ballast may be taken, as well as in 
the cargo (ballast) tanks of tankers shall not be less 
than stipulated under 3.5.4. 

In the engine room and holds under cargo hat
ches where no wood sheathing is provided, smm shall 
be increased by 2 mm. 

In holds where no wood sheathing is provided and 
cargo is discharged by grabs, Smm 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 bot
tom 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; 

m = 12; 
/ = design span, in m, of longitudinal, defined as 

the spacing of floors for bottom and inner bottom 
longitudinals, as the distance betwen bracket toes or 
between a bracket toe and side girder for the bottom 
and reverse frames of bracket floors, as the spacing of 
webs for duct keel; 

for bottom longitudinals 
ka = 0,45kB < 0,65 in the midship region; 
ka = 0,65 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for inner bottom longitudinals 
ka = 0,6fcs<:0,75 in the midship region; 
ka = 0,75 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for bottom frames of bracket floors and duct keel 
K = 0,65; 

for reverse frames of bracket floors and duct keel 
K = 0,75; 
kB shall be determined by Formula (2.2.4.1); 
.2 i f intermediate struts are fitted at mid-span 

between bottom and inner bottom longitudinals, the 
section modulus of such longitudinals may be re
duced by 35 per cent; 

.3 i f 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,l = design pressure and design span of 
longitudinal as stipulated under 2.4.4.5.1), k% = ka where 
ka is as determined from 2.4.4.5.1 with kB = 1,25; 

.4 in the midship region of ships of 65 m in length 
and above, the buckling strength of bottom and inner 
bottom longitudinals shall be ensured in accordance 
with 1.6.5; 

.5 at the centre of openings in lightened side 
girders and floors, the section modulus of the plate 
adjoining the shell plating or inner bottom plating 
shall comply with the requirements of 2.4.4.5.1 for 
bottom and inner bottom longitudinals and trans
verses 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 
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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, i f these are fitted. 

2.4.4.6 The stiffeners on the watertight sections of 
centre girder (duct keel), side girders and floors shall 
satisfy the following requirements: 

.1 the section modulus of vertical stiffeners on the 
watertight sections of centre girder (duct keel), side 
girders and floors shall not be less than stipulated 
under 1.6.4.1 taking: 

p = as determined by Formula (1.3.4.2.1-5) for 
mid-height of vertical stiffener; 

/ = span, in m, of stiffener, defined as the spacing 
of longitudinals to which the stiffener is welded or as 
double bottom depth i f 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; 

ka = 0,75; 
.2 the section modulus of horizontal stiffeners on 

the centre girder (duct keel) and side girders shall not 
be less than stipulated under 1.6.4.1 taking: 

p = as determined by Formula (1.3.4.2.1-5) for 
the level of the horizontal stiffener considered; 

/ = distance, in m, between floors or between 
floors and brackets (refer to 2.4.2.2); 

m = 12; 
ka = 0,5&b<0,75 in the midship region; 

= 0,75 at the ends of the ship within 0,1L from 
the fore or after perpendicular. 

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

kB shall be determined by Formula (2.2.4.1); 
.3 in the midship region of ships of unrestricted 

service and of restricted areas of navigation R I and 
R2, 65 m and greater in length, as well as of ships of 
restricted areas of navigation R2-RSN, R2-RSN(4,5), 
R3-RSN and R3, 60 m and greater in length, the 
buckling strength of horizontal stiffeners on the 
centre girder (duct keel) and side girders shall be 
ensured in accordance with 1.6.5. 

2.4.4.7 The intermediate struts between bottom 
and inner bottom longitudinals, as well as between 
bottom and reverse frames of bracket floors shall 
satisfy the following requirements: 

.1 the sectional area / , in cm 2 , of intermediate 
struts shall not be less than 

5pal 
knan 

+ 0,1/zAs (2.4.4.7.1) 

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; 

/ = design span, in m, of stiffened longitudinals; 

K = 0,6; 
h = height, in cm, of the strut cross section; 

.2 the inertia moment i, in cm 4 , of intermediate 
struts shall not be less than 

i = 0,01/Ta n (2.4.4.7.2) 

where /= sectional area of intermediate struts as given in 2.4.4.7.1; 
/ = length, in m, of intermediate strut. 

2.4.4.8 The thickness of brackets of centre girder 
(duct keel) and margin plate, as well as of the 
brackets of bracket floors and the brackets connect
ing bottom and inner bottom longitudinals to wa
tertight floors, i f 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 long
itudinals on the bottom and inner bottom plating to 
watertight floors shall not be less than 2,5 times the 
bottom longitudinal depth (refer to Fig. 2.4.4.8). 

2 
2* 2,5h 

z 

2 
>h 

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. 

2.4.4.9 Structural members inside the double 
bottom shall have a thickness sm\n, in rnm, not less 
than: 

Smin = 0,045L + 3,9 for L < 80 m; (2.4.4.9-1) 
Smin = 0,025L + 5,5 for L > 80 m. (2.4.4.9-2) 

Where L > 250 m, L shall be taken equal to 250 m. 
For centre girder, Smin shall be increased 

by 1,5 mm. 
2.4.4.10 I n way of holds designed for the carriage 

of heavy cargoes, the strength of double bottom 
structure shall be verified by the calculation of the 
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bottom grillage strength using design loads stated 
in 2.4.3, as required by 3.3.4.1.1. 

2.4.5 Special requirements. 
2.4.5.1 Partial double bottom and stiffening in 

way of variable double bottom depth shall satisfy the 
following requirements: 

.1 where the double bottom terminates, gradual 
transition from longitudinal members of double 
bottom to those beyond i t shall be ensured. 

The inner bottom plating shall be gradually ta
pered (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 boun
dary, the width of these face plates shall be not less 
than half the distance between adjacent side girders. 

The margin plate shall extend beyond the double 
bottom as a bracket with the height equal to the 
margin plate width and the length equal to at least 
three frame spaces, with a face plate or flange along 
its free edge; 

.2 where the double bottom depth changes in the 
form of a knuckle, one end of the knuckle shall be in 
way of a transverse bulkhead and the other, on the 
fplate floor. However, both the knuckles may be ar
ranged 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. 

A t the step, the inner bottom plating of the lower 
section should extend for a length of three frame 
spaces when Z,> 80 m and for two frame spaces when 
L < 80 m. Forward (or aft) of the end of the exten
sion the general requirements for partial double 
bottom shall be complied with. 

I f the step is arranged beyond 0,51, amidships or 
i f 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 concentra
tions shall be ensured in way of the step where a 
variation of the depth of centre girder, side girders, 
margin plate and inner bottom longitudinals takes 
place (if longitudinal system of framing is adopted). 

2.4.5.2 Bilge wells, sea chests and ice boxes shall 
satisfy the following requirements: 

.1 in cargo ships, the bilge wells shall, as far as 
practicable, satisfy the requirements of 1.1.6.3.3. 

The capacity of bilge wells is specified in 
Part V I I I "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 
to 2.4.4.4. 

In any case, the thickness of sea chest and ice box 
walls shall be not less than that required by 2.2.4.1 for 
the shell plating in the region under consideration. 

2.4.5.3 When oil fuel tanks are arranged in the 
double bottom, the manholes in the tank tops 
arranged within the engine and boiler rooms for 
access to the tanks shall be provided with coamings 
not less than 0,1 m in height, besides the general 
provisions for the arrangement of fuel oil tanks. 

2.4.5.4 Where the bed plate of main engine and the 
thrust block are seated directly on the inner bottom 
plating, insert plates having a thickness not less than 
stipulated under 2.11.3.1 shall be welded to the plating 
under the supporting parts of bed plate and thrust 
block. The size of welded inserts shall be such as to 
ensure an adequate arrangement of supports and the 
attachment of machinery, and shall in any case be not 
less than that of the supporting parts of bed plate. 
Where the engine bed plate and thrust block are fitted 
on the inner bottom plating, two girders, or one girder 
and a half-height girder shall be provided in way of 
their arrangement along each welded insert plate. The 
upper part of the girder webs shall have the same 
thickness as the welded insert for at least 0,2 of the 
girder depth, or alternatively, the thickness of the webs 
throughout their depth shall be as required by 2.11.3 
for the vertical plates of seatings. 

Between the girders, a horizontal stiffener of the 
size required in the foregoing for the upper part of 
girder webs shall be fitted, account being taken of the 
holes for the holddown bolts of the bed plate. 

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

2.4.5.5 The plating of the recess under the engine 
crankcase, as well as the side girders and floors by which 
it is confined, shall have a thickness 2 mm greater than 
that of the inner bottom plating in this region. 

The minimum distance from the recess plating to 
the bottom shell plating shall not be less than 460 mm. 

2.5 S I D E F R A M I N G 

2.5.1 General and definitions. 
2.5.1.1 Requirements are given in this Chapter 

for side frames, web frames (side transverses), side 
longitudinals, side stringers, cross ties connecting side 
transverses to vertical webs on longitudinal bulk
heads 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 
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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). I f no diaphragms or platforms are fitted, 
the inner skin together with framing shall be con
sidered as longitudinal bulkhead and shall comply 
with the requirements of 2.7. 

2.5.2 Construction. 
2.5.2.1 When the ship's side is framed transver

sely, side stringers may be provided. In tankers with 
two or more longitudinal bulkheads, fitting of cross 
ties is recommended between the side stringers and 
horizontal girders of longitudinal bulkheads. 

Web frames may be fitted i f the ship's side is 
framed transversely, and they shall be fitted, i f the 
ship's side is framed longitudinally. They shall be 
fitted in line with plate floors, as well as with deep 
beams, i f any. In tankers with two or more long
itudinal bulkheads, fitting of cross ties is re
commended between side transverses and vertical 
webs of longitudinal bulkheads. 

2.5.2.2 Structures of double skin side shall satisfy 
the following requirements: 

.1 i f 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 mid-
span of relevant members; 

.2 diaphragms or platforms shall be stiffened in 
accordance with 1.7.3.2. In this case, the shorter 
side, in mm, of panel of the diaphragm or platform 
being stiffened shall not exceed lOOs^/r) , where s is 
the thickness, in mm, of the diaphragm or platform; 

.3 an appropriate number of openings (manholes) 
shall be provided in the diaphragms and platforms 
for access to all the structures of double skin side. 
The total breadth of openings in a diaphragm or 
platform section shall not exceed 0,6 of the double 
skin side breadth. 

The edges of openings in diaphragms and plat
forms, arranged within l / 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 par
tial bulkheads, which serve as platform supports; 

in diaphragms on a length not less than 1,5 times 
the double skin side breadth from deck plating and/or 
double bottom, which serve as diaphragm supports. 

2.5.2.3 In the engine room, the side framing shall 
be strengthened by fitting of web frames and side 
stringers. 

The web frames shall be fitted not more than 
5 standard spacings or 3 m apart, whichever is the 
greater. The web frames shall be arranged taking into 
account the location of main engine, i.e. they shall be 
fitted at the extremities of the engine at least. In the 
engine room, the web frames shall be carried to the 
nearest continuous platform. Deep beams shall be 
fitted in line with web frames. 

In the engine room, the side stringers shall be 
fitted so that the vertical distance between them, as 
well as between a side stringer and deck or tank top 
(upper edge of floor) at side does not exceed 2,5 m. 

2.5.3 Side loads. 
2.5.3.1 The design pressure on the side shell shall 

be determined in accordance with 2.2.3. In way of 
tanks, the pressure determined in accordance with 
1.3.4.2 shall additionally be taken into consideration. 

2.5.3.2 The design pressure on double skin side 
structures shall be determined as follows: 

.1 the design pressure on the inner skin and 
framing shall be determined in accordance 
with 1.3.4.2 or 1.3.4.3 depending on the kind of cargo 
carried and on whether the double side space is used 
as tank space, but shall not be less than the design 
pressure on watertight bulkhead structures, as sti
pulated under 2.7.3.1; 

.2 the scantlings of cross sections of diaphragms 
and platforms are determined using the design pres
sure specified in 2.2.3; 

.3 the design pressure on the watertight sections 
of diaphragms and platforms bounding the tanks in 
the double side space shall be determined in 
accordance with 1.3.4.2. 

2.5.4 Member scantlings of side structures. 
2.5.4.1 I f transverse system of framing is adopted, 

the section modulus of hold frames in dry cargo ships 
and of side frames in tankers shall not be less than 
determined from 1.6.4.1 taking: 

p = as defined in 2.5.3; the value of p for the side 
shell shall not be less than: 

/ W n = lOz + 0,31, + 1 for L < 60 m; (2.5.4.1-1) 
/ W n = lOz + 0,151, + 10 for Z,>60 m (2.5.4.1-2) 

where z = distance, in m, from the mid-span of the frame to the 
summer load waterline; 

/ = span, in m, between adjacent supports, as 
measured in accordance with 1.6.3.1; unless expressly 
provided otherwise, the supports of a frame are 
bottom, deck or platform, side stringers; 

m = 12 for single skin side construction when 
determining the section modulus of the supporting 
section of the frame taking into consideration 
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the bracket, i f any, included in the section, as well as 
for frames of the side shell and inner skin forming 
double skin side construction; 

m = 18 for single skin side construction when 
determining the section modulus in the frame span; 

Jca = 0,65 for frames of the side shell; 
Jca = 0,75 for frames of the inner skin. 
For ships of restricted area of navigation, the 

value of Praia may be reduced by multiplying by the 
factor cpr obtained from Table 1.3.1.5. 

2.5.4.2 The section modulus of 'tween deck 
frames shall not be less than determined from 1.6.4.1 
taking: 

p = design pressure, as stipulated under 2.5.3; 
/ = span, in m, between adjacent supports, as 

measured in accordance with 1.6.3.1; frame supports 
are decks and platforms; 

m = 10 for single skin side frames; 
m = 12 for frames of the side shell and inner skin 

forming double skin side construction; 
Jca = 0,65 for side shell frames; 
Jca = 0,75 for inner skin frames. 
The above applies in case the lower end of 'tween 

deck frame is not stiffened by a bracket. I f the lower 
end of the frame is stiffened by a bracket of a height 
not less than 0,1/ and the section modulus of the 
frame in way of deck is not less than 1,75 of the 
section modulus determined above, taking the 
bracket into consideration, the section modulus of 
'tween deck frame may be reduced by 30 per cent. 

2.5.4.3 The section modulus of side longitudinals 
of all ships shall not be less than determined 
according to 1.6.4.1 taking: 

p = as defined in 2.5.3; 
a = spacing of longitudinals, in m; 
/ = average spacing of web frames or dia

phragms, in m; 
m = 12; 
for side shell 
Jca = 0,65 within (0,4 — 0,5)D from the base line. 
For regions below 0,4D from the base line, Jca shall 

be determined by linear interpolation between fcCT for 
bottom longitudinals in accordance with 2.4.4.5.1 and Jca 

within (0,4—0,5)2) from the base line. 
For regions above 0,5D from the base line, 

Jca shall be determined by linear interpolation 
between fcCT for strength deck longitudinals in ac
cordance with 2.6.4.2 and Jca within (0,4 — 0,5).D from 
the base line. 

For the inner skin, Jca shall be determined as in 
the case of horizontal stiffeners of longitudinal 
bulkheads in tankers in accordance with 2.7.4.2. 

The buckling strength of three upper and three 
lower longitudinals in the midship region of 
ships 65 m and greater in length shall be ensured in 
accordance with 1.6.5. 

2.5.4.4 In a transversely framed side, the section 
modulus of side stringers shall not be less than sti
pulated under 1.6.4.1 taking: 

Jca is determined in the same way as for side shell 
longitudinals mentioned under 2.5.4.3; 

p = as defined in 2.5.3.1; 
/ = spacing, in m, of web frames and where these 

are not fitted, between transverse bulkheads, inclu
ding end brackets; 

a = spacing, in m, of side stringers; 
m = 18 without cross ties; 
m = 27,5 with cross ties. 
The cross-sectional area, in cm 2, of a side stringer 

web shall not be less than determined according 
to 1.6.4.3 taking: 

-Nmax = npal; 
n = 0,5 without cross ties; 
n = 0,4 with one cross tie; 
n = 0,375 with two cross ties; 
n = 0,35 with three cross ties; 
K = 0,65. 
I f web frames are fitted, the scantlings of side 

stringer section may be determined on the basis of the 
calculation of the side grillage using beam models. The 
design loads shall be determined in accordance 
with 2.5.3.1, permissible stress factors shall be selected 
in accordance with this paragraph. Where cross ties 
are fitted, the calculation shall consider the interaction 
between side grillage and grillage of the longitudinal 
bulkhead being connected with the cross ties. 

2.5.4.5 The section modulus of web frames (side 
transverses) fitted in the holds and 'tween decks of 
dry cargo ships, as well as in the tanks of tankers, 
shall not be less than stipulated under 1.6.4.1 
and 1.6.4.2 taking: 

p = as defined in 2.5.3.1; 
/ = distance, in m, from the upper edge of a single 

bottom floor or from inner bottom plating to the 
lower edge of a deep beam; 

a = spacing of web frames, in m; 
m = 10 for 'tween deck frames; 
m = 11 for holds and tanks without cross ties; 
m = 18 with one or two cross ties; 
m = 27,5 with three cross ties; 
Jca = 0,65. 
The cross-sectional area, in cm 2 , of a side trans

verse (web frame) web, excluding openings, shall not 
be less than stipulated under 1.6.4.3 taking: 

-Nmax = nPak 
n = 0,5 without cross ties; 
n = 0,375 with one cross tie; 
n = 0,35 with two or more cross ties; 
K = 0,65. 
When the side is transversely framed, the scant

lings of web frames may be determined on the basis 
of the side grillage calculation in accordance with 
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the requirements of 2.5.4.4. In this case, the permis
sible stress factors shall be selected in accordance 
with the requirements of this paragraph. 

In single-deck ships, the depth of web frame (side 
transverse) webs may be taken variable over the ship's 
depth with reducing at the top end and increasing at 
the bottom end. Variation of web depth shall not 
exceed 10 per cent of its mean value. 

For stiffening of web frames (side transverses), 
refer to 1.7.3. 

2.5.4.6 The sectional area / , in cm 2 , of a cross tie 
fitted between deep members of side framing and of 
longitudinal bulkhead shall not be less than 

/= k ^ ^ + 0,05£A,As (2.5.4.6) 

where p = design pressure, in kPa, at mid-length of a cross tie, as 
determined from 2.2.3 or 2.7.3.2, whichever is the greater; 

a = spacing of web frames connected with cross ties, in m; 
df = mean depth, in m, of side area supported by a cross tie; 

"Lhi = perimeter of cross section, in cm, of a cross tie; 
k = 2,5 — buckling strength margin; 

<ycr = critical stresses in accordance with 1.6.5.3 corresponding to 
the Euler stresses, in MPa, as determined by the formula 

206? 

where i = minimum moment of inertia, in cm 4 , of a cross tie; 
/ = cross tie length, in m, as measured between the inner 

edges of deep members of side framing and of long
itudinal bulkhead; 

/ = as determined by Formula (2.5.4.6). 

2.5.4.7 The side framing of the engine room and 
tanks shall satisfy the following requirements: 

.1 the scantlings of main frames in the engine room 
shall be determined in accordance with 2.5.4.1 taking: 

/ = span measured between side stringers or 
between the lower side stringer and inner bottom 
plating (upper edge of floor), or between the upper 
side stringer and the lower edge of beam. 

The scantlings of longitudinals shall be de
termined in accordance with 2.5.4.3. 

The scantlings of web frames (side transverses) 
shall be determined in accordance with 2.5.4.5 taking: 

/ = span measured between inner bottom plating 
(upper edge of floor) and the lower edge of deep beam; 

.2 in the engine room of ships less than 30 m in 
length, the web frames and side stringers required 
by 2.5.2.3 may be omitted on condition that the main 
frame has a section modulus W, in cm 3 , not less than 

W= 1,8 (2.5.4.7.2) 

where W\ = section modulus of main frame, as stipulated under 
2.5.4.7.1; 

.3 in way of the ballast and fuel oil tanks of dry 
cargo ships 30 m and greater in length, the scantlings 
of side framing shall satisfy the requirements 
of 2.5.4.1, 2.5.4.3, 2.5.4.5 for side framing in way of 
tanks in tankers. 

I f transverse system of framing is adopted, the 
section modulus of side stringers shall not be less 
than determined according to 1.6.4.1 and 1.6.4.2 
taking: 

K = 0,65; 
m = 10. 
In all other respects, the requirements of 2.5.4.4 

shall be complied with; 
.4 in the engine room, the web frames shall have a 

depth not less than 0,1 of the span, and a web thick
ness not less than 0,01 of the web depth plus 3,5 mm; 

.5 in the engine room, the web depth of a side 
stringer shall be equal to that of a web frame. 

The web thickness of a side stringer may be 1 mm 
less than that of a web frame. The side stringer face 
plate thickness shall be equal to the face plate 
thickness of a web frame. 

2.5.4.8 The diaphragms and platforms of the 
double skin side shall satisfy the following require
ments: 

.1 the section moduli and cross-sectional areas of 
diaphragms and platforms shall satisfy the require
ments for the section moduli and cross-sectional 
areas of side stringer webs, as specified in 2.5.4.4, and 
of web frames, as specified in 2.5.4.5, using the design 
pressure determined in accordance with 2.5.3.2.2. 

In any case, the thickness, in mm, of diaphragm 
and platform shall not be less than 

Jmin = 0,0181, + 6,2; (2.5.4.8.1) 

.2 the stiffeners of diaphragms and platforms 
shall satisfy the requirements of 1.7.3.2.2; 

.3 the platforms in the midship region and their 
continuous longitudinal stiffeners, i f any, shall com
ply with the requirements for the buckling strength of 
longitudinal framing members, as specified in 1.6.5.2, 
within 0,25-D above the base line and 0,25-D below the 
strength deck; 

.4 the thickness of watertight sections of dia
phragms and platforms shall not be less than that 
determined by Formula (1.6.4.4) taking: 

p = as defined in 2.5.3.2.3; 
m = 15,8; 
K = 0,9; 
.5 the section modulus of stiffeners of the wa

tertight sections of diaphragms and platforms shall 
not be less than determined from 1.6.4.1 taking: 

p = as defined in 2.5.3.2.3; 
/ = span of stiffener, in m, equal to: the dia

phragm spacing, for stiffeners parallel to the shell 
plating; the distance between the inner edges of pri
mary members of side shell and inner skin i f the 
stiffener is welded thereto, for stiffeners perpendi
cular to the shell plating; the double skin side breadth 
i f the stiffener ends are sniped; 
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m = 12 for continuous stiffeners parallel to the 
side plating; 

m = 10 for stiffeners perpendicular to the side 
plating and welded to primary framing members; 

m = 8 elsewhere; 
K = 0,75. 
2.5.4.9 I 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, which shall be determined by calculation 
(refer also to 3.1.4). 

2.5.4.10 The thickness of inner skin shall comply 
with the requirements for the thickness of longi
tudinal bulkhead plating in tankers, as specified 
in 2.7.4.1, using the design pressure determined in 
accordance with 2.5.3.2.1. In any case, this thickness 
shall not be less than determined by For
mula (2.7.4.1-1). 

2.5.4.11 The cross ties between frames and 
longitudinals of side shell and inner skin, as men
tioned under 2.5.2.2.1, shall comply with the re
quirements for the intermediate struts of double 
bottom, as mentioned in 2.4.4.7 using the design 
pressure determined from 2.5.3.1 or 2.5.3.2.1, 
whichever is the greater. 

I f cross ties are fitted, the section modulus of 
frames complying with 2.5.4.1 and 2.5.4.2, as well as 
of longitudinals complying with 2.5.4.3, may be re
duced by 35 per cent. 

2.5.4.12 In the cargo and ballast tanks of tankers, 
in holds into which water ballast can be taken and in 
tanks, the thickness of structural members of side 
framing shall not be less than that required by 3.5.4. 

2.5.5 Special requirements. 
2.5.5.1 I f transverse system of framing is adopted, 

efficient connection of lower ends of frames to bot
tom structures shall be ensured by means of bilge 
brackets or other structures of equivalent strength. 
The bilge brackets shall comply with the following 
requirements: 

.1 the depth of bilge brackets shall not be less 
than that of the bilge as a whole. The free edge of a 
bilge bracket shall be flanged or stiffened with a face 
plate the dimensions of which shall be in compliance 
with 1.7.2.2.2. 

The thickness of a bilge bracket is taken equal to 
that of plate floors in the hull region under con
sideration, but i t need not exceed the frame web 
thickness more than 1,5 times. 

Holes cut in bilge brackets shall be such that the 
width of plating outside the hole is nowhere less than 
V3 of the bracket width. 

In any case, the size of bilge brackets shall not be 
less than that required by 1.7.2.2; 

.2 the end attachments of a frame to bilge bracket 
shall be designed so that at no section the section 
modulus is less than required for a frame; 

.3 where an inclined margin plate is fitted in the 
double bottom, the bilge bracket shall be carried to 
the inner bottom plating, and its face plate (flange) 
shall be welded to the plating; 

.4 where a horizontal margin plate is fitted in the 
double bottom or transverse system of framing is 
adopted in the single bottom, the width of bilge 
brackets shall be determined proceeding from the 
condition that their section moduli at the point of 
connection to the inner bottom plating or upper 
edge of floor shall be at least twice those of the 
frame. 

The face plate (flange) of a bilge bracket may be 
welded to either the inner bottom plating or the face 
plate (flange) of a floor, or i t may be sniped at ends. 
I f the face plate (flange) is welded, the floor web shall 
be stiffened with a vertical stiffener or a bracket at 
the point of welding, also welded to the inner bottom 
plating or to the floor face plate (flange). 

The depth of a bilge bracket shall not be less than 
its width; 

.5 i f longitudinal system of framing is adopted in 
the single bottom, the bilge bracket shall be carried at 
least to the bottom longitudinal nearest to the side 
and shall be welded thereto. The section modulus of 
the bracket at the section perpendicular to the shell 
plating where the bracket width is the greatest shall 
be at least twice the section modulus of the frame. 

2.5.5.2 In all the spaces, the upper ends of frames 
shall be carried to the decks (platforms) with mini
mum gaps i f they are cut at the decks (platforms). 
The beams of transversely framed decks (platforms) 
shall be carried to the inner edges of frames with 
minimum gaps. 

The uppermost decks of ships (except for those 
secured alongside other ships at sea) may be designed 
with beams carried to the shell plating with minimum 
gaps, and frames carried to the beams. 

The brackets by which the upper ends of frames 
are attached shall be sized in accordance with the 
requirements of 1.7.2.2. I f the deck is framed longi
tudinally, the bracket shall be carried at least to the 
deck longitudinal nearest to the deck and welded to 
that longitudinal. 

2.5.5.3 I f the frame is cut at deck, its lower end 
shall be attached by a bracket complying with the 
requirements of 1.7.2.2. The bracket may be omitted 
i f the ends of this frame are welded to the deck 
plating from above and below, and full penetration is 
ensured. 

2.5.5.4 Side stringers shall be attached to web 
frames by brackets carried to the web frame face 
plate and welded thereto. 
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2.5.5.5 I f cross ties are fitted in the wing tanks of 
tankers, the side transverse and side stringer webs in 
way of the cross tie attachments shall be provided 
with stiffeners which shall be an extension of the 
cross tie face plates. Cross tie attachments to side 
transverse (side stringer) shall comply with the re
quirements of 1.7.2.3. 

2.6 D E C K S AND P L A T F O R M S 

2.6.1 General. 
2.6.1.1 Requirements are given in this Chapter for 

the deck and platform structures of ships where the 
width of opening for a single cargo hatch does not 
exceed 0,7 times the ship's breadth abreast of the 
opening. Additional requirements for the decks and 
platforms of ships having greater width of openings 
and their length exceeding 0,7 times the spacing of 
centres of transverse deck strips between the openings, 
as well as for the decks and platforms of ships with 
twin or triple hatch openings, are specified in 3.1. 

Requirements for cantilever beams shall also be 
found there. 

For decks and platforms of ro-ro ships, refer to 3.2. 
Requirements for the cargo hatch coamings of 

bulk carriers are given in 3.3. 
Requirements of this Chapter cover plating and 

framing members of decks and platforms: deck 
longitudinals, beams, deck transverses, deck girders, 
hatch end beams, hatch side coamings and hatch end 
coamings, wash plate in the tanks of tankers. 

Additional requirements for the areas of upper 
deck situated below the superstructures are given 
in 2.12.5.1 to 2.12.5.3. 

2.6.2 Construction. 
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 transverses. 

2.6.2.2 Provision shall be made for the structural 
continuity of deck girders of the strength deck in the 
midship region. I f the deck girders are cut at trans
verse bulkheads, their web plates shall be welded to 
the transverse bulkheads and attached thereto by 
brackets. 

The web plates of hatch end coamings, deck 
transverses, hatch end beams and wash plates shall be 
strengthened by stiffeners and brackets (refer to 1.7.3). 

The face plates of deck girders shall be connected 
to the face plates of hatch end beams by means of 

diamond plates (refer to 1.7.4.5) whose thickness 
shall be equal to the greater face plate thickness. 

2.6.2.3 On the strength deck, the ends of side 
coamings at the corners of hatchways shall be either 
bent along the line of hatch corner rounding and 
buttwelded to the hatch end coaming or extended, in 
the form of a bracket, beyond the corner of the 
hatchway. Provision shall be made for a gradual 
termination of the bracket above the deck girder web. 

The upper edges of coamings acting as deck gir
ders shall be stiffened with face plates and the lower 
edges of the coamings shall be rounded. 

The upper edge of hatch side coaming shall be 
smooth and their corners shall be well rounded in the 
transverse direction. 

2.6.2.4 The deck girders and deck transverses in 
way of pillars shall be strengthened by stiffeners or 
tripping brackets. 

Where deck girders are connected to deck trans
verses and their web height is different, the deck girder 
web shall be strengthened by brackets fitted in line with 
the deck transverse. The brackets shall be welded to the 
face plate of deck transverse, to the web and face plate 
of deck girder. 

Where deck girders are attached to conventional 
beams, the web of deck girder shall be strengthened 
by vertical stiffeners. 

2.6.2.5 In the case of connection of deck longi
tudinals to transverse bulkheads, the effective sec
tional area of the longitudinals shall be maintained. 

2.6.2.6 In tankers with two effective longitudinal 
bulkheads, provision shall be made for a wash plate 
at the centreline. 

2.6.3 Deck loads. 
2.6.3.1 The design pressure on the weather deck 

shall not be less than 

P = 0,lpw>Prmn (2.6.3.1) 

where pw = wave load at the deck level, as defined in 1.3.2.2; 
ftmn — 0,1£ + 7 at the fore end within 0,21, from the forward 

perpendicular; 
ftmn — 0,015L + 7 in the midship region and aft of the midship 

region; for regions between the fore end and the midship 
region, p„an shall be determined by linear interpolation. 
For ships of restricted area of navigation the value 
of ftnin m &y be reduced by multiplying by the factor cpr 

obtained from Table 1.3.1.5. 

2.6.3.2 For weather decks intended to carry deck 
cargo (except timber and coke), the design pressure 
shall be taken equal to the cargo pressure pc de
termined by Formula (1.3.4.1). For weather decks 
intended to carry timber and coke, the value of h in 
Formula (1.3.4.1) shall be taken equal to 0,7 times the 
stowage height of timber and coke on deck. 

For lower decks and platforms, the design pres
sure shall be taken according to 1.3.4.1. For decks 
where cargo is suspended from beams or deck longi-
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tudinals, the design pressure value shall be suitably 
increased. 

For decks and platforms intended for the crew, 
passengers and equipment, the design pressure shall 
be determined by Formula (1.3.4.1) while the product 
hpcg shall not be less than 3,5 kPa. 

For platforms in the engine room, the minimum 
design pressure shall be 18 kPa. 

Watertight lower decks and platforms shall be 
additionally calculated using the test loads, in kPa, as 
follows: 

p = l,5ht (2.6.3.2) 

where h, = vertical distance, in m, from deck (platform) plating to 
air pipe top. 

2.6.3.3 The design pressure on the structures of 
decks and platforms forming boundaries of com
partments intended for the carriage of liquids shall be 
determined in accordance with 1.3.4.2. 

2.6.4 Scantlings of deck members. 
2.6.4.1 Thickness of deck plating. 
2.6.4.1.1 The thickness of strength deck plating 

outside the line of hatch openings, taking deck 
longitudinals into account, shall be that necessary to 
give the hull section modulus for strength deck, 
as required by 1.4.6. 

The adopted thickness of strength deck plating 
within midship region shall be in accordance with the 
requirements for buckling strength (refer to 1.6.5). 

2.6.4.1.2 The plating thickness for decks and 
platforms shall not be less than determined by For
mula (1.6.4.4) taking: 

m = 15,8; 

p = as defined in 2.6.3; 

for strength deck 
ka

 = 0,3^7)^0,6 in the midship region for 
Z,>65 m and transverse framing system; 

kD = as determined by Formula (2.2.4.1); 
ka = 0,6 in the midship region for L = 12 m and 

the deck is transverse framing system. 
Where 12 < L < 65 m, fcCT shall be determined by 

linear interpolation taking ka = 0,45 for L = 65 m; 
ka = 0,6 in the midship region for longitudinal 

framing system; 
ka = 0,7 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for the second continuous deck situated above 
0,75-D from the base line 

ka = 0,65fco < 0,8 in the midship region for 
Z,>65 m and transverse framing system; 

kD shall be determined by Formula (2.2.4.1); 
ka = 0,8 in the midship region for L = 12 m and 

transverse framing system. 
Where 12 < L < 65 m, fcCT shall be determined by 

linear interpolation taking ka = 0,73 for L = 65 m; 
ka = 0,8 in the midship region for longitudinal 

framing system; 
ka = 0,9 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for other lower decks and platforms, ka = 0,9. 
2.6.4.1.3 I f the engine room is located aft, the 

plating thickness and the scantlings of deck longi
tudinals, at the poop (aft deckhouse) front shall be 
maintained abaft the poop (deckhouse) front for 
a length of at least the width of machinery casing 
opening. 

I f the distance from the fore edge of casing 
opening to the poop (deckhouse) front is less than the 
width of the opening, additional strengthening of 
deck may be required in this region. 

2.6.4.1.4 I f the thickness of strength deck plating 
is taken less than the side plating thickness, a deck 
stringer plate shall be provided. The width b, in mm, 
of the strength deck stringer plate shall not be less 
than 

b = 5L+ 800 < 1800, (2.6.4.1.4) 

and the thickness of stringer plate shall not be 
less than that of side shell plating (sheerstrake). 

2.6.4.1.5 The thickness smjn, in mm, of deck 
plating and platforms shall not be less than: 

for upper deck between the ship's side and line of 
large openings (tank decks of tankers) in the midship 
region 

Jmin = (4 + 0,05Z,y^ for L < 100 m; (2.6.4.1.5-1) 
Jmin = (7 + 0,02Z,yr| for Z,> 100 m; (2.6.4.1.5-2) 

for upper deck at the ends of the ship and inside 
the line of large openings, as well as for the second 
deck 

Smin = (4 + 0,04Z,y»7 for L < 100 m; (2.6.4.1.5-3) 
Smin = (7 + 0,01Z,)V'7 f o r L > 1 0 0 m ; (2.6.4.1.5-4) 

for the third deck and other lower decks and 
platforms 

Smin = (5 + 0,01Z,)Vrj (2.6.4.1.5-5) 

where T | = as defined in 1.1.4.3. 

Where L > 300 m, L shall be taken equal to 300 m. 
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Where the adopted spacing is less than the stan
dard one (refer to 1.1.3) for ships of unrestricted 
service and restricted area of navigation R I , the 
minimum deck plating and platform thickness may 
be reduced in proportion to the ratio of adopted 
spacing to the standard spacing, but not more than 
by 10 per cent. 

In any case, the minimum thickness shall not be 
less than 5,5 mm. 

In way of compartments intended for the carriage 
of liquids, the thickness of plating and deck structural 
members (including perforated members) shall not be 
less than required by 3.5.4 for tankers and not less 
than determined by Formula (2.7.4.1-2) for other 
ship types. 

2.6.4.2 The section modulus of deck longitudinals 
shall not be less than determined according to 1.6.4.1 
and 1.6.4.2 taking: 

p = as defined in 2.6.3; 
m = 12; 

for weather deck 
ka = 0,45fco < 0,65 in the midship region; 
ka = 0,65 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for other decks 
ka = 0,75. 
kD shall be determined by Formula (2.2.4.1). 
2.6.4.3 When the decks are framed transversely, the 

scantlings of beams shall satisfy the following require
ments: 

.1 the section modulus of beams shall not be less 
than that determined from 1.6.4.1 taking: 

p = as defined in 2.6.3; 
m = 10; 
K = 0,65; 
.2 the inertia moment ib, in cm 4 , of weather deck 

beams in the midship region of ships 65 m and 
greater in length shall be determined on the basis of 
a buckling strength calculation of deck grillage using 
beam models in accordance with 1.6.5. 

For beams having two or more intermediate rigid 
supports, the required inertia moment may be de
termined, alternatively to the grillage calculation, 
by the following formula: 

ib = 6,33(j/a)3/4cp5c-10"3 (2.6.4.3.2) 

where / = beam span, in m, between supports; 
cp = 1 where CTc^O^-R^; 

cp = where <yc > 0,5-R^; 

X= X 2 / ( 4 - l , 5 X 4 ) ; 

X = 4 -^-(a/s)2, but not more than 1; cp v ' ' 

rsc = compressive stresses as determined according to 1.6.5.1; 
j: = actual deck plating thickness, in mm. 

2.6.4.4 The scantlings of deck framing members, 
such as deck transverses, deck girders, hatch coam
ings and hatch end beams, shall be determined on the 
basis of deck grillage calculation using beam models, 
except for cases mentioned under 2.6.4.5 to 2.6.4.8. 
Design loads shall be chosen in accordance 
with 2.6.3. Where pillars are fitted, the interaction 
between deck grillage and upper and/or lower struc
tures shall be considered with regard for the ar
rangement of pillars. 

Permissible stress factors shall be taken as fol
lows: 

strength deck 
for deck girders and hatch side coamings which 

are arranged in line with the deck girders 
ka

 = 0,35^7)^0,65 in the midship region for 
Z,>65 m; 

kD shall be determined by Formula (2.2.4.1); 
ka = 0,65 in the midship region for L = 12 m. 
Where 12 < L < 65 m, fcCT shall be determined by 

linear interpolation taking ka = 0,5 for L = 65 m; 
ka = 0,65 at the ends of the ship within 0,11, from 

the fore or after perpendicular. 
For regions between the midship region and the 

above portions of ship's ends, ka shall be determined 
by linear interpolation; 

for deck transverses and half beams, hatch 
coamings, which are not arranged in line with the 
deck girders and hatch end beams 

K = 0,65; 
for deep members, which are calculated using the 

shear stresses 
k% = 0,65; 
for deep members of other decks and platforms 
* , = *«,= 0,7. 
The deep members of weather deck in the midship 

region shall also comply with the requirements 
of 2.6.4.9. 

2.6.4.5 In tankers with two effective longitudinal 
bulkheads and with no deck girders, and where 
longitudinal system of framing is adopted, the scant
lings of deck deep members in the centre tank shall 
comply with the following requirements: 

.1 the section modulus of deck transverse shall 
not be less than determined according to 1.6.4.1 
and 1.6.4.2, the sectional area of deck transverse web, 
excluding openings, shall not be less than determined 
from 1.6.4.3 taking: 

p = as defined in 2.6.3; 
ka and k% = as determined according to 2.6.4.4; 
1 = Bl;(Bl= breadth, in m, of centre tank); 
m = mbJ; 
-Nmax = 0,7nbJpal; 
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mbJ and nbJ shall be determined from Ta
ble 2.3.4.2.2 depending upon the parameter \y and the 
number of deck transverses within the tank; 

H = ^(LilBif; 
a = Wd.tIWw.p. 

where L \ = tank length, in m; 
f<f.< = section modulus of deck transverse complying with the 

present requirements; 
Ww,p, = section modulus of wash plate complying with the 

present requirements. 

The value of the parameter a is optional, but 
shall not be greater than 0,6; the value of the para
meter ii shall not exceed 1,5. 

The deck transverse section modulus shall not be 
less than aWw,p; 

.2 the section modulus of wash plate shall not be 
less than stipulated under 1.6.4.1 and 1.6.4.2, 
the sectional area of wash plate web, excluding 
openings, shall not be less than stipulated under 
1.6.4.3 taking: 

p = as defined in 2.6.3; 
ka and k% = as determined for deck girders in 

accordance with 2.6.4.4; 
l = W, 
a = distance, in m, between the wash plate and 

longitudinal bulkhead; 
m = mc,g; 
-Nmax = 0,7nc_gpal; 
mc.g and ncg shall be obtained from Ta

ble 2.3.4.2.2 depending upon the parameter ii and the 
number of deck transverses within the tank; ii shall be 
determined in accordance with 2.6.4.5.1. 

Besides, the section modulus of wash plate shall 
not be less than WdJa where Wdt is the deck trans
verse section modulus complying with the require
ments of 2.6.4.5.1; a shall be determined in accor
dance with 2.6.4.5.1. 

Along the free edge, the wash plate shall be 
strengthened with a face plate the sectional area of 
which shall not be less than that of the deck trans
verse face plate. 

2.6.4.6 The deck transverses of tankers having a 
single longitudinal bulkhead, tankers with two longi
tudinal bulkheads and no deck girders or streng
thened longitudinals (in wing tanks only), as well as 
deep half beams, deep beams and hatch end coamings 
of dry cargo ships, which may be considered as 
members with rigid supports shall have a section 
modulus not less than stipulated under 1.6.4.1 
and 1.6.4.2 and a web sectional area, excluding 
openings, not less than stipulated under 1.6.4.3 
taking: 

p = as defined in 2.6.3; 
ka and k% = as defined in 2.6.4.4; 
m = 10; 
-Nmax = 0,5pal. 

2.6.4.7 Deck girders and hatch side coamings 
shall satisfy the following requirements: 

.1 deck girders and hatch side coamings which 
may be considered as members with rigid supports 
shall have a section modulus not less than determined 
in accordance with 1.6.4.1 and 1.6.4.2, and a web 
sectional area, excluding openings, not less than sti
pulated under 1.6.4.3 taking: 

p = as defined in 2.6.3; 
ka and kx = as defined in 2.6.4.4; 
-Nmax = 0,5pal; 
m = 10 for intercostal deck girders and hatch side 

coamings; 
m = 12 for continuous deck girders and hatch 

side coamings when determining the section modulus 
at supporting section taking into account the bracket, 
i f any, included in this section; 

m = 18 for continuous deck girders and hatch 
side coamings when determining the section modulus 
in the span of a deck girder, hatch side coaming; 

.2 for ships less than 30 m in length, the deck 
girder web thickness need not be taken greater than 
the deck plating thickness, and the hatch coaming 
web thickness shall be 1 mm greater than the thick
ness of deck plating; 

.3 i f the side coamings of strength deck hatches 
terminate in brackets, the length lb, in m, of these 
brackets on the deck shall be: 

lb>0J5hb at ReH<3l5 MPa; (2.6.4.7.3) 
lb>l,5hb at ReH = 390 MPa 

where hb = height of coaming above deck, in m. 

For the intermediate values of ReH, the bracket 
length shall be determined by linear interpolation; 

.4 i f containers or other cargo are stowed on cargo 
hatch covers, the scantlings of stiffeners for vertical 
coaming plates shall be so chosen as to consider both 
the horizontal and vertical components of inertia forces 
acting upon the stiffeners in the event of rolling. 

2.6.4.8 I f deck deep member can be considered se
parately from others, its section modulus shall not be less 
than stipulated under 1.6.4.1 and 1.6.4.2 using the design 
loads and factor fcCT determined from 2.6.4.4 and 
with m = 10. 

The sectional area of such member shall not be less 
than determined by Formula (1.6.4.3-1) taking: 

ka = as stipulated under 2.6.4.4; 
-Nmax = 0,5pal; 
p = as defined in 2.6.3. 
2.6.4.9 In the midship region of a ship 65 m and 

greater in length, the deep member scantlings of the 
weather deck shall comply with the buckling strength 
requirements of 1.6.5, the buckling strength values to 
be determined by calculation of the deck grillage 
using beam models. 
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Where deck is framed longitudinally and no deck 
girders are fitted, or deck girders serve as rigid sup
ports for deck transverses, the required moment of 
inertia / , in cm 4 , of deck transverses may be de
termined by the following formula, as an alternative 
to grillage calculation: 

I d J = 0,76(//c)3 ^ Kpx (2.6.4.9) 

where / = span of deck transverse between supports, in m; 
c = distance, in m, between deck transverses; 

ax = spacing of deck longitudinals, in m; 
i = actual inertia moment, in cm 4 , of deck longitudinal 

provided with a face plate; 
(p = 1 where l,\5ac^0,5ReH; 
(p = 4,6oc/ReH(l-l,l5oc/ReH) where 1,15CTC > 0,5ReH; 

X is determined by Formula (2.6.4.3) taking X = 1,15 ^ - ; 

a c = compressive stress as defined in 1.6.5.1; 
<je = actual Euler stresses in deck longitudinals, determined in 

accordance with 1.6.5.4. 

2.6.5 Special requirements. 
2.6.5.1 The requirements for hatch openings as 

given below apply to single hatches whose scantlings 
do not exceed those stipulated under 2.6.1. 

The openings are supposed to be arranged in the 
fore-and-aft direction with their greater side. Other
wise, the corner design of openings wil l be subject to 
special consideration by the Register. 

2.6.5.1.1 For the strength deck within 
0,6L amidships, i f L^65 m, and 0,5L, i f 4 0 < 65 m, 
the corner radii of openings in cargo hatches and engine 
and boiler casings shall comply with the following re
quirements: 

when the corners are rounded along the cir
cumferential arc with a radius r, in m, 

r>0,krf>i; (2.6.5.1.1-1) 

when the corners are rounded along the elliptical arc 
with the ratio of the length of longitudinal half-axis 
d\, in m, to the length of transverse half-axis c 1 ? in m, 
being equal to 2 

ci>0,07o6i (2.6.5.1.1-2) 

where a = 1, if the corners of openings are not reinforced by 
thickened insert plates; 

a = 0,7, if the corners of openings are reinforced by thickened 
insert plates; 

bx = c when c^c0, for adjacent edges of successive openings; 
b\ = b when c > c0, for adjacent edges of successive openings 

and in all other cases; 
c = distance, in m, between adjacent edges of successive 

openings (length of landing between openings); 
b = breadth, in m, of opening; 

/ = length of opening, in m. 

The size of thickened insert plates by which the 
corners of openings are reinforced shall be in com
pliance with Fig. 2.6.5.1.1 or with the requirements 
of 2.6.5.1.5 where r shall be determined by For

mula (2.6.5.1.1-1) i f the rounding is made along the 
circumferential arc; r = cx for the transverse dimen
sions of the insert plate, and r = d\ for its longi
tudinal dimensions i f the rounding is made along the 
elliptical arc, and cx shall be determined by For
mula (2.6.5.1.1-2). 

Fig. 2.6.5.1.1 

2.6.5.1.2 For the strength deck outside the area 
indicated in 2.6.5.1.1 and for the second continuous 
deck situated above 0,75Z> from the base line, the 
corner radii of openings, as required by 2.6.5.1.1, 
may, in accordance with 1.1.3, be reduced by half in 
the midship region. The minimum radius shall not be 
taken less than 0,2 m. 

For other regions, other decks and platforms, as 
well as for ships less than 40 m in length, the minimum 
corner radius of openings in cargo hatches and engine 
and boiler casings may be taken equal to 0,15 m. 

2.6.5.1.3 A t corners of openings in the cargo 
hatches of decks (irrespective of their location over 
the length and depth of the hull) exposed to low 
temperatures, the radii of curvature shall comply 
with the requirements for similar structures of the 
strength deck, situated in the midship region (refer 
to 2.6.5.1.1). 

2.6.5.1.4 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 205* (s = deck plating 
thickness, in mm) are permitted. Penetration of welds 
to longitudinal edges of openings shall be avoided 
as far as practicable. 

I f 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 
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of plating shall be smooth within the hatch and free 
of weld attachments. 

I f the hatch side coaming terminates in a bracket, 
the bracket the shall not coincide with the butt joint 
of the deck plating. 

2.6.5.1.5 I f 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\. 

15' 

Fig. 2.6.5.1.5 

2.6.5.1.6 The deck plating thickness between 
transverse edges of adjacent successive openings in 
cargo hatches and engine casings (refer to 2.6.5.1.1) 
within their width except for the transverse dimen
sions of rounding shall not be less than stipulated 
under 2.6.4.1.5. 

The thickness smin is permitted in way of trans
verse edges of isolated openings in the area shown in 
Fig. 2.6.5.1.6. 

Fig. 2.6.5.1.6 

I f longitudinal system of framing is adopted, the 
deck plating between hatch end coamings shall be 
additionally strengthened by fitting of transverse in
tercostal stiffeners at every frame. 

2.6.5.1.7 Single openings in the strength deck and 
in the second continuous deck situated above 0,75Z> 
from the base line, in areas within the midship region, 

as mentioned in 2.6.5.1.1 and 2.6.5.1.2, and between 
the ship's side and the line of hatch openings in ships 
of 40 m and greater in length shall be as small as 
practicable and be arranged well clear of the corners 
of openings in cargo hatches and engine and boiler 
casings, as well as of the ends of superstructures. 

Rectangular and circular openings in the above 
areas need not be reinforced, i f 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 su
perstructures 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 0,25Z> from the 
centreline and 0,5Z> 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. 

I f 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, ap
propriate reinforcement shall be provided irrespective 
of the width and shape of opening. The aforesaid 
distance shall not be less than 75 mm. 

The corners of rectangular openings shall be 
rounded with a radius. In general, r m i n = 0,1 Z> (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 = 0,014 + 5 (2.6.5.2-1) 
where dc = 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 i t 
need not be greater than 10 mm. 

In ships of restricted areas of navigation R2, 
R2-RSN, R2-RSN(4,5), R3-RSN and R3, less than 
24 m in length, the thickness s, in mm, of ventilator 
coamings shall not be less than: 

s = 0fild+4; (2.6.5.2-2) 
or 

s = sd+l (2.6.5.2-3) 
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where d = internal diameter or length of the greater side of a 
coaming section, in mm; 

Sa = thickness of deck plating, in mm, 

whichever is the greater. 

The thickness of coamings on decks of the first 
tier superstructures situated outside 0,251, from the 
forward perpendicular may be reduced by 10 per cent 
as compared to that required for coamings on free
board deck and raised quarter deck. 

Where the thickness of deck plating is less 
than 10 mm, a welded insert or doubling plate shall 
be fitted in way of the coaming, having a thickness 
equal to at least 10 mm, length and breadth not less 
than twice the diameter or twice the length of the 
greater side of the coaming section. 

In case of an efficient connection of the coaming 
to the deck framing, fitting of welded insert or 
doubling plate is not required. 

Where the height of a ventilator coaming is 
greater than 0,9 m and the coaming is not supported 
by adjacent hull structures, brackets shall be fitted to 
attach the coaming to the deck. 

The height of ventilator coamings shall be de
termined in accordance with 7.8, Part I I I "Equip
ment, 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 B U L K H E A D S , P R O P E L L E R S H A F T T U N N E L 

2.7.1 General and definitions. 
2.7.1.1 Requirements are given in this Chapter 

for various types of bulkheads, propeller shaft tunnel 
and cofferdams. Requirements for cofferdam bulk
heads are given under 3.3. 

2.7.1.2 Definitions. 
For the purpose of this Chapter, the following 

definitions have been adopted. 
W a t e r t i g h t ( e m e r g e n c y ) b u l k h e a d is 

a bulkhead restricting the flow of water through ship 
spaces in the case of emergency. 

C o f f e r d a m b u l k h e a d is a bulkhead hav
ing two parallel tight platings, either strengthened 
with vertical or horizontal stiffeners or not, which are 
connected to each other by plate structures perpen
dicular to the platings: vertical structures (dia
phragms) and/or horizontal structures (platforms). I f 
no diaphragms and platforms are fitted, the structure 
shall be considered as two bulkheads bounding the 
cofferdam. 

T i g h t b u l k h e a d is a bulkhead proof against 
water and other liquids. 

W a s h b u l k h e a d is a bulkhead with 
openings, fitted inside a compartment in order to 
reduce impact pressure due to the movement of liquid 
therein. 

T a n k / c a r g o t a n k b u l k h e a d is a bulk
head bounding a ballast, fuel or other tank, as well as 
a cargo tank of tanker. 

P a r t i a l b u l k h e a d is a bulkhead fitted in 
a compartment or part thereof, which shall ensure 
additional support for deck structures. 

2.7.1.3 The total number of transverse watertight 
bulkheads, including fore and after peak bulkheads, 
shall not be less than specified in Table 2.7.1.3. These 
requirements apply to cargo ships only and are 
minimum. 

T a b l e 2.7.1.3 

Length of the ship, in m 
Total number of bulkheads 

Length of the ship, in m 
Machinery 
amidships 

Machinery 
aft1 

Up to 65 
65 to 85 

85 to 105 
105 to 125 
125 to 145 
145 to 165 
165 to 185 
Above 185 

4 
4 
5 
6 
7 
8 
9 

On agreement w 

3 
4 
5 
6 
6 
7 
8 

ith the Register 

'With after peak bulkhead forming after boundary of the 
engine room. 

Where compliance with subdivision requirements 
shall be ensured, the number and disposition of wa
tertight bulkheads (and of partial watertight bulk
heads) shall be determined proceeding from the 
requirements of Part V "Subdivision". 

In special cases, a reduction in number of bulk
heads 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. 

A l l 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 
of 1.1.6.1 or 1.1.6.2. 

2.7.1.5 Compartments intended for the carriage 
of liquid cargoes and ballast, for which I > 0,131, 
and/or b > 0,65 (/ 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. 
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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 bulk
heads, 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. 

A t 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 ver
tical webs. 

2.7.2.3 The end attachments of bulkhead framing 
members shall comply with the following require
ments: 

.1 the ends of vertical webs and horizontal stif
feners 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 free
board deck; 

.2 i f 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 bulk
heads 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 longi
tudinal bulkheads and/or side stringers at the level of 
the horizontal girder brackets of transverse bulk
heads, the brackets shall be carried to the nearest 
vertical web on longitudinal bulkhead and/or 
the nearest frame and welded thereto. 

I f 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 ef
fected by welding them directly to the inner bottom 
plating (bottom plating), side plating, deck plating, 
etc. In so doing, attention shall be given to elimi
nating hard spots (refer to 1.7.1.4) in the above 
structures; 

.3 requirements for the attachments of corru
gated bulkheads in bulk carriers are given in 3.3.2. 

2.7.3 Bulkhead loads. 
2.7.3.1 The design pressure p, in kPa, on water

tight bulkhead structures and propeller shaft tunnel 
shall be taken equal to 

p = azb (2.7.3.1) 

where <x = 10 for forepeak bulkhead structures; 
<x = 7,5 elsewhere; 

zb = distance, in m, as measured at the centreline, from the 
point of design load application to its upper level; the 
upper load level is: the bulkhead deck for watertight 
bulkheads and propeller shaft tunnel, the upper edge of 
forepeak bulkhead for the forepeak bulkhead. 
If partial watertight bulkheads are fitted on the bulkhead 
deck in line with the watertight bulkheads or in close 
vicinity to them, zb 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. 
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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 
/ W n = 25 kPa. 

The design pressure on bulkheads bounding 
heavy bulk cargo holds shall be determined in 
accordance with 1.3.4.3. 

2.7.4 Scantlings of bulkhead members. 
2.7.4.1 The thickness of bulkhead plating shall be 

not less than determined by Formula (1.6.4.4) taking: 
p = as defined in 2.7.3; 
m = 15,8; 
for the longitudinal bulkheads of tankers 65 m or 

greater in length, with transverse framing in the 
midship region 

ka = 0,55fcs<:0,8 at the level of base line; 
kB shall be determined by Formula (2.2.4.1); 
ka = 0,55fco < 0,8 at the upper deck level; 
kD shall be determined by Formula (2.2.4.1); 
ka = 0,8 in way of (0,4 — 0,5)1) from the base line. 
For intermediate regions over the ship's depth, ka 

shall be determined by linear interpolation; 
ka = 0,8 for L = 12 m. 
Where 12 < L < 65 m, fcCT shall be determined by 

linear interpolation taking ka = 0,68 for L = 65 m at 
the level of base line and upper deck; 

ka = 0,9 at the ends of the ship within 0,11, from 
the fore or after perpendicular. 

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

ka = 0,9 for other bulkheads. 
In ships of 50 m in length, the thickness of water

tight bulkhead plating may be reduced by 0,5 mm, 
and in ships of 40 m in length or below, by 1 mm. 
For intermediate ship lengths, the reduction in 
thickness shall be determined by linear interpolation. 

In tankers, the thickness of top and bottom 
strakes of longitudinal bulkheads shall comply with 
the requirements for side plating, as given in 2.2.4, 
with regard for the liquid cargo pressure. 

The plating thickness smjn, in mm, of watertight 
bulkheads and bulkheads of lubricating oil tanks 
shall not be less than 

Jmin = 4 + 0,021,. (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 by 1 mm, but shall not be less 
than 6 mm. 

For tank bulkheads (except lubricating oi l tanks), 
the thickness imm, in mm, of plating, face plates and 
webs of framing members shall not be less than: 

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 ex
ceeding that of relevant shell plating strakes and deck 
plating, where the spans and yield stress values are 
identical. The same applies to the thickness re
lationship of bulkhead bottom plating and inner 
bottom plating (bottom plating). 

The breadth of top and bottom strakes of bulk
heads shall be determined in accordance with 2.7.5.1. 

Where sterntubes penetrate through bulkhead 
plating, the thickness of the latter shall be doubled. 

The thickness of corrugated bulkheads shall be 
determined in accordance with 1.6.4.5 with regard for 
the requirements for the section moduli of vertical 
and horizontal stiffeners, as specified in 2.7.4.2. 

2.7.4.2 The section modulus of vertical and hori
zontal stiffeners of bulkheads shall not be less than 
stipulated under 1.6.4.1 and 1.6.4.2 taking: 

p = as defined in 2.7.3; 
m = as obtained from Table 2.7.4.2; 

T a b l e 2.7.4.2 

Framing members 

Single span vertical stiffeners: 
both ends sniped 

upper end sniped, lower end welded to supporting 
structure 

both ends welded to supporting structure 

upper end welded to supporting structure, lower end 
bracketed1 

both ends bracketed1 

Multispan vertical stiffeners: 

within span 

within intermediate supporting section, where stiffener 
is continuous through supporting structure2 

Horizontal stiffeners 

10 

14 

18 

18 

12 

12 

Additionally, strength in the supporting section shall be 
verified, considering the bracket as part of the section, 
with TO = 12. 

2 With regard for a bracket, if fitted, in the supporting 
section. 

Jmin = 5 + 0,0151,; 
6 , 0 < j ,

m i n < 7 , 5 mm. 
(2.7.4.1-2) 

for horizontal stiffeners of longitudinal bulk
heads fitted in the midship region of tankers 65 m 
and greater in length 

ka = 0 ,55^^0,75 at the level of base line; 
kB shall be determined by Formula (2.2.4.1); 
ka = 0 ,55^^0,75 at the upper deck level; 
kD shall be determined by Formula (2.2.4.1); 
ka = 0,75 within (0,4-0,5)D from the base line. 
For intermediate regions over the ship's depth, 

ka shall be determined by linear interpolation; 
ka = 0,75 for L = 12 m; 



Part II. Hull 71 

Where 12 < L < 65 m, fcCT shall be determined by 
linear interpolation, taking Jca = 0,65 for L = 65 m 
at the base line and upper deck level. 

Jca = 0,75 at the ends of the ship within 0,11, from 
the fore or after perpendicular. 

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

Jca = 0,75 for other girders of bulkhead framing. 
m = 10 for corrugations; 
m = 13 for vertical corrugations of bulkheads 

whose top and bottom ends are attached to deck and 
bottom or to inner bottom by transverse members of 
rectangular or trapezoidal section and by supports of 
trapezoidal section complying with 3.3, respectively. 

Horizontal stiffeners of longitudinal bulkheads 
fitted at a distance of 0,15D from deck and bottom 
shall comply with the buckling strength requirements 
of 1.6.5. 

For tank bulkheads (except lubricating oi l tanks), 
the thickness of member webs and face plates as well 
as of their stiffening brackets shall not be less than 
required by Formula (2.7.4.1-2), and for the bulk
heads of tankers in way of cargo and ballast tanks i t 
shall not be less than stipulated under 3.5.4. 

2.7.4.3 Bulkhead vertical webs and horizontal 
girders shall satisfy the following requirements: 

.1 the section modulus and web sectional area, ex
cluding openings, of the vertical webs of bulkheads 
whose structure does not include horizontal girders, 
and of the horizontal girders of bulkheads whose 
structure does not include vertical webs, shall not be 
less than stipulated under 1.6.4.1 to 1.6.4.3 taking: 

-Nmax = nPah 
p = as defined in 2.7.3; 
m and n for the longitudinal bulkheads of tankers 

shall be determined from Table 2.7.4.3-1 depending 
upon the number of cross ties fitted in wing tanks 
between deep members of bulkhead and of ship's 
side; for other bulkheads for which vertical webs are 
provided, but horizontal girders are omitted, or vice 
versa, the values of m and n shall be obtained from 
Table 2.7.4.3-2; 

/ = span, including the brackets, in m; 
Jca is determined for horizontal girders of longi

tudinal bulkheads in tankers in the same way as for the 

T a b l e 2.7.4.3-1 

T a b l e 2.7.4.3-2 

Member Parameter Number of cross ties Member Parameter 

0 1 2 3 

Vertical web m 11 24 24 24 Vertical web 

n 0,5 0,325 0,3 0,275 

Horizontal 
girder 

m 18 36 36 36 Horizontal 
girder 

n 0,5 0,35 0,3 0,3 

Member m n 

Vertical web: 
in holds or tanks 11 0,5 
in 'tween decks 10 0,5 

Horizontal girder: 
in tanks 10 0,5 
in wing tanks 18 0,5 

horizontal stiffeners of those bulkheads in accordance 
with 2.7.4.2; for other webs and girders, Jca = 0,75; 

k% = 0,75; 
.2 where the bulkhead structure incorporates 

both vertical webs and horizontal girders, the scant
lings of those members shall be determined on the 
basis of grillage calculation using beam models, with 
design loads as stipulated under 2.7.3 and permissible 
stress factors as stipulated under 2.7.4.3.1; 

.3 for the girders and webs of corrugated bulk
heads, the lowest cross section shall be adopted as the 
design cross section; the face plate width shall be 
determined in accordance with 1.6.3.6; 

.4 for tank bulkheads (except lubricating oil 
tanks), the web and face plate thickness of girders 
and of their brackets and stiffeners shall not be less 
than required by Formula (2.7.4.1-2); for tanker 
bulkheads in way of cargo and ballast tanks, this 
thickness shall not be less than that required by 3.5.4. 

2.7.4.4 In compartments intended for the carriage 
of liquid cargoes and ballast, the scantlings of mem
bers of wash bulkheads and wash plates shall comply 
with the following additional requirements: 

.1 in the wash bulkheads, the total area of 
openings shall not be greater than 10 per cent of the 
bulkhead area as a whole. The number and size of 
openings in the top and bottom strakes shall be 
as small as possible. 

The thickness and breadth of the top and bottom 
plates of wash bulkheads shall comply with the re
quirements for the bulkhead plating of tanks or cargo 
(ballast) tanks proceeding from the purpose; 

.2 a wash plate shall be stiffened by framing 
complying with the requirements for wash bulkhead 
framing. 

The free edge of the wash plate shall be stiffened 
by a horizontal stiffener or a face plate. Their section 
modulus shall comply with the requirements for the 
primary members of wash bulkheads. 

Where a wash plate serves as the undeck girder, i t 
shall comply with the requirements of 2.6. 

2.7.4.5 The scantlings of partial bulkhead mem
bers shall comply with the following requirements: 

.1 the thickness of partial bulkhead plating shall 
not be less than that required by Formula (2.7.4.1-1); 

.2 partial bulkhead stiffeners supporting deck 
transverses and hatch end beams shall be 
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in accordance with the requirements for relevant 
pillars (refer to 2.9). 

In any case, the Euler stresses, in MPa, in 
a stiffener, to be determined in accordance 
with 2.9.4.1, shall not be less than 

<ye = 200r). (2.7.4.5.2) 

The moment of inertia and sectional area of the 
stiffener on the basis of which the Euler stresses 
therein are determined shall be calculated with regard 
for the face plate of partial bulkhead plating equal in 
width to half the distance between the stiffeners; 

.3 i f the partial bulkhead takes up the load di
rectly from cargo, the scantlings of its members shall 
comply with the requirements for hold bulkheads 
with regard for the particular cargo. 

2.7.4.6 The scantlings of shaft tunnel members, 
its recess included, and those of the tight bulkheads 
of log and depth sounder wells, escape trunks, etc. 
shall comply with the requirements for the scantlings 
of watertight bulkhead members. 

I f the shaft tunnel passes through a compartment 
intended for the carriage of liquid cargo or ballast, 
the scantlings of its members shall comply with the 
requirements for the scantlings of the members of 
tight bulkheads bounding the compartment. 

I f the top plating is well curved, the thickness 
may be reduced by 10 per cent. 

Under hatchways the top plating thickness shall 
be increased by 2 mm. 

2.7.5 Special requirements. 
2.7.5.1 The breadth of the bottom strake of 

bulkhead, as measured from inner bottom plating, 
or, where double bottom is omitted, from the bottom 
shell, shall be not less than 0,9 m for ships of 40 m 
and greater in length, and not less than 0,4 m for 
ships of 12 m in length. For intermediate ship 
lengths, the breadth of this strake shall be determined 
by linear interpolation. I 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 re
quirements: 

.1 unless expressly provided otherwise in the 
other Parts of the Rules, the breadth of vertical cof

ferdams stipulated under 2.4.7, Part V I "Fire Pro
tection", 4.3.4, Part V I I "Machinery Installations" 
and 13.7.5, 14.5.2, 17.3, Part V I I I "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 in
spection 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 bulk
heads. 

The bulkheads of cofferdams which are non-tight 
shall comply with the requirements for partial bulk
heads as stipulated under 2.7.4.5, except the re
quirement 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. 

2.8 FORE AND AFTER ENDS 

2.8.1 General and symbols. 
2.8.1.1 Requirements are given in this Chapter 

for the following structures: fore peak and bulb 
(if any), bottom within 0,251, aft of the fore perpen
dicular, side within 0,151, aft of the fore perpendi
cular, structures located aft of the after peak 
bulkhead, as well as strengthening of bottom and side 
forward in the region of impact pressure. 

I t 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 fol
lowing symbols have been adopted: 

df = 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 
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the ship's side at a cross section within 0,05L from 
the forward perpendicular (refer to Fig. 2.8.1.2-1); 

I 
Weather deck 

CL 

Fig. 2.8.1.2-1 
Determination of angle clx 

0,05L 

0,01voL 

Fig. 2.8.1.2-2 
Diagram for determining the angle and the area (lined) 

to which the move impact pressure is applied: 
/ — open upper deck; 2 — water line for determining the angle; 

3 — forward perpendicular; 4 — impact pressure area; 
hN — vertical distance between the loadline and the open upper 

deck at forward perpendicular 

p x = angle, in deg., between a tangent to the 
waterline at vertical mid-distance between the sum
mer 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 per
pendicular (refer to Fig. 2.8.1.2-2). 

2.8.2 Construction. 
2.8.2.1 The following framing systems are adop

ted 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 2.4.4.1, but need not exceed 2,25 m, and the 
thickness shall not be less than required by For
mula (2.4.4.3.1) at k = 1 and a = 0,6 m; however, they 
need not be thicker than the bottom shell plating in this 
region. Floor webs shall be strengthened with vertical 
stiffeners to be spaced not more than 0,6 m apart. 

Floor face plates shall have a thickness not less 
than the floor thickness and a breadth required 
by 1.7.3.1. 

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 which have the 
same width and thickness as the floor face plates. 

2.8.2.3 I 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 longi
tudinal bulkhead. 

The free edge of the side stringers shall be stif
fened 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. 

I t is recommended that non-tight platforms be 
fitted instead of side stringers with panting beams or 
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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. 

I f 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 longi
tudinals by brackets. 

2.8.2.4 The bulb shall be strengthened by plat
forms spaced not more than 2 m apart. Beams of the 
platform shall be fitted at every frame. 

I f the length of the bulb forward of the forward 
perpendicular exceeds 0,031,, a non-tight bulkhead 
shall be fitted at the centreline, with stiffeners ar
ranged at every frame. 

I f the length of the bulb is less than 0,031,, 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 with the requirements of 2.3.2, 2.3.4 
and, besides, with those given below: 

.1 i f 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 0,251, from the forward 
perpendicular. 

I f longitudinal system of framing is adopted and 
minimum draught is less than 0,0351, 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: 
i f transverse system of framing is adopted, in

tercostal 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 gir
der webs, as well as the scantlings of the face plates, 
shall be taken the same as for the floors; 

i f longitudinal system of framing is adopted, the 
spacing of floors shall not exceed 2,8 m. A n inter
costal 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 0,251, from the forward perpendicular the 
distance between side girders shall not exceed 2,2 m. 
I f transverse system of framing is adopted, in this 
region half-height side girders shall be fitted ad
ditionally 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. 

I f 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 0,0251, in way of the 
forward perpendicular, the edges of openings in 
floor, side girder and centre girder webs shall be 
stiffened within 0,251, from the forward perpendi
cular. 

2.8.2.7 I f transverse framing system is adopted, 
intercostal side stringers shall be fitted within 0,151, 
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 wel
ded to the face plate of frame. 

Intercostal stringers shall be attached to the 
bulkheads by brackets. 

The face plates (flanges) of intercostal stringers 
may be omitted where the spacing of frames does not 
exceed their double depth. In this case, their thick
ness s, in mm, shall not be less than s = l/4s + As 
or s = 0,05A, whichever is the greater, where / is the 
length of the free edge of stringer between fra
mes, in mm; h is the stringer depth, in mm. 

In ships having the characteristic (v0/y/L) > 1,5 or 
a large bow flare, provision shall be made for web 
frames and side stringers supported thereby. The spa
cing of web frames shall not exceed 5 frame spaces. 
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Where longitudinal framing is adopted in the 
ship's side forward outside the fore peak, the spacing 
of side transverses shall not exceed 3 m. In the holds 
of any ship, as well as in 'tween decks and super
structures of ships with the characteristic 
(v0/y/L) > 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 ex
tended to the frame face plate. 

2.8.2.8 Within 0,11, from the forward perpendi
cular, the span of weather deck transverses shall not 
exceed 3 m, and the deck girder span shall not 
exceed 3,6 m. 

Within 0,21, 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 addi
tional longitudinal bulkheads or platforms, thicken
ing of deck plating and shell plating, as well as 
connection of bottom and upper deck longitudinals 
with pillars or struts may be required. I f 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 2.8.2.2. 

In single screw ships, the floors shall be extended 
above the sterntube, but in any case to a height of not 
less than 0,8 m. I f this is impracticable, tie plates with 
face plates on both edges shall be fitted transversely 
at every frame above the sterntube. The thickness of 
the tie plates shall not be less than that of the floor. 
Tie plate exceeding 1,5 m in length shall be provided 
with a stiffener fitted in the middle of its length. 

Floors with flanged edges are not permitted. 
In ships greater than 200 m in length, floors shall 

be extended to the platform located above the 
sterntube. Longitudinally, the floors shall be stiffened 
with brackets fitted at the centreline and, i f practi
cable, 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 I f transverse framing is adopted in the 
after peak side, panting beams and side stringers, 
beam knees, frame to side stringer attachments, ar
rangement 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 mea
sured 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. 

I f 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 stif
feners 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 attach
ments 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 I f peaks are used as tanks, fitting of a 
wash bulkhead is recommended at the centreline. 

2.8.3 Loads on structures at ends. 
2.8.3.1 The design pressure on the structures at 

ends is determined using the design loads specified 
in 2.2 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: 
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in accordance with 2.8.3.2 for ships greater than 
65 m in length with a minimum draught of 0,0451, in 
way of the forward perpendicular; 

in accordance with 2.8.3.3 for ships having the 
characteristic (v0/y/L) > 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 hy-
drodynamic pressure pSL, in kPa, shall be determined 
by the formula 

p = 5 , 5 d C 2 c p r ^ ( l SdflL)(\-Xl/lb)-l03 (2.8.3.2-1) 

where d = for L ^ 2 0 0 m; 

where p/ = 0,5^,^ with bulb; 
Pf- 0 without bulb. 

C j = 5710-0,011, for L > 200 m; 

C 2 = 0,07t> 0(l-(17,l*y/Z,)/VZ; 
4 = (0,22 + l ,5C 2 )i; 

for v0, refer to 1.1.3; 
cpr = as obtained from 1.3.1.5 (cpr = 1 for ships of unrestricted 

service); 
bx = ship breadth, in m, in the considered cross section at the 

level of 0,042? 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 lb. 

Formula (2.8.3.2-1) is used for derivation of p va
lues in a number of sections within the portion 4, from 
which the maximum value of p (hereinafter — sym
bol / w ) and the value of ^(hereinafter — symbol ;c m a x) 
corresponding to Pm^ are chosen. The design pressure 
PSL (refer to Fig. 2.8.3.2) is determined by the formula 

PSL= Pf+ ( /W-/>/)*l / (*max- 0,051,) 
when 0 < x i < x^^ — 0,051,; 
PSL = /'max 
when Xmax-0,051, < x i <Xmax + 0,051,; 
PSL = Pm^^L-x^liO^L-x^ 
when Xmax + 0,05Z,<xi <0,5Z, 

L/20 L/20 
K >K H 

(2.8.3.2-2) 

Fig. 2.8.3.2 
Determination of design pressure PSL '• 

value of p determined by Formula (2.8.3.2-1); 
2 — forward perpendicular 

The hydrodynamic pressure as determined 
by Formula (2.8.3.2-2) is distributed over a height 
of 0,045 above the base line. 

2.8.3.3 Under the wave impact upon the side at 
the fore end, the extreme values of the design hy
drodynamic pressure pSL, in kPa, shall be determined 
by the formula 

PSL = 0,9C3C2

4 (2.8.3.3) 

where C 3 = 2,2 + 1,5 tg a*; _ 
C 4 = f o ( 0 , 6 - 2 0 / £ ) ( l , 2 - 0 , 2 p x / 6 0 ) s i n p x + 0,6J L ; 

for v0, refer to 1.1.3; 
ax and p x = 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 0,01%L from the for
ward perpendicular and as far forward as the inter
section of the upper deck with the stem (refer 
to Fig. 2.8.1.2-2). 

2.8.4 Scantlings of structural members at ends. 
2.8.4.1 The shell plating thickness, scantlings of 

single bottom and double bottom members and of 
side framing shall comply with the requirements 
of 2.2.4, 2.3.4, 2.4.4, 2.5.4 using the service loads gi
ven in 2.2, 2.3, 2.4, 2.5. Besides, when determining the 
scantlings of fore and after peak members, the fol
lowing requirements shall be satisfied: 

.1 the section modulus of frames shall be de
termined by Formulae (1.6.4.1) and (1.6.4.2) taking: 

m = 12; 
/ = spacing of side stringers, as measured along 

the shell plating; 
.2 scantlings of panting beams shall comply with 

the requirements of 2.9.4.1; 
.3 in calculating the section modulus and cross-

sectional area of web frames, 
m = 10; 

JVmax = 0,5/7fl/ (2.8.4.1.3) 

where p = design pressure, in kPa, according to 2.5.3; 
a = spacing of web frames, in m; 
/ = span of web frame, in m, as measured between the upper 

edge of floor and the deck (platform) bounding the fore 
peak (after peak) or the non-tight platform, if any, 
nearest to the bottom, or between non-tight platforms, 
the deck and non-tight platform less the height of deck 
transverse of the relevant deck (platform); 

.4 plating thickness and framing of non-tight 
platform shall satisfy the requirements of 2.6.4 for 
platforms at ends. When determining the design load 
by Formula (1.3.4.1), the product hpcg shall not be 
less than 3,5 kPa. 

The thickness of non-tight platform plating, 
in mm, shall not be less than 
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Smin = (5 + 0,02Z,)Vr|, (2.8.4.1.4) s = 0,15,-^- + As (2.8.4.2.4) 

but not less than 5 mm. 
Where L > 300 m, L shall be taken equal to 300 m; 
.5 i f the fore peak (after peak) is used as tanks, 

the scantlings of their members shall also comply 
with the requirements for the structural members of 
tanks. 

2.8.4.2 Where exposed to extreme loads to be 
determined in accordance with 2.8.3.2, the scantlings 
of bottom framing members at the fore end shall 
comply with the requirements of 2.2.4, 2.3.4 
and 2.4.4, as well as with the following additional 
requirements: 

.1 the thickness of shell plating shall be de
termined by Formula (1.6.4.4) taking 

p = WPSL (2.8.4.2.1) 

where PSL = as determined by Formula (2.8.3.2-2); 

m = 15,8; 
K = 0,7; 

.2 the section modulus, in cm 3 , of a primary 
member shall not be less than 

W = 0,75 o v l O 3 (2.8.4.2.2) 

where p = as determined by Formula (2.8.4.2.1); 
ka = 0,65; 
m = 16, if the members are continuous through the webs of 

supporting structures; 
m = 8, if the members are cut at supports; 
m = 2 8 , if the supporting sections of the member are 

reinforced with brackets on both sides of the supporting 
structure; the depth and length of brackets are not less 
than 1,5 of the member depth; 

for wc, refer to 1.1.5.3; 

.3 the cross-sectional area, in cm 2 , of a primary 
member or of welds by which intercostal members are 
connected to supporting structures shall not be less 
than 

(2.8.4.2.3) /= 5pa 1 °' 5 a+ 0,05ZA,Aj 

where p = as determined by Formula (2.8.4.2.1); 
K = 0,65; 

"Lht = length of member section perimeter, in cm; 
As = as obtained from 1.1.5.1. 

The cross-sectional area of a member includes the 
web area, as well as the portion of the sectional area 
of shell plating, having a breadth b\ = 3s (where s is 
the thickness, in mm, of shell plating). I f the member is 
of bulb profile, the whole of its face plate is included in 
the cross-sectional area. In the case of member of 
T-section, a portion of its breadth b2 = 3sf.p is included 
in the cross-sectional area (where Sf.p is the face plate 
thickness of the member, in mm); 

.4 the web thickness s, in mm, of floor, side girder 
and centre girder shall not be less than 

where p = as determined by Formula (2.8.4.2.1); 
a and b = average spacing of floors and girders accordingly (centre 

girder and side girder); when determining b, half-height 
side girders shall be disregarded; 

K = 0,65; 
h = depth, in m, of floor, side girder or centre girder 

accordingly; 
As = as obtained from 1.1.5.1. 

2.8.4.3 Where exposed to extreme loads to be 
determined in accordance with 2.8.3.3, the scantlings 
of side framing members at the fore end shall comply 
with the requirements of 2.2.4 and 2.5.4, as well as 
with the following additional requirements: 

.1 the thickness of shell plating shall be de
termined by Formula (1.6.4.4) taking 

P = 0,5pSL (2.8.4.3.1) 

where pSL = as determined by Formula (2.8.3.3); 

m = 15,8; 
K = 0,7; 

.2 the section modulus of a primary member shall 
comply with the requirements of 2.8.4.2.2 using the 
design load determined by Formula (2.8.4.3.1); 

.3 the cross-sectional area of a primary member 
shall comply with the requirements of 2.8.4.2.3 using 
the design load determined by Formula (2.8.4.3.1). 

2.8.4.4 Within the area of the stern counter, the 
scantlings of frames shall be not less than those of 
the after peak frames, unless their span ex
ceeds 2,5 m. W i t h a greater span, the frame scan
tlings shall be increased accordingly. The thickness 
of floors and side girders shall not be less than re
quired by 2.8.4.5. 

2.8.4.5 The side stringers of fore and after peaks 
shall have a web sectional area fs, in cm 2 , not less 
than 

/ , = 12 + 0,451,. (2.8.4.5-1) 

The side stringer width b, in m, shall not be less 
than: 

b = 0,24 + 0,0051, for Z,<80 m; 
b = 0,4 + 0,0031, for L > 80 m. 

(2.8.4.5-2) 

The web thickness, in mm, of a side stringer shall 
not be less than 

Smin = (5 + 0,02Z,)Vr| , (2.8.4.5-3) 

but not less than 5 mm. 
Where L > 300 m, L shall be taken equal 

to 300 m. 
2.8.4.6 The thickness of shell plating in way of the 

bulb shall not be less than 0,081, + 6, but i t need not 
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be taken greater than 25 mm. In this case, the shell 
plating thickness at the lower part of the bulb shall 
not be less than stipulated under 2.8.4.2.1 for the hull 
section in way of the forward perpendicular. 

2.8.5 Special requirements. 
2.8.5.1 Visor-type bow doors. 
2.8.5.1.1 The present requirements apply to the 

construction of visor-type bow doors which form a 
component part of the fore end of the ship, being 
mechanically connected with the side and deck 
structures and capable of moving in the vertical di
rection to provide access for motor vehicles and/or 
other transport means. 

2.8.5.1.2 The thickness of visor-type bow door 
plating shall not be less than that required by 2.8.4 
for the appropriate sections of shell plating. 

2.8.5.1.3 The section modulus of primary mem
bers shall not be less than that required by 2.8.4 for 
the appropriate fore end regions. In this case, the 
design load, in kPa, shall not be less than 

Pmin = 0 , 8 ( 1 > 0 + 0,6VZ) 2 . (2.8.5.1.3-1) 

The sectional area of member web shall not be 
less than determined by Formula (1.6.4.3-1) taking 

JVmax = 0,5pal (2.8.5.1.3-2) 

where p = design load in accordance with 1.3.2.2 or 2.8.3.3, 
whichever is the greater, but not less than pmin, in kPa, as 
determined by Formula (2.8.5.1). 

K = 0,7. 
2.8.5.1.4 Structural measures shall be taken to 

ensure rigid attachment of primary members and 
support members of bow doors. 

2.8.5.1.5 The scantlings of support members shall 
be obtained by strength calculation using the design 
loads given in 1.3.2.2 or 2.8.3.3, whichever is the 
greater, but not less than p m i t 1 determined by For
mula (2.8.5.1.3-1), as well as the permissible stress 
factors ka = k% = 0,6. 

2.8.5.1.6 The construction of support members 
shall comply with the requirements of 1.7.3. 

2.8.5.2 In ships provided with fixed propeller 
nozzles, transverse bulkheads or support members 
shall be fitted in way of the nozzle attachment to the 
hull. 

2.8.5.3 In hull curvilinear sections (deadrise, 
flare), i t is recommended that the framing be fitted at 
an angle of approximately 90° to the shell plating. 

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 consideration by the Register. 

2.9 P I L L A R S AND P A N T I N G B E A M S 

2.9.1 General and symbols. 
2.9.1.1 Requirements are given in this Chapter 

for the scantlings of pillars fitted in the hull, super
structures and deckhouses and for the panting beams 
in peaks. 

2.9.1.2 For the purpose of this Chapter the fol
lowing symbols have been adopted: 

/ = length of pillar (panting beam), in m, mea
sured: for the pillar — between the face plate of the 
deck girder (or the deck transverse, i f the latter is 
supported by the pillar) and the deck plating (or the 
inner bottom plating); for the panting beam — 
between the inner edges of the starboard and port 
frames or from the inner edge of the frame to a strong 
support at the centerline; 

/ = sectional area of the pillar (panting beam), 
in cm 2 ; 

i = the least moment of inertia of the pillar 
(panting beam), in cm 4 ; 

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 shall generally be fitted in the same vertical 
line, the heads and heels of the pillars shall be 
bracketed. 

Where the heel of a tubular pillar with the load 
P < 250 k N has no brackets, the deck (inner bottom) 
plating under the heel shall be strengthened with 
doubling or insert plates (P = as determined 
from 2.9.3.1). 

The web of a framing member to which the head 
of a pillar is attached shall be strengthened with 
brackets to transmit the load to the pillar. 

The pillars shall be fitted on plate floors and side 
girders which shall be strengthened with vertical 
brackets. Openings in floors and side girders under 
the pillars are not permitted. 

With the load P > 250 k N (P = as defined 
in 2.9.3.1), the pillars shall be fitted at the intersection 
of plate floors and side girders, otherwise the plate floor 
(side girder) shall be strengthened with vertical brackets 
attached to the adjacent floors (side girders). 

2.9.2.2 The pillars shall be attached at their heads 
and heels by brackets or other arrangements 
approved by the Register, in order to effectively 
transmit the loads to the hull structures below: 

in the holds of ships of ice classes Arc9, Arc8, 
Arc7, Arc6, Arc5; 

in the tanks under watertight platforms, deck
houses, ends of superstructures, windlasses, winches, 
capstans, etc.; 
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at the fore end of ships with the specified speed 
v0 > l,5y/Z or large bow flare. 

2.9.3 Design loads. 
2.9.3.1 Loads on the pillar P, in k N , is de

termined by the formula 

P = plmPm + Z(plmbm)i (2.9.3.1) 

where p = design pressure on the above deck specified in 2.6.3, in kPa; 
lm = distance measured along the deck girders between mid

points of their spans, in m; 
bm = mean breadth of deck area (including the hatchways in 

the region concerned) supported by the pillar, in m; 
Eiplmb^t = sum of loads from the pillars fitted above, determined 

having regard to 2.6.3, which may be transmitted to the 
pillar considered, in kN. 

2.9.3.2 Loads on the panting beam P, in k N , is 
determined by the formula 

P = pac (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; 

c = half-sum of frame spans measured vertically above and 
under the beam considered, in m. 

2.9.4 Scantlings of pillars and panting beams. 
2.9.4.1 The sectional area of pillalrs and panting 

beams / , in cm 2 , shall not be less than determined by 
the iterative method according to the formula 

/= lOkP/acr + Af (2.9.4.1) 

where P = as determined in accordance with 2.9.3; 
k = 2 — buckling strength margin; 

o"cr

 = critical stress according to 1.6.5.3 at Euler stress 
determined by the formula 

206? 
v e - jp ; 

Af= wear allowances, in cm 2 , determined by the following 
formulae: 
for tubular pillars 
A / = 0,03dbAi; 
for box-shaped pillars 
A / = 0, ISA As 

where "Lhi = perimeter length of cross section, in cm; 
for built-up pillars and panting beams (I-beams, made of 
channels, etc.); 
A / = 0,05S^As; 
Asrefer to 1.1.5.1. 

2.9.4.2 The wall thickness s, in mm, of tubular 
pillars shall not 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, 
shall not be less than 

s = hp/50 

where hp = width of the pillar wall, in mm. 

(2.9.4.2-2) 

The wall thickness of a pillar, in general, shall not 
be taken less than 6 mm. 

In small ships the thickness of the pillar walls 
may, on agreement with the Register, be reduced 
to 5 mm, provided the required sectional area of the 
pillar is maintained. 

2.10 S T E M S , K E E L S , R U D D E R H O R N , P R O P E L L E R S H A F T 
B R A C K E T S , F I X E D N O Z Z L E S O F P R O P E L L E R 

2.10.1 General. 
2.10.1.1 Requirements are given in this Chapter 

for the construction and scantlings of the stem, 
sternframe (rudder post, propeller post), solepiece of 
the sternframe, rudder horn of semi-spade rudders, 
propeller shaft brackets, bar keel, fixed nozzles of 
propellers. 

2.10.2 Construction. 
2.10.2.1 I t is recommended to use a bar or plate 

type welded stem. The lower part of the stem shall be 
efficiently connected to the bar or plate keel and, 
whenever possible, to the centre girder. 

The welded stem plates shall be stiffened with 
transverse brackets. Arrangement of transverse 
brackets of the stem shall, as far as possible, be 
consistent with the hull framing. Transverse brackets 
stiffening the stem plate are fitted not more than 1 m 
apart below and not more than 1,5 m above the 
summer load waterline. The brackets shall overlap 
the joints of the stem with the shell plating and shall 
be extended and welded to the nearest frames. 

The brackets which cannot be extended to the 
framing, except for the brackets in way of ice belt in 
ships with ice categories, shall have their rear edge 
made along a smooth curve. 

In case where the radius of curvature of the stem 
is sufficiently large, i t is recommended to fit a cen-
terline girder with a face plate. 

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 pro
peller, and between propeller and rudder (refer to 
Fig. 2.10.2.2.1) not less than indicated in 
Table 2.10.2.2.1; 

T a b l e 2.10.2.2.1 

Dimensions a b c d e 

Clearances, in mm 0,2RP 
0,42Rp 0,36RP 0,08^ 200 — 250 

Rp — radius of propeller, in mm 

.2 the solepiece shall be made with a smooth rise 
in the aft direction; 
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Fig. 2.10.2.2.1 

.3 the propeller post shall be provided with trans
verse 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 arrange
ment 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 ex
tended forward from the propeller post and shall be 
attached by its brackets (webs) to at least three floors 
in ships with a length L > 120 m and at least two 
floors in ships with a length Z,< 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 plat
form. 

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 sin
gle 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 struc
tures shall be extended to the nearest deck or plat
form; 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 be
tween 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 ar
rangement 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 I I I "Equip
ment, Arrangements and Outfit". 

In general, the transverse web plates shall be ar
ranged 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 2.2.4.12, Part I I I "Equipment, Arrangements 
and Outfit". In the Formulae (2.2.4.7-2) to (2.2.4.7^) the 
coefficient 0C4 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 re
quirements: 

.1 the sectional area / , in cm 2 , of a bar stem from 
the keel to the summer load waterline shall not be less 
than 

/ = 1,31,-4. (2.10.4.1.1) 
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The sectional area may be reduced for ships of 
restricted areas of navigation: 

R2, R2-RSN and R2-RSN(4,5) — by 10 per cent; 
R3-RSN and R3 — 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 = (0,085L + 5 , 5 ) ^ (2.10.4.1.2) 

where r| = as determined from 1.1.4.3, 

but not less than 7 mm. 

Where L > 220 m, L shall be taken equal to 200 m. 
The plate thickness of the stem may be reduced 

for ships of restricted areas of navigation: 
R2, R2-RSN and R2-RSN(4,5) — by 5 per cent; 
R3-RSN and R3 — 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 reduced by 0,5 m, as com
pared to that required by 2.10.2.1, the reduction of 
plate thickness of stem by 20 per cent may be per
mitted. I f the reduction of the distance between the 
brackets is less than 0,5 m, the permissible reduction 
of plate thickness shall be determined by linear 
interpolation; 

.3 the thickness of brackets strengthening the 
stem shall not be less than that of shell plating 
adjoining the stem. 

The thickness of web and face plate of the girder 
stiffening the stem at the centreline shall not be less 
than that of the brackets. 

2.10.4.2 The sternframe of a single screw ship 
shall satisfy the following requirements: 

.1 the length ls and width bs, in mm, of rectan
gular solid propeller post section, from the keel to the 
counter, shall not be less than: 

ls = 1,30L + 95; bs = 1,60L + 20 for L < 120 m; 
(2.10.4.2.1) 

ls = 1,15L + 110; bs = 0,675L + 130 for L > 1 2 0 m. 

The scantlings of the propeller post may be 
reduced for ships of restricted areas of navigation: 

R2, R2-RSN and R2-RSN(4,5) — by 5 per cent, 
R3-RSN and R3 — by 10 per cent. 
Above the counter the sectional area of stern

frame 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 stated above; 

.2 the scantlings of the propeller post cross sec
tion of a cast sternframe with the rudder having top 
and bottom supports shall be established in ac
cordance with Fig. 2.10.4.2.2 depending on the va
lue 5*0, in mm, determined by the following formulae: 

so = 0,LL + 4,4 for L < 200 m; (2.10.4.2.2) 
s0 = 0,06L + 12,4 for L ^ 2 0 0 m. 

Fig. 2.10.4.2.2: 
1 — web; 2 — adjoining plate of shell; 

s\ = l,5s0; s2 = 2,5s0; s3 = 3,5s0; 
ls>l,9L + 135 mm for L < 200 m; 
ls> 1,4L + 235 mm for L ^ 2 0 0 m; 

r — cast radius 

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 sec
tion of a welded sternframe with the rudder having 
top and bottom supports shall be established 
according to Fig. 2.10.4.2.3 where s0 shall be deter
mined in accordance with 2.10.4.2.2. The thickness of 
transverse brackets shall be at least 20 per cent 
greater than that of the shell plating adjoining the 
sternframe. 

Welded propeller post of other construction may 
be used, provided that its strength is equivalent to 
that of the abovementioned construction; 

.4 the finished thickness of propeller boss shall be 
not less than 30 per cent of the shaft diameter; 

.5 the section modulus WS9 in cm 3 , of the sole-
piece about the vertical axis shall not be less than 

WS = SOLR4XST[. (2.10.4.2.5-1) 
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Fig. 2.10.4.3: 
s = l,6s0 at L < 150 m; s = l,5s0 for 150 m; 

ls = 2,5L + 180 mm for L < 200 m; 
ls = 1,4L + 400 mm for L ^ 2 0 0 m; 

R — bending radius 

The section modulus WrmP9 in cm 3 , of the rudder 
post about the horizontal longitudinal axis shall not 
be less than 

Wr.p = %(\-u)R4sr\ (2.10.4.2.5-2) 

where oc = 0,85 if there is a rudder post; 
oc = 1 if there is no rudder post or a bolted rudder post is fitted; 

R4 = as determined according to 2.10.3; 
Xy = distance from the solepiece section concerned to the 

centre of the rudder stock (xs shall not be taken less than 
0,5/y and more than ls); 

ls = span of the solepiece, measured from the centre of the 
rudder stock to the beginning of rounding of the 
propeller post, in m; 

lrp = 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; 

r| = 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 Ws 

where WS shall be determined by Formula (2.10.4.2.5-1). 
The section modulus of the rudder post about the hor
izontal transverse axis shall not be less than 0 ,5^ .^ 
where WKP 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 kfj = 0,55 and external loads according to 2.2, 
Part I I I "Equipment, Arrangements and Outfit". 

2.10.4.3 The scantlings of the sternframe of twin 
screw ships shall satisfy requirements for the scan
tlings 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. 

2.10.4.4 For semi-spade rudders with one gud
geon upon the horn, the section modulus, in cm 3 , of 
the rudder horn about the horizontal longitudinal 
axis shall not be less than 

W= l2R4zST[ (2.10.4.4) 

where R4 = as defined in to 2.10.3; 
zs = vertical distance for the mid-thickness of the horn 

gudgeon to the section concerned, in m (zs shall not be 
taken less than 0,54 and more than lh); 

lh = 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; 

r| = as determined according to 1.1.4.3. 

Where the rudder horn is welded of plates, the 
thickness of the plates, in all cases, shall be at 
least 7 mm. 

The scantlings of the rudder horn may be de
termined on the basis of direct strength calculation 
taking the permissible stress factor = 0,35 and 
external loads according to 2.2, Part I I I "Equipment, 
Arrangements and Outfit". 

2.10.4.5 The sectional area of either strut of two-
strut shaft brackets shall be equal to not less than 
60 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 V I I 
"Machinery Installations". 

The strength of the welded shaft brackets shall 
not be less than that specified above. The plate 
thickness shall not be less than 7 mm. 

The weld area of rivets attaching each strut to the 
hull shall not be less than 25 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 = 1,3L + 100; 
bs = 0,7L + 8 for L < 60 m; (2.10.4.6) 
bs = 0,4L + 26 for L^60 m. 

The height and width of the bar keel cross section 
may be reduced for ships of restricted areas of navi
gation: 
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R2, R2-RSN and R2-RSN(4,5) — by 5 per cent; 
R3-RSN and R3 — by 10 per cent. 
2.10.4.7 The thickness of outer and inner plating 

of fixed propeller nozzle shall comply with the re
quirements of 2.4.2, Part I I I "Equipment, Arrange
ments and Outfit" taking the following into 
consideration: 

width of middle belt of inner plating shall be 
not less than the distance from 0,03-Do forward of the 
propeller blade tips and 0,07-Do aft of the propeller 
blade tips where Da is the internal diameter of pro
peller nozzle; 

thickness of forward part of the inner and outer 
plating shall be not less than required for side shell 
plating (refer to 2.2.4.1 for transverse framing system). 

The width of attachment shall be at least 0,15-Do. 
The cross-sectional area of the joint shall be 

not less than required by 2.10.4.2.5 for the solepiece. 
I f 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 0,3-Do. 

I f 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 I I "Equip
ment, Arrangements and Outfit". 

2.11 S E A T I N G S O F M A C H I N E R Y AND B O I L E R S 

2.11.1 General. 
2.11.1.1 Requirements are given in this Chapter for 

the construction and dimensions of the seatings in
tended for main machinery and boilers, deck machi
nery, fishing installations, cargo handling gear, 
auxiliary machinery, etc. 

2.11.1.2 The requirements laid down in this 
Chapter are minimum. Requirements concerning 
construction and dimensions of structural compo
nents of a seating, which are contained in the tech
nical documentation of the machinery, unit or device 
to be installed on the seating concerned, shall also be 
complied with. 

2.11.1.3 For dimensions of the structural com
ponents of the seatings intended for mooring and 
towing appliances — refer to 4.3 and 5.3, Part I I I 
"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. I f necessary, the 
framing may be strengthened; 

.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 
0,51, amidships, the height of the vertical plates of the 
seating at the ends shall be gradually reduced. I f 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 i t 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; 

.4 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 ver
tical plates shall be strengthened with brackets (knees) 
having face plates (flanges) along the free edges. 

Where the seating comprises four vertical plates, 
the top plate is attached to two vertical plates fitted 
on one side of the machinery; the outer plates shall 
have openings to provide access into the seating. 
In the case of medium-speed engines, such openings 
shall not extend to the top plate. The outer plates 
may be made sloped. 

A l l the vertical plates shall be fitted in line with 
the main or additional side girders. 

2.11.2.3 Machinery and equipment may be in
stalled 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. 
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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 

s = k0\fQ + kl (2.11.3.1) 

where Q = mass of machinery (boiler) in working condition, in t; 
ko = factor given in Table 2.11.3.1-1; 
k\ = factor given in Table 2.11.3.1-2. 

T a b l e 2.11.3.1-1 

Seating of machinery 
(boiler) 

ko Seating of machinery 
(boiler) 

Top 
plates 

Vertical 
plates1 

Brackets, 
knees 

Main internal combustion 4,65 3,0 2,5 
engine 

Main geared turbine set, 
main diesel generator and 
propulsion motor 

4,15 2,7 2,7 

Boiler 3,65 2,4 2,4 

1ln a seating with four vertical plates the thickness of the 
plates may be taken equal to the thickness of brackets and knees. 

T a b l e 2.11.3.1-2 

Mass of machinery 
(boiler), in t ^20 

> 20 
^50 

> 50 
^100 

> 100 
^200 > 200 

kx 4 3 2 1 0 

2.11.3.2 The thickness s, in mm, of structural 
components of a seating of main internal combustion 
engine shall not be less than 

s = k2\fN + k3 (2.11.3.2) 

where N = specified power of the engine, in kW; 
k2, k3 = factors given in Table 2.11.3.2, 

T a b l e 2.11.3.2 

N, in 
kW 

Number of 
vertical plates 

Factor Top 
plates 

Vertical 
plates 

Brackets, 
knees 

^1000 

2 
k2 1,7 1,1 0,9 

^1000 

2 
k3 6 4 3 

^1000 

4 
k2 1,4 0,9 0,9 

^1000 

4 
k3 5 3 3 

> 1000 

2 
k2 

1,0 1,0 0,7 

> 1000 

2 
k3 13 5 5 

> 1000 

4 
k2 

0,8 0,7 0,7 
> 1000 

4 
k3 11 5 5 

but not less than required by 2.11.3.1. 

2.12 S U P E R S T R U C T U R E S , D E C K H O U S E S AND Q U A R T E R 
D E C K S 

2.12.1 General provisions, definitions and symbols. 
2.12.1.1 Requirements are given in this Chapter 

for short and long bridges extending from side to side 
of the ship as well as to short bridges which do 
not extend to the sides of the ship, forecastle, poop, 
long forecastle and poop extending to ship's sides, 
short deckhouses and quarter decks. 

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. 

2.12.1.2 For the purpose of this Chapter the 
following definitions have been adopted. 

L o n g d e c k h o u s e is a deckhouse of a length 
not less than that determined by Formula (2.12.1.2-1), 
but not less than 0,201,, having no expansion or 
sliding joints. 

L o n g b r i d g e is a superstructure having 
a length not less than 

h = 2/ e, (2.12.1.2-1) 
but not less than 0,151,. 
Q u a r t e r d e c k is the after part of upper deck 

stepped up to a portion of 'tween deck height. 
S h o r t d e c k h o u s e is any deckhouse which is 

not a long deckhouse. Deckhouses of ships less than 
65 m in length are considered as short deckhouses. 

S h o r t b r i d g e is any bridge which is not a 
long bridge. Superstructures of ships less than 65 m 
in length are considered as short superstructures. 

E n d s o f s u p e r s t r u c t u r e s a n d d e c k 
h o u s e s are the ends of the length measured from 
the end bulkheads, in m, 

4 = l ,5(5 2 /2 + h). (2.12.1.2-2) 

T r a n s i t i o n a r e a o f q u a r t e r d e c k is an 
area measured from the forward edge of break to the 
after edge of upper deck plating and extending below 
the quarter deck. 

L o n g f o r e c a s t l e ( p o o p ) is a forecastle 
(poop) having a length not less than 

h = 0,11, + 4 (2.12.1.2-3) 
in ships of 65 m and greater in length. 
2.12.1.3 For the purpose of this Chapter the 

following symbols have been adopted: 
B2 = breadth of superstructure deck measured at 

its mid-length, excluding the breadth of openings of 
cargo hatches, machinery casings, i f any, in m; 

h = height of the first tier of superstructure or 
deckhouse, in m; 
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h = length of superstructure (deckhouse) measured 
between the end bulkheads; the length of forecastle 
(poop) measured from the fore or after perpendicular to 
the end bulkhead of the forecastle (poop), in m; 

Bx = ship's breadth at the level of the upper deck 
at the section considered, in m; 

b = breadth of the deckhouse, in m. 
2.12.2 Construction. 
2.12.2.1 For the first tier of long bridge outside 

the end portions, long forecastle (poop) outside the 
end portion, the requirements of 2.6 for the upper 
deck and the requirements of 2.2 and 2.5 for the 
ship's side in way of the upper 'tween deck space shall 
be complied with. 

2.12.2.2 For the buttom strake of side plating and 
longitudinal bulkhead plating of short bridge, the 
ends of 1st tier long bridges and long forecastle 
(poop), the bottom strake of side plating of steel 
short deckhouses and the ends of steel long deck
houses fitted on the strength deck, grade of steel and 
yield stress shall be the same as required for the 
strength deck in this region. The width of the bottom 
strake shall not be less than 0,5h. 

2.12.2.3 Whenever practicable, the end bulkheads 
of superstructures and deckhouses shall be situated in 
line with the hull transverse bulkheads or as close to 
the latter as possible. 

Web frames or vertical webs, bulkheads or par
tial bulkheads shall be fitted in superstructures and 
deckhouses in such a way as to be in line with girder 
webs or bulkheads of hull structures located below. 
The vertical webs of end bulkheads shall be fitted in 
line with the vertical webs of hull bulkheads. 

2.12.2.4 The lower ends of vertical stiffeners of 
the end bulkheads of the 1st tier superstructures and 
deckhouses shall be welded to the deck. The lower 
ends of side vertical stiffeners of 1st tier houses shall 
be attached to the deck by brackets. 

2.12.2.5 Adequate strengthening shall be pro
vided for the structures of deckhouses and super
structures where launching and recovery appliances 
for survival craft and rescue boats are fitted. 

2.12.3 Design loads. 
2.12.3.1 The design loads on the superstructure 

sides and on the superstructure and deckhouse decks 
shall satisfy the following requirements: 

.1 design pressure on the superstructure sides is 
determined according to 2.2.3; 

.2 design pressure on weather areas of the su
perstructure and deckhouse decks shall be de
termined by the formula 

p = apw (2.12.3.1.2) 

where p„ = wave load at the deck level according to 1.3.2.2; 
<x = 0,9 for forecastle deck, long forecastle deck or part of long 

bridge deck within 0,21, from the fore perpendicular; 

a = 0,8 for poop deck, long poop deck or part of long bridge 
deck within 0,21, from the after perpendicular; 

<x = 0,7 for short bridge and deckhouse decks, long super
structure and deckhouse decks, long forecastle and poop 
decks within the midship region. For areas of long bridge 
and deckhouse decks, long forecastle and poop decks 
outside the midship region and outside areas situated at 
0,21, from the fore or after perpendicular, a shall be 
determined by linear interpolation, 

but not less than p m i t 1 . 

For the 1st tier superstructure and deckhouse 
decks, ^min, in kPa, shall be determined by the fol
lowing formulae: 

for forecastle, long forecastle decks or part of 
long bridge deck within 0,21, from the fore perpen
dicular 
/ W n = 0,11, + 7; 

for poop, long poop deck or part of long bridge 
deck within 0,21, from the after perpendicular 
Pmm = 0,0151, + 4 for Z,< 80 m; 
Pmm = 0,031, + 2,8 for L > 80 m; 

for bridge and deckhouse decks, long forecastle 
and poop decks within the midship region 
Pmin = 0,0151, + 4; 

for areas of bridge and deckhouse decks, long 
forecastle and poop decks outside the midship region 
and outside areas situated at 0,21, from the fore or 
after perpendicular, p m i t 1 shall be determined by 
linear interpolation. 

For decks of the superstructures and deckhouses 
of the 2nd and upper tiers 
Pmin = 2 kPa. 

For ships greater than 250 m in length, p m i t 1 is 
determined taking L = 250 m. 

For ships of restricted area of navigation, p m i t 1 may 
be reduced by multiplying by the factor cpr obtained 
from Table 1.3.1.5. 

2.12.3.2 Pressure on the end bulkheads of su
perstructures and deckhouses as well as on sides of 
deckhouses p, in kPa, is determined by the formula 

p = 5,lnc2(kz0 — zl) (2.12.3.2) 

where n = factor determined from Table 2.12.3.2-1; 
C2 = 0,3 + 0,7i/S x , in this case C2>0,5; 

k = 1 , 0 + (*CV+ 0 2 5 ) w h e n xilL^°>45~> 

k = 1,0 + l , 5 ( ^ 7 o ' g 5 ) w h e n X l / L > ° ' 4 5 ; 

for the sides of deckhouses the factor k is assumed to 
vary for the length of bulkhead. For this purpose the 
deckhouse is subdivided into parts of approximately 
equal length not exceeding 0,151, each, and x\ is taken as 
the distance between the after perpendicular and the 
middle of the part considered; 

Cb shall be taken as not less than 0,6, nor greater than 0,8; 
for the aft end bulkheads forward of amidships Cb = 0,8; 

z 0 = as given in Table 2.12.3.2-2; 
zi = vertical distance, in m, from the summer load waterline 

to the mid-point of the plate panel considered or the mid
point of span of the bulkhead stiffener. 
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T a b l e 2.12.3.2-1 

Bulkhead Structure n 

Front 

Unprotected 1st tier 2 + Lq/120 

Front 

Unprotected 

2nd tier 1 + io/120 
Front 

Unprotected 

3rd tier 0,5 + LO/1501 

Front 

Protected 

0,5 + LO/1501 

Aft end 
Aft of amidships 0,7 + Io/1000 - 0,8xi/I, 

Aft end 
Forward of amidships 0,5 + £o/1000 - 0MIL 

£o = length of ship, in m (to be taken not greater than 300 m for 
the purpose of calculation); 

X\ = distance, in m, between the after perpendicular and the 
bulkhead under consideration. 

formula is also used for the deckhhouses sides. 

T a b l e 2.12.3.2-2 

£,, in m z 0 , in m £,, in m z 0 , in m 

20 0,87 180 9,85 

40 2,59 200 10,25 

60 4,07 220 10,55 

80 5,42 240 10,77 

100 6,6 260 10,92 

120 7,69 280 11,0 

140 8,63 300 11,03 

160 9,35 350 11,05 

The above-stated varus of factor n apply to a ship 
having the freeboard equal to minimum tabular 
freeboard of Type "B" ships, and a standard height of 
superstructures according to Section 4 of the Load 
Line Rules for Sea-Going Ships. I f the deck of the tier 
considered is situated higher than the standard po
sition due to an increase of freeboard, as against the 
tabular value, then the appropriate factor n may be 
determined by linear interpolation between the values 
of that factor for superstructures with standard and 
actual positions of decks under the superstructures. 

In any case, the design pressure shall not be taken 
less than indicated in Table 2.12.3.2-3. 

For ships of restricted area of navigation the 
design pressure may be reduced by multiplying by the 
factor cpr obtained from Table 1.3.1.5. 

T a b l e 2.12.3.2-3 

Design pressure p, in kPa 
£,, in m 1 

for 1st tier elsewhere 
unprotected fronts 

^50 15,6 7,8 

50 < L < 250 13 + 0,052£, 6,5 + 0,026£, 

>250 26 13 

2.12.4 Scantlings of structures of superstructures, 
deckhouses and quarter decks. 

2.12.4.1 The thickness of side plating of short and 
long bridges, forecastle and poop, long forecastle and 
poop shall be determined according to 2.2.4.1 using 
the design loads given in 2.12.3.1.1. For short 
bridges, forecastle and poop, Jca = 0,7. 

For long bridge, long forecastle and poop outside 
the end portions, Jca is determined according 
to 2.2.4.1; at sections in way of end bulkheads 
Jca = 0,7; within the end portions Jca shall be de
termined by linear interpolation. 

The thickness of side plating of long bridges, long 
forecastle and poop shall satisfy the requirements 
of 2.2.4.8. 

In any case, the thickness smjn, in mm, of side 
plating of short bridges, forecastle and poop shall not 
be less than: 

for superstructures of the lowest tier 

Smin = (4,5 + 0 ,0251 , )^ ; 

for superstructures of other tiers 

Jmi„ = (4 + 0 , 0 2 1 , ) ^ 

where T | is obtained from Table 1.1.4.3. 

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

For ships of unrestricted service and ships of re
stricted area of navigation R I , the reduction of 
minimal thickness, but not more than 10 per cent, is 
permitted in proportion to the ratio of adopted spa
cing to standard spacing, where the adopted spacing 
is less than the standard one (refer to 1.1.3). In any 
case, for ships of 30 m and greater in length the 
minimum thickness shall be not less than 5 mm. 

2.12.4.2 The thickness of deck plating of short and 
long bridges, forecastle and poop, long forecastle and 
poop, short and long deckhouses shall be determined 
according to 2.6.4.1.1 and 2.6.4.1.2 using the design 
loads stated in 2.12.3.1.2. For short bridges, forecastle, 
poop and short deckhouses, Jca = 0,7. 

For long bridge, long forecastle and poop outside 
the end portions, Jca is determined as for the strength 
deck according to 2.6.4.1.2; at sections in way of end 
bulkheads Jca shall be determined by linear inter
polation. 

The thickness of deck plating of long bridges, 
long forecastle and poop, long deckhouses shall sa
tisfy the requirements of 2.6.4.1.5 for the upper deck 
between the side and the line of large openings. 

In any case, the thickness s^in in mm, of deck 
plating of short bridges, forecastle and poop, short 
deckhouses shall not be less than: 
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for open forecastle deck 
Jmin = (4 + 0,04Z,yjrj for L < 100 m; (2.12.4.2-1) 
Jmin = (7 + 0,01Z,yr| for Z,> 100 m; 

for other decks of superstructures and deck
houses of the lowest tier 
Smin = (5 + 0,01Z,)Vrj ; (2.12.4.2-2) 

for superstructure and deckhouse decks of other 
tiers _ 

*mi„ = (4 + 0,01Z,)Vrj (2.12.4.2-3) 

where T | is obtained from 1.1.4.3. 

Where L > 300 m, L shall be taken equal to 300 m. 
For ships of unrestricted service and ships of re

stricted area of navigation R I , the reduction of 
minimal thickness, but not more than 10 per cent, is 
permitted in proportion to the ratio of adopted spa
cing to standard spacing, where the adopted spacing 
is less than the standard one (refer to 1.1.3). In any 
case, the minimum thickness may be reduced 
to 4 mm for ships of length L^50 m and to 3 mm 
for ships of length L < 20 m, subject to agreement 
with the Register. 

2.12.4.3 The plate thickness of the end bulkheads 
of superstructures, sides and end bulkheads of deck
houses shall not be less than that determined 
by Formula (1.6.4.4) taking: 

m = 15,8; 
K = 0,6; 
As = 0; 
p = as defined in 2.12.3.2. 
The thickness of side plating of deckhouses may 

be not less than that of superstructures as stated 
in 2.12.4.1, provided they are arranged similarly over 
the ship's length and depth. 

The thickness of bottom plates of end bulkheads in 
superstructures (deckhouses) of 1st tier shall be increased 
by 1 mm as compared with the design thickness. The 
width of bottom plate shall be not less than 0,5 mm. 

I f 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 com
pared with the design value. 

2.12.4.4 In any case, the plate thickness smjn, 
in mm, of superstructure end bulkheads, sides and 
end bulkheads of deckhouses shall not be less than: 

for the lowest tier 
Smin = (5 + 0,01Z,)Vrj ; (2.12.4.4-1) 

for other tiers _ 
Smin = (4 + 0,01Z,)Vrj (2.12.4.4-2) 

where T | is obtained from 1.1.4.3. 

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

In any case, the minimum thickness shall not be less 
than 5 mm for ships of length L^50 m. The minimum 
thickness may be reduced 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 Register. Reduction of the 
minimum thickness is not permitted for fronts of bridge and 
unprotected front of poop in ships of length Z,>20 m. 

2.12.4.5 Framing of the sides, decks and end 
bulkheads of the forecastle, poop and bridge, quarter 
deck and deckhouse shall satisfy the following re
quirements: 

.1 side framing of the superstructure shall comply 
with the requirements for side framing in 'tween deck 
space as specified in 2.5.4.2 to 2.5.4.5 using the design 
loads given in 2.12.3.1.1. For longitudinals and side 
stringers of short bridge, forecastle and poop, Jca = 0,65; 

For longitudinals and side stringers of long bridge, 
long forecastle and poop outside the end portions, Jca is 
determined according to 2.5.4.3 and 2.5.4.4; at sections 
in way of the end bulkheads Jca = 0,65; within the end 
portions Jca shall be determined by linear interpola
tion; 

.2 underdeck framing of the superstructure and 
deckhouse shall satisfy the requirements of 2.6.4.2 
to 2.6.4.9 using the design loads stated in 2.12.3.1.2. 
For longitudinals and deck girders of short bridge, 
forecastle and poop, Jca = 0,65. 

For longitudinals and deck girders of long bridge, 
long forecastle and poop outside the end portions, Jca is 
determined in accordance with 2.6.4.2 and 2.6.4.4; at 
sections in way of the end bulkheads Jca = 0,65; within 
the end portions Jca shall be determined by linear in
terpolation; 

.3 the section modulus of vertical stiffeners of the 
end bulkheads of superstructures, deckhouse sides 
and end bulkheads shall not be less than that de
termined according to 1.6.4.1 taking: 

K = 0,6; 
cdc = 1; 
p = as defined in 2.12.3.2; 
m = 12, i f the lower end of the stiffener is at

tached to the deck by a bracket; 
m = 10, i f the lower end of the stiffener is welded 

to the deck; 
m = 8, i f the lower end of the stiffener is sniped. 
The section modulus of stiffeners of deckhouse 

sides need not be greater than that of frames of su
perstructures as stated in 2.12.4.5.1, where arranged 
similarly over ship's length and depth. 

2.12.4.6 The scantlings of members of bulkheads 
and partial bulkheads inside the superstructures and 
deckhouses shall satisfy the requirements of 2.7.4.5, 
unless stated otherwise. 

2.12.5 Special requirements. 
2.12.5.1 The upper deck areas situated under the 

long bridge, long forecastle and poop outside the end 
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portions shall satisfy the requirements of 2.6 for the 
second deck. Requirements for the upper deck areas 
situated under the ends of long bridge, long forecastle 
and poop are determined by linear interpolation be
tween the requirements for the upper deck and those 
for the second deck. 

2.12.5.2 In way of the end bulkheads the fol
lowing requirements shall be complied with: 

.1 where the superstructure end bulkhead is not 
in line with the transverse bulkhead of the hull, par
tial bulkheads or pillars shall be fitted in spaces below 
the end bulkhead, or frames and beam knees shall be 
strengthened; 

.2 where the end bulkhead of long deckhouse is 
not in line with the transverse bulkhead below, short 
deck girders shall be fitted in line with deckhouse 
sides under the house deck so as to extend further for 
three frame spaces forward and aft of the deckhouse 
end bulkhead; 

.3 at the section, where the end bulkheads of 
superstructures and deckhouses abut on the undeck 
longitudinal structures and the sides of deckhouses — 
on the transverse underdeck structures fitted below 
(bulkheads, partial bulkheads, undeck girders, deck 
transverses, etc.), the webs of these underdeck struc
tures shall be stiffened with brackets. 

2.12.5.3 The structure at the ends of super
structures shall satisfy the following requirements: 

.1 at the ends of bridge, long forecastle and poop 
located within 0,6L midship region of a ship with a 
length L ^ 6 0 m the side plating shall be extended 
beyond the end bulkhead with smooth tapering to the 
ship's side on a length d\, in m, (refer to Fig. 2.12.5.3.1), 
determined by the formula 

</i>0,2(5 2/2 + A). (2.12.5.3.1) 

On agreement with the Register, the value of d\ 
may be reduced provided that the thickness of bot
tom strake of the superstructure side plating, sheer
strake and deck stringer plate within the region 
shown in Fig. 2.12.5.3.1 is increased; 

) ^ J),75hm 

r-r-

0,3 5h \ 
) 0,5h 0,5h ) 

0,5^d2= 0,65dj^0,75h 

Fig. 2.12.5.3.1 

.2 i f the end of superstructure (forecastle, poop) is 
located within 0,1L from the fore or after perpendi
cular, as well as in ships of length L < 65 m, 
the value of d\ in accordance with 2.12.5.3 may be 
reduced by half. I f the end of a superstructure is lo
cated outside the above-mentioned regions and out
side 0,6L amidships, the value of d\ shall be 
determined by linear interpolation; 

.3 the blunted ends of projecting side plates shall 
be machined flush with the deck. 

The curved edge of side plating shall be stiffened 
by flat bar carried down for 50 mm from the edge. 
The ends of that bar shall be sniped. 

Openings in side plating projecting beyond the 
ends of a superstructure are normally not permitted. 
The projecting plates shall be attached to the bulwark 
by means of flexible joints; 

.4 at the ends of short bridge not extending from 
side to side of ship the attachment of the side to the 
deck shall be made similarly to the attachment re
quired by 2.12.5.4 for deckhouses, otherwise gussets 
shall be used to provide smooth transition from the 
side to a short deck girder strengthening the deck 
under that side with simultaneous strengthening of 
the deck stringer plate within the region shown 
in Fig. 2.12.5.3.1. 

2.12.5.4 Attachment of sides of the deckhouse to 
the end bulkhead arranged within 0,6L amidships of 
a ship with a length L ^ 6 5 m shall be performed by 
rounding with a radius r, in m, determined by the 
formula 

r = 1 ^ ( 1 , 5 + 0 , 1 / ^ ) ^ 1 , 4 (2.12.5.4) 

where b = breadth of the deckhouse in way of the end bulkhead, in m. 

2.12.5.5 Rectangular openings in outer sides and 
top plating of long deckhouses shall have their cor
ners well rounded and shall be substantially framed. 
Door openings in the sides of a deckhouse, arranged 
within 0,6L amidships, shall be additionally reinforced 
with thickened plates as shown in Fig. 2.12.5.5. 
Rectangular openings are not permitted for a length not 
less than the height of the deckhouse counted from the 
end bulkhead, i f the deckhouse is situated on the strength 
deck. 

I f door openings in sides are arranged outside the 
midship region or i f the deckhouse is short, the 
thickened plates may be fitted only below the opening 
as shown in Fig. 2.12.5.5. 

Where the distance between the expansion or 
sliding joints is less than a triple height of the deck
house, it is sufficient to provide the rounding of the 
corners of openings. Openings for side scuttles shall 
have the upper and lower edges reinforced with 
horizontal stiffeners. 
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Fig. 2.12.5.5: 
1 — deckhouse top; 2 — deckhouse side; 
3 — thickened plate; 4 — strength deck 

2.12.5.6 Requirements for quarter deck in ships 
greater than 90 m in length are subject to special 
consideration by the Register. The structures in way 
of the break at connection of the upper deck to 
quarter deck in ships of 90 m and under shall satisfy 
the following requirements: 

.1 the upper deck plating in way of the break 
shall extend abaft the break for three frame spaces in 
ships of 60 m in length and above, and for two frame 
spaces in ships less than 60 m in length. The upper 
deck plating of ships less than 40 m in length need 
not extend abaft the break; 

.2 the upper deck stringer plate shall extend abaft 
the steel plating for three frame spaces, where 

60 m, and for two frame spaces, where L < 60 m. 
The stringer plate so arranged shall be tapered 

from its full width to a width equal to the depth of 
frame to which i t is welded; 

.3 the stringer plate of quarter deck shall extend 
forward in the form of a bracket gradually tapered to 
ship's side on a length of three frame spaces. The 
quarter deck stringer plate projecting beyond the 
break shall be adequately stiffened and its free edge 
shall have a face plate or flange; 

.4 the sheerstrake of quarter deck shall extend 
forward of the deck stringer plate projecting beyond 
the break bulkhead for at least 1,5 times the height of 
break and shall be smoothly tapered into the upper 
edge of ship's side sheerstrake. For other structural 
requirements, refer to 2.12.5.3; 

.5 diaphragm plates spaced not more than 1,5 m 
apart shall be fitted over the ship's breadth between 
the overlapping decks in way of the break. The 
thickness of diaphragms shall not be less than the 
thickness of the break bulkhead plating. 

The diaphragm plates shall be strengthened by 
vertical stiffeners. 

Vertical stiffeners with effective flange shall have 
a moment of inertia not less than that determined 
by Formula (1.6.5.6-1). 

Continuous welds shall be used to attach the hori
zontal edges of diaphragm plates to the decks, and the 
vertical edges to break bulkhead on one side, and on 
the other side to an extra supporting bulkhead made of 
continuous plate welded to the decks over the ship 
breadth. The plate thickness of that bulkhead shall be 
not less than the thickness of break bulkhead plating 
and may have openings between diaphragms; 

.6 where a supporting bulkhead is fitted, the 
diaphragm plates shall be stiffened with brackets 
fitted to their ends (refer to Fig. 2.12.5.6.6); 

Itl 
I 

/ I 
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Fig. 2.12.5.6.6: 
— supporting bulkhead; 2,6 — brackets; 3 — quarter deck; 
4 — diaphragm; 5 — break bulkhead; 7 — upper deck; 

8 — stiffener in line with bracket 

.7 where a raised quarter deck is adjoining the 
bridge, i t shall extend into that superstructure for two 
frame spaces beyond the break, the extension being, 
in any case, not less than the elevation of super
structure above the quarter deck. 

The quarter deck stringer plate shall extend for
ward for two frame spaces with the width gradually 
reduced as required by 2.12.5.6.2. 

Strengthening of the overlapping decks in way of 
break shall comply with requirements of 2.12.5.6.5 
and 2.12.5.6.6 depending on the location of the break 
along the length of the ship. 

The superstructure side plates extending aft of 
the superstructure shall be smoothly tapered into the 
sheerstrake on a length of at least 1,5 times the height 
of break (refer also to 2.12.5.3.1); 

.8 strengthening in case where the break bulk
head is located within 0,25L from the after perpen
dicular shall comply with the following requirements: 

in ships greater than 60 m in length, the sup
porting bulkhead fitted over the breadth the ship may 
be omitted. The free edges of diaphragm plates shall, 
in this case, be stiffened with face plates or flanges of 
a width equal to at least ten thicknesses of the dia
phragm plate; 



90 Rules for the Classification and Construction of Sea-Going Ships 

in ships of 60 m in length and below, the upper 
deck plating need not extend aft of the break over the 
ship breadth, however, the upper deck stringer and 
the raised quarter deck stringer and sheerstrake shall 
be extended forward and aft as provided in 2.12.5.6.3 
and 2.12.5.6.4. 

2.12.5.7 The use of aluminium alloys for the 
construction of deckhouses is permitted. Decks of 
accommodation and service spaces situated above the 
machinery and cargo spaces shall be made of steel. 

The scantlings of aluminium deckhouses shall be 
determined according to 1.6.6. The minimum scant
lings shall be the same as those required for steel 
deckhouses. 

The degree to which the deckhouse of aluminium 
alloys contributes to longitudinal bending of the hull 
and stresses in ship's hull and deckhouse shall be 
determined according to the procedure approved by 
the Register. 

2.13 M A C H I N E R Y C A S I N G S 

2.13.1 General. 
2.13.1.1 Openings in decks and platforms over 

engine rooms shall be protected by strong casings. 
The casings may be omitted only in cases where 

the space on the deck or platform is a part of the 
engine room. 

2.13.2 Construction. 
2.13.2.1 Where there are large openings in the 

deck in way of engine room, additional pillars and 
deck transverses shall be fitted for strengthening of 
the deck in way of machinery casing. 

2.13.2.2 For the lower strake of the casing longi
tudinal wall plating, adjoining the strength deck within 
the 0,61, midship region of ships with a length Z,> 65 m 
of steel grade and yield stress shall be the same as for the 
strength deck plating in this region. 

2.13.2.3 Where the opening for machinery casing 
is arranged in the strength deck, the requirements 
of 2.6.5.1 regarding the design of corners and com
pensation for openings shall be complied with. 

2.13.3 Scantlings of machinery casing structures. 
2.13.3.1 The part of machinery casing located 

inside the enclosed spaces ('tween deck spaces, fore
castle, poop, bridge, deckhouse) shall comply with 
the requirements of 2.7.4.5 for partial bulkheads. 
The spacing of stiffeners shall not exceed 0,9 m. 

The thickness of plating of the part of machinery 
casing located inside the poop, bridge or deckhouse 
may be 0,5 mm less than specified. 

2.13.3.2 The part of machinery casing located 
below the bulkhead deck shall comply with the re
quirements of 2.7.2.3, 2.7.4.1 to 2.7.4.3 for watertight 

bulkheads where i t is included in subdivision calcu
lation as watertight construction. 

2.13.3.3 The part of machinery casing located 
above weather deck shall comply with the require
ments of 2.12 for deckhouses situated in the same 
region of the ship. In calculating the design loads 
by Formula (2.12.3.2) c 2 shall be taken equal to 1. 

2.14 B U L W A R K S 

2.14.1 General. 
Bulwarks of strong construction shall be provided 

in places specified in 8.6, Part I I I "Equipment, 
Arrangements and Outfit". 

The construction of bulwarks in the midship re
gion 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, i f any, to the upper edge of the rail 
section shall comply with the requirements of 8.6.2, 
Part I I I "Equipment, Arrangements and Outfit". 

2.14.2.2 The bulwark plating within the 0,61, 
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 bul
wark plate to the sheerstrake. 

Within 0,071, from the fore perpendicular the 
welding of bulwark plating to the sheerstrake is ne
cessary. 

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 bul
warks, as well as at the fore end within 0,071, 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 wel
ded 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. 
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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 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 For

mula (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 

P m i n = 0,021, + 14, (2.14.3) 

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 cpr obtained from Table 1.3.1.5. 

2.14.4 Scantlings of bulwark structures. 
2.14.4.1 The thickness of the bulwark plating 

shall not be less than: 
s = 0,0651, + 1,75 for Z,<60 m and 
s = 0,0251, + 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 super

structure located beyond l / 4 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. 

2.14.4.2 The section modulus of bulwark stay 
adjoining the deck plating shall not be less than de
termined according to 1.6.4.1 taking: 

p = as defined in 2.14.3; 
m = 2; 
Jca = 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 ex
pansion joints shall be increased by 25 per cent. 

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 bul
wark is contemplated, the scantlings of the bulwark 
stays shall be determined by strength calculation in
volving effect of the said cargo, with regard for heel 
of the ship determined by Formula (1.3.3.1-5) and 
acceleration in the horizontal-transverse direction, 
determined by Formulae (1.3.3.1-2); the permissible 
stress factor is determined according to 2.14.4.2. 
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3 REQUIREMENTS FOR STRUCTURES OF SHIPS OF SPECIAL DESIGN 

3.1 S H I P S W I T H L A R G E D E C K O P E N I N G S 

3.1.1 General and symbols. 
3.1.1.1 The requirements of this Chapter are 

additional to those of Sections 1 and 2. 
The functional requirements on load cases to be 

considered on finite element analysis for the struc
tural strength assessment of container ships and 
ships, dedicated primarily to carry their cargo in 
containers, both of length 150 m or above are spe
cified in Part X I X "Additional Requirements for 
Structures of Container Ships and Ships Dedicated 
Primarily to Carry their Load in Containers". 

3.1.1.2 The requirements for deck structure, ex
clusive of those for cantilever beams, apply to ships 
with single, twin and triple cargo hatchways which 
are considered to form a large deck opening meeting 
the following conditions: 

b/B^OJ; / / / m ^0 ,7 . 
The requirements of this Chapter shall be 

applicable throughout the entire cargo hatch region, 
including the engine room, provided it is located 
between the cargo holds. 

3.1.1.3 The requirements for container securing 
arrangements and hull structures, which take up 
forces exerted by the said arrangements, apply to 
container ships. 

3.1.1.4 The cantilever beam is a short deep half 
beam for which the supporting effect of the side hatch 
coaming is disregarded in the strength and buckling 
strength calculation to be made for deck grillage in 
accordance with 2.6.4.4 and 2.6.4.9 respectively. 

3.1.1.5 For the purpose of this Chapter the fol
lowing symbols have been adopted: 

b = breadth of deck opening determined as the 
distance between the outer longitudinal edges of 
hatchway openings at ship's sides, in m; 

/ = length of hatchway opening, in m; 
lm = distance between centres of transverse deck 

strips at each end of opening, in m; 
c = distance between trasverse edges of adjoining 

openings, in m; 
n = total number of 20-foot containers carried by 

the ship. 
3.1.2 Construction. 
3.1.2.1 For ships with a length 80 m longitudinal 

framing system is provided for the deck and bottom. 
3.1.2.2 Upper deck and side longitudinals shall be 

continuous within the region stated in 3.1.1.2. 
3.1.2.3 Ends of cargo hatch continuous side 

coamings shall be attached as required by 1.7 

and 2.6.2. I t is not recommended that continuous 
side coamings be attached to the front bulkhead of 
the aft superstructure and the aft bulkhead of the 
forecastle. 

3.1.2.4 Abrupt changes of cross section and shape 
of members referred to in 3.1.2.2 over the length of 
the ship is generally not permitted. Where such 
changes are necessary, arrangements shall be such as 
to minimize the creation of stress concentration and 
attention shall be paid to provision of buckling 
strength. 

3.1.2.5 The attachment of the forward end of the 
longitudinal strip to the deck where there is a cargo 
hatch single opening forward of the attachment shall 
be specially considered by the Register. 

3.1.2.6 I t is recommended that transverse and 
longitudinal deck strips have a box-shaped cross-
section. 

3.1.2.7 Transverse deck strips shall be efficiently 
attached to the underdeck framing members and web 
frames in line with which they are fitted. Where the 
plating of the deck strips is arranged in line with the 
upper flanges of continuous hatch side coamings, the 
attachment of deck strips to the deck and side shell 
shall be specially considered by the Register. 

3.1.2.8 Openings in the deck plating in immediate 
proximity to the attachments of transverse and 
longitudinal deck strips are not permitted. 

3.1.2.9 Large deck openings: 
.1 adjacent corners of hatch openings in the up

per deck arranged in one line shall be rounded with 
a radius r, in m, (refer to Fig. 3.1.2.9.1) not less than 
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Fig. 3.1.2.9.1 
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r = kb (3.1.2.9.1) 

where k = 0,025 when c/b ^0,04; 
k = 0,050 when c/b ̂  0,2; the intermediate values of k shall be 

obtained by linear interpolation. 

In way of longitudinal deck strips the value 
of r may be reduced by 40 per cent. 

Given below are minimum radii of rounding of 
opening corners: 

^min = 300 mm in way of deck stringer plate; 
^min = 250 mm in way of longitudinal deck strips. 
Thickened insert plates are required at hatch 

corners (refer to Fig. 3.1.2.9.1); 
.2 in way of conjugations of open and enclosed parts 

of the hull (adjacent to the engine room, bow, etc.) the 
corner radius of hatch openings shall not be less than 

0,07Z>; (3.1.2.9.2) 

.3 hatch corners in the areas where cargo hatch
ways arranged abreast change in number shall be 
specially considered by the Register; 

.4 for general requirements regarding deck 
openings, refer to 2.6.5.1. 

3.1.2.10 The cantilever beams shall be fitted in 
line with web frames. Their connection shall satisfy 
the requirements of 1.7.2.3. 

The cantilever beams shall be fitted with mini
mum stiffeners as shown in Fig. 3.1.2.10. 

1 

Fig. 3.1.2.10 
Stiffening of cantilever beams 

3.1.2.11 Stiffeners, brackets or deep members 
shall be fitted under the vertical guides or corner 
fittings of containers in double bottom of container 
ships. The inner bottom plating in these locations 
shall be increased in thickness or the corner fitting 
sockets shall be welded therein. 

The above also applies to lashing pots. 

Similar increase in the plating thickness and 
stiffening in way of container corner fitting pockets 
and lashing pots shall be provided in deck structure. 

3.1.3 Design loads. 
3.1.3.1 The design still water bending moment 

shall be determined in accordance with 1.4.3. 
3.1.3.2 The vertical wave bending moment shall 

be determined in accordance with 1.4.4. 
3.1.3.3 The design horizontal wave bending mo

ment Mh, in kN/m, is determined by the formula 

Mh = 250khcwBL2CbaLh10~ (3.1.3.3) 

where kh = &(d/b + 0,3); 
ae = l-4d/L; 

, refer to 1.3.4.1; for cw 

0,5(1-cos- ); 

x = distance between the considered section and the after 
perpendicular, in m. 

3.1.3.4 The design components of a wave torque, 
in kN/m, are determined by the formulae: 

- 3 . MtWi = 63kxcwBL oĉ -10 
MtWi = 63k2cwBL2CbOLt2'10-: 

MtWj = l26k2cwBL2CbOLt3'lO-

(3.1.3.4-1) 
(3.1.3.4-2) 
(3.1.3.4-3) 

where kx -0,1)]B/L; • 2aexo[l + 3 , 6 ( C W 
k2= 10,^1; 
ae! = l-Sd/L; 
Xo= l-4CWLB/L; 

CWL= water plane area coefficient for summer load waterline; 
for aei, refer to 3.1.3.3; 

e = vertical distance from the torque centre to a point at 0,6d 
above the base line; the torque centre position shall be 
determined in accordance with the procedure approved 
by the Register; 

a. = 0,5(1 - c o s - ^ - ) ; 

oc = s i n ^ ; 

2nx 
a = sin — f —• 

for x, refer to 3.1.3.3. 

3.1.3.5 For container ships, the design statical 
torque MtS9 in kN/m, is determined by the formula 

Mts = 30jnB (3.1.3.5) 

where n = total number of 20-ft containers carried by ship. 

3.1.3.6 For ships of restricted area of navigation, the 
horizontal wave bending moment (refer to 3.1.3.3) and 
the components of a wave torque (refer to 3.1.3.4) shall 
be multiplied by the reduction factor (p determined in 
accordance with Table 1.4.4.3. 

3.1.3.7 The design loads for cantilever beams are 
determined in accordance with 2.6.3. 

3.1.3.8 The design loads on container securing 
arrangements are determined with due regard for the 
inertia forces caused by ship's accelerations at mo
tions in accordance with 1.3.3.1. The design mass 
value of ISO series 1 containers is: 
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24,0 t for 20-ft containers, 
30,5 t for 40-ft containers. 
When calculating strength of container securing 

arrangements fitted on weather deck, account shall 
be taken of loads from the wind in the direction 
perpendicular to the centreline of the ship. The design 
value of wind pressure is 

p = 1,0 kPa. 

3.1.4 Scantlings of structural members. 
3.1.4.1 The combined stresses CT£, in MPa, in 

strength deck longitudinals, determined by Formu
la (3.1.4.1-1) are not to exceed 190/r) in any section 

(3.1.4.1-1) 

where cr^, = normal stresses, in MPa, in the section considered due to 
still water bending moment, determined by the formula 

Msw,n3 (3.1.4.1-2) _ _ n> 1 f\J 

where for Msw, in kN/m, refer to 1.4.3; 
W% = actual hull section modulus in way of deck, as defined 

in 1.4.8; 
<yts = normal stresses, in MPa, in the section considered due to the 

static torque Ma (refer to 3.1.3.5), determined by the formula 

• vio 3 (3.1.4.1-3) 

where B A = biomoment in considered section along the length of 
open part of the ship under the effect of the static 

_ torque Mts, in kN/m 2 ; 
w = main sectional area at the considered section point, in m 2; 
I „ = main sectional moment of inertia, in m 6 ; 

B T S , (a, I W are determined according to the procedure approved by 
the Register; 

<y„ = normal stresses, in MPa, in considered section due to 
vertical wave bending moment, determined by the formula 

_ _ M„ ,„3 

where for M„, refer to 1.4.4; 
k-z = factor by which vertical bend stresses are increased 

taking the horizontal bending and torque into account. 
It is determined by the formula 

k* = y/\ + 0,15(0,85 + £/600)2(CTa + ctw)2 ; 
where CTA = CTa/ov; 

rit, = normal stresses, in MPa, in considered section due to 
design horizontal wave bending moment, determined by 
the formula 

rr dz 
(3.1.4.1-4) 

where for Mh, refer to 3.1.3.3; 
W% = actual hull section modulus about the vertical axis 

through the centreline of the ship, in cm 3 , determined 
by the formula 

= | - 1 0 2 ; 

where I Z = actual inertia moment of the hull about the vertical axis, 
2 2 

m cm m ; 
_y = half the ship's breadth in the considered section, in m; 
aM = total warping stresses, in MPa, under the effects of the 

torques MtWl, MtW2, MtW3, determined by the formula 

where aMl, aM2, aM3 = normal warping stresses, in MPa, under the 
effects of the torques MMi, Mm2, MMi (refer to 3.1.3.4), 
determined by the formula 

Vio 3 (3.1.4.1-6) 

where B T = biomoments in considered section along the length of 
the open part of the ship under the effects of MMl, Mm2, 
Mt„3 respectively, in kN/m 2 . The biomoments are 
determined by the procedure approved by the Register. 

3.1.4.2 Kinematic parameters of warping shall be 
determined. 

The elongation of hatch opening diagonal under 
the effect of hull warping shall not exceed 35 mm. 
Where such elongation obtained by calculation is in 
excess of 35 mm, measures specially agreed with the 
Register shall be taken for opening edge reinforce
ments. The calculation shall be made in accordance 
with the procedure approved by the Register. 

3.1.4.3 Adequate buckling strength of the longi
tudinal deck strip between the supports as well as that 
of its items as regards the compressive stresses due to 
longitudinal bending shall be ensured. 

3.1.4.4 Where the ratio of the length of the hatch 
opening to the width of the deck portion from the 
side shell to the longitudinal edge of the nearest hatch 
opening exceeds 10, calculation of shape deformation 
of the deck portion concerned in the horizontal plane 
in accordance with the procedure approved by the 
Register and use of the results obtained in assessment 
of the deck stressed state, design of hatch covers and 
side framing may be required. 

3.1.4.5 The scantlings of cantilever beams and 
adjoining web frames shall satisfy the following re
quirements: 

.1 the section modulus, in cm 3 , of cantilever beam 
at a section in way of the end of a beam knee shall not 
be less than 

CD,-103 (3.1.4.5.1) 

(3.1.4.1-5) 

where p = intensity of design loads, in kPa, on the deck plating 
supported by the cantilever beam, as required by 3.1.3.7; 

a = distance between adjacent cantilever beams, in m; 
/ = span, in m, of a cantilever beam, measured from the 

section at the end of a beam knee to the hatch side 
coaming supported; 

Q = design load, in kN, transmitted from hatch cover to the 
cantilever beam: 

Q = \p\db\\ 

P\ = intensity of design loads, in kPa, on the cover of hatch 
adjoining the cantilever beam as required by 3.1.3.7; 

b\ = width, in m, of opening for a hatch adjoining the 
cantilever beam; 

K = 0,6; 
wc = as defined in 1.1.5.3. 

The sectional area of the web of cantilever beam 
shall not be less than that determined according 
to 1.6.4.3 taking: 

K = 0,6; 
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Nt03.1L = pal + Q for the section at the end of the 
beam bracket; 

-Nmax = Q for the section in way of the hatch side 
coaming adjoining the cantilever beam; 

.2 the section modulus of the web frame con
nected to the upper deck cantilever beam at the sec
tion in way of the end of the beam bracket shall not 
be less than that determined by Formula (3.1.4.5.1). 

The section modulus of the web frame connected 
to the cantilever beam of the lower deck and fitted 
below that deck at the section in way of the end of 
the beam bracket shall comply with the same re
quirement but may be reduced by the value of sec
tion modulus of the web frame fitted above that 
deck, at the section in way of the end of the bracket 
adjoining the deck. 

3.1.4.6 The scantlings of container securing ar
rangements shall be determined on the basis of 
strength calculations using the design loads comply
ing with the requirements of 3.1.3.8, and the resulting 
stresses shall not exceed the permissible ones de
termined using the permissible stress factors: 

K = k% = 0,75. 
The strength of hull structures taking up forces 

from the container securing arrangements shall be 
verified by calculation of the effects produced by 
these forces, and the resulting stresses shall not ex
ceed the permissible ones specified in Section 2 for the 
appropriate structures. 

3.2 R O L L - O N / R O L L - O F F S H I P S 

3.2.1 General and symbols. 
3.2.1.1 The requirements of this Chapter apply to 

ro-ro ships, ro-ro passenger ships and are supple
mentary to those of Sections 1 and 2. 

These requirements also apply to decks and 
double bottoms of ships carrying wheeled vehicles for 
use in cargo handling. 

3.2.1.2 For the purpose of this Chapter the fol
lowing symbols have been adopted: 

Qo = static load on the axle of the wheeled ve
hicle, in k N ; 

n0 = number of wheels on an axle; 
n = number of wheels forming a design load spot 

(for a single wheel n = 1); 
u = size of a tyre print normal to the axis of rota

tion, in m; 
v = size of a tyre print parallel to the axis of rota

tion, in m; 
e = spacing between adjacent tyre prints, in m; 
la = design load spot dimension parallel to the 

smaller side of the panel (directed across framing 
members), in m; 

lb = design load spot dimension parallel to the 
larger side of the panel (directed along framing 
members), in m; 

a, b = smaller and larger sides of panel, respec
tively, in m; 

/ = span of the considered girder between sup
ports, in m (refer to 1.6.3.1). 

3.2.2 Construction. 
3.2.2.1 Vehicle decks and double bottoms of ro-ro 

ships and car ferries shall, in general, be longitudinally 
framed. I f framed otherwise, the above structures are 
subject to special consideration by the Register. 

3.2.2.2 Movable decks fitted temporarily for the 
carriage of vehicles shall be so fixed as to prevent 
these decks from taking up longitudinal forces under 
the hull longitudinal bending. 

The Rules provide for movable deck structure con
sisting of a top decking with a web structure and longi
tudinals welded thereto. Other forms of movable deck 
construction shall be specially considered by the Register. 

3.2.3 Loads from wheeled vehicles. 
3.2.3.1 The design loads shall be based on speci

fication details of vehicles carried on board the ship 
and used for cargo handling. The design docu
mentation submitted to the Register for the con
sideration shall include statical load on vehicle axle, 
number of wheels on the axle, wheel spacing, tyre 
print dimensions and tyre type. 

Where wheel print details are not initially 
available, the requirements of 3.2.3.5 shall be applied. 

3.2.3.2 The design load spot dimensions la and lb 

shall be chosen as the overall dimensions of the print 
of a wheel group consisting of a maximum number of 
wheels and complying with the following conditions: 

when determining the required plating thickness, 
the prints of all the wheels in a group shall be ar
ranged within the panel surface (i.e. la^a and lb^b, 
refer to Table 3.2.3.2); 

when determining the section modulus and cross 
section of a main framing girder, the prints of all the 
wheels of a group shall be fully arranged within the 
surfaces of two panels adjacent to the girder under 
consideration (i.e. la^2a and refer to Fig. 3.2.3.2). 
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T a b l e 3.2.3.2 
Procedures for choosing design load spot dimensions when establishing deck plating thickness 

Wheel prints Design load spot 
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The wheels may be united in a group irrespective 
of the distance between prints provided the overall 
dimensions of the group are in accordance with the 
above limitations. 

Where two positions of the design load spot are 
possible (along and across main framing), 4 > / a shall 
be adopted as the design case (i.e. the spot positioned 
with its larger side along main framing). 

3.2.3.3 To be considered are the loads resulting 
from the operation of vehicles during cargo handling 
operations and from stowage of vehicles on the deck 
under conditions of the ship motions. 

3.2.3.4 The design load Q, in k N , shall be de
termined by the formula 

Q = kdQ0 

n0 

(3.2.3.4) 

where kj =0.10.2 — dynamic coefficient in the process of operation 
of vehicles used for cargo handling operations; 

<xi = factor equal to: 1,10 and 1,05 for vehicles (except fork lift 
trucks) having an axle load less than 50 k N and 50 k N 
and more, respectively; 1,0 for fork lift trucks; 

o2 = factor equal to: 1,03 and 1,15 for pneumatic and cast-
rubber tyres, respectively; 1,25 for wheels with a steel rim; 

kd = 1 + ajg — dynamic factor characterizing the ship motions; 
az = acceleration in the ship section under consideration in 

accordance with 1.3.3.1. 

Where distribution of the load between wheeled ve
hicle axles is not uniform, the maximum axle load shall 
be taken as the design load. For fork lift trucks it is 
assumed that the total load is applied to the forward axle. 
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3.2.3.5 Where specifications on tyre print di
mensions are not available, the tyre print dimension 
normal to the wheel axle u, in m, shall be determined 
by the formulae: 

for wheels with cast tyres 

u = 0,01 Qo/"o where Qo/"o^ 15 k H ; 
(3.2.3.5-1) 

u = 0,15 + 0,001(Q 0/"o-15) where Q0/n0 > 15 k H ; 

for wheels with pneumatic tyres 

u = 0,15 + 0,0025Q0/"o where Q 0 /"o< 100 k H ; 
(3.2.3.5-2) 

u = 0,4 + 0,002(Qo/"o-100) where Q0/n0 > 100 k H . 

The tyre print dimension of a wheel parallel to 
the wheel axle v, in m, shall be determined by the 
formula 

n0upk 

where pk=static specific pressure, in kPa, to be adopted from 
Table 3.2.3.5. 

T a b l e 3.2.3.5 

Vehicle Pk Vehicle 

Pneumatic tyres Cast tyres 

Cars 200 — 
Lorries, motor vans 800 — 
Trailers 800 1500 
Fork lift trucks 800 (where n = 1) 1500 

600 (where 2) 1500 

3.2.3.6 I f the size of wheel prints is adopted in 
accordance with 3.2.3.5, the design load Q shall be 
increased by 15 per cent. 

3.2.3.7 The design load for train rails Q, in k N , 
shall be determined by the formula 

(3.2.3.7) 

where ka = 1,1 if the vehicle moves about during cargo-handling 
operations; 

ka = 1 + ajg in case of the ship motions; 
az = acceleration in considered ship section in accordance 

with 1.3.3.1; 
«i = number of vehicle wheels arranged within the design 

span of framing member supporting railways. 

3.2.3.8 The design loads for side shell and per
manent deck primary members shall be those to sa
tisfy the most severe stowage arrangement of all 
cargoes carried on deck (including package cargo, 
containers, wheeled vehicles, etc.) and to allow for 
statical and inertia forces resulting from the ship 

motions. Accelerations shall be determined in 
accordance with 1.3.3.1. 

3.2.3.9 The design load Q, in k N , for the trans
verses and girders of movable decks shall be de
termined by the formula 

Q = kd(pc + pd)a2l (3.2.3.9) 

where kd = as defined in 3.2.3.4; 
pc = static deck loads from the cargo carried , in kPa; 
Pa = static deck loads from deck own mass, in kPa; 
a2 = mean spacing of transverses and girders, in m. 

The value of (pc + pd) shall not be taken less 
than 2,5 kPa. 

3.2.4 Scantlings of deck and side shell structures. 
3.2.4.1 The thickness of plating s, in mm, shall 

not be less than 

l7Qk0 

IbRelfkfaky 
) 0 ' 6 + 2 (3.2.4.1) 

where Q = as defined under 3.2.3; 
ko = factor accounting for the effects of total hull bend: 

ko = -—„ o,i„,i,r ^ 1 — f ° r th e UPP61" (strength) deck amidships 
with loads acting at sea; (3.2.3.5-3) lA-OfiW/wf, 

ko = 1 elsewhere; 
ki = 0,83/^0; 
k2 = 0,84/7/ a-0,185; 
k3= 0,18/4 + 0,38; 

Wfa = actual hull section modulus for deck in accordance with 1.4.8. 

3.2.4.2 The section modulus W of longitudinals 
and beams, in cm 3 , shall not be less than obtained 
from 1.6.4.1 with 

Q = as defined in 3.2.3; 

5,84 
m "[1 -0,57l b/l\k a' 

ka = l -0 ,204( / a / a ) 2 + 0,045(/a/a)3; 
Jca = 0,8/&o — for cargo handling operations in port; 
Jca = 0,7/fco — with loads applied at sea; 
k0 = factor defined in 3.2.4.1. 
3.2.4.3 The web cross-sectional area fc, in cm 2 , of 

beams and longitudinals shall not be less than ob
tained from 1.6.4.3 with 

NmBX = QkJ}-0,Wbll); 

where Q = as defined in 3.2.3; 
ka', k„ = factors defined in 3.2.4.2. 

(3.2.4.3) 

3.2.4.4 The plating thickness, section modulus and 
cross-sectional area of beams and longitudinals of mo
vable decks shall be determined in accordance 
with 3.2.4.1, 3.2.4.2 and 3.2.4.3. Where beams and 
longitudinals are freely supported by girders and trans
verses, the factor m shall be determined by the formula 

m = ka(2-lb/l) 
where k„ = factor defined in 3.2.4.2. 

(3.2.4.4) 
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Otherwise, the factor m shall be determined as for 
beams and longitudinals of permanent cargo decks 
according to 3.2.4.2. 

3.2.4.5 The section modulus of longitudinals W, 
in cm 3 , supporting fixed rails shall not be less than 
obtained from 1.6.4.1 with: 

Q = as defined in 3.2.3.7; 
m to be determined by the formula 

where k5 = 0 with nx = 1; 
k5 = 0,5«i with « i ^ 2 ; 

for ni, refer to 3.2.3.7; 
e2 = mean spacing of centres of wheels arranged within the 

design member span, in m; 
ka = 0,7/k0; 
k0 = factor determined by 3.2.4.1. 

3.2.4.6 The scantlings of deep members of sides 
and permanent cargo decks, as well as of pillars shall 
be derived by direct calculation using the procedures 
approved by the Register. 

3.2.4.7 The section modulus of the girders and 
transverses of movable decks W, in cm 3 , shall not be 
less than obtained from 1.6.4.1 with: 

Q = as defined in 3.2.3.9; 
m = 12 for fixed members; 
m = 8 for freely supported members; 
£C T = 0,7. 
3.2.5 Special requirements. 
3.2.5.1 A side fender protecting the ship side and 

stern from damage during mooring operations shall 
be fitted at the lower cargo deck level of ferries. 

3.2.5.2 A longitudinal shall be fitted under each 
rail on the cargo decks of train ferries. 

3.2.5.3 Where train decks with rails which are 
flush with the deck plating are provided on ships 
carrying railway carriages, the actual section modu
lus and sectional area of deck transverses shall be 
determined for the section located in the rail recess. 
Structural continuity of the effective flange of the 
deck transverse, where i t intersects the rail, shall be 
ensured. In any case, the intersections of the fixed 
rails with deck transverses shall be specially agreed 
with the Register. 

3.2.5.4 Where rails for the transport of railway 
carriages are welded to the deck plating throughout 
the entire length, the rail butts shall be welded with 
full penetration. 

3.3 B U L K C A R R I E R S AND O I L O R B U L K D R Y C A R G O 
C A R R I E R S 

3.3.1 General. 
3.3.1.1 The requirements of this Chapter apply to 

bulk carriers and combination carriers intended for 

the carriage of bulk cargoes and crude oil , and not 
covered by the requirements of Part X V I I I "Common 
Structural Rules for Bulk Carriers and Oil Tankers". 

3.3.1.2 The scantlings of structural members 
bounding the cargo region shall be determined as 
required by Sections 1 and 2 on assumption of the 
carriage of bulk or liquid cargo (water ballast) in the 
holds primarily designed for the purpose concerned. 
The value to be adopted is the greater of the approp
riate strength characteristics of the item. 

3.3.1.3 The requirements for the structures not 
mentioned in this Chapter shall be as given in Sec
tions 1 and 2. 

In any case, the requirements for the hull and its 
structures shall not be less stringent than those stated 
in Sections 1 and 2. 

3.3.1.4 The basic structural type of ships is con
sidered to be a single-deck ship with machinery aft, 
having a flat (or nearly a flat) double bottom in the 
holds (permissible slope of the inner bottom from the 
side to the centreline is not over 3°), hopper side and 
topside tanks, single or double skin sides, transverse 
hold bulkheads of plane, corrugated or cofferdam 
type, which is primarily intended for balk cargoes. 

3.3.1.5 In combination carrier the length of the holds 
shall not exceed 0,1L. Holds of a greater length require 
special consideration by the Register in each case. 

I t is assumed that when carrying heavy bulk 
cargo, certain holds remain empty, their numbers 
shall be indicated in line "Other characteristics" in 
Classification Certificate as stated in 2.3, Part I 
"Classification". 

3.3.1.6 Descriptive notation and distinguishing 
mark (ESP). 

3.3.1.6.1 The descriptive notation Bulk carrier 
and the distinguishing mark (ESP) shall be assigned 
to sea going self-propelled single deck ships with 
a double bottom, hopper side tanks and topside tanks 
and with single or double skin side construction in
tended primarily for carriage of dry cargoes in bulk. 
Typical midship sections are given in Fig. 3.3.1.6.1. 

a) b) 

Fig. 3.3.1.6.1 

Bulk carrier of single skin side construction 
means a bulk carrier where one or more cargo holds 
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are bound by the side shell only or by two watertight 
boundaries, one of which is the side shell, which are: 

less than 760 mm apart in bulk carriers, the keels 
of which are laid or which are at a similar stage of 
construction before 1 January 2000; 

less than 1000 mm apart in bulk carriers, the 
keels of which are laid or which are at a similar stage 
of construction on or after 1 January 2000. 

3.3.1.6.2 The descriptive notation Oil/Bulk/Ore 
carrier and the distinguishing mark (ESP) shall be 
assigned to single deck ships of double skin side 
construction, with a double bottom, hopper side 
tanks and topside tanks fitted below the upper deck 
intended for the carriage of oi l or dry cargoes, in
cluding ore, in bulk. A typical midship section is 
given in Fig. 3.3.1.6.1, b. 

3.3.2 Construction. 
3.3.2.1 Longitudinal framing shall be adopted for 

the deck, the side shell in way of topside tanks and 
the sloped bulkheads of topside tanks. The deck 
plating between end coamings of adjacent cargo 
hatches shall be additionally strengthened with in
tercostal transverse stiffeners fitted at every frame. 

The double bottom shall be longitudinally 
framed. The double bottom structure in which all 
bottom and inner bottom longitudinals are replaced 
by side girders may be permitted (refer to 2.4.2.4.2). 

The single skin side between topside and hopper 
side tanks shall be transversely framed. 

Longitudinal or transverse framing may be 
adopted for the double skin side and in the hopper 
side tanks. 

The transverse watertight bulkheads may be 
plane with vertical stiffeners, corrugated with vertical 
corrugations or of a cofferdam type. 

3.3.2.2 A hatch side coaming shall be fitted with 
horizontal stiffeners. A t every alternate frame the 
coaming shall be stiffened with vertical brackets fit
ted between the coaming flange and the deck. 

3.3.2.3 The slope angle of topside tank walls to 
the horizontal axis shall not be less than 30°. 

Inside topside tanks, in line with hold transverse 
bulkheads, diaphragms shall be fitted, the plating of 
which may generally have drain and access holes of 
minimum size. The plating of transverse bulkheads 
inside topside tanks shall be strengthened with stif
feners. The ends of vertical stiffeners shall be 
bracketed. 

In topside tanks transverse beams shall be fitted 
in line with deck transverses. 

To stiffen the plates of the tank vertical walls 
which are in line with the hatch side coaming, 
brackets shall be placed inside the tanks in line with 
every stay of side coaming. These brackets shall be 
extended to the deck and tank sloped bulkhead 
longitudinals nearest to the centreline. 

A t every frame, in the lower corner of the tank, 
brackets shall be fitted in line with the brackets at
taching the hold frame to the sloped bulkhead of the 
tank. These brackets shall be carried to the ship's side 
and tank sloped bulkhead longitudinals nearest to the 
lower corner of the tanks and welded to them so as to 
extend beyond the brackets of frames. 

3.3.2.4 The slope angle of hopper side tank walls to 
the horizontal shall not be less than 45°. The extension 
of the tank over the ship breadth at the inner bottom 
level shall generally not be less than 0,1255 on one side. 

Transverse diaphragms shall be fitted in line with 
transverse bulkheads and every alternate plate floor. 
The diaphragms may have drains and access holes. 
The total height of openings at the section of dia
phragm, in the direction along the normal to the tank 
plating, from a line drawn through the opening centre 
perpendicularly to that normal, to the plating shall 
not exceed 0,5 of the height of that section anywhere. 
The opening edges shall be reinforced with face plates 
or stiffeners. The diaphragm plating shall be stiffened 
as required by 1.7.3.2 for the floor stiffeners. 

Inside longitudinally framed tank, brackets shall 
be fitted in line with every frame. These brackets shall 
be carried to the sloped bulkhead and side longitu
dinals and welded to them so as to extend beyond the 
brackets of frames. 

A t the outboard side girder forming transversely 
framed hopper side tank wall, brackets shall be fitted 
in line with every frame. These brackets shall be 
carried to the nearest bottom and inner bottom 
longitudinals and welded to them. 

3.3.2.5 Within the cargo area, the single-side 
structure shall comply with the following require
ments: 

.1 the scantlings of side hold frames immediately 
adjacent to the collision bulkhead shall be increased in 
order to prevent excessive imposed deformation on the 
shell plating. As an alternative, supporting structures 
shall be fitted which maintain the continuity of fore 
peak stringers within the foremost hold; 

.2 frame ends shall be attached with brackets. 
The vertical dimension of the lower and upper 
brackets, as measured at shell plating, shall not be 
less than 0,125 of the frame span. On the level of the 
frame adjoining the bilge and underdeck tank, 
the breadth of the lower and upper brackets shall not be 
less than half the web height; 

.3 frames shall be fabricated symmetrical sections 
with integral upper and lower brackets and shall be 
arranged with soft toes. The end brackets adjoining 
the underdeck and bilge tanks shall be blunted, and 
the flange ends shall be sniped. The side frame flange 
shall be curved at the connection with the end 
brackets. The radius of curvature shall not be less 
than r, in mm, determined by the formula 
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r = 0,4b2

br /sbr (3.3.2.5.3) 

where 6 j r = the flange width, in mm; 
i 4 r = the thickness of brackets, in mm; 

.4 normal steel frames may be asymmetric. The face 
plates or flanges of brackets shall be sniped at both 
ends. The brackets shall be arranged with soft toes; 

.5 where, a frame being connected to an underdeck 
tank, the frame or its bracket overlaps with a horizontal 
section of an inclined wall, provision shall be made for 
the bracket to go over the bent section, and the angle 
between the plane of the face plate (bracket) and the 
inclined tank wall shall not be less than 30°; 

.6 the web depth to thickness ratio of frames shall 
not exceed the following values: 

60y/r] for symmetrically flanged frames; 
50y/r] for asymmetrically flanged frames; 

the outstanding flange shall not exceed 
10^/r) times the flange thickness; 

.8 in way of the foremost hold, side frames of 
asymmetrical section shall be fitted with tripping 
brackets which shall be welded to shell plating, webs 
and face plates of frames; 

.9 double continuous welding shall be adopted 
for the connections of frames and brackets to side 
shell, hopper wing tank plating and web to face 
plates. For this purpose, the strength factor a for 
a weld (refer to 1.7.5.1) is adopted equal to: 

0,44 where frame webs shall be welded to shell 
plating on lengths equal to 0,25 of the frame span as 
measured from the upper and lower frame end, and 
where bracket webs shall be welded to the plating of 
underdeck and bilge tanks; 

0,4 where frame webs shall be welded to shell 
plating outside the above end sections. 

Where the hull form is such as to prohibit an ef
fective fillet weld, edge preparation of the web of frame 
and bracket may be required, in order to ensure the 
same efficiency as the weld connection stated above. 

3.3.2.6 The ends of plane bulkhead stiffeners 
shall be bracketed to the inner bottom plating and to 
deck structures. 

3.3.2.7 The cofferdam bulkheads shall satisfy 
the following requirements: 

.1 the construction of cofferdam bulkheads, as 
stipulated under 2.7.1.2, shall consist of two tight 
platings, diaphragms and/or platforms. To stiffen the 
plating, vertical or horizontal stiffeners may be fitted; 

.2 the vertical or horizontal stiffeners of both 
platings shall be identical, form a ring structure and 
pass continuous through the platforms or, accord
ingly, diaphragms. The vertical stiffeners of both 
platings shall be fitted in the same plane parallel to 
the centreline of the ship; the horizontal stiffeners 
shall be fitted in the same plane parallel to the base 
line of the ship. 

Cross ties are permitted between the vertical or 
horizontal stiffeners of both platings, at the mid-span 
thereof; 

.3 the diaphragms or platforms shall be stiffened 
in accordance with 1.7.3.2. The smaller side, in mm, 
of the panel of diaphragm or platform to be stiffened 
shall not exceed I00sy/r] , where s is the thickness of 
diaphragm or platform, in mm; 

.4 for access to all parts of the cofferdam bulk
head an adequate number of openings (manholes) 
shall be provided in the diaphragms and platforms. 
The total width of openings in one section of the 
diaphragm or platform shall not exceed 0,6 of the 
cofferdam bulkhead thickness. 

Openings other than the air and drain scuppers 
are generally not permitted: 

in the platforms, at a distance not less than 
1,5 times the cofferdam bulkhead thickness from the 
longitudinal bulkheads or side, which act as the 
platform supports; 

in the diaphragms, at the same distance from the 
inner bottom plating or the upper point of the 
bulkhead bottom trapezoidal stool, i f any, and the 
upper deck plating or the lower point of the hori
zontal underdeck stiffener of rectangular or trape
zoidal section, being the bulkhead top stool, i f any, 
which act as the diaphragm supports. 

Edges of the openings cut in the diaphragms and 
platforms located within l / 4 of the span from their 
supports shall be reinforced with face plates or stiffe
ners. The distance between the edges of adjacent ope
nings shall be not less than the length of these openings. 

3.3.2.8 Transverse bulkheads with vertical corru
gations shall have plane areas at ship's sides not less 
than 0,085 in width. The upper ends of these bulk
heads shall be attached to the deck by horizontal 
stiffeners of rectangular or trapezoidal section, com
plying with the requirements of 3.3.2.11, while the 
lower ends shall be attached directly to the inner 
bottom plating or to the stools of trapezoidal section 
fitted on the inner bottom, complying with the re
quirements of 3.3.2.10. The bulkheads in heavy cargo 
holds shall be supported by trapezoidal stools. 

A t lower end of corrugations there shall be fitted 
vertical and sloped plates so as to cover the concave 
portion of corrugations on each side of the corrugated 
bulkhead. The height of the covering plates in oil or 
bulk dry cargo carriers shall not be less than 0,1 of the 
corrugation span, and their thickness shall be not less 
than the lower strake thickness of the corrugation. 

3.3.2.9 Where lower ends of vertical corrugations 
are attached directly to the inner bottom plating, 
floors the thickness of which shall be not less than 
that of the bottom strake of the corrugated bulk
heads shall be aligned with transverse faces (those 
directed athwart the ship). 
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In this case, web plates (those directed along the 
ship) of rectangular corrugations shall be in line with 
inner bottom longitudinals or side girders. Side faces 
of trapezoidal corrugations shall be arranged so that 
in way of their intersection with inner bottom longi
tudinals hard spots are avoided. 

3.3.2.10 The construction of the transverse 
bulkhead bottom trapezoidal stool shall comply with 
the following requirements: 

.1 the stool is fitted on the inner bottom athwart the 
ship under the bulkhead. I t shall consist of a top hor
izontal plate having a width not less than the height of 
the bulkhead corrugations and two sloped plates resting 
upon the plate floors. The height of the stool shall not 
exceed 0,15D. Stools of greater height are subject to 
special consideration by the Register; 

.2 inner bottom longitudinals shall be cut at the 
floors giving support to the sloped plates of the 
bottom stools and to be attached to them by 
brackets. Brackets having a thickness not less than 
that of the floors, reinforced with stiffeners shall be 
fitted between the floors in line with the inner bottom 
longitudinals; 

.3 diaphragms shall be fitted inside the bottom 
stools in line with the centre girder and side girders. 
Drain and access holes may be cut in the diaphragms. 
Size of the openings, their runforcement as well as 
stiffening of diaphragms shall comply with similar 
requirements for the diaphragms of hopper side 
tanks, as specified in 3.3.2.4; 

.4 the horizontal and sloped plates inside the 
bottom stool shall be stiffened to form a ring struc
ture, fitted in line with the inner bottom longi
tudinals. 

3.3.2.11 The construction of the corrugated 
bulkhead top stool of rectangular or trapezoidal 
section shall comply with the following requirements: 

.1 the top stool shall be fitted under the deck 
athwart the ship, over the bulkhead. I t shall consist of 
a bottom horizontal plate having a width not less 
than the height of the bulkhead corrugations and two 
vertical or sloped plates. The height of the top stool 
shall be approximately equal to 0,1 of the distance 
between the topside tanks. The dimensions of the top 
stool shall be such as to provide access into that stool; 

.2 the horizontal and vertical (sloped) plates 
inside the stool shall be stiffened. 

The stiffeners may be fitted in line with the deck 
longitudinals forming ring structures with them. 

Horizontal stiffeners may be fitted. In this case, 
webs giving intermediate support to these stiffeners 
as well as brackets ensuring efficient end attachment 
of corrugations shall be provided inside the top stool; 

.3 where an angle between the sloped plate of the 
top stool and a vertical axis exceeds 30°, brackets 
ensuring efficient upper end attachment of corruga

tions shall be fitted inside the top stool in line with 
plane faces of trapezoidal corrugations. 

3.3.3 Design loads. 
3.3.3.1 The design loads on the inner bottom 

members, sides and transverse bulkheads shall be 
calculated as required by 2.2.3, 2.4.3, 2.5.3 and 2.7.3 
respectively, taking account of the heaviest of the 
anticipated bulk cargoes, liquid cargo (water ballast) 
or empty holds, whichever is appropriate. 

3.3.3.2 The design pressure on the plating and 
framing of the hopper side tank sloped sides and of 
the plates of the transverse bulkhead bottom stools 
shall be determined as required by 1.3.4.3 for the 
heaviest of the anticipated bulk cargoes and as re
quired by 1.3.4.2 for liquid cargo, whichever is ap
propriate. In any case, the design pressure need not 
be taken less than that determined by For
mula (1.3.4.2-4) and for the trapezoidal stools also in 
accordance with 2.7.3.1. 

3.3.3.3 The design pressure on the plating and 
framing of the topside tank longitudinal bulkheads 
and of the plates of the transverse bulkhead top 
stools of rectangular or trapezoidal section shall be 
determined as required by 1.3.4.2 for the holds filled 
with liquid cargo (water ballast). In any case, the 
design pressure need not be taken less than that de
termined by Formula (1.3.4.2.1-4) and for the top 
stools also in accordance with 2.7.3.1. 

3.3.3.4 Where the hopper side and/or topside 
tanks, transverse bulkhead bottom and/or top stools, 
space inside the cofferdam bulkheads and/or inter-
skin space are used as tanks, the design pressure shall 
be determined with regard for the pressure from the 
inside as required by 1.3.4.2. 

3.3.4 Scantlings of structural members. 
3.3.4.1 The scantlings of double bottom members 

shall satisfy the following requirements: 
.1 the scantlings of centre girder, side girders and 

floors shall be determined on the basis of strength calcu
lation made for bottom grillages using design pressure 
stated in 3.3.3 and the following permissible stress factors: 

for centre girder and side girders 
ka

 = 0,3&g^0,6 in the midship region, when 
determining the shell plating stresses; 

kr, = 0,35kB< 0,6 in the midship region, when 
determining the inner bottom plating stresses; 

ka = 0,6 at the ship's ends within 0,11- from the 
fore or after perpendicular. 

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

for floors 
K = 0,6; 
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when the strength is verified using the shear 
stresses, 

k% = 0,6; 
kB shall be determined by Formula (2.2.4.1). 
Where combinations of empty and loaded holds 

are envisaged, this shall be accounted for in the 
strength calculation made for the bottom grillage 
when determining the root flexibility factor of the 
centre girder and side girders on the bearing contour 
line of the grillage. Account may be taken of the end 
root flexibility of floors owing to rotational stiffness 
of the hopper side tanks. The grillage shall be treated 
as a system of cross members (structural idealization 
using beam models). 

For ships of 150 m in length and upwards, in
tended to carry solid bulk cargoes having a density of 
1,0 t / m 3 or above, and with: 

single side skin construction; or 
double side skin construction in which any part of 

longitudinal bulkhead is located within B/5 or 11,5 m, 
whichever is less, inboard from the ship's side at right 
angle to the centreline at the assigned summer load line; 

contracted for construction on or after 1 July 2006, 
the strength of double bottom structural members in 
the case when each cargo hold considered individually 
flooded shall be additionally checked according to the 
procedure specified in Appendix 4; 

.2 the section modulus of the bottom primary 
members shall be determined in accordance with 2.4.4.5 
taking the following permissible stress factors: 

for longitudinals 
ka = 0 ,4^<0,65 in the midship region; 
ka = 0,65 at the ship's ends within 0,11- from the 

fore or after perpendicular. 
For regions between the midship region and the 

above portions of the ship's ends, ka shall be de
termined by linear interpolation; 

for transverse members 
K = 0,65; 
kB shall be determined by Formula (2.2.4.1); 
.3 the section modulus of inner bottom primary 

members shall be determined in accordance 
with 2.4.4.5 at the design pressure in accordance 
with 3.3.3 and the following permissible stress fac
tors: 

for longitudinals 
ka = 0,5kB < 0,75 in the midship region; 
ka = 0,75 at the ship's ends within 0,11- from the 

fore or after perpendicular. 
For regions between the midship region and the 

above portions of the ship's ends, ka shall be de
termined by linear interpolation; 

for transverse members 
K = 0,75 
kB shall be determined by Formula (2.2.4.1). 

3.3.4.2 the scantlings of the hopper side tank 
members shall comply with the following require
ments: 

.1 the thickness of the sloped bulkhead plating 
shall not be less than that determined by the For
mula (1.6.4.4) taking: 

m = 15,8; 
p = design pressure as defined in 3.3.3; 
ka shall be taken as for the longitudinal bulkhead 

plating of tankers as required by 2.7.4.1, but not 
more than for the inner bottom plating in accordance 
with 2.4.4.4.1. 

The bottom strake thickness of the tank sloped 
bulkhead shall not be less than that of the inner 
bottom plate adjacent to it . The thickness of other 
strakes, in mm, shall not be less than 

smin = (7 + 0,0351-)^ (3.3.4.2.1) 

where T | shall be obtained from Table 1.1.4.3 

but not greater than the bottom strake thickness. 
Where the hold and/or tank is used for the car

riage of oil , o i l products or water ballast, the thick
ness shall not be less than required by 3.5.4; 

.2 the section modulus of primary members of the 
sloped bulkhead shall not be less than that determined 
in accordance with 1.6.4.1 and 1.6.4.2 taking: 

p = design pressure as defined in 3.3.3; 
m = 10 for transverse stiffeners; 
m = 12 for longitudinal stiffeners; 
ka shall be taken as for the bulkhead stiffeners of 

tankers as specified in 2.7.4.2, but not more than for 
the inner bottom primary members in accordance 
with 3.3.4.1.3. 

The longitudinal stiffeners shall comply with buck
ling strength requirements, as specified in 1.6.5.2; 

.3 the thickness of the diaphragm plating shall 
not be less than that of the abutting plate floors. 
Stiffening of the diaphragms with openings shall 
comply with the requirements for stiffeners of the 
floors, as specified in 1.7.3.1. 

The thickness of plating and the scantlings of the 
stiffening framing members of the watertight dia
phragms shall comply with the requirements for the 
tank bulkheads as specified in 2.7.4.1 and 2.7.4.2. 

3.3.4.3 Where the frame ends are attached di
rectly to the sloped bulkheads of tanks (without 
transition horizontal area), the section modulus 
at support section Wsup, in cm 3 , shall be not less 
than 

Wsup = W 0/cos 2a (3.3.4.3) 

where W0 = section modulus at the frame support section as 
required by 2.5.5.1, in cm 3; 

<x = slope angle of the tank bulkhead to the base line, in deg. 
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3.3.4.4 The scantlings of the frames shall be in 
accordance with the requirements of 2.5.4.1 and with 
the following requirements: 

.1 the thickness of frame webs swrma, in mm, shall 
not be less than 

sw min = W + 0,031,) (3.3.4.4.1) 

where k = 1,15 for frame webs in way of the foremost hold; 
k = 1,0 for frame webs in way of other holds; 

.2 the thickness of the bracket connecting the 
lower end of frame to the bilge tank shall not be less 
than that of the frame web or s w m i n + 2 mm, 
whichever is greater. The thickness of the bracket 
connecting the upper end of frame to the underdeck 
tank shall not be less than that of the frame web; 

.3 the section modulus of the frame and bracket 
or integral bracket, and associated shell plating, shall 
not be less than twice the section modulus required 
for the frame mid-span area. 

3.3.4.5 The scantlings of the topside tank members 
shall comply with the following requirements: 

.1 the plating thickness of the vertical and sloped 
bulkheads of the topside tank shall not be less than 
determined by Formula (1.6.4.4) taking: 

m = 15,8; 
p = design pressure as defined in 3.3.3; 
Jca shall be taken as for the longitudinal bulkhead 

plating of tankers as specified in 2.7.4.1. 
The thickness, in mm, of the vertical bulkhead 

plating and of the adjoining sloped bulkhead plate 
shall not be less than 

Jmin = 10 + 0,0251,. (3.3.4.5.1) 

The thickness of other sloped bulkhead plates 
shall be not less than that determined by For
mula (2.7.4.1-2). Where the hold and/or tank is used 
for the carriage of oil , oil products or water ballast, 
the thickness shall be not less than that required 
by 3.5.4; 

.2 the section modulus of longitudinal stiffeners of 
the vertical and sloped bulkheads shall not be less than 
that determined according to 1.6.4.1 and 1.6.4.2 taking: 

p = design pressure as defined in 3.3.3, but 
not less than 25 kPa; 

m = 12; 
Jca shall be taken as for horizontal stiffeners of 

longitudinal bulkheads of tankers as specified 
in 2.7.4.2. 

The longitudinal stiffeners of the vertical and 
sloped bulkheads shall comply with buckling strength 
requirements of 1.6.5.2; 

.3 the section modulus of the transverse web of 
the sloped bulkhead shall be not less than that de
terminated in 1.6.4.1 and 1.6.4.2, and the sectional 

area of the web plate shall not be less than that de
termined in accordance with 1.6.4.3 taking: 

-Nmax = 0,5/7fl/; 
p = design loads as defined in 3.3.3, but not less 

than 25 kPa; 
m = 10; 
&a k% 0,75; 
.4 the section modulus and sectional area of the 

deck transverse web inside the tank shall comply with 
the requirements of 2.6.4.6. 

The section modulus and sectional area of the 
side transverse web inside the tank shall comply with 
the requirements of 2.5.4.5 at m = 10. 

The section modulus and sectional area of ver
tical web plate of the tank vertical bulkhead shall be 
calculated as the mean of these values for the deck 
transverse and transverse web of the sloped bulk
head; 

.5 the plate thickness of bulkheads inside the 
tanks fitted in line with the hold transverse bulkheads 
shall not be less than that of the latter at the same 
distance from the inner bottom plating. Stiffening of 
bulkhead plating shall comply with the requirements 
of 2.7.4.2 for the tank primary members; 

.6 the thickness of brackets stiffening the tank 
vertical bulkhead and of brackets fitted at the lower 
corner of the tank shall not be less than 10 mm. 

3.3.4.6 In any case, the hold bulkhead plating and 
corrugations shall have a thickness not less than 
10 mm. 

The height of top rectangular (trapezoidal) stool, 
bottom trapezoidal stool and of double bottom is not 
included in the span of the hold bulkhead vertical 
corrugations. 

3.3.4.7 The scantlings of the transverse bulkhead 
lower trapezoidal stool members shall comply with 
the following requirements: 

.1 the thickness of the horizontal and sloped plate 
shall not be less than that determined by For
mula (1.6.4.4) taking: 

m = 15,8; 
p = design pressure as defined in 3.3.3; 
K = 0,9. 
The thickness of horizontal plate and top strake 

of the sloped plate shall not be less than that of the 
corrugation adjoining the stool. The thickness of the 
bottom strake of the sloped plate shall not be less 
than that of the inner bottom plating. The thickness 
of other stakes of the sloped plate shall not be less 
than that determined by Formula (3.3.4.2.1). Where 
the hold and/or stool is used for the carriage of oil , oil 
products or water ballast, the thickness shall be 
not less than that required by 3.5.4; 

.2 the section modulus of the sloped plate stif
feners shall not be less than that determined in 
accordance with 1.6.4.1 and 1.6.4.2 taking: 
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p = design pressure as defined in 3.3.3; 
m = 10; 
K = 0,75. 
The section modulus of the horizontal plate stif

feners shall not be less than that of the sloped plate 
stiffeners; 

.3 the thickness of diaphragm shall not be less than 
that of side girders. Size of the openings cut in dia
phragms and their reinforcement shall comply with the 
requirements for openings and reinforcement of the 
hopper side tank diaphragms as specified in 3.3.4.2.3. 

3.3.4.8 The scantlings of the transverse bulkhead 
top rectangular or trapezoidal stool members shall 
comply with the following requirements: 

.1 the thickness of the horizontal and vertical (or 
sloped) plates shall not be less than that determined 
by Formula (1.6.4.4) taking: 

m = 15,8; 
p = design pressure as defined in 3.3.3; 
K = 0,9. 
The thickness of the horizontal plate and bottom 

strake of the vertical (sloped) plate shall not be less than 
that of the corrugation adjoining the top stool. Where the 
vertical plate is fitted in line with the hatch end coaming, 
its thickness shall not be less than that of this coaming as 
required by 3.3.4.11. The top strake of the sloped plate 
shall have the same thickness provided that its upper 
edge is at a distance of less than 0,4 m from the hatch 
end coaming. In any case, the thickness of the vertical or 
sloped plate shall not be less than that determined by 
Formula (2.7.4.1-2). Where the hold and/or interior of 
the top stool is used for the carriage of oil, oil products or 
water ballast, the thickness shall not be less than that 
required by 3.5.4; 

.2 the section modulus of the stiffeners of vertical 
or sloped plate shall not be less than that determined 
according to 1.6.4.1 and 1.6.4.2 taking: 

p = design pressure as defined in 3.3.3, but not 
less than 25 kPa; 

m = 12 for horizontal stiffeners; 
m = 10 for other stiffeners; 
ka = 0,75. 
The section modulus of the stiffeners of hori

zontal plate shall not be less than that of the stiffeners 
of vertical or sloped plate; 

.3 the section modulus of the vertical or sloped 
plate web to be fitted where horizontal stiffeners are 
provided, as stated in 3.3.2.11.2, shall not be less than 
that determined from 1.6.4.1 and 1.6.4.2, while the 
sectional area of the web plate shall not be less than 
determined according to 1.6.4.3 taking: 

Nmax. = 0,5/7fl/; 
p = design loads as defined in 3.3.3, but not less 

than 25 kPa; 
m = 10; 
K = k% = 0,75. 

The section scantlings of webs fitted on the hori
zontal plate and under the deck shall not be less than 
those required for the vertical (sloped) plate web; 

.4 the thickness of the brackets fitted inside the 
top stool to ensure efficient upper end attachment of 
corrugations shall not be less than that of these cor
rugations in the upper part of the bulkhead. 

3.3.4.9 The scantlings of the cofferdam bulkhead 
members shall comply with the following require
ments: 

.1 the thickness of the cofferdam bulkhead pla
ting shall not be less than that determined by For
mula (1.6.4.4) taking: 

m = 15,8; 
p = design pressure as defined in 3.3.3; 
K = 0,9. 
The plating thickness shall not be less than that 

determined by Formula (2.7.4.1-2) or according 
to 3.3.4.6, whichever is the greater. Where the hold or 
interior of the cofferdam bulkhead is used for the car
riage of oil, oil products or water ballast, the plating 
thickness shall be not less than that required by 3.5.4; 

.2 the section modulus of primary members stif
fening the plating of cofferdam bulkheads shall 
not be less than that determined from 1.6.4.1 
and 1.6.4.2 taking: 

p = design pressure as defined in 3.3.3 but not 
less than 25 kPa; 

m = 12; 
K = 0,75; 
.3 where the construction of the cofferdam 

bulkhead incorporates only diaphragms or only 
platforms, their section modulus shall not be less 
than that determined from 1.6.4.1 and 1.6.4.2, and 
the sectional area is not less than that determined 
from 1.6.4.3 taking: 

-Nmax = 0,5pal for platforms, 
-Nmax = 0,65pal for diaphragms; 
p = design loads as defined in 3.3.3, but not less 

than 25 kPa; 
/ = span, in m, equal to: 
for diaphragms — the distance between the deck 

plating and inner bottom plating, at the centreline; 
for platforms — the ship's breadth in way of 

construction bulkhead for ships having single skin 
side construction, the distance between the inner 
skins for ships having double skin side construction; 

m = 10; 
k& kx 0,75; 
.4 where the construction of the cofferdam 

bulkhead consists both the diaphragms and plat
forms, their thickness shall be determined on the 
basis of the calculation of the grillage as a system 
using beam models, with the loads specified in 3.3.3 
but not less than 25 kPa and the permissible stress 
factors kr, = k% = 0,75; 
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.5 in any case, the thickness of the cofferdam 
bulkhead diaphragms and platforms shall not be less 
than that determined by Formula (2.5.4.8.1). Where 
the interior of the cofferdam bulkhead is used as a 
fuel oil or ballast tank, the thickness of the dia
phragms and platforms shall not be less than that 
required by 3.5.4; 

.6 stiffening of the diaphragms and platforms 
shall comply with the requirements of 1.7.3.2.2; 

.7 the thickness of tight portions of the dia
phragms and platforms and their stiffeners shall 
comply with the requirements of 2.7.4.1 and 2.7.4.2 
for tank bulkheads; 

.8 cross ties between the primary members 
strengthening the cofferdam bulkhead plating shall 
comply with the requirements for the double bottom 
intermediate struts, as specified in 2.4.4.7 with the 
design pressure determined according to 3.3.3, but 
not less than 25 kPa. 

Where cross ties are fitted, the section modulus of 
the primary members, as specified in 3.3.4.9.2, may 
be reduced by 35 per cent. 

3.3.4.10 For ships of 150 m in length and up
wards, intended to carry solid bulk cargoes having 
a density of 1,0 t / m 3 or above, and with: 

single side skin construction; or 
double side skin, in which any part of longitudinal 

bulkhead is located within B/5 or 11,5 m, whichever is 
less, inboard from the ship's side at right angle to the 
centerline at the assigned summer load line; 

contracted for construction on or after 1 July 2006, 
the strength of vertically corrugated transverse water
tight bulkheads in the case when each cargo hold con
sidered individually flooded shall be additionally checked 
according to the procedure specified in Appendix 3. 

3.3.4.11 The thickness of the hatch coamings 
shall not be less than that determined by For
mula (3.3.4.4.1). 

The thickness of the hatch side coamings, in mm, 
shall not be less than 

s=lla (3.3.4.11) 

where a = vertical distance between horizontal stiffeners on 
coaming plate or between the lower stiffener and the 
deck plating, in m. 

Stiffening of the coaming plates shall comply 
with the requirements of 1.7.3.2. The thickness of 
coaming plate stiffeners and brackets shall not be less 
than 10 mm. 

The width of the coaming face plate shall comply 
with the requirements of 1.7.3.1. 

3.3.4.12 The thickness of single-side shell plating 
located between hopper and upper wing tanks shall not 
be less than Jm^, in mm, determined by the formula 

*mi„ = yfL. (3.3.4.12) 

3.3.5 Special requirements. 
3.3.5.1 Provision shall be made for an efficient 

corrosion protection coating (epoxy coating or 
equivalent) for all internal surfaces of the cargo 
holds, excluding the flat tank top areas and the 
hopper tanks sloping plating, approximately 300 mm 
below the toe of frame brackets and for all internal 
and external surfaces of hatch coamings and hatch 
covers. In the selection of coating due consideration 
shall be given to intended cargo conditions expected 
in service. 

3.3.5.2 A l l bulk carriers of 150 m in length and 
upwards contracted for construction on or after 
1 July 2003, shall comply with the following re
quirements: 

.1 the longitudinal strength shall be checked at 
departure and arrival of the ship for loading condi
tions specified in 1.4 and also for the following con
ditions: 

for bulk carriers with BC -A , BC-B or B C - C dis
tinguishing marks in the class notation: 

homogeneous cargo loaded condition where the 
cargo density corresponds to all cargo holds, 
including hatchways, being 100 per cent full at 
maximum draught with all ballast tanks empty; 

for bulk carriers with BC -A or BC-B distinguishing 
marks in the class notation: 

homogeneous cargo loaded condition with cargo 
density 3,0 t /m 3 , and the same filling ratio (cargo 
mass/hold cubic capacity) in all cargo holds at maxi
mum draught with all ballast tanks empty; 

for bulk carriers with BC -A distinguishing mark 
in the class notation: 

at least one cargo loaded condition with specified 
holds empty, with cargo density 3,0 t /m 3 , and the 
same filling ratio (cargo mass/hold cubic capacity) in 
all loaded cargo holds at maximum draught with all 
ballast tanks empty; 

normal ballast (no cargo) condition, where the 
ballast tanks may be full, partially full or empty, any 
cargo hold or holds adapted for the carriage of water 
ballast at sea shall be empty, the tr im shall be by the 
stern and shall not exceed 0,015L, where L is the 
length between perpendiculars of the ship, the pro
peller shall be fully immersed; 

normal ballast (no cargo) condition, where all 
ballast tanks are 100 per cent full, other conditions — 
refer to the previous case; 

heavy ballast (no cargo) condition, where the 
ballast tanks may be full, partially full or empty, at 
least one cargo hold adapted for carriage of water 
ballast at sea shall be full, the trim shall be by the stern 
and shall not exceed 0,015L, where L is the length 
between perpendiculars of the ship, the moulded for
ward draught in the heavy ballast condition shall not 
be less than the smaller of 0,03Z or 8 m, whichever is 
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the less, the propeller immersion I/D shall be at least 
60 per cent where / = the distance from propeller 
centerline to the waterline, D = propeller diameter; 

heavy ballast (no cargo) condition where all 
ballast tanks are 100 per cent full, other conditions — 
refer to the previous case. 

A t departure condition: with bunker tanks not 
less than 95 per cent full and other consumables 
100 per cent; and at arrival condition: with 10 per cent 
of consumables; 

.2 the structures of bottom forward shall meet the 
requirements of 2.8; 

.3 for calculation of local strength of double 
bottom (vertical keel, bottom stringers and floors) 
the following definitions and symbols shall apply: 

MH — the actual cargo mass in a cargo hold 
corresponding to a homogeneously loaded condition 
at maximum draught; 

MFUII — the cargo mass in a cargo hold corres
ponding to cargo with virtual density (homogeneous 
mass/hold cubic capacity, minimum 1,0 t /m 3 ) filled to 
the top of the hatch coaming, and MFUU shall in no 
case be less than MH; 

MUD — maximum cargo mass allowed to be 
carried in a cargo hold with specified holds empty at 
maximum draught; 

.4 local strength of double bottom in each cargo 
hold shall be checked, inter alia, for the following 
cases of load on the double bottom due to cargo mass 
in the holds, as well as mass of fuel oil and water 
ballast contained in double bottom tanks, as well as 
sea water pressure along the hold. 

General conditions applicable for all ships: 
cargo mass MFUU, fuel oil tanks being 100 per cent 

full, ballast water tanks being empty, at maximum 
draught; 

cargo mass minimum 50 per cent of MH, fuel oil 
tanks and ballast water tanks being empty, at max
imum draught; 

any cargo hold being empty, fuel oil tanks and 
ballast water tanks being empty, at the deepest ballast 
draught; 

except the ships when the entry (no MP) is added 
to the class notation after the distinguishing 
marks: 

cargo mass MFUU, fuel oil tanks being 100 per cent 
full, ballast water tanks being empty, at 67 per cent of 
the maximum draught; 

any cargo hold, fuel oil tank and ballast water 
tank being empty, at 83 per cent of the maximum 
draught; 

cargo mass MFUU in each of two adjacent holds, 
fuel oil tanks being 100 per cent full, ballast water 
tanks being empty, at 67 per cent of the maximum 
draught. Applicable also in case when the adjacent 
hold is filled with ballast; 

two adjacent cargo holds being empty, fuel oil 
tanks and ballast water tanks being empty, at 75 per 
cent of the maximum draught; 

applicable only for ships with BC-A distinguish
ing mark in the class notation: 

cargo holds intended to be empty at maximum 
draught and fuel oil tanks and ballast water tanks are 
being empty; 

cargo mass MHD plus 10 per cent of MH in cargo 
holds intended to be loaded with high density cargo, 
fuel oil tanks being 100 per cent full, ballast water tanks 
being empty, at maximum draught. In operation max
imum allowable cargo mass shall be limited to Mu^, 

cargo mass 10 per cent of MH in each of two ad
jacent cargo holds which may be loaded with the next 
holds being empty, fuel oil tanks being 100 per cent full, 
ballast water tanks being empty, at maximum draught; 

for ballast hold(s) only: 
cargo holds being 100 per cent full of ballast water 

including hatchways, fuel oi l tanks and ballast tanks 
being 100 % full, at any heavy ballast draught; 

during loading and unloading in harbour only: 
maximum allowable cargo (sea-going) mass in 

any single cargo hold, at 67 per cent of the maximum 
draught; 

cargo mass MFuU in any two adjacent holds, fuel 
oil tanks being 100 per cent full, ballast water tanks 
being empty, at 67 per cent of the maximum draught; 

at reduced draught during loading and unloading 
in harbour, the maximum allowable mass in a cargo 
hold may be increased by 15 per cent of the maximum 
mass allowed at the maximum draught in sea-going 
condition, but shall not exceed the mass allowed at 
maximum draught in the sea-going condition. 

3.3.5.3 Hul l girder longitudinal strength for bulk 
carriers with: 

single side skin construction, 
double side skin construction in which any part of 

longitudinal bulkhead is located within B/5 or 11,5 m, 
whichever is less, inboard from the ship's side at right 
angle to the centreline at the assigned summer load line; 

applicable for ships with BC-A or BC-B distin
guishing marks in the class notation; 

which were contracted for construction on or 
after 1 July 2006, 

shall be checked for specified flooded conditions, 
in each of the cargo and ballast loading conditions 
defined in 1.4.3.1 and 3.3.5.2, except that harbour 
conditions, docking condition afloat, loading and 
unloading transitory conditions in port and loading 
conditions encountered during ballast water ex
change need not be considered. 

The actual hull girder bending stress c ^ , in MPa, 
shall be determined by the formula 

_ M ^ + 0 , 8 M ^ 3 

9/w Wz ° (3.3.5.3-1) 
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where M££ = still water bending moment, in kN-m, in the flooded 
conditions for the section under consideration; 

MW = wave bending moment, in kN-m, as given in 1.4.4.1 for 
the section under consideration; 

Wz = section modulus, in cm 3 , for the corresponding location 
in the hull girder. 

The actual hull girder shear stress ifld, in MPa, 
shall be determined by the formula 

_N£d+0,SNwS 
ifld-- 2sl •10J (3.3.5.3-2) 

where N££ = still water shear force, in kN, in flooded conditions 
for the section under consideration; 

NW = wave shear force, in kN, as given in 1.4.4.2 for the section 
under consideration; 

/, S = as defined in 1.4.2; 
s = thickness of side shell plating, in mm. 

Strength calculation in flooded condition shall 
demonstrate that the actual hull girder bending stress 
shall not exceed 175/r), in MPa, and the actual shear 
stress shall not exceed 110/r), in MPa. 

To calculate the strength in flooded condition, 
the following assumptions shall be made: 

the damaged structure is assumed to remain fully 
effective in resisting the applied loading; 

each cargo hold shall be considered individually 
flooded up to the equilibrium waterline. Position of 
the waterline and the volume of ingressed water are 
determined on the basis of damage tr im and stability 
calculations which shall be made in accordance with 
a program approved by the Register; 

"permeability" for solid bulk cargo means the 
ratio of the floodable volume between the particles, 
granules or any larger pieces of the cargo, to the gross 
volume of the bulk cargo; 

the permeability of empty cargo spaces and vo
lume left in loaded cargo spaces above any cargo 
shall be taken as 0,95; 

appropriate permeabilities and bulk densities 
shall be used for any cargo carried. For iron ore, a 
minimum permeability of 0,3 with a corresponding 
bulk density of 3,0 t / m 3 shall be used. For cement, a 
minimum permeability of 0,3 with a corresponding 
bulk density of 1,3 t / m 3 shall be used; 

for packed cargo conditions (such as steel mil l 
products), the actual density of the cargo shall be 
used with a permeability of zero. 

3.3.5.4 A l l the bulk carriers and combination car
riers contracted for construction on or after 1 July 2003 
shall comply with the following requirements: 

.1 the ships shall have the forecastle located 
above the freeboard deck. In case the above re
quirement hinders hatch cover operation, the aft 
bulkhead of the forecastle may be fitted forward of 
the forward bulkhead of the foremost cargo hold 
provided the forecastle length is not less than 7 per cent 
of ship length abaft the forward perpendicular where 
the ship length — refer to 1.2.1, Part I "General" of 

the Load Line Rules for Sea-Going Ships. The fore
castle shall have at least a standard height according 
to the International Convention on Load Lines, 1966 
as amended by the Protocol of 1988 or shall be by 
0,5 m above the forward hatch-end coaming of the 
fore hold No. 1, whichever is greater. In this case, the 
distance between the aft edge of the forecastle deck 
and the forward hatch-end coaming of the fore hold 
No. 1 over the entire breadth of the ship's hull shall 
not exceed the value, in m, determined by the formula 

IF — ~JHF—HC (3.3.5.4.1) 

where HF = forecastle height, in m; 
Hc = height of the forward hatch-end coaming of the fore hold 

No. 1, in m. 

No breakwater is allowed on the forecastle deck 
for protection of the forward hatch-end coaming and 
hatch covers of the fore hold No. 1. However, i f fitted 
for other purposes, the breakwater shall be placed at 
a distance of at least 2,75 its height along the cen-
terline from the aft edge of the forecastle deck; 

.2 a net thickness (no wear allowance) of hatch 
coamings shall not be less than that determined by 
the formula 

Snet = \4,9a^\,\5pcoamIO,95ReH (3.3.5.4.2) 

where a = distance between stiffeners, in m; 
Pcoam = pressure equal to 220 kPa; if the requirements of 3.3.5.4.1 are 

not met, the pressure for the forward hatch-end coaming of 
the fore hold No. 1 shall be assumed equal to 290 kPa. 

The net thickness increased by 1,5 mm shall 
be taken as the minimum construction thickness. 

In any event, the coaming thickness shall not be less 
than 11 mm; 

.3 the section modulus of longitudinal and trans
verse stiffeners of hatch coamings at the net thickness of 
all section elements, in cm 3 , shall not be less than 
determined by the formula 

W„, 
0,95mcpReH 

(3.3.5.4.3) 

where for a and pcoam, refer to 3.3.5.4.2; 
/ = stiffener span, in m; 

m = coefficient equal to: 
16 - for snipped stiffener ends; 
12 - in way of hatch corners; 

cp = plastic-to-elastic section modulus ratio for a stiffener 
with an effective flange 4 0 ^ wide, where smt = net 
thickness of a coaming. If precise data are lacking, 
cp may be assumed equal to 1,16. 

The net thickness of all cross-section elements 
increased by 1,5 mm shall be taken as the minimum 
construction thickness; 

.4 stays (brackets) of hatch coamings shall com
ply with the following requirements: 

the section modulus of stays (brackets) in the 
plane of beams with a net thickness of all section 
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elements shall not be less than that determined by the 
formula 

500aHlpcom 

0,95Re„ (3.3.5.4.4-1) 

where a = distance between stays in the plane of beams, in m; 
foipc, refer to 3.3.5.4.2; 

Hc = height of a hatch coaming, in m. 

In determination of the actual section modulus, 
the face plate of the coaming stay may be considered 
only when i t is welded to the deck plating with full 
penetration and appropriately dimensioned stiffen
ers, knees or brackets are fitted in its plane under the 
plating. The net thickness of a web of stays in the 
plane of beams shall not be less than that determined 
by the formula 

_ \000aHc pcoat 

~ 0,5hReH 

(3.3.5.4.4-2) 

where h = depth of a stay web at its attachment to deck plating, 
in mm; 

for a and Hc, refer to Formula (3.3.5.4.4-1); 
for pcoam > refer to 3.3.5.4.2. 

The net thickness of all cross-section elements 
increased by 1,5 mm shall be taken as the minimum 
construction thickness. 

Strength calculations for stays off the plane of 
beams are subject to special consideration by the 
Register in each case. The permissible stresses in 
those calculations shall be assumed equal to 0,8 
and 0,46 the steel yield stress for normal and shear 
stresses accordingly. 

The stay web shall be joined to deck plating by a 
double continuous weld having an effective throat 
thickness not less than 0,44s where s is the minimum 
construction thickness of the stay web, mm. A t least 
15 per cent of the weld length therewith beginning at 
the "free" end of the stay shall be made with deep 
penetration (double-bevel preparation). 

The strength of underdeck structures taking for
ces from coaming stays shall be checked against 
permissible normal and shear stresses equal to 0,95 
and 0,5 the steel yield stress accordingly; 

.5 longitudinal and transverse stiffeners, stays 
and plate elements of cargo hatch coamings shall be 
replaced i f the actual residual thickness of the 
coaming element is less than t„et + 0,5 mm. 

Where the actual residual thickness is greater 
than tnet + 0,5 mm, but less than tnet + 1,0 mm, 
a protective coating instead of replacement may be 
applied in accordance with the manufacturer's pro
cedure or annual measurements of the actual residual 
thickness may be conducted. I f the coating is applied, 
i t shall be maintained in GOOD technical condition 
(refer to 1.1.2.10, Part I I I "Additional Surveys of 
Ships Depending on their Purpose and Hul l Mate

rial" of the Rules for the Classification Surveys of 
Ships in Service). 

3.3.6 Strength control during ship loading. 
3.3.6.1 Bulk carriers, ore carriers and combina

tion carriers of 150 m length and above shall be 
provided with the Loading Manual and loading 
instrument approved by the Register. 

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

.1 the loading conditions on which the design of 
the ship has been based, including permissible limits 
of still water bending moments and shear forces; 

.2 the results of the calculations of still water 
bending moments, shear forces and where applicable, 
limitations due to torsional loads; 

.3 envelope results and permissible limits of still 
water bending moments and shear forces in the hold 
flooded condition according to 3.3.5.4; 

.4 the cargo holds or combination of cargo holds 
that might be empty at full draught. I f no cargo hold 
is allowed to be empty at full draught, this shall be 
clearly stated in the Loading Manual; 

.5 maximum allowable and minimum required 
mass of cargo and double bottom contents of each hold 
as a function of the draught at mid-hold position; 

.6 maximum allowable and minimum required mass 
of cargo and double bottom contents of any two ad
jacent holds as a function of the mean draught in way of 
these holds. This mean draught may be calculated by 
averaging the draught of the two mid-hold positions; 

.7 maximum allowable tank top loading together 
with specification of the nature of the cargo (density or 
stowage factor) for cargoes other than bulk cargoes; 

.8 maximum allowable load on deck and hatch 
covers. I f the ship is not approved to carry load on 
deck or hatch covers, this shall be clearly stated in the 
Loading Manual; 

.9 the maximum rate of ballast change together 
with the advice that a load plan shall be agreed with 
the terminal on the basis of the achievable rates of 
change of ballast. 

3.3.6.3 In addition to the requirements given 
in 1.4.3.1.1, the following conditions, subdivided into 
departure and arrival conditions as appropriate, shall 
be included in the Loading Manual: 

.1 alternate light and heavy cargo loading con
ditions at maximum draught, where applicable; 

.2 homogeneous light and heavy cargo loading 
conditions at maximum draught; 

.3 ballast conditions. For ships having ballast 
holds adjacent to double bottom tanks, i t shall be 
strengthwise acceptable that the ballast holds are 
filled when double bottom tanks are empty; 

.4 short voyage conditions where the vessel shall 
be loaded to maximum draught but wi th limited 
amount of bunkers; 
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.5 multiple port loading/unloading conditions; 

.6 deck cargo conditions, where applicable; 

.7 typical loading sequences where the vessel is 
loaded from commencement of cargo loading to 
reaching full deadweight capacity, for homogeneous 
conditions, relevant part load conditions and alter
nate conditions where applicable. Typical unloading 
sequences for these conditions shall also be included. 
The typical loading/unloading sequences shall also be 
developed to not exceed applicable strength limita
tions. The typical loading sequences shall also be 
developed paying due attention to loading rate and 
the deballasting capability; 

.8 typical sequences for change of ballast at sea, 
where applicable. 

3.3.6.4 A loading instrument is an approved digital 
system as defined in 1.4.9.4. In addition to the require
ments in 1.4.9.4, it shall ascertain as applicable that: 

.1 the mass of cargo and double bottom contents 
in way of each hold as a function of the draught at 
mid-hold position; 

.2 the mass of cargo and double bottom contents 
of any two adjacent holds as a function of the mean 
draught in way of these holds; 

.3 the still water bending moment and shear forces 
in the hold flooded conditions according to 3.3.5.4; 

are within permissible values. 
3.3.6.5 Conditions of approval of loading instru

ments, as stated in 1.4.9.4, shall include the following: 
.1 acceptance of hull girder bending moment 

limits for all read-out points; 
.2 acceptance of hull girder shear force limits for 

all read-out points; 
.3 acceptance of limits for mass of cargo and double 

bottom contents of each hold as a function of draught; 
.4 acceptance of limits for mass of cargo and 

double bottom contents in any two adjacent holds as 
a function of draught. 

3.4 O R E C A R R I E R S AND O R E O R O I L C A R R I E R S 

3.4.1 General. 
3.4.1.1 The requirements of this Chapter apply to 

ships for the carriage of ore and other bulk cargoes, 
as well as to combination carriers for transportation 
of ore and oil (petroleum products). 

3.4.1.2 The requirements for structures not 
mentioned in this Chapter shall be as stated in Sec
tions 1 and 2, having regard to those contained in 3.3 
as regards structures exposed to the loads from heavy 
dry bulk and liquid cargoes. 

In any case, the requirements for the hull and its 
structures shall not be less stringent as those of Sec
tions 1 and 2. 

3.4.1.3 The basic structural type of a ship is con
sidered to be a single deck ship, with machinery aft, 
having longitudinal bulkheads separating the centre ore 
compartment from the wing tanks and a double bottom 
throughout the entire breadth of the ship or the centre 
part between the longitudinal bulkheads. 

3.4.1.4 Descriptive notation and distinguishing 
mark (ESP). 

3.4.1.4.1 The descriptive notation Ore carrier 
and the distinguishing mark (ESP) shall be assigned 
to sea-going self-propelled single deck ships having 
two longitudinal bulkheads and a double bottom 
throughout the cargo region and intended for the 
carriage of ore cargoes in the center holds only. 
A typical midship section is given in Fig. 3.4.1.4.1. 

Fig. 3.4.1.4.1 

3.4.1.4.2 Combination carrier is a general term 
applied to ships intended for the carriage of both oil 
and dry cargoes in bulk; these cargoes are not carried 
simultaneously, with the exception of oil retained in 
slop tanks. 

3.4.1.4.3 The descriptive notation Ore/Oil carrier 
and the distinguishing mark (ESP) shall be assigned 
to sea-going self-propelled single deck ships having 
two longitudinal bulkheads and a double bottom 
throughout the cargo region and intended for the 
carriage of ore cargoes in the centre holds or of oil 
cargoes in centre holds and wing tanks. Typical 
midship sections are given in Fig. 3.4.1.4.3. 

3.4.2 Construction. 
3.4.2.1 The deck and bottom (double bottom) 

shall be longitudinally framed. The side shell and 
longitudinal bulkheads may, in general, be framed 
either longitudinally or transversely. Deck plating 
between end coamings of adjacent cargo hatches shall 
be strengthened by transverse stiffeners as required 
by 3.3.2.1. 

Transverse bulkheads may be plane with stiffen
ers arranged vertically, corrugated with vertical 
corrugations or of a cofferdam type. 

3.4.2.2 Floors in the centre hold and in the wing 
tanks shall be aligned and to form, in conjunction 
with side transverses, vertical webs of longitudinal 
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Fig. 3.4.1.4.3 

bulkheads and deck transverses, a single transverse 
ring structure. 

3.4.2.3 Where transverse bulkheads in the wing 
tanks are not aligned with centre hold bulkheads, 
transverse ring structures shall be fitted in line with 
the latter bulkheads. 

In this case, provision shall be made in the wing 
tanks for a smooth tapering of the sloped bulkheads 
of trapezoidal stools fitted under centre hold bulk
heads. 

3.4.2.4 Longitudinal bulkheads shall, in general, 
be plane with horizontal or vertical stiffening. 

Longitudinal bulkheads may be slightly sloped or 
to have a knuckle. 

3.4.2.5 Where a double bottom in wing tanks is 
omitted, floors shall be backed by substantial knees 
or brackets fitted in line with the inner bottom 
plating of the centre hold. 

3.4.2.6 Diaphragms shall be fitted in line with the 
longitudinal bulkheads inside the bottom trapezoidal 
stools and top stools of rectangular or trapezoidal 
sections. The diaphragms of the bottom stools shall 
comply with the requirements of 3.3.2.10.3, the dia
phragms of the top stools — with the requirements 
for the topside tank bulkheads as specified in 3.3.2.3. 

3.4.3 Design loads. 
3.4.3.1 The design pressure on the centre hold 

boundary structures shall be determined according 
to 1.3.4.3 assuming that the centre hold is loaded 
with ore or other heavy bulk cargo. 

3.4.3.2 Structures which are likely to be subjected 
to one-sided pressure of a liquid cargo (ballast water) 
shall be examined for the design pressure of the liquid 
cargo as required by 1.3.4.2. 

3.4.4 Scantlings of structural members. 
3.4.4.1 The scantlings of structural members of 

the cargo spaces intended only for the carriage of 
bulk cargoes or bulk cargoes and oil, oil products or 
water ballast shall comply with the requirements of 
Section 2 and 3.3.4. 

The scantlings of structural members of the cargo 
spaces intended only for the carriage of oil, oil pro
ducts or water ballast shall comply with the require
ments of Section 2 and 3.5.4. 

3.4.4.2 The scantlings of longitudinal bulkhead 
members shall comply with the requirements of 2.7.4 
at the design pressure defined in 3.4.3. 

In any case, the thickness of longitudinal bulk
head plating shall not be less than that required 
by Formula (3.3.4.5.1) or, where oil , oil products or 
water ballast is carried in any compartment bounded 
by that bulkhead, i t shall be not less than that re
quired by 3.5.4, whichever is the greater. 

3.4.4.3 The scantlings of structural items of dia
phragms of transverse bulkhead bottom trapezoidal 
stool, fitted in line with the longitudinal bulkheads, 
shall comply with the requirements of 3.3.4.7.3. 

3.4.4.4 The scantlings of structural items of dia
phragms of transverse bulkhead top stool, fitted in 
line with longitudinal bulkheads, shall comply with 
the requirements of 3.3.4.5.5 for the transverse 
bulkheads inside the topside tanks. 

3.4.5 Special requirements. 
3.4.5.1 A l l ore carriers shall have the forecastle 

located above the freeboard deck. The forecastle ar
rangement and dimensions, as well as the thickness 
and scantlings of stiffeners and plate elements of 
cargo hatch coamings shall meet the requirements 
of 3.3.5.4. 

3.5 T A N K E R S 

3.5.1 General. 
3.5.1.1 The requirements of this Chapter apply to 

tankers, chemical tankers, as well as to oil recovery 
ships and gas carriers, as applicable, with machinery 
aft, having a single or a double bottom arrangement 
and one, two or three longitudinal bulkheads. Hul l 
structural members of tankers not covered by this 
Chapter shall comply with the requirements of Sec
tions 1 and 2. 

Double hull oil tankers of 150 m in length and 
above, contracted for construction on and after 
1 July 2015, shall comply with the requirements of 
Part X V I I I "Common Structural Rules for Bulk 
Carriers and Oil Tankers" (refer also to 1.1.1.1). 
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3.5.1.2 Descriptive notation and distinguishing 
mark (ESP). 

3.5.1.2.1 The descriptive notation Oil tanker and 
the distinguishing mark (ESP) shall be assigned to 
sea-going self-propelled ships having integral tanks 
and intended for the carriage of oil in bulk. The 
above mentioned descriptive notation and distin
guishing mark shall be assigned to tankers of both 
single and double skin side construction, as well as 
tankers with alternative structural arrangements, 
e.g. mid-deck designs. Typical midship sections are 
given in Fig. 3.5.1.2.1. 

3.5.1.2.2 The descriptive notation Chemical tan
ker and the distinguishing mark (ESP) shall be as
signed to sea-going self-propelled ships having 
integral tanks intended for the carriage of chemicals 
in bulk. This descriptive notation shall be assigned to 
tankers of both single or double skin side construc
tion, as well as tankers with alternative structural 
arrangements. Typical midship sections are given in 
Fig. 3.5.1.2.2. 

1 

3.5.2 Structural configuration. 
3.5.2.1 The scantlings of the cofferdams shall be 

determined according to 2.7.5.2. 
3.5.2.2 Longitudinal corrugated bulkheads are 

permitted in ships under 180 m in length. 
Longitudinal corrugated bulkheads shall have 

horizontally arranged corrugations, and their upper 
and lower strakes for 0,1Z> from the deck and bot
tom, respectively, shall be plane. 

In way of connections between longitudinal and 
transverse bulkheads, continuity of strength shall be 
maintained at the top and bottom strakes of the 
longitudinal bulkheads. 

3.5.2.3 The deck and bottom in the cargo tank 
region shall be framed longitudinally, for the side 
shell and longitudinal bulkheads, longitudinal or 
transverse framing may be adopted. The deck and 
bottom of ships under 80 m in length may be trans
versely framed. I t is recommended that longitudinal 
framing be used for side shell and longitudinal 
bulkheads of ships over 180 m in length. Where the 

Fig. 3.5.1.2.1 
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longitudinal framing is adopted, spacing of trans
verse members shall correspond to that of bottom 
transverses (refer to 2.3.2.4 and 2.4.2.5). 

3.5.2.4 The longitudinal scantlings of deck, bot
tom, side shell and longitudinal bulkheads within the 
midship portion of the ship shall not vary. Structural 
continuity of the above longitudinals shall be ensured 
within 0,1 D from deck and bottom. 

In ships of 150 m in length and more, the above 
longitudinals shall pass through the transverse bulk
heads without cutting. 

3.5.2.5 The primary supporting members (bottom 
centreline girder, side girders, vertical webs on bulk
heads, deck centreline girder, continuous deck gir
ders, side and bottom transverses, side stringers and 
bulkhead horizontal girders) in way of cargo tanks 
shall form a transverse ring structure, whenever 
possible. 

3.5.2.6 Hul l structural members shall be inter
connected as required by 1.7.2. The webs of primary 
supporting members shall be supported by horizontal 
or vertical stiffeners in accordance with 1.7.3.2. The 
inertia moment of stiffeners shall comply with 1.6.5.6. 

3.5.3 Design loads. 
Unless provided otherwise in this Chapter, the de

sign loads on hull structures of tankers shall be taken 
according to 1.3 and relevant chapters of Section 2. 

3.5.4 Scantlings of structural members. 
The scantlings of structural members of tankers 

shall be determined in compliance with Section 2, 
having regard to the provisions of this Chapter. 

The thickness smin, in mm, of structural mem
bers, forming the boundaries of cargo and ballast 
tanks as well as members fitted inside these tanks 
shall not be less than: 

Jmin = 5,5 + 0,0351, for L < 80 m; (3.5.4) 
Smin = 6,7 + 0,021, for Z,>80 m. 

Where L > 290 m, L shall be taken equal 
to 290 m. In this case, the minimum thickness of the 
primary members need not exceed 11,5 mm. 

3.5.5 Special requirements. 
3.5.5.1 The number of openings for access to 

cofferdams, pump rooms, cargo and ballast tanks 
shall be kept to the minimum required. They shall be 
as far distant as practicable from end bulkheads of 
superstructures. Hatches to wing tanks in line with a 
centre tank hatch in the athwart direction are not 
permitted. 

Hatch openings shall be either circular or ellip
tical in shape, the elliptical openings having the major 
axis fore and aft. Structural continuity of deck girders 
and longitudinals shall be maintained. The thickness 
of cargo hatch coamings less than 750 mm high shall 
be 10 mm, while coamings 750 mm and more in 

height shall have a thickness equal to 12 mm. 
Coamings more than 750 mm in height, provided 
they are more than 1,25 m long, shall be stiffened. 

3.5.5.2 Guard rails, bulwark, gangway or an 
equivalent arrangement shall be fitted in compliance 
with 8.6, Part I I I "Equipment, Arrangements and 
Outfit". 

The gangway, i f fitted, shall not contribute to 
hull longitudinal bending. 

3.6 V E S S E L S O F D R E D G I N G F L E E T 

3.6.1 General. 
3.6.1.1 The requirements of this Chapter apply to 

the hulls of the vessels of dredging fleet and floating 
cranes. Areas where such ships operate and/or 
transport spoil are called work areas. The transfer of 
the ship from one work area to another is called 
a voyage. 

3.6.1.2 Vessels of dredging fleet include dredgers, 
hopper dredgers, hopper barges, floating cranes and 
crane ships (refer to the definitions in 1.1, Part I 
"Classification"). 

3.6.1.3 The basic structural configuration of a 
vessel of dredging fleet, considered in this Chapter, is 
a single-deck vessel with ordinary ship lines or of a 
pontoon shape, having a ladder well or other hull cut
outs. 

The pontoon hull shape may be used only in 
vessels of restricted service R2, R2-RSN, R2-RSN(4,5), 
R3-RSN and R3. 

Use of a pontoon hull in vessels of restricted 
service R I and of unrestricted service shall be spe
cially considered by the Register. 

3.6.1.4 The requirements of this Chapter apply to 
dredgers, single-hulled and opening double-hulled 
hopper dredgers and hopper barges, floating cranes 
and crane ships. 

3.6.1.5 In opening hopper dredgers and hopper 
barges, subject to the Register supervision are deck 
and deckhouse hinges, hydraulic presses and their 
hull connections as well as longitudinal and trans
verse structures between the hulls and deckhouses. 

3.6.1.6 For the purpose of this Chapter the fol
lowing symbols have been adopted: 

d\ = maximum dredging draught, in m, at which 
the vessel is designed to operate; 

d2 = draught during sea voyage, in m; 
A = displacement at the draught d\ or d2, in t; 
A/ = light-ship displacement without spoil mix

ture, in m; 
Q = mid-section area corresponding to the 

draught d\ or d2, in m 2 ; 
4 = full length of the hopper, in m; 
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hi.cr = depth of a hopper lower cross-member, in m; 
lLcr = hopper lower cross-member span measured 

at mid-depth between longitudinal bulkheads of the 
hopper, in m; 

Hx = distance from the mid-depth of the hopper 
lower cross-member to the deck at side, in m; 

H2 = distance from the base line to the upper 
edge of the coaming, in m; 

hc = coaming height above the deck line at side, in m; 
B2 = distance between the side shell and the 

longitudinal bulkhead at mid-depth of a hopper 
lower cross-member, in m; 

B3 = distance between the side shell and the 
longitudinal bulkhead at the deck level, in m; 

Qs = maximum mass of the spoil mixture in the 
hopper, in t; 

p s = density of spoil mixture, defined as a ratio 
of the spoil mass in the hopper at the maximum 
draught d\ to the hopper volume up to the level of 
overflow or to the upper edge of the hopper coaming 
where there is no overflow, in t /m 3 ; i t shall not be 
taken more than 1,8; 

Ab.k, ALcr = areas enveloped in the contour of the 
centre line box keel, hopper lower cross-member, re
spectively, in m 2 ; where the centre line keel and/or a 
hopper lower cross-member are an ordinary girder (web 
with a face plate), it is assumed that Ab k = ALcr = 0; 

bb.k = centre line box keel width at lower portion, in m; 
bb = bottom breadth from the side shell to the 

point of intersection of the hopper longitudinal 
bulkhead with the bottom, in m; 

bfp = width of the coaming upper face plate, in m; 
a = spacing of frames, hopper side stiffeners, 

longitudinals, in m; 
b = spacing of transverse ring structures, in m; 
h,l2 = length of the upper and lower face plate of 

the hopper lower cross-member, measured from the 
hopper longitudinal bulkhead to the centre line box 
keel, in m; 

Rup.cn Ri.cr = axial force acting on the hopper 
upper and lower cross-member, respectively, in k N ; 

N = design axial force, in k N . 
As = corrosion allowance, in mm, for plate 

thickness (refer to 1.1.5.1); 
coc = factor taking corrosion allowance into ac

count with regard to the section modulus of members 
(refer to 1.1.5.3). 

Some of the symbols are shown in Fig. 3.6.1.6. 
3.6.2 Construction. 
3.6.2.1 Main hull structures shall comply with the 

requirements of Section 2, having regard to the pro
visions and additions given in this Chapter. 

Referred to the particular structures of vessels of 
dredging fleet are: 

hopper longitudinal and transverse bulkheads; 
hopper lower and upper cross-members; 

Fig. 3.6.1.6: 
1 — centre line box keel; 2 — hopper lower cross member; 

3 — hopper upper cross member; 
4 — stay of coaming; 5 — diaphragm 

centre line box keels, hopper coamings; 
diaphragms and transverse ring structures in 

buoyancy spaces (refer to 3.6.2.11). 
For floating cranes strengthening shall be provided 

of the pontoon hull beneath the fixed crane tower 
supporting the upper crane structure, this strengthening 
including the crane tub, the bulkhead cross and the 
bearing contour (refer to Fig. 3.6.2.1). Other construc
tion of the pontoon strengthening in way of the tower 
shall be specially considered by the Register. 

r h 

Fig. 3.6.2.1: 
bulkhead of the cross; 2 — fixed crane tower; 3 — tub; 

4 — upper deck; 5 — bottom; 
6 — bulkheads of the bearing contour 

http://Rup.cn
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3.622 Shell plating. 
3.6.2.2.1 Corners of hopper and well openings in 

the bottom plating shall be rounded and insert plates, 
the dimensions of which shall be approved by the 
Register, shall be fitted at the corners. 

3.6.2.2.2 The cutting of overflow discharge trunk 
openings in the sheerstrake shall be avoided wherever 
practicable. Where such openings cannot be dis
pensed with, their upper edge shall not be within 
800 mm of the deck line at side. They shall have 
corner radii of not less than 150 mm. 

3.6.2.2.3 Angular connection of the side shell 
plating or longitudinal bulkhead of the well with the 
bottom plating shall be made by means of section 
steel (rod, bar). 

3.6.2.3 Single bottom. 
3.6.2.3.1 The bottom centre girder in way of the 

hopper and well of hopper dredgers shall not be fitted. 
3.6.2.3.2 The depth of floors abreast of hoppers 

in hopper dredgers and barges with transverse 
framing and abreast of dredging wells in hopper 
dredgers shall not be less than 1 / 1 8 Bx. 

The breadth Bx is taken: 
in way of the hopper, equal to the breadth of the 

vessel after deducting the breadth of the hopper at 
bottom, but not less than 0,65; 

in way of the well, equal to the breadth of the 
vessel after deducting the breadth of the well. 

3.6.2.3.3 Side girders shall be fitted in side 
buoyancy tanks of hopper dredgers and hopper 
barges where the tank width between the vessel's side 
and the longitudinal bulkhead exceeds 3,5 m in 
transversely framed vessels, and 4 m in longitudinally 
framed vessels. 

Side girders in opening hopper barges may be 
omitted. 

3.6.2.3.4 In the pump rooms of hopper dredgers, 
the bottom framing shall be identical to that of the 
engine room. 

In the area where soil pumps are located, the 
depth of floors and side girders may be reduced with 
the required section modulus and web area being 
maintained. Otherwise a calculation proving the 
strength of the bottom grillage in the region con
cerned shall be submitted to the Register. 

3.6.2.3.5 In floating cranes plate floors shall be 
fitted at every frame within 0,2L from the forward 
perpendicular over the entire breadth of the hull and 
additional bottom transverses or longitudinals spaced 
not more than 0,35 m apart shall be fitted. 

3.6.2.4 Double bottom. 
3.6.2.4.1 In lieu of the bottom centre girder, two 

side girders may be fitted on each side of ship's centre 
line at a distance not exceeding 1 m from each other 
and passing into the webs of the centre line box keel 
or into the well sides (refer to Fig. 3.6.2.4.1). 

<lm 

Not less than 3 frame spaces j 

3 frame spaces 

Fig. 3.6.2.4.1: 
— after peak; 2 — centre line box keel; 
3 — fore peak; 4 — hopper space 

3.6.2.4.2 Additional side girders extending over a 
distance of not less than three spacings from the end 
of the bracket shall be fitted in the double bottom 
under the lower brackets of longitudinal bulkheads of 
the hopper space or the well and under the brackets 
of the centre line box keel. 

3.6.2.5 Side framing: 
3.6.2.5.1 In floating cranes, hopper dredgers de

signed to work in conjunction with hopper barges, 
and in hopper barges, the side framing shall be re
inforced as follows: 

two rows of efficient fenders, one fitted at the deck 
level or 200 mm below it, the other 200 to 300 mm 
above the lowest operating waterline amidships; 

the upper and lower fenders in hopper dredgers 
shall be connected by vertical fenders fitted in line 
with frames; 

it is recommended that a side stringer required 
by 2.5.4.4 which shall be taken into account in de
termining the scantlings of the frames or an intercostal 
side stringer be fitted at a level of the lower fenders. 

3.6.2.5.2 In floating cranes the strengthening of 
the side framing within 0,2L from the forward per
pendicular shall comply with the requirements 
of 3.6.2.8. Web frames shall be spaced not more than 
four spacings apart. 

3.6.2.5.3 In floating cranes, intermediate frames 
of the same scantlings as the main frames shall be 
fitted in the fore peak and in areas extending forward 
for 0,1L from the stern transom and inboard for 0,15 
over the entire depth. The extension and end at
tachments of intermediate frames shall comply with 
the requirements of 3.10. 

3.6.2.6 Decks and platforms. 
3.6.2.6.1 Corners of openings in the deck plating 

in way of the hopper and the well shall be rounded. 
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Insert plates, the dimensions of which shall be ap
proved by the Register, shall be fitted at the corners. 

3.6.2.6.2 In hopper side buoyancy spaces, the 
hopper lower cross members shall be fitted in line 
with the web frames unless partial bulkheads are 
fitted. 

3.6.2.7 Watertight bulkheads. 
3.6.2.7.1 Bulkheads forming the ends of the 

hopper shall extend from side to side. 
3.6.2.7.2 In bucket dredgers, protective bulk

heads shall be provided parallel to the well sides at 
a distance of not less than 600 mm from them. 

The extension of protective bulkheads shall be 
such as to prevent the ship from flooding in case of 
damage to the shell plating by objects brought up in 
the dredge buckets. 

A protective bulkhead shall be also provided at 
the end of the well. The scantlings of framing mem
bers and the plating thickness of the protective 
bulkheads shall be determined as for permanent wa
tertight bulkheads of dry cargo ships. The framing 
inside the cofferdam formed by the well side and the 
protective bulkhead may consist of brackets with 
openings cut therein. Cofferdams shall have access 
openings for maintenance. 

3.6.2.7.3 Bulkheads forming the ladder well in 
hopper dredgers shall be protected against possible 
damage by the ladder when moved. 

3.6.2.7.4 Longitudinal bulkheads of the hopper 
and well sides shall terminate at deck and bottom in 
brackets. The length of the arms of the brackets shall 
not be less than 0,25-D and their thickness shall not be 
less than the plating thickness of the longitudinal 
bulkhead. The brackets shall be strengthened with 
stiffeners and to have a face plate over the free edge. 
The top bracket shall be extended by a deck girder, 
the bottom bracket by a side girder for at least three 
spacings beyond the bracket end. 

3.6.2.7.5 In floating cranes the bulkheads 
forming the cross shall be rigidly connected with the 
bulkheads forming the bearing contour. These bulk
heads shall be carried to the nearest transverse and 
longitudinal bulkheads (sides, transoms). 

3.6.2.8 In ships with a pontoon shape of the 
forward and after ends, the following structural re
quirements shall be fulfilled: 

.1 the fore and after peak bulkheads shall be 
fitted at a distance of 0,11, from the forward and after 
transoms, but not less than one spacing from the line 
connecting the raked part and flat of the bottom; 

.2 frame spacing in peaks shall be not more 
than 550 mm; 

.3 the bottom framing within 0,151, from the 
forward and after perpendiculars shall consist of 
plate floors fitted at every frame, with side girder 
spaced not more than 1 m apart. 

The scantlings of floors and side girders shall be 
determined as for the midship region; 

.4 the side framing within 0,21, from the forward 
and after perpendiculars shall be strengthened with 
web frames and side stringers. 

The web frames shall be fitted not more than 
three or four spacings. 

The side stringers shall be fitted so that the dis
tance between the side stringers measured over the 
vessel's side in way of the floor nearest to the fore 
peak bulkhead, the distance from the side stringer to 
the upper edge of the floor, as well as from the side 
stringer to the deck is not more than 2 m. 

The scantlings of main frames fitted between the 
web frames shall comply with the requirements 
of 3.6.4.7 as for the midship region where side strin
gers are not provided. 

The side stringers shall have the same scantlings 
as the web frames and terminate at the bulkhead or at 
the web frame (refer to 2.5.4.7.2). 

Construction and end attachments of the web 
frames shall comply with the requirements of 2.5.5; 

.5 the transom bulkheads shall be strengthened 
with vertical stiffeners spaced not more than 0,5 m 
apart, and with horizontal girders arranged at the 
side stringer level. 

Vertical webs shall be fitted in line with side girders. 
The scantlings of the vertical webs and horizontal girders 
shall be the same as those of web frames and side 
stringers in the fore peak. The scantlings of vertical 
stiffeners shall be the same as those of the frames. The 
attachments of stiffener ends with brackets shall comply 
with the requirements of 2.7.2 for watertight bulkheads. 

3.6.2.9 Structural requirements for hull members 
of opening vessels. 

3.6.2.9.1 Opening vessels consist of two separate 
semihulls with asymmetrical lines, connected by 
hinges positioned above the deck at the ends of the 
hopper. When discharging the spoil, the semi-hulls 
are opened about a common longitudinal axis on the 
centreline of the ship by means of hydraulic devices. 

The structure of each semi-hull shall comply with 
the requirements of Section 2 with due regard 
for 3.6.2; transverse or longitudinal or both framing 
systems may be adopted. In hopper side buoyancy 
tanks transverse ring structures spaced as required 
by 3.6.2.11.1 shall be fitted. 

3.6.2.9.2 Where hinges are installed in opening 
hopper dredgers and hopper barges, deck plating and 
framing shall be strengthened. Hinge eyes shall pierce 
the decks. 

3.6.2.9.3 Stops shall be fitted in the opening 
vessels between semi-hulls forward and aft from the 
hopper space. The stops shall be arranged at the le
vels of the bottom and the deck and shall prevent the 
hulls from displacement relative to one another. 
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3.6.2.9.4 Scantlings of brackets connecting 
framing members of each semi-hull shall comply with 
the requirements of 3.6.2.11.3. 

3.6.2.9.5 Longitudinal bulkheads and coamings 
of the hopper shall be extended with brackets as re
quired by 3.6.2.7.4 and 3.6.2.11.7. 

3.6.2.10 Fixing of dredging gear. 
3.6.2.10.1 Hul l framing shall be strengthened in 

way of the main and ladder gallows. 
The stanchions of the ladder gallows may ter

minate at the deck. In such case, pillars, vertical webs 
or other equivalent structures shall be provided under 
the stanchions or longitudinal and transverse bulk
heads shall be fitted. 

The stanchions of the main gallows shall extend 
to the bottom and be efficiently connected with longi
tudinal and transverse framing, otherwise transverse 
bulkheads shall be fitted under the stanchions. 

3.6.2.10.2 In way of grab crane, spuds and other 
dredging gear adequate strengthening shall be provided. 

3.6.2.11 Specific structures. 
3.6.2.11.1 Whatever the hull framing of single-

hull hopper dredgers and barges in way of the hopper 
is adopted, transverse ring structures consisting of the 
following items shall be fitted: 

solid platforms or ring structures in the side 
buoyancy spaces and centre line box keel; 

a lower cross member in the bottom part of the 
hopper, connecting the centre line box keel with 
longitudinal bulkheads of the hopper; 

an upper cross member inside the hopper at a 
level of the main deck and upper edge of the coaming 
where its height more than 0,2 m (where the re
quirements of 3.6.4.11.10 are complied with, upper 
cross members need not be fitted); 

vertical webs on the hopper coaming. 
The maximum distance between transverse ring 

structures shall not be less than b = (0,0121, + 2,9) m. 
3.6.2.11.2 The construction of diaphragms shall 

comply with the requirements of 2.5.2.2. Diaphragms 
which are more than 1 m in width shall be strength
ened by vertical and horizontal stiffeners. Where 
longitudinal framing is adopted, horizontal stiffeners 
shall be fitted in line with side and bulkhead longi
tudinals. In lieu of the diaphragms watertight (non-
tight) bulkheads complying with the requirements 
of 2.7.2 may be used. 

3.6.2.11.3 The transverse ring structure in the side 
buoyancy space, fitted in lieu of the diaphragm, shall 
consist of side shell, bulkhead, bottom and deck 
transverses. The longitudinal bulkhead and side shell 
transverses shall be connected by means of cross ties 
which shall be so positioned that the distance be
tween them, between a cross tie and a bottom or deck 
transverse is not more than 3 m. In lieu of the cross 
ties, use may be made of braces connecting a bulk

head transverse with a bilge or deck transverse 
bracket. Where platforms are fitted in side buoyancy 
spaces at the same distance as cross ties, cross ties and 
braces may be omitted. 

The brackets connecting transverse ring structure 
items in the side buoyancy space shall have the length 
of the arms not less than one-twelfth of the greater 
span of the connected members. The free edge of the 
bracket shall have a face plate of the same width as 
that of the face plate of the greater member con
nected. The bracket thickness shall be equal to the 
web thickness of the greater member connected. 

3.6.2.11.4 Hopper lower cross members may 
consist of a web with openings and face plates pro
vided on the upper and lower edges or may take the 
form of a hollow box, generally of triangular cross-
section. 

The web thickness of the hopper lower cross 
member shall be taken equal to the plating thickness 
of the hopper longitudinal bulkheads at the corres
ponding level. 

A cross member web shall be strengthened with 
stiffeners spaced 900 mm apart. 

The upper face plate of the hopper lower cross 
member shall be made of a tube, section, round or 
flat bar, the lower face plate shall be fabricated of 
a flat bar having a thickness not less than that of the 
bottom plating. 

The hopper lower cross members shall be con
nected with the hopper longitudinal bulkhead and 
centre line box keel by brackets having length of the 
arms equal to one-tenth of the length of the cross 
member upper face plate. The thickness of brackets 
shall be taken equal to the thickness of the cross 
member web. Where the depth of the cross member 
and centre line box keel is the same, brackets on the 
centre keel need not be fitted. The structure of box-
type cross members is similar to that of the centre box 
keel. Where cross members are of a box shape, their 
lower and upper face plates shall be welded to the 
plating of the buoyancy spaces and centre line box 
keel. 

3.6.2.11.5 The centre line box keel fitted in the 
hopper is generally fabricated as a closed box struc
ture. The plating thickness of the sides shall be equal 
to that of hopper longitudinal bulkheads at the cor
responding level, but not less than 8 mm for vessels 
of 60 m in length and less than 10 mm for vessels of 
more than 60 m in length. The thickness of the centre 
line keel bottom strake shall be not less than that of 
the plate keel. Where the transverse framing is 
adopted, the stiffeners in the upper part of the centre 
line box keel shall be connected with brackets, the 
thickness of which shall be not less than that of the 
floor and height not less than 2,5 times the depth of 
the stiffener web. 
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Where the breadth of the centre line box keel at 
bottom exceeds 1 m, but not more than 2 m, a bot
tom longitudinal shall be fitted on centre line box 
keel bottom, the depth of which shall be equal to half 
the floor depth. Where the breadth of the centre line 
keel is more than 2 m, an intercostal side girder 
having the same scantlings as the floor shall be fitted 
in lieu of the above longitudinal. The scantlings of 
floors are assumed the same as those of floors fitted 
in correspondingly framed buoyancy spaces. 

On the top, the centre line box keel shall terminate 
in a bar, or an angle, or a cover plate, the thickness of 
which shall be equal to that of the centre line box keel. 

The centre line box keel sides shall extend beyond 
the hopper transverse bulkheads by brackets, the arm 
lengths of which shall be equal to the depth of the 
centre line box keel, and the thickness equal to that of 
the centre line box keel side. 

3.6.2.11.6 The upper cross members of the hop
per space may consist of a web with openings and 
face plates on the upper and lower edges or be fab
ricated in the form of a hollow box generally of 
a triangular or another cross-section. 

I t is recommended that the upper cross members 
be attached to the hopper longitudinal bulkhead by 
brackets the arm lengths of which shall be equal to 
the depth of the upper cross member, and the thick
ness to its web thickness. 

The upper cross members shall be connected to 
the centre line box keel by pillars, where such a keel is 
fitted. 

3.6.2.11.7 The hopper coaming may be trans
versely or longitudinally framed. The upper edge of 
the coaming shall be stiffened with a face plate having 
a width not less than one-tenth of the coaming height 
and a thickness not less than a coaming thickness. 

In case of longitudinal framing, the coaming shall 
be strengthened by longitudinals spaced not more 
than 900 mm apart. 

In case of transverse framing, vertical stiffeners 
shall be fitted between stays at every frame. 

The hopper side coamings shall be extended 
beyond the hopper ends by the brackets for a dis
tance equal to 1,5 times the coaming height. Deck 
girders extending not less than three frame spaces 
from a bracket end shall be fitted under the brackets. 

3.6.2.11.8 In floating cranes, the tub plating shall 
not be cut at the upper deck. No horizontal welds are 
permitted in the tub plating within the area extending 
for 0,2A up and down from the upper deck (where h is 
the distance between the bottom and the upper deck 
in way of the tub position). 

3.6.2.11.9 Diaphragms shall be fitted inside the 
crane tub in line with the upper deck and platform. 

3.6.2.11.10 For outer plating of specific struc
tures 20 mm and more in thickness in way of the 

hopper steel of not lower than grade D shall be uti
lized. Use of plates having a thickness 50 mm and 
more is subject to special consideration by 
the Register. 

3.6.3 Design loads. 
3.6.3.1 Design loads on the main hull structures 

shall be determined in compliance with Sections 1 
and 2 at draughts d\ and d2 and the wave coeffi
cient cw under dredging conditions and during 
voyage. For dredging conditions, the wave coeffi
cient cw shall not be taken greater than 2(D + hc—d\). 

3.6.3.2 The maximum value of the design load for 
vessel's extremities during voyages shall be obtained 
as required by 2.8.3 using the draught at the sec
tion 0,11, from the forward perpendicular. For the 
transom bulkhead angles ax = 0 and $ x = 90° are 
assumed. 

3.6.3.3 The design bending moments and shear 
forces in vessels of dredging fleet having Z , > 6 0 m 
shall be determined for voyage and for dredging 
conditions. 

For voyage the hopper space is considered to be 
filled with water up to the effective waterline (or empty 
i f such case is possible), stores and outfit are taken as 
100 per cent, all gear being stowed for sea. 

For the case of dredging operations, the hopper 
space is considered to be filled with homogeneous soil 
up to the upper overflow level (coaming), there are no 
stores on board, the draught is equal to d\, gear being 
stowed for sea. 

Wave bending moments and shear forces shall be 
determined as required by 1.4.4. 

3.6.3.4 Opening vessels. 
3.6.3.4.1 In opening vessels, still water and wave 

bending moment is created both by vertical and hori
zontal forces. Bending moments are calculated first in 
vGu coordinate system and then recalculated for the 
basic inertia axes x and y of each semi-hull (refer to 
Fig. 3.6.3.4.1). A fully loaded hopper space at the 
maximum draught of the vessel is taken as a design 
case. Bending of each semi-hull hopper is considered 
separately. Deck hinges and hydraulic cylinders are 
assumed to be supports located at the hopper ends. 

Besides, the following cases are considered: 
sailing in the work area with soil in the hopper, 

dredging gear stowed for sea; 
voyage with water in the hopper space or in the 

ballast condition (the hopper is empty, wherever 
practicable). Stores and outfit are taken in full, all 
gear stowed for sea. 

3.6.3.4.2 The type of supporting structures and 
the clearance between two semi-hulls in the fore and 
aft ends of the hopper space determine the conditions 
of horizontal moments calculation. 

Where supporting structures fitted at the deck or 
bottom level forward or aft of the hopper space 
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Fig. 3.6.3.4.1: 
1 — hinges; 2 — hopper space 

provide the absence of any clearance between the 
semi-hulls, and the length of the supporting struc
tures creates adequate fixing against the horizontal 
forces acting athwart the hopper space, the hori
zontal force calculation is made assuming that 
a semi-hull is rigidly restrained at each hopper end. 

Otherwise a semi-hull is considered to be freely 
supported. 

3.6.3.4.3 Vertical loads. 
The vertical bending moment at any section Mv, 

in kN-m, acting on each semi-hull shall be determined by 
the formula 

Mv = 0,5(MSWX + Mwx) (3.6.3.4.3) 

where = still water bending moment to be obtained by load 
integration of the vessel with connected hulls for loading 
conditions referred to in 3.6.3.4.1, in kN -m; 

Mwx = wave bending moment for the vessel with connected 
hulls, to be determined as required by 1.4.4., in kN - m. 

Vertical moments are considered positive in case 
of hogging and negative in case of sagging. 

3.6.3.4.4 Horizontal loads. 
The horizontal bending moment Mhi, in kN/m, 

acting on each semi-hull at the sections taken in the 
middle and at ends of the hopper space shall be de
termined by the formula 

Mhi = MSWu + MWu (3.6.3.4.4-1) 

where Mm,u and MWu = horizontal still water and wave bending 
moments at the section under consideration, respectively, 
in kN-m. 

Horizontal moments are considered positive 
where the outer side of one semi-hull is subjected to 
tensile stresses. 

The horizontal moment acting on a semi-hull 
depends on the fixing used at the ends of the hopper 
space. 

Where a semi-hull is considered rigidly fixed at 
the ends of the hopper space, the horizontal moment 
shall be determined using the following formulae: 

in still water: 
at the section taken in the middle of the hopper 

space 

Mswh = 0,10/7& (3.6.3.4.4-2) 
at the hopper end sections 

M'swh = -0,10/7/1 (3.6.3.4.4-3) 

where p = 0,5g(psHl — pd\), in kN/m; 

in waves: 
at the section taken in the middle of the hopper 

space 

Mwh = Mwx \ + v|,2 j - ) ; (3.6.3.4.4-4) 

at the hopper end sections 

M'wh = ~MWX^- 0|r3 + * 4 ± ) (3.6.3.4.4-5) 

where tyi = 0,61/ A /£ — 0,103; 
\|r 2 = 0,50/ A /£ — 0,100; 
\|r3 = 0,85/ A /£ — 0,112; 
\|r 4 = 0,37/ A /£ — 0,050; 

E = x(Cb + 0,7)[1,38 - 0,128( 3 " \ ^ L ) 3 / 2 ] ; 

x = 1,35£/100 —0,215. 

Where the semi-hull is not fixed at the hopper 
ends, the horizontal moment at the section at the 
middle of the hopper space shall be determined by the 
following formulae: 

in still water 

Msw = 0,15/7/1; (3.6.3.4.4-6) 

in waves 
Mwh = Mwx^-(l+^5j-) (3.6.3.4.4-7) 

where \|r 5 = l , 2 3 ( / A / £ - 0 , 5 ) . 

The still water and wave horizontal bending 
moments at the hopper end sections are equal to zero. 

The sign of Mwx shall be taken into account in 
determination of Mwh and M'wh. 

I t is assumed that M^h and M^n are equal to zero 
during voyage whatever the fixing conditions are. 

3.6.3.5 Bending moments acting on the hull of the 
floating crane shall be determined for operating 
conditions in the work area and a voyage. 
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For the operation in the work area the design 
vertical bending moment Mop, in k N m, shall be de
termined by the formula 

3.6.3.10 The design load p4, in kPa, on the 
framing members and on the plating of the hopper 
coaming shall be determined by the formula 

Mop = Msw + Mg + Mw (3.6.3.5) pA = gpshc 

where Mm = still water bending moment according to 1.4.3, in kN-m; 
Mg = bending moment due to the weight of the load suspended 

on the crane hook, in kN-m; 
for a voyage Mg is assumed to be equal to zero. 

Mw = wave bending moment for work areas and a voyage to be 
determined using a procedure approved by the Register 
for a specified length and height of the wave. 

(3.6.3.10) 

The value p4 shall be taken not less than 15 kPa. 
3.6.3.11 The design axial force N, in kN, acting at 

the mid-height level of the hopper lower cross member 
on a diaphragm or a transverse ring structure of the 
side buoyancy space shall be determined by the formula 

3.6.3.6 The design pressure ps, in kPa, on the 
bulkheads bounding the hopper space, on the struc
tures of the enclosed watertight centre line box keel 
shall be determined by the formula 

PsgZi (3.6.3.6) 

where zt = distance of the load application point from the upper 
weir level (upper edge of the coaming), in m. 

3.6.3.7 The design load p\, in kPa, on a partial 
bulkhead (diaphragm) or a transverse ring structure of 
the side buoyancy space at a level of the mid-height of 
the hopper lower cross member due to soil pressure, 
having regard to the outer counterpressure, shall be 
determined by the formula 

pi = g{Q$psHx-\,5pshc-Q,\pHxe) (3.6.3.7) 

where e = 0 for fl<4in; 
e = 0,2Z>-0,8 when dJD ^0,75 
e = 0,4Z>-1,6 when d^D > 0,75 

}forZ> > 4 m. 

3.6.3.8 The vertical design load p2, in kPa, due to 
soil pressure, having regard to the counterpressure of 
the water on the lower cross member of the hopper 
space shall be determined by the formula 

Pi = g[psH2-(pd\ + 0 ,5pc w ) -
Ps(kcr—bb.k)ALcr l,5psAbmk 

(3.6.3.8) 

blu h. 

3.6.3.9 The horizontal design load p3, in kPa, due 
to the dredged spoil pressure on face plates of the 
hopper lower cross member shall be determined by 
the formulae: 

for the upper face plate 

P'l = I S?Acr> 

for the lower face plate 

P"3 = 
1 

*pA< 

(3.6.3.9-1) 

(3.6.3.9-2) 

N = gbH^MpsH! + 0,63pJic-0,03pHim] (3.6.3.11) 

where TO = 0 for Z)^3,5 m; 
TO = 1 for D > 3,5 m, dJD ^0,75; 
TO = (9Z)-31,5)(rfi/Z)-0,75) for D > 3,5 m, dJD > 0,75. 

3.6.3.12 The design axial force RLcr, in k N , acting 
on the lower cross member of the hopper space shall 
be determined by the formula 

(3.6.3.12) 
Rlcr = 0,163g-gr [pM (3D-H2)-

-p{dx-Q,5cw)\3D-dx + 0,5cw)]. 

3.6.3.13 The design axial force Rup.Cr, in k N , 
acting on the upper cross members of the hopper 
space shall be determined by the following formulae: 

.1 for the upper cross member fitted at the deck 
level 

RUp.cr - R\ (3.6.3.13.1) 

where R\ = pressure of dredged soil on the upper cross member 
determined as 

_ 0,082Z>flj,„^ , 
* i = g p s — H i (2H2-3hLcr); 

R2 = external hydrostatic pressure on the upper cross member 
determined as 

0,082Z>(̂ i - 0,5c„,)2 

(2dx-cw-ihlcry, 

Ri = reaction due to supporting bending moment at the 
junction of the diaphragm with the lower cross member 
determined as 

R, = p. btf.cr . 
2 \2HX' 

R4 = force resulting from supporting reactions of the hopper 
lower cross member determined by the formula 

bli.crb2 
AH, h. 

.2 for the upper cross member fitted at the upper 
face plate of the hopper coaming 

RUp.cr = gPMc- (3.6.3.13.2) 

3.6.3.14 The design load on deck shall be not less 
than 20 kPa. 

3.6.3.15 The design loads on the structures of 
each semi-hull of opening vessels shall be determined 
in compliance with 3.6.3.1 to 3.6.3.14. 
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3.6.3.16 In opening hopper dredgers and hopper 
barges, for each hydraulic press, the horizontal statical 
force FH, in kN, necessary to keep the hull closed is 
determined by the formula (refer also to Fig. 3.6.3.16) 

FH = [ " F h a i +F<fl2+\ W S A A - gQM 
(3.6.3.16-1) 

where nx = number of hydraulic presses; 
Fh = horizontal force of water pressure on the hull, deter

mined by the formula 

Fh= 0,5pg/ h(^-0,5c) 2; 

Fd = horizontal force of dredged soil pressure on the hull, 
determined by the formula 

Fd= 0,5psglh(H2-c)2; 

for c, refer to Fig. 3.6.3.4.1; 
fli, a2, a3, bi, b2, b3 = force arms, in m (refer to Fig. 3.6.3.16). 

bi 

Fig. 3.6.3.16 

For design force Fdes, the maximum pressure 
value achieved by the hydraulic press is adopted, 
with Fdes^FH. 

The horizontal static force in each hinge Fhm in k N , 
is determined by the formula 

= 2 ft + "SH-FJ-™ (Fdes-Fn)] (3-6.3.16-2) 

where a4 = arm of the force acting upon the stop, in m. 

The horizontal static force acting upon each stop 
is determined by the formula 

F * = ( 3 - 6 - 3 - 1 6 " 3 ) 

where n2 = number of stops. 

The vertical components of static forces in hinges 
are assumed equal to zero. 

3.6.3.17 The dynamic forces acting on hydraulic 
cylinders and deck hinges shall be determined by 
calculations of vessel's motions in a seaway, with 
various course angles, in light-ship and full-load 
conditions. Based on these calculations, maximum 
vertical and horizontal forces acting on the hydraulic 
presses are determined. The calculation shall be made 
using a procedure approved by the Register. 

3.6.4 Scantlings of structural members. 
3.6.4.1 Scantlings of structural members shall be 

determined in compliance with Sections 1 and 2, 
having regard to the provisions of this Chapter. 

3.6.4.2 The required hull section modulus of a 
singlehull vessel of 60 m in length and over shall be 
determined as required by 1.4.6 for deck, bottom, 
upper edge of the hopper coaming, having regard to 
specified work areas and voyages. The greater value 
obtained for the work area or voyage (refer to 3.6.3.3 
and 3.6.3.4) shall be taken. 

For opening hopper dredgers and hopper barges 
the required section modulus shall be determined for 
the case when both semi-hulls are connected (refer 
to 3.6.3.4). 

3.6.4.3 When calculating the actual section 
modulus of the hull in way of the hopper space as 
required by 1.4.8, account shall be taken of all con
tinuous longitudinals, longitudinal bulkheads and the 
hopper space coamings with longitudinals, 
85 per cent of the total area of centre line box keel 
longitudinal members, provided they are properly 
interconnected with the longitudinal framing mem
bers beyond the hopper and fitting of transverse 
members regulated by the Rules, inside the hopper. 

The continuous deck plating longitudinally framed 
above the hopper space and a wash bulkhead in the 
hopper may be included in the actual section modulus 
calculation using a procedure approved by the Register. 

3.6.4.4 Longitudinal strength of each semi-hull of 
opening hopper dredgers and hopper barges shall be 
checked for vertical and longitudinal bending moments 
in asymmetrical bending (refer to Fig. 3.6.3.4.1). 

3.6.4.4.1 Normal stresses arising in cross-section 
points under conditions of asymmetrical bending 
shall be determined amidships and at the end bulk
head sections of the hopper space (from inside the 
hopper), provided the hulls at this position are rigidly 
restrained. 

Stresses a, in MPa, shall be determined by the 
formula 

a = (Mx f - ~ My f~ ) * 1 0 " 3 (3.6.4.4.1-1) 

where Mx = Mv coso> — Mh sinoc; 
My = Mv sin oc + Mh cos oc; 

for Mv and Mh refer to 3.6.3.4.3 and 3.6.3.4.4; 
oc = rotation angle of main inertia axes (positive value of oc — 

rotation Gu axis counter-clockwise), it shall be deter
mined by the formula 
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tg2a = 2 U ( W J (3.6.4.4.1-2) 

where /„„ = Sut vt dSt = centrifugal inertia moment about axes Gu, 
Go with no regard for wear allowance, in m 4; 

Uf, Vf = distance of the centre of gravity of ;'-th member area from 
the axes Gu, Go, in m; 

dSj = i-th member area, in m 2 ; 
/„, /„ = inertia moments of the semi-hull cross-section about axes 

Gu, Go with no regard for wear allowance, in m 4 ; 
x, y = coordinates of the section point under consideration about 

main axes Gx, Gy (refer to Fig. 3.6.3.4.1), in m; 
Ix, ly — inertia moments of the semi-hull cross-section about the 

main axes with no regard for wear allowance, in m 4 . 

3.6.4.4.2 Normal stresses acting in the semi-hull 
cross-section (for normal strength structural steel) 
shall not exceed: 

150 MPa for the lower edge of the deck stringer; 
145 MPa for the upper edge of the plate keel; 
165 MPa in the face plate of the hopper coaming. 
3.6.4.4.3 Permissible shear stresses for members 

made of normal strength structural steel and partici
pating in the longitudinal bending are assumed equal 
to 115 MPa. Equivalent stresses aeq = y/a2 + 3z2 at 
the sections where substantial normal stresses a and 
shear stresses T (at the hopper ends) act shall be not 
more than 170 MPa. 

3.6.4.4.4 Buckling strength of compressed mem
bers according to 1.6.5 shall be ensured. 

3.6.4.5 Bottom framing. 
3.6.4.5.1 When the bottom is transversely framed, 

the moment of inertia and scantlings of floors in side 
buoyancy spaces shall be determined as required 
by 2.3.4.1.1; in this case, to be taken as B\ is doubled 
breadth of the buoyancy space over the bottom. 

3.6.4.5.2 Where a single bottom is longitudinally 
framed, the section modulus of bottom longitudinals 
in buoyancy spaces shall be not less than that de
termined in compliance with 2.3.4.2.1. The floors shall 
be fitted in line with transverse ring structures, their 
section modulus and cross sectional area shall be not 
less than determined from 2.3.4.2.3 and 2.3.4.2.4. The 
section modulus and depth of a side girder shall be not 
less than those required for the floor. The floor web 
depth shall not be less than 0,131?! (refer to 3.6.4.5.1). 

3.6.4.5.3 The scantlings of the bottom framing 
members in each semi-hull of opening vessels shall be 
determined as required by 2.3.4.2; to be taken as 
breadth B\ is the breadth of one semi-hull at the 
section under consideration. There is no bottom 
centre girder in opening vessels. 

3.6.4.5.4 The scantlings of double bottom mem
bers in way of the hopper space are determined as for 
dry cargo ships having double skin construction ac
cording to 2.4 with regard to 3.6.2.4; beyond the 
hopper as for dry cargo ships with single skin con
struction in compliance with the requirements of the 
same paragraphs. 

The plate floor spacing shall not exceed the 
maximum spacing of transverse ring structures, spe
cified in 3.6.2.11.1. 

3.6.4.5.5 For floating cranes the section modulus 
of bottom transverses shall be as required by 2.3, and 
additional bottom longitudinals shall have the same 
section modulus as for main longitudinals. 

3.6.4.5.6 In calculating the section modulus and 
the depth of floors in accordance with 2.3, B\ is as
sumed to be the floor span between the side shell and 
the longitudinal bulkhead or between the longi
tudinal bulkheads, but not less than 0,4 of the full 
breadth of the ship. 

3.6.4.5.7 In case of longitudinally framed bottom, 
the scantlings of floors and bottom longitudinals of 
floating cranes beyond the double bottom area shall 
be determined in accordance with 2.3.4.2. 

3.6.4.6 Shell plating. 
3.6.4.6.1 Shell plate scantlings are determined in 

accordance with 2.2.4. 
The thickness of the bottom strakes to which 

hopper longitudinal bulkheads or well sides are 
connected shall be increased by 15 per cent as against 
that of the bottom plating. Where there is no centre 
line box keel, the thickness of the bottom strakes 
abutting on the hopper longitudinal bulkhead shall 
be increased by 50 per cent. 

3.6.4.6.2 The side shell plating thickness at the 
hopper ends shall not be less than required by 1.4.7. 

3.6.4.6.3 In vessels with pontoon hulls, the thickness 
of the bottom and side shell plating within 0,151, from 
the forward and after perpendiculars shall not be less 
than the plating thickness within the midship region. 

3.6.4.6.4 The thickness of the well side plating 
shall be equal to the thickness of the side shell plating 
in area concerned, but not less than 8 mm. 

3.6.4.6.5 In opening vessels the shell plating 
thickness shall be determined with regard for 3.6.4.4. 

The thickness of the bottom strakes at the hopper 
longitudinal bulkhead need not be increased. 

3.6.4.6.6 In floating cranes the thickness of the 
bottom plating within 0,21, from the forward per
pendicular shall be increased over the entire breadth 
of the hull by 30 per cent as against the minimum 
thickness required by 2.2.4.8. 

In the fore peak and the areas extending forward 
for 0,11, from the stern transom corners and inboard 
for 0,15, the thickness of the side shell plating shall 
be increased over the entire depth by 30 per cent 
as compared to the minimum thickness required 
by 2.2.4.8 (refer also to 3.6.2.5.2). 

In other regions along the hull length, the mini
mum thickness of the shell plating shall be increased 
by 10 per cent as against that prescribed by 2.2.4.8. 
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3.6.4.6.7 The plating thickness of the bow and 
stern transoms in floating cranes shall not be less 
than required by 3.6.4.6.3. 

3.6.4.7 Side framing. 
The scantlings of the side framing members shall 

be determined in compliance with 2.5, having regard 
to 3.6.2.5, 3.6.2.11 and the requirements given below: 

.1 the section modulus of frames in transversely 
framed side buoyancy spaces shall be determined 
from 2.5.4.1 as for dry cargo ships. 

Where a side stringer is fitted at a level of fenders, 
main frame span may be determined in compliance 
with 2.5.1.2 as for side transverses of tankers, pro
vided the structure of the side stringer meets the re
quirements of 3.6.4.7.2. Where no transverse ring 
structures are fitted, braces may be provided in line 
with horizontal girders of longitudinal bulkheads; 

.2 the scantlings of side stringers shall be de
termined as required by 2.5.4.4 as for the case of fitting 
web frames. The width of the side stringer shall not be 
less than 0,08/ (/ = stringer span as measured between 
web frames or between those and tight transverse 
bulkheads) or 2,5 times the frame depth, whichever is 
the greater. Side stringers shall be aligned with cross 
ties of the transverse ring structures; 

.3 the section modulus of side longitudinals shall 
be determined as required by 2.5.4.3 with fcCT values 
taken as for dry cargo ships; 

.4 the section modulus and cross-sectional area of 
web frames which are a part of a transverse ring 
structure shall be not less than those required 
in 2.5.4.5 for side transverses of tankers. 

A web frame span shall be measured between the 
inner edges of the floor and an inner edge of the 
beam. 

The depth of the web frame shall not be less 
than 0,1/ or 2,5 times the width of longitudinals 
(whichever is the greater) and may be assumed varying 
with reduction at the upper end and increase at the lower 
end by 10 per cent as against the average value; 

.5 the section modulus of well longitudinal 
bulkhead stiffeners shall not be less than required for 
side frames; 

.6 in floating cranes, the section modulus of main 
and intermediate frames in the fore peak shall be 
increased by 20 per cent as compared to that required 
by 2.8.4.2.2; 

.7 the section modulus of web frames in floating 
cranes W, in cm 3 , within the region specified 
in 3.6.2.5.3 shall not be less than 

120 

W = 0,95(300 + ^ M > c (3.6.4.7.7) 
where / = web frame span measured between the deck and the 

upper edge of the floor, in m; 
p = as defined in 3.6.3, but not less than 0,5pg/, in kPa; 

.8 the scantlings of the framing members of the 
bow and stern transoms shall not be less than re
quired by 3.6.4.7.2 to 3.6.4.7.4 and 3.6.4.7.6. 

3.6.4.8 Decks. 
3.6.4.8.1 The plating thickness of the strength 

deck within the midship region shall be taken not less 
than the sheerstrake thickness. 

The minimum thickness of the deck plating in 
vessels of dredging fleet shall be determined accor
ding to 2.6.4.2 as for the strength deck. For floating 
cranes the minimum thickness of the upper deck shall 
be increased by 10 per cent as against that prescribed 
by 2.6.4.2 as for the strength deck. 

3.6.4.8.2 Compressive stresses in deck shall be 
determined under the action of bending moment 
components according to 3.6.3. The buckling 
strength requirements of 1.6.5 shall be met. 

3.6.4.8.3 The depth of deck transverses in 
buoyancy spaces which form a part of the transverse 
ring structure shall be equal to two-thirds of the floor 
depth, while the thickness of the web plate and sizes 
of the face plate shall be equal to those of the vertical 
webs. The depth of the deck transverse shall be not 
less than 2,5 times the height of the deck longitudinal. 

3.6.4.8.4 For floating cranes the section modulus 
of deck girders shall be determined as required 
by 1.6.4.1 with Jca = 0,6 and m = 12. 

3.6.4.8.5 The deck plating thickness under the 
seats of special arrangements fitted on the deck (cat 
cranes of suction tubes, transfer appliances, grab 
cranes, etc.) and where special metal structures pass 
through the deck (main and ladder gallows) shall be 
increased by 25 per cent. 

3.6.4.9 The scantlings of side and deck framing 
members, the thicknesses of deck plating, bulkhead 
framing and plating, and coamings of opening vessels 
shall be determined with regard for 3.6.4.4. 

Where vertical webs and web frames are con
nected by cross ties or braces, the scantlings of ver
tical webs, web frames and braces shall be submitted 
to the Register for review. 

3.6.4.10 In vessels with pontoon hulls, the scant
lings of side stringers at the forward end of the vessel 
shall be prescribed as required by 2.8.4.5, the height 
and thickness of vertical webs and web frames shall 
be the same as the width and thickness of the stringer. 

3.6.4.11 Specific structures of vessels of dredging fleet 
3.6.4.11.1 The section modulus W, in cm 3 , of the 

diaphragm of the buoyancy space after deduction of 
openings, or the total section modulus of a vertical 
web and a web frame of the transverse ring structure 
at the section of a mid-point of the hopper lower 
cross member depth shall not be less than 

I S « < 3 - 6 a i u > 
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where for H\, refer to Fig. 3.6.1.6; 
m = 12; 

k„ = 0,6; 
P\ = as defined in 3.6.3.7. 

3.6.4.11.2 The cross-sectional area / , in cm 2 , of 
the diaphragm, or the total sectional area of a vertical 
web and a web frame of the transverse ring structure 
at a level of a mid-point of the hopper lower cross 
member depth shall be not less than 

f=^f+0,lAfi (3.6.4.11.2) 

where N = as defined in 3.6.3.11; 
K = 0,65; 

Aft = Asbt; 
bt = typical member scantlings (half-breadth of deck, web 

height of longitudinal, etc.), in cm. 

The scantlings of the transverse ring structure 
members (bottom transverse, vertical web, side and deck 
transverses) shall be not less than required by the re
levant paragraphs of this Chapter for such members. 

3.6.4.11.3 The section modulus W, in cm 3 , sectional 
area of the hopper lower cross member web fw, in cm 2 , 
after deducting openings, sectional area of the floor 
with face plates / 0 , in cm 2 , shall not be less than: 

„ , 103blfcr 
w = ^ s - s - w 

(3.6.4.11.3-1) 

/ w = 5 

/o = 

bll.cr 
Kz ^ (p2+ V&&Abl) + 0,Wi (3-6.4.11.3-2) 

H.cr 

0 kna„ J l (3.6.4.11.3-3) 

where TO = 12; 
K = 0,45; 

K, = 0,2; 
kz = 0,45; 
p2 = as defined in 3.6.3.8; 

Ricr = as defined in 3.6.3.12; 
for Af, refer to 3.6.4.11.2. 

3.6.4.11.4 The section modulus of the face plates 
of the hopper lower cross members W, in cm 3 , about 
the horizontal axis and sectional area ff_p, in cm 2 , 
shall not be less than: 

for the upper face plate 

= l O W f _ (h - h)* (3.6.4.11.4-1) 

= 2^ur(h +h)p, + Q f W (3.6.4.11.4-2) 
t x T n 

for the lower face plate 

W = 

fi 'f-P n-x'n 

(3.6.4.11.4-3) 

(3.6.4.11.4-4) 

where for l\ and h, refer to Fig. 3.6.1.6; 
m= 24; 

TO! = 12; 
kc, = 0,6; 
kz = 0,45; 

Pi, p'{ = as defined in 3.6.3.9; 
Af = as defined in 3.6.4.11.2. 

3.6.4.11.5 The section modulus of bulkhead ver
tical webs, horizontal girders, vertical stiffeners and 
longitudinals of the hopper longitudinal bulkheads 
shall be determined as for side framing according 
to 3.6.4.7 with substitution of p according to 2.5.3 
by ps according to 3.6.3.6. For the longitudinal 
bulkhead stiffeners m = 11 and ka = 0,75. 

The depth of the vertical web shall be not less 
than 0,12/ and may be assumed varying with reduc
tion at the upper end and increase at the lower end by 
10 per cent as compared to the average value. 

Two upper longitudinals shall be taken the same 
as the third longitudinal from the deck. 

Besides, three upper and three lower longi
tudinals shall be checked according to 1.6.5.4. 

The width of the horizontal girder shall be equal 
to that of the bulkhead vertical web. 

3.6.4.11.6 The plating thickness of the hopper 
longitudinal and end bulkheads shall be determined 
as required by 1.6.4.4 assuming p = ps (where ps shall 
be obtained from 3.6.3.6), ka = 0,7, m = 15,8. 

The upper strake thickness of the hopper longi
tudinal bulkhead at 0,1-D below the deck shall not be 
less than the sheerstrake thickness. The lower strake 
thickness of the longitudinal bulkhead at 0,1-D from 
the base line shall not be less than the bottom plating 
thickness. 

3.6.4.11.7 The minimum thickness of hopper 
bulkhead plating shall be equal to 8 mm for vessels 
having the length L < 60 m and 10 mm for vessels 
having the length Z,>80 m. For intermediate values 
of L , the minimum thickness shall be determined by 
linear interpolation. 

3.6.4.11.8 The section modulus W, in cm 3 , of 
vertical stiffeners and stanchions of the hopper 
coaming shall not be less than determined by the 
formula 1 

" - T a g ? - . (3.6.4.11.8-1) 

where p4 = as defined in 3.6.3.10; 
TO = 15 for stanchions where upper cross members are fitted 

in line with transverse ring structures at the coaming top; 
TO = 6 for stanchions where no upper cross members are fitted 

at the coaming top; 
TO = 15,6 for vertical stiffeners where transverse framing is 

adopted; 
ka = 0,6. 

^ o r stanchions b is substituted for a. 
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The section modulus W, in cm 3 , of horizontal 
stiffeners and face plate of the coaming shall not be 
less than 

(3.6.4.11.8-2) 

where zt = distance between the coaming top and horizontal 
stiffeners, but not less than half the coaming height, in m; 

m = 12; 
k„ = 0,2. 

The sectional area fst of the coaming stanchion, 
in cm 2 , at deck shall not be less than 

where kz = 0,45; 
Aft= as defined in 3.6.4.11.2. 

(3.6.4.11.8-3) 

The plate thickness of the side (end) coaming 
shall be determined as for the longitudinal (end) 
bulkhead of the hopper ps according to 3.6.3.6 as 
measured at the deck level, but i t shall be taken not 
less than the upper strake thickness of the longi
tudinal bulkhead. 

The depth of the stanchion at deck shall be not 
less than 0,12hc and the thickness not less than the 
coaming thickness. 

The plate thickness of the coaming and moment 
of inertia of the horizontal stiffeners and face plate of 
the coaming shall meet the buckling strength re
quirements according to 1.6.5. 

3.6.4.11.9 The sectional area of the upper cross 
members spanning hopper space at deck level and/or 
coaming level fup.Cr, in cm 2 , shall not be less than 

fup.cr = 0,085/Vcr + 0.1A/; 

where A/J = as defined in 3.6.4.11.2. 

(3.6.4.11.9-1) 

Where a load from bottom closing appliances is 
applied to the upper cross members, their strength shall 
be checked using the equivalent stress given below 

VCTmax + 3T?A <0,75CT„ (3.6.4.11.9-2) 

where c w = WKp.Jfup.a- + (Mb/W)W, 
zsh = WN,df„; 

Mb and Nsh = maximum bending moment, in kN.m, and shear 
force, in kN, due to transverse load; 

W = actual section modulus of the upper cross member, in cm 3; 
fup.cr, fw = full sectional area of the upper cross member and 

sectional area of the cross member web, in cm 2 . 

3.6.4.11.10 Where no upper cross members are 
fitted at a deck level in line with transverse ring 
structures, a part of the coaming structure with the 
upper portion of the side buoyancy space located 
at 0,1-D below the deck line (refer to Fig. 3.6.4.11.10) 
shall have a section modulus 
a horizontal axis not less than 

W, in c m , about 

550iC,cr(4-fe)2 

(3.6.4.11.10-1) 

The thickness of the deck plating s, in mm, shall 
not be less than 

s= + A s 

bB3z„ 
where for -S3, refer to Fig. 3.6.4.11.10. 

(3.6.4.11.10-2) 

Fig. 3.6.4.11.10 

3.6.4.11.11 The scantlings of hull structural items 
in places where hinges and hydraulic presses are ar
ranged shall be determined by direct calculation as 
regards the action of statical and dynamical forces 
in compliance with 3.6.3.16. 

The calculations shall be submitted to 
the Register for review. 

3.6.4.11.12 Hydraulic presses shall be positioned 
in special spaces at the hopper ends. The strength 
calculation of foundations and attachments of hy
draulic presses shall be made as regards the action of 
forces determined in accordance with 3.6.4.11.11 and 
shall be submitted to the Register for review. 

3.6.4.12 Specific structures of floating cranes. 
3.6.4.12.1 The diameter of the tub D0, in m, at the 

upper deck beneath the fixed tower supporting the 
upper structure of the crane shall not be less than 

-D0 = 0,37M/P (3.6.4.12.1) 

where M = total bending moment due to load and weight of the 
movable upper structure of the crane, applied to the 
supporting tower, in kN.m; 

P = total vertical force due to load and weight of the movable 
upper structure of the crane, applied to the supporting 
tower, in kN. 

3.6.4.12.2 The thickness of the tub plating, in cm, 
at the upper deck shall be determined by calculation 
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based on the total bending moment according 
to 3.6.4.12.1 and a horizontal component of the load 
for the case when a design safe working load of the 
crane with the lifting height from the water level at 
the maximum outreach is used. 

Permissible stresses for normal strength steel shall 
not be more than: a = 140 MPa and T = 80 MPa. 

The buckling strength of the tub plating over its 
entire height shall be ensured to the value acr = 2,5ReH. 
The calculations shall be submitted to the Register for 
review. 

3.6.4.12.3 The inertia moment Imin, in cm 4 , of the 
tub vertical stiffeners ( if any) shall not be less than 

/min = ( 1 , 0 3 / - l , 8 0 j > 3 (3 .6 .4 .12.3) 

where / = stiffener span measured between the bottom and the 
platform or between the platform and the deck, 
whichever is the greater, in m. Where the platform is 
omitted, the distance between the bottom and the deck is 
measured; 

y = spacing of stiffeners, measured along the chord line, in m; 
j: = tub plating thickness at the stiffener mid-span, in mm. 

3.6.4.12.4 The plating thickness of the bulkheads 
forming a cross and the bearing contour shall not be less lhan 
determined according to 2.7.4.1, assuming Jca = 0,70, 
As > 4 mm for bulkheads forming the cross and 
A s > 2 mm for those forming the bearing contour. 

For cranes having a safe working load more 
than 100 t, the stressed condition of framing mem
bers and plating of bulkheads forming the cross 
under the loads transferred from the fixed supporting 
tower in case of using the design safe working load at 
the maximum outreach shall be checked according to 
the procedure approved by the Register. 

3.6.4.12.5 The plating thickness of the upper deck 
and the bottom s', in mm, in way of the crane tub 
shall not be less than 

y = as (3 .6 .4 .12.5) 

where ,s = as defined in 3.6.4.12.2; 
<x = 0,6 and 0,4 for the upper deck plating and bottom 

plating, respectively. 

The dimensions of the plates of increased thick
ness shall be taken in accordance with Fig. 3 .6 .4 .12.5. 

3.6.5 Special requirements. 
3.6.5.1 Where vessels are intended to ground 

during the course of normal service, the bottom of 
such vessels shall be suitably strengthened, as follows: 

.1 the thickness of the bottom shell plating shall 
be increased by 20 per cent over the minimum re
quirement; 

.2 where the double bottom is omitted and 
transverse framing system is adopted, the bottom 
shell plating between the bottom side girders shall be 
strengthened by horizontal stiffeners. 

c 

» 
c>2D0 

Fig. 3.6.4.12.5: 
1 — thickened plate; 2 — tub 

In line with horizontal stiffeners vertical stiffeners 
shall be fitted. The horizontal stiffeners shall pass 
through openings in the floors and be welded to 
them; 

.3 where double bottom is omitted and longi-tu-
dinal framing system is adopted, the bottom shell 
plating shall be strengthened by additional floors, the 
depth of which shall be not less than 2,5 times the 
depth of the bottom longitudinal and a thickness 
equal to that of the main floors. The main floors shall 
be strengthened by vertical stiffeners fitted in line 
with bottom longitudinals. Side girders shall not be 
spaced more than 2,2 m apart. The scantlings of bilge 
longitudinals shall not be less than those required for 
the bottom; 

.4 in transversely framed double bottom plate 
floors shall be fitted at every frame, side girders shall 
be spaced not more than 2,5 m apart, they shall be 
also fitted inboard or from longitudinal bulkheads at 
a distance not exceeding 2,5 m. The bottom shell 
plating shall be strengthened by horizontal stiffeners 
fitted between the side girders. Vertical stiffeners shall 
be fitted in line with horizontal stiffeners at every 
floor and be welded to them. 

In longitudinally framed double bottom floors 
shall be fitted at every second frame, and side girders 
shall be spaced 2,5 m apart; 

.5 in way of a recess for vertical girders of suction 
tubes, the following hull strengthening shall be pro
vided: 

side framing shall be reinforced by at least three 
web frames, the scantlings of which shall be the same 
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as those required for the engine room, and by not less 
than three intercostal side stringers extending for 
three spacings from the extreme web frames which 
shall be fitted not less than 50 mm from the edge of 
the recess; 

side shell plating in way of the recess shall be 
made of a curved welded-in plate, the vertical butt 
joint of this plate shall be not less than 100 mm from 
the edge of the recess; 

the thickness of the deck stringer in way of the recess 
shall be increased by 60 per cent over the length equal to 
one spacing forward and abaft of web frames. 

3.6.5.2 The requirements of 3.6.5.1 shall not ap
ply to floating cranes for which deep sea service is 
specified and which are not likely to ground under 
any conditions of heel and trim. 

3.6.5.3 The thickness of main structural items 
which are particularly subjected to abrasive wear due 
to the effect of spoil/water mixture (in particular, in 
case of special dredging methods used) shall be in
creased. These items may be made of special wear-
resistant materials subject to special agreement with 
the Register. 

3.6.5.4 Dredging pumps shall be located in spe
cial spaces bounded by watertight bulkheads. 

3.6.5.5 The scantlings of deck framing members 
on deck portions where heavy dredging (cargo 
handling) gear is installed, as well as where large 
heavy cargoes may be carried on decks of floating 
cranes or hopper dredgers shall be determined by 
calculation for the following conditions: 

beams are considered to be rigidly fixed to the 
supporting structure; 

a load (concentrated, partially distributed, etc.) 
shall be taken into account; 

equivalent stresses for items made of normal 
strength steel aeq, in MPa, shall comply with the 
condition 

c e q = VCT2 + 3 r 2 < 170 (3.6.5.5) 

where cr and T = normal and shear design stresses at the section 
under consideration. 

The results of the calculation shall be specially 
considered by the Register. 

3.7 F I S H I N G V E S S E L S AND S P E C I A L P U R P O S E S H I P S 
U S E D F O R P R O C E S S I N G O F S E A L I V I N G R E S O U R C E S 

3.7.1 General and symbols. 
3.7.1.1 The requirements of this Chapter apply to 

fishing vessels having a stern trawling arrangement or 
a side trawling arrangement and to special purpose 
ship intended for processing, storage and/or trans
portation of catch. 

3.7.1.2 The requirements for hull structures not 
referred to in this Chapter are given in Sections 1 and 2. 
In no case shall the requirements for hull structures be 
less stringent than those contained in Sections 1 and 2. 

3.7.1.3 For the purpose of this Chapter, the fol
lowing symbols have been adopted: 

bsr = breadth of stern ramp, in m; 
G\ = greatest specified mass of catch which can 

be handled by a special wheeled device or another 
transport means, in t; 

G2 = mass of moving part of special wheeled 
device or another transport means, in t; 

G = mass of processing equipment, in t; 
Sd = factory deck area, in m 2 ; 
a = spacing of framing members under con

sideration, in m; 
/ = span of member under consideration (refer 

to 1.6.3.1); 
b = height of design load distribution on a member; 
As = corrosion and wear allowance added to 

plate thickness, in mm (refer to 1.1.5.1); 
coc = factor taking account of corrosion allo

wance to the section modulus of the to framing 
member (refer to 1.1.5.3). 

3.7.1.4 The requirements for ships mooring at sea 
provide for a damping protection of the hull for 
which purpose pneumatic fenders or other equivalent 
damping arrangements may be used. These require
ments are based on the assumption that ships would 
be moored at a sea state not above 6. 

No side or superstructure strengthening are re
quired when ships are moored at a sea force below 4, 
provided the above damping protection is used. 

3.7.1.5 The regions of strengthening of fishing 
vessels and special purpose ships mooring at sea. 

3.7.1.5.1 Depth dimension: 
region A lying between the line drawn lower than 

the ballast waterline by the value of h and the line 
drawn higher than the summer load waterline by the 
value of h. The value of h shall be determined from 
Table 3.7.1.5.1; 

T a b l e 3.7.1.5.1 

Sea force No. h, in m 

4 0,8 
5 1,2 
6 2,0 

region B lying between the upper boundary of 
region A and upper deck; 

region C lying between the upper deck and the 
first tier superstructure deck, forecastle and poop 
included. 

3.7.1.5.2 Lengthwise, region A lies between sec
tions in which the ship breadth at summer load wa
terline level is equal to (B — 3 m). 
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In special purpose ships, region A shall extend 
for at least 0,361, forward and aft from the midship 
section. 

3.7.1.5.3 For special purpose ships, one or more 
fender areas shall be additionally established the 
boundaries of which are formed by sections lying 
within 0,051, forward and aft of the forward and aft 
edges accordingly of a group of floating fenders 
providing one mooring place for all specified variants 
of mooring. The boundaries of fender areas shall be 
determined at extreme positions of fenders and for all 
specified variants of mooring. 

3.7.1.6 Fishing vessels intended for systematic 
operation in ice conditions. 

3.7.1.6.1 Fishing vessels intended for systematic ope
ration in ice conditions shall have an ice class not lower 
than Icc3 in accordance with the requirements of 3.10. 

3.7.1.6.2 Fishing vessels intended for systematic ope
ration in ice conditions, which have the ice class Ice3, 
shall comply with the requirements of 3.10, as well as 
with additional requirements contained in 3.7.1.6.4, 
3.7.2.6, 3.7.3.4 and 3.7.4.5. 

3.7.1.6.3 No additional requirements are put 
forward with regard to the fishing vessels of ice class 
Arc4 or above. 

3.7.1.6.4 I f the loadline entrance of a fishing 
vessel of ice class Arc3 exceeds 0,251,, an intermediate 
region of ice strengthening may be established the 
boundaries of which shall be determined as in the 
case of Arc4 ice class. 

3.7.2 Construction. 
3.7.2.1 Stern ramp construction. 
3.7.2.1.1 The after end structure of vessels having 

a stern ramp and/or stern trawling arrangements 
shall be strengthened by fitting additional longi
tudinal and transverse members (girders, transverses, 
cross ties, bulkheads and partial bulkheads). 

The stern ramp shall be so constructed as to 
avoid flat of bottom in way of stern counter. 

The connection of stern ramp sides to transom 
plating and of the ramp deck to bottom plating shall 
have a radius of rounding not less than 200 mm. This 
connection may be made by using a bar not less than 
70 mm in diameter. 

3.7.2.1.2 Stern ramp sides shall, in general, be 
carried downwards to the shell plating and forward 
to the after peak bulkhead and shall be smoothly 
tapered into deck girders and transverses. 

3.7.2.1.3 Where the catch is dragged onto the deck, 
it is recommended that the stern ramp be longitudinally 
framed with transverses fitted at intervals not exceeding 
four frame spacings. The stern ramp longitudinals shall 
be spaced not more than 600 mm apart. 

In vessels where special transport means are used 
to carry the catch onto the deck, the stern ramp shall 
be framed transversely. 

3.7.2.2 The construction of ships having a side 
trawling arrangement. 

3.7.2.2.1 I t is recommended that vessels more 
than 30 m in length be fitted up with a forecastle. 

3.7.2.2.2 Within the location of each gallow, de
termined as the distance between sections at three 
spacings forward and aft of the gallow ends, the 
strengthening shall be as follows: 

intermediate frames shall be fitted extending from 
the upper deck down to a level not less than 0,5 m 
below the ballast waterline and having a section modu
lus not less than 75 per cent of that required by 2.5.4.2 
for the frames in the 'tween deck space concerned; 

the upper and lower ends of intermediate frames 
shall be secured to the decks, platforms and longi
tudinal intercostal members fitted between the main 
frames; longitudinal intercostal members shall have 
the same section as intermediate frames and be 
aligned with them; the upper longitudinal intercostal 
member shall be fitted not more than 350 mm below 
the upper deck; 

bulwark stays shall be fitted at every frame. 
3.7.2.3 Structures in processing shops. 
3.7.2.3.1 Where the number of bulkheads in the 

processing shops located above the bulkhead deck is 
less than specified in 2.7.1.3 and where the distance 
between the bulkheads forming the boundaries of 
that space exceeds 30 m, partial bulkheads extending 
inboard for not less than 0,5 m of the 'tween deck 
height shall be fitted on the bulkhead deck at each 
side of the vessel in line with watertight bulkheads. 
The thickness of the partial bulkhead plating shall be 
not less than that of the top strake of the corres
ponding watertight bulkhead below the deck where 
the considered processing shop is located. 

Partial bulkheads shall be strengthened with hori
zontal stiffeners in accordance with 1.7.3.2. Strength
ening with vertical stiffeners is permitted with fitting the 
horizontal stiffeners between the side shell and the 
nearest vertical stiffener in compliance with 3.7.2.5.4. 

Partial bulkheads shall be interconnected with 
deck transverses supported by pillars in a required 
number. Alternative structural arrangements may be 
used i f approved by the Register as equivalent. 

3.7.2.3.2 Where multi-tier deckhouses are ar
ranged above the processing shops, the requirements 
of 2.12.5.2 for rigid members (bulkheads, partial 
bulkheads) to be fitted in such spaces shall be com
plied with. 

3.7.2.4 In fishing vessels, bulwark stays shall be 
fitted at intervals equal to not more than two frame 
spacings. 

3.7.2.5 Structural strengthening of ships mooring 
at sea. 

3.7.2.5.1 In regions strengthened for mooring at 
sea, transverse framing shall be adopted for the 
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vessel's sides. In single-deck ships, the deck and bot
tom in the above regions shall also be framed trans
versely. In multi-deck ships, transverse framing shall 
be adopted for the deck located on the fender level. 
Longitudinal framing of sides is permissible in the 
upper 'tween deck space only. In this case, the spacing 
of web frames shall not exceed three frame spacings 
or 2,4 m, whichever is less. 

3.7.2.5.2 In the region A , intermediate frames are 
recommended through the region length in fishing 
vessels and within fender areas in special purpose 
ships. 

3.7.2.5.3 In any case, i t is recommended that 
symmetrical sections be used and the minimum pos
sible web depth be ensured for the particular section 
modulus. 

3.7.2.5.4 Between the ship's side and vertical stif
fener nearest to it, transverse bulkheads shall have hori
zontal stiffeners with a section height not less than 
75 per cent of the vertical stiffener height. In ships 
withZ,<;80 m, horizontal stiffeners shall be spaced 
not more than 600 mm apart, and with Z,>150 m, 
not more than 800 mm apart. For ships of inter
mediate lengths, linear interpolation may be used to 
determine this distance. The ends of horizontal stif
feners shall be welded to vertical stiffeners and sniped 
at the ship's sides. 

3.7.2.5.5 The bulwark shall be inclined towards 
the centreline of the ship at not less than one-tenth or 
be fitted inboard of the ship's side at not less than 
one-tenth of its height. 

3.7.2.5.6 Bilge keels of ships with the length 
Z,<80 m shall be, as far as practicable, so arranged 
that a tangent drawn to the frame and passing 
through the outer free edge of the bilge keel would 
form an angle of not less than 15° with the vertical 
axis. For ships with the length Z,> 150 m, this angle 
may be zero. For ships of intermediate lengths, the 
above angle shall be obtained by linear interpolation. 

3.7.2.5.7 The lower end attachments of hold 
frames shall be as required by 2.5.5.1. 

In 'tween decks, the attachments of frame lower 
ends shall comply with the requirements of 2.5.5.3. 
The frame ends shall be welded to the deck plating. 

Upper ends of frames shall be carried to the deck 
plating and welded thereto. Beams shall be carried to 
the inner edges of frames with a minimal gap. Beam 
knees shall have a face plate or flange. 

The ends of intermediate frames shall be attached 
to longitudinal intercostals, decks or platforms. 

3.7.2.5.8 Side longitudinals shall be attached to 
transverse bulkheads with knees. The height and 
width of the knees shall comply with 1.7.2.2. 

3.7.2.5.9 Bulwark stays welded to sheerstrake 
shall be so constructed as to prevent deck plating 
damage in case of bumping. 

3.7.2.6 Besides the requirements of 3.10, the 
ice-strengthening structure of fishing vessels of ice 
class Ice3 intended for systematic operation in ice 
conditions shall comply with the following require
ments: 

.1 for the case of transverse main framing, at least 
one load distributing side stringer shall be fitted in 
each grillage in way of region of ice strengthening A I , 
AXI, B I , C I ; 

.2 bulbous forebody is not recommended; 

.3 in the forepeak, the spacing of stringers and 
their dimensions, as well as stem dimensions, shall be 
in accordance with the requirements of 3.10 for 
fishing vessels of ice class Arc4; 

.4 in the afterbody, provision shall be made for 
an appendage (ice knife) aft of the rudder to protect 
the latter on the sternway. 

3.7.3 Design loads. 
3.7.3.1 Design loads on ramp structures shall be 

determined as follows: 
.1 the design pressure p, in kPa, on the ramp sides 

and deck in vessels where the catch is dragged in shall 
be determined by the formula 

p = 6,5bsr. (3.7.3.1.1) 

Where the breadth of the ramp varies along its 
length, the minimum breadth shall be taken as the 
design value; 

.2 in vessels equipped with a special wheeled 
catch-transport arrangement, the design load p, 
in k N , for ramp deck plating shall be determined by 
the formula 

p = 2 7 G } + G2 (3.7.3.1.2) 

where nw = number of the wheel axes of the arrangement. 

3.7.3.2 For factory decks, the design pres
sure p, in kPa, shall be determined by the formula 

p = 15 § . (3.7.3.2) 

3.7.3.3 The design pressure p, in kPa, on the sides 
and superstructure sides of ships moored at sea shall 
be determined by the following formulae: 

in the region A 

p = a!a2(190 + 5 l V A z - 1 0 _ J - 0 , 4 6 4 ) ; (3.7.3.3-1) 

in the regions B and C 

p = a!a2(129 + 5 9 ^ - 1 0 " ^ - 0 , 4 6 4 ) (3.7.3.3-2) 

where ai shall be adopted from Table 3.7.3.3-1 depending on the 
ship displacement and the sea conditions specified for 
mooring at sea; 
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<X2 shall be adopted from Table 3.7.3.3-2 depending on the 
ship purpose and the region of strengthening; 

A = design ship displacement, in t. For a fishing vessel A — 
displacement to the summer load waterline. For a special 
purpose ship A — displacement of the largest ship 
mooring alongside. In any case A shall not be taken 
greater than 7500 t and smaller than 454 t; 

n = number of moorings, during a voyage, alongside the ship 
whose displacement has been adopted as the design value 
in Formulae (3.7.3.3-1) and (3.7.3.3-2); 

z = distance in m, from the mid-span of member calculated 
to the summer load waterline. 
Where a special purpose ship has the freeboard depth hc 

greater than the freeboard depth hp of the ship whose 
displacement has been adopted as the design value in 
Formulae (3.7.3.3-1) and (3.7.3.3-2), the value of z shall 
be reduced by the difference of (hc—hp). 
In any case, z>l ,0; in the region A, z = 1,0. 

T a b l e 3.7.3.3-1 
Factor a t 

Ship displacement, Sea state No. 
in t in t 

4 5 6 

^2000 1,00 1,15 1,60 
> 2000 0,82 1,00 1,16 

T a b l e 3.7.3.3-2 
Factor a 2 

Region of ice strengthening Fishing vessel Special purpose 
ship 

Region A 

Region A within fender area 

Region B 

Region C 

1,00 

1 

0,8 
1,1 

1 + 0 ,05« 1 / 3 

Region A 

Region A within fender area 

Region B 

Region C 

0,22z + 0,6 

1 

0,22z + 0,6 

1 + 0 ,05« 1 / 3 

Region A 

Region A within fender area 

Region B 

Region C 0,12z + 1,28 0,12z + 1,28 

n — number of moorings, during a voyage, along the ship 
whose displacement is adopted for the design value in Formu
lae (3.7.3.3-1) and (3.7.3.3-2). 

N o t e . In the regions B and C of special purpose ships, a 2 is 
assumed between 1,1 and 1,4. 

3.7.3.4 For fishing vessels of ice class Ice3 
intended for systematic operation in ice conditions, 
the ice load parameters shall be determined on the 
basis of the following provisions: 

.1 in the forward region of ice strengthening A , 
the load parameters shall be determined in ac
cordance with the requirements of 3.10 for the ice 
class Ice3. In the case of a bulbous forebody, the rake 
angle of frame shall be determined as stipulated 
in 3.10.3.2.1 fishing vessels of ice class Arc4; 

.2 in the intermediate region of ice strengthening A i , 
the ice load parameters shall be taken equal to: 

PA,I = 0,75/?Ai; 

PAJI = 0,75pAn; (3.7.3.4.2) 
»A, - bA; 

/ H _ iH 
'Aj — 'A 

where pAl; p\j& bA; S — ice load parameters for the forward 
region A, as determined in accordance with the require
ments of 3.10, with due regard for 3.7.3.4.1; 

.3 in the midship region of ice strengthening B, 
the ice load intensity, in kPa, is determined by the 
formula 

P*i=PmkB (3.7.3.4.3) 

where pm = ice load intensity in midship region according to 
3.10.3.2.3; 

kji = 2ki, but not less than 1; 

r2 

ki = (/ t/f.-0,18); 
VA/1000 V 

_ 17,4i# 2 gW-B2 _ 
T 57,3P£ / 3 ' 

A = displacement, in t, to summer load waterline; 
Pb = shaft power, in kW, determined with due regard for 

power take-off in the trawling condition; 
Ik — distance, in m, from forward perpendicular to a section 

aft where the reduction of summer load waterline 
breadth begins. 

The height and length (6 B and IB) to which the 
midship region is covered by the ice load shall be de
termined in accordance with 3.10.3.3.3 and 3.10.3.4.3; 

.4 the ice load intensity, in kPa, in the aft region 
of ice strengthening C is determined by the formula 

Pa = Pake (3.7.3.4.4) 

where p°a = ice pressure in the aft region according to 3.10.3.2.4; 
kc = 1,5k\, but not less than 1; 

for ku refer to 3.7.3.4.3. 

The height and length (bB and / B ) to which the aft 
region is covered by the ice load shall be determined 
in accordance with 3.10.3.3.4 and 3.10.3.4.4. 

3.7.4 Scantlings of structural members. 
3.7.4.1 Requirements for the scantlings of stern 

ramp framing. 
3.7.4.1.1 The section modulus of longitudinals, 

beams and deck transverses of the stern ramp shall be 
determined according to 1.6.4.1, taking: 

p = as determined by Formulae (3.7.3.1.1) 
or (3.7.3.1.2); 

m = as obtained from Table 3.7.4.1.1 for vessels 
where the catch is dragged in; 

m = 9 , 3 / 2 ( y ) 1 / 4 for vessels where the catch is car
ried onto the deck by a special wheeled arrangement; 

K = 0,6. 

T a b l e 3.7.4.1.1 
Factor m 

Stern ramp framing Fishing vessels Special purpose 
ship 

Deck longitudinals 11,3 7,9 
Beams and deck trans 12,6 8,8 
verses 

3.7.4.1.2 The section modulus, in cm 3 , of stern 
ramp side stiffeners shall not be less than determined 
by Formula (1.6.4.1) with the design load p as 
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determined by Formula (3.7.3.1.1), &C T

 = 0,9 
m = 17,0 or 22,6 for fishing vessels and special 
purpose ships respectively. The stiffener span / shall 
be adopted equal to the maximum distance between 
the ramp deck and the nearest deck above or to the 
distance between two decks adjoining the ramp side, 
but shall not be less than 2,6 m. 

In vessels engaged in pelagic fishing, the section 
modulus of ramp side stiffener, in cm 3 , 
shall not be less than 

W= 45,5(1 - ° ^ ) ( ^ ° - - ^)CD c . (3.7.4.1.2) 

In no case shall the section modulus of stern 
ramp side stiffeners be less than required in 2.5.4.2 
for the frames of upper 'tween deck and super
structure. 

3.7.4.1.3 The length of thickened ramp deck plating 
sections along the ramp length shall be equal to: 

the ramp width at least, i f measured forward of 
the ramp edge, in way of bottom rounding; 

double ramp width at least in way of top 
rounding. 

3.7.4.1.4 Where the connection of the ramp side 
with transom plating is rounded, the thickness of the 
plating strake not less than 700 mm broad, i f mea
sured from the ramp deck plating, shall not be less 
than 20 mm. Doubling plates are also permitted. 

I f a welded half-round bar not less than 70 mm in 
diameter is fitted to the junction of the rounding and 
the flat part of the side, but not farther than 200 mm 
from the transom, the plating thickness may be 
adopted in accordance with the requirements 
of 3.7.4.1.6. 

3.7.4.1.5 For vessels not engaged in pelagic 
fishing, the plating strakes of ramp sides shall be 
thickened, in way of connection with the transom and 
along the ramp deck, to a value not less than required 
under 3.7.4.1.6. 

The thickened side plating strakes fitted along the 
ramp length shall have a breadth not less than 0,4 of 
the ramp breadth, or 1,0 m, whichever is greater. The 
lower edge of those strakes shall coincide with the 
ramp deck in vessels where the catch is dragged in 
and be level with the catch stowage surface in vessels 
where the catch is carried onto the deck by a wheeled 
arrangement. 

I f measured forward of the rounding-to-flat-side-
junction line, the length of thickened section of the 
side plating in way of transom shall not be less than 
0,5 of the ramp breadth. 

3.7.4.1.6 For vessels where the catch is dragged 
in, the plating thickness of ramp deck and sides, 
in mm, shall not be less than determined by For
mula (1.6.4.4), taking: 

m, As = to be adopted from Table 3.7.4.1.6; 

T a b l e 3.7.4.1.6 

Ramp 
struc

Location along 
ramp length 

Fishing vessel Special purpose 
ship 

ture m As, in mm m A$,in mm 

Deck Bottom roun
ding and stern-
counter plating 

26,8 10,0 26,8 10,0 

Mid-region 26,8 5,5 26,8 5,5 

Top rounding 26,8 9,5 26,8 5,5 

Sides In way of fric
tion 

25,9 5,5 21,9 5,5 

Elsewhere on deck 25,9 4,5 21,9 4,5 

p = as determined by Formula (3.7.3.1.1); 
K = 0,8; 
k = 1,0. 
3.7.4.1.7 Where doubling plates are fitted on the 

ramp deck in way of bottom rounding or top 
rounding or where devices to prevent excessive wear 
of stern ramp plating with wire ropes are installed, 
the plating thickness may be adopted as for the mid-
region. 

3.7.4.1.8 In vessels engaged in pelagic fishing, the 
lower strake of the side having a width from the stern 
ramp plating to a point at least 100 mm above the 
upper half-round bar shall have a thickness s, in mm, 
not less than 

J = 2-10 4 ^ + l (3.7.4.1.8)
<*« 

where as = distance, in m, between adjacent edges of half-round 
bars. 

3.7.4.1.9 Whatever the mode of carrying the catch 
along the stern ramp, the thickness of ramp plating in 
vessels of all types shall be 2 mm greater than required 
by 2.2.4.8 for the shell plating. This thickness shall be 
maintained on the length from the stern ramp end to a 
line at least 600 mm above the bulkhead deck within 
the particular section of the vessel length. Forward of 
this region the thickness of stern ramp plating shall be 
2 mm greater than required under 2.6.4.1.5 for the 
upper deck plating at ends. 

3.7.4.1.10 On a length at least 1,0 m forward of the 
stern ramp edge and at least over the whole ramp 
breadth, the stern-counter plating shall be 1 mm thicker 
than stipulated under 2.2.4.1. 

3.7.4.2 Requirements for the member scantlings 
of vessels having a side trawling arrangement. 

3.7.4.2.1 In vessels over 30 m in length, the side 
plating and sheerstrake thickness between the gal
lows, determined as the distance between the section 
three spacings forward of the fore end of forward 
gallow and the section three spacings abaft the after 
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end of after gallow, shall be 1 mm greater than sti
pulated under 2.2.4.1. 

3.7.4.2.2 Within the location of each gallow, to be 
determined in accordance with 3.7.2.2.2, provision 
shall be made for strengthening as follows: 

sheerstrake thickness to be increased by 2 mm; 
thickness of strake adjacent to sheerstrake to be 

increased to equal that of the sheerstrake between 
gallows; 

deck stringer thickness to be increased by 3 mm 
as compared to that required by 2.6.4.1; 

bulwark plate thickness to be increased by 2 mm 
as compared to that required by 2.14.4.1. 

3.7.4.3 Requirements for member scantlings of 
holds and fish handling spaces. 

3.7.4.3.1 The section modulus of factory deck 
beams and longitudinals shall be determined as re
quired by 2.6.4 with the design pressure according 
to 3.7.3.2 where it exceeds that required by 2.6.3. 

3.7.4.3.2 In holds and fish handling spaces in 
which non-packed salted catch or salt is stored or 
which are exposed to the detrimental effect of catch 
wastes and sea water, the plating thickness shall be 
increased by 1 mm as compared to that required by 
the relevant Sections of the Rules. Where the struc
ture is so influenced from both sides, relevant thick
ness shall be increased by 2 mm. 

3.7.4.3.3 The vertical web plate thickness of 
coamings not acting as deck girders shall not be less 
than the deck plating thickness, or 7 mm, whichever 
is greater. 

3.7.4.4 Requirements for member scantlings of 
ships mooring at sea. 

3.7.4.4.1 The side plating and sheerstrake thick
ness of ships below 80 m in length shall be by 1 mm 
greater than required under 2.2.4.8. 

3.7.4.4.2 In strengthened regions, the side plating 
and sheerstrake thickness, in mm, shall not be less 
than 

s = 21 J o J ^ S — - 0 , 2 4 2 + As (3.7.4.4.2) 

where a = frame spacing, in mm. If panting frames are provided, 
a is the distance between main and panting frames; 

p = as defined under 3.7.3.3; 
K= l , l ; 

As = 4,0 mm for region A in case trawling is effected from the 
vessel side; 

As = 1,2 mm for regions B and C; 
As = 3,0 mm elsewhere. 

3.7.4.4.3 In region A, the section modulus of 
frames, in cm 3 , shall not be less than 

w = pab(2l-b)% . 1 Q 3 (3.7.4.4.3) 
mknKeH 

where p = as determined by Formula (3.7.3.3-1); 
a = spacing, in m, of main frames; 
b = 1,5 m; 

m = 20,4 kxk2{\ + hk4); 
ki, k2 and k3 shall be adopted from Table 3.7.4.4.3 proceeding from 

the number of load distributing side stringers fitted; 
k4 = 0 where no panting frames are fitted; 
k4 = 0,69 if panting frame ends terminate at longitudinal 

intercostal members; 
k4= 1,0 if the end attachments of main and panting frames are 

similar; 
K= l , l ; 

/ = frame span, in m, as measured along the chord between 
the upper edge of inner bottom plating or floor face plate 
and the lower edge of deck at side (side stringer where 
web frames are fitted). 

Fig. 3.7.4.4.3 

T a b l e 3.7.4.4.3 

Factor No load distributing side stringers One load distributing side 
stringer 

Two load distributing side 
stringers or more 

1,0 
1,12 + 0,038 - co 1,27 + 0,039 - co 

k2 
1 + 6fiy/f ( / / / + 0,28) -12,5 ^ 1,0 + 7,0 f - 8 ,0 y 1 

k3 1,0 0,75 0,65 

W 
co = — e = section modulus ratio of load distributing side stringer and frame; 

W 

f = distance, in m, between a section at the lower support of frame and a tangent to the frame contour in way of the section at the 
upper support, as measured normal to the tangent (refer to Fig. 3.7.4.4.3); 

fx = maximum deflection of frame according to Fig. 3.7.4.4.3, in m. 
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3.7.4.4.4 In regions B and C, the section modulus 
of frames, in cm 3 , shall not be less than determined 
by Formula (3.7.4.4.3). The value of p shall be de
termined by Formula (3.7.3.3-2). Where the actual 
shell plating thickness is greater than 8 mm, p may be 
reduced by the value 

Ap = ^ - V ^ - 1 0 " 3
 (3.7.4.4.4) 

where ,s = actual shell plating thickness, in mm, but not greater 
than 20 mm; 

/ = frame span, in m; 
ReHip) — yield stress, in MPa, of shell plating material; 

a = main frame spacing, in m; 
b = 2,2 m; 

TO = 25,0 -7 -^4 ; 
k3 

k\ = 1,3 for region B of special purpose ships; 
k\ = 1 elsewhere; 
k2 = 1 where no load distributing stringers are fitted; 

2,46 m 
k2 = 1,12 +— with one load distributing stringer; 

a(8,6 — 1) 
5,06 m 

k2= 1,15 H — — — — - with two load distributing stringers or more; 
£Z(8,6 — /) 

_ W 
co = — £ = section moduli ratio of load distributing stringer and 

frame; 
ki = 2a for the fender areas of special purpose ships and within 

(0 to 0,25)£ of forward perpendicular in fishing vessels; 
k3 = 2a—0,1 within (0 to 0,20)£ of aft perpendicular in fishing 

vessels; 
k3 = 2a—0,2 elsewhere; 
foi = 1 where no pantig frames are fitted; 

K, 
foi = — (̂1 + 0,5kik'-j) where panting frames are fitted; 

3 
the factor K-j is determined in the same way as k3 with a 
equal to the spacing of main and panting frames; 

* „ = 1,1. 

3.7.4.4.5 I f longitudinal framing system is applied 
for 'tween deck spaces, the section modulus, in cm 3 , 
of side longitudinals shall not be less than 

W=24^ (oc (3.7.4.4.5) 
KeH 

where p = as determined by Formula (3.7.3.3-2); 
a = spacing, in m, of longitudinals; 

ap = web frame spacing, in m. 

3.7.4.4.6 Where superstructure sides of ships mooring 
at sea are inclined to the centre line at not less than V 1 0 or 
fitted inboard at not less than V 1 0 of their height, no addi
tional strengthening as per 3.7.4.4 is required. 

Where the inclination of superstructure sides to 
the vessel side or the distance between those and the 
vessel side is less than specified above, the strength
ening of their frames and shell plating shall be de
termined by linear interpolation proceeding from the 
requirements of 3.7.4.4, 2.2.4.1 and 2.5.4.2. 

3.7.4.5 The member scantlings in the ice 
strengthened regions of fishing vessels of ice class 
Ice3 which are intended for systematic operation in ice 
conditions shall be determined in accordance with 
3.10.4 where the ice load parameters are as stipulated 

in 3.7.3.4, bearing the following specification in 
mind. When determining shell plating thickness in the 
intermediate region of ice strengthening in accor
dance with 3.10.4.1, the annual average thickness 
reduction of shell plating as a result of corrosion wear 
and abrasion shall be adopted as u = 0,25 mm/year. 

3.7.5 Special requirements. 
3.7.5.1 Stern ramp structure. 
3.7.5.1.1 Transom plating shall be protected from 

excessive wear with half-round steel bars of at least 
70 mm in diameter, which shall be fitted inclined and 
secured by welding. 

3.7.5.1.2 Half-round steel bars of at least 70 mm 
in diameter shall be welded along the junction Hne of 
rounding and flat side, but not farther than 200 mm 
from the transom. 

3.7.5.1.3 In vessels engaged in pelagic fishing, 
stern ramp sides shall be stiffened with longitudinal 
half-round steel bars of at least 70 mm in diameter, 
welded to the sides and spaced not more than 
200 mm apart. The edge of the upper bar shall be not 
less than 650 mm above the ramp deck plating. 

3.7.5.1.4 Suitable devices are recommended to 
prevent excessive wear of ramp plating with wire 
ropes when dragging the catch. Where the rated 
winch pull exceeds 30 k N on each wire rope, such 
devices are compulsory. 

Devices preventing excessive wear of plating may 
be substituted by doubling plates in the thickened 
areas of top and bottom rounding over the full 
breadth of the ramp, and doubling strips at least 
400 mm wide may be fitted at the sides over the rest 
of the ramp length. 

3.7.5.2 Within the location of each gallow com
plying with 3.7.2.2.2, bulwark, sheerstrake and shell 
plating above ballast waterline shall be protected 
with half-round steel bars fitted inclined and secured 
by welding. 

3.7.5.3 In way of heavy items of machinery and 
equipment installed in fish handling spaces, extra 
strengthening of 'tween deck sides may be required 
by the Register where the 'tween deck height 
exceeds 3,5 m. 

3.7.5.4 When determining the requirements for 
sternframe scantlings of ships having the length 
L < 60 m, the design length and width of a solid rec
tangular propeller post shall be those stipulated under 
2.10.4.3, as increased by 10 per cent. 

3.8 S U P P L Y V E S S E L S 

3.8.1 General. 
The requirements of this Chapter apply to supply 

vessels. Structural items not covered by this Chapter 
shall comply with the requirements of Sections 1 and 2. 
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3.8.2 Construction. 
3.8.2.1 Provision shall be made for longitudinal 

fenders. A t the fore end sloped fenders shall be fitted 
between the longitudinal fenders. 

3.8.2.2 Inner bulwarks (coamings) and other si
milar structures protecting deck cargoes shall be 
properly secured to deck framing members. The 
scantlings of the above structures shall be agreed with 
the Register. 

3.8.2.3 Shell in way of stern rollers and in other 
high load areas shall be suitably reinforced. 

3.8.2.4 In deck areas where concentrated loads 
are applied (e.g. M O D U anchors), extra strengthen
ing of decks shall be provided. 

3.8.2.5 The sides of superstructures and the bul
wark shall be inclined to the centre line of the vessel 
at not less than one-tenth or shall be fitted inboard 
from the vessel's side at not less than one-tenth of 
their height. 

3.8.2.6 The lower ends of stiffeners of the first-
tier front bulkheads shall be connected to the 
underdeck framing members by brackets. The lower 
ends of other stiffeners shall be welded to the decks. 
The upper ends of stiffeners shall be connected to the 
deck beams by means of brackets. 

3.8.2.7 The stay of the bulwark welded to the 
sheerstrake shall be so constructed as to prevent 
damage of deck plating is case of bumping. 

3.8.2.8 Extra strengthening of a flat portion of 
the bottom in way of the stern may be required to 
take up loads induced by slamming. 

3.8.3 Design loads. 
Design loads on hull structures of supply vessels 

shall be taken in compliance with Sections 1 and 2. 
3.8.4 Scantlings of structural members. 
3.8.4.1 The thickness of the side shell plating shall 

be 1 mm greater than required by 2.2.4. In no case the 
thickness of the side shell plating shall be taken less 
than 9,0 mm. 

3.8.4.2 The thickness of open cargo deck plating 
shall be determined from 2.6.4, but i t shall not be less 
than 8,0 mm. 

3.8.4.3 The scantlings of open cargo deck framing 
members shall be obtained as required by 2.6.4 with 
a design load corresponding to the specified value but 
not less than 35 kPa. 

3.8.4.4 The scantlings of girders and pillars sup
porting these girders shall be suitable for the weight of 
the deck cargo, as well as for loads induced by towing 
winches, supports of separate cargo platforms and other 
concentrated loads. Account shall be also taken of 
a vertical and a horizontal components of inertia forces 
due to the vessel's motions. As the first approximation, 
accelerations determined according to 1.3.3 may be used. 

3.8.4.5 The section modulus of hold, 'tween deck 
and forecastle frames shall not be less than de

termined according to 3.7.4.4.4 with p to be de
termined by Formula (3.7.3.3-1), oci = 1,16, a 2 = 1,0. 

3.8.4.6 The section modulus of stiffeners of the 
fronts, sides and after ends of the deckhouses situated 
on the forecastle deck shall be not less than that re
quired by 2.12.4.5.2. The assumed head p, in kPa, 
shall not be taken less than given in Table 3.8.4.6. 

T a b l e 3.8.4.6 

p, in kPa 
Deckhouse tier 1 : 1 

Front Side After 
bulkhead bulkhead bulkhead 

First 90 60 25 
Second and above 75 50 25 

3.8.4.7 The plate thickness of the fronts, sides and 
after ends shall be taken not less than 6,5 mm for the 
first-tier front bulkhead and 6,0 mm for other bulk
heads. These values are applicable in case of stiffener 
spacing 0,6 m. For stiffener spacings exceeding 0,6 m 
the thickness shall be increased in proportion to the 
increased spacings. 

3.8.4.8 The plate thickness of the bulwark shall 
be at least 7 mm, and the width of the stiffener lower 
end measured along the weld shall be not less 
than 360 mm. The distance between stays shall 
not exceed two spacings or 1,3 m, whichever is the lesser. 

3.8.5 Special requirements. 
3.8.5.1 In vessels having a double skin construc

tion, structures and scantlings of the inner skin 
framing shall comply with 2.5. Where the forces 
acting on the frames may be directly transmitted to 
the inner skin framing, the scantlings of these mem
bers shall be specially considered by the Register. 

3.8.5.2 Scallops and one-sided welds shall not be 
used in framing-to-side-shell-plating connections. 

3.9 T U G S 

3.9.1 General and symbols. 
3.9.1.1 The requirements of this Chapter apply to 

all tugs irrespective of purpose or service area. 
3.9.1.2 Structural items not covered by this 

Chapter shall comply with the requirements of Sec
tions 1 and 2. 

3.9.1.3 For the purpose of this Chapter the fol
lowing symbols have been adopted: 

bs = width of stem cross section, in mm; 
4 = length of stem cross section, in mm. 
3.9.2 Construction. 
3.9.2.1 Plate floors shall be fitted at each frame. 
Where the double bottom is omitted, the floors 

shall have a symmetrical face plate. 
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3.9.2.2 Where a main frame span exceeds 3,0 m, 
load distributing side stringers shall be fitted along 
the length of the ship except for the engine room. 

3.9.2.3 In the engine room, web frames shall be 
fitted between the inner bottom (floor face plates) 
and the upper deck at a distance not exceeding four 
spacings. Web frames shall be fitted at main engine 
ends. 

3.9.2.4 A fender shall be fitted at upper deck and 
long forecastle deck level. 

3.9.2.5 Areas to which concentrated loads are 
applied (e.g. due to towing winches) shall be ad
ditionally strengthened. 

3.9.2.6 The stems of harbour tugs shall have 
rounded shape above the summer load waterline. 

3.9.3 Design loads. 
Design loads on hull structures of tugs shall be 

assumed in compliance with the requirements of 
Sections 1 and 2. 

3.9.4 Scantlings of structural members. 
3.9.4.1 The minimum plating thickness of shell 

and upper deck as well as of watertight bulkheads 
shall not be less than 5 mm. 

3.9.4.2 The thickness of shell plating adjacent to 
the stem shall not be less than stipulated 
under 2.2.4.6. 

The shell plating thickness in way of the engine 
room, when located aft, shall not be less than re
quired for the midship region. 

3.9.4.3 When determining the section modulus of 
the web frames in accordance with 2.5.4.5, the dis
tance measured from the inner bottom plating (floor 
upper edge) and the upper deck at side shall be taken 
as the design span. 

3.9.4.4 The scantlings of load distributing side 
stringers shall be determined in accordance with 2.8.2.7. 

3.9.4.5 Within the region from the keel to the 
summer load waterline, the cross-section of a rec
tangular solid bar stem shall not be less than: 

4 = 1,61, + 100; (3.9.4.5-1) 

bs = 0,5L + 25. (3.9.4.5-2) 

The scantlings and location of brackets for 
strengthening the stem shall be determined pro
ceeding from 2.10.4.1.3. 

The stem shall be extended abaft the fore peak 
bulkhead for not less than three spacings. 

Ship-handling tugs are not permitted to have 
reduced cross-section and scantlings of the stem 
(if constructed of steel plates) above the summer load 
waterline. 

The steel plates of the stem shall be strengthened 
over their length with horizontal brackets spaced 
not more than 0,6 m apart, the plate thickness of the 

stem determined in accordance with 2.10.4.1.2 being 
not reduced. 

3.9.4.6 Rectangular solid propeller posts shall 
have scantlings from the keel to the counter not less 
than: 

4 = 1,51. + 100; (3.9.4.6-1) 

bs = 1,81, + 25. (3.9.4.6-2) 

The sternframe shall be attached according 
to 2.10.2.2.4 to two floors, whatever the length of 
the tug may be. 

3.9.4.7 The thickness of the bulwark plating shall 
be taken according to 2.14.4.1, but not less 
than 4 mm. 

The section modulus of bulwark stays shall be 
determined in accordance with 2.14.4.2 where 
m = 1,5. Bulwark stays shall be fitted not farther 
than at alternate frames. Bulwark stays welded to the 
sheerstrake plate may have a flexible element in their 
structure. 

The bulwark shall be inclined to the centre line of 
the vessel at not less than 7°. 

3.9.5 Special requirements. 
For unrestricted service tugs above 40 m in 

length, the number of watertight bulkheads shall be 
not less than four. 

3.10 S T R E N G T H E N I N G O F I C E C L A S S S H I P S 
AND I C E B R E A K E R S 

3.10.1 General and requirements. 
3.10.1.1 Application. 
3.10.1.1.1 The requirements of this Chapter apply 

to self-propelled ice class ships and icebreakers, as well 
as to ships which may be given the same status pro
ceeding from the conditions of their ice navigation. 

Requirements for polar class ships (refer to 2.2.3.1, 
Part I "Classification") are specified in Section 1, 
Part X V I I "Distinguishing Marks and Descriptive Nota
tions in the Class Notation Specifying Structural and 
Operational Particulars of Ships". 

The requirements for the Baltic ice class ships 
(refer to 2.2.3.1, Part I "Classification") are given in 
Section 10, Part X V I I "Distinguishing Marks and 
Descriptive Notations in the Class Notation Speci
fying Structural and Operational Particulars of 
Ships". 

3.10.1.1.2 Self-propelled ice-strengthened ships 
which comply with the requirements of this Chapter are 
assigned an ice class mark in their class notation in 
accordance with 2.2.3, Part I "Classification". 

3.10.1.1.3 Requirements of this Chapter are 
supplementary with regard to those of other Chapters 
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of the Rules which apply to a particular ship, and 
they establish the minimum strength level necessary 
to withstand ice loads, as well as hull structure, 
proceeding from the ice class mark in the class no
tation. 

3.10.1.1.4 The calculation procedures of this 
Chapter are directly applicable to those ice class ships 
and icebreakers only which have a standard hull form 
and which comply with the requirements of 3.10.1.2. 
The possibility of deviation from the requirements 
of 3.10.1.2, as well as of using bow lines (spoon-like, 
multi-plane) other than standard ones, is subject to 
special consideration by the Register. 

3.10.1.1.5 In the Rules, an assumption is made 
that during service the shipowner wil l be guided the 
recommendations contained in the Ice Navigation 
Ship Certificate issued by the Register upon ship
owner's request and specifying the conditions of ship 
safe operation in ice depending on the ice class mark, 
the ship's specific features, ice conditions and ice
breaker support. 

3.10.1.2 Requirements to hull configuration. 
3.10.1.2.1 The hull configuration parameters a, 

a 0, (3, (p, in deg., shall be measured in conformity with 
Figs. 3.10.1.2-1 to 3.10.1.2-4. 

Fig. 3.10.1.2-1: 
a — slope of summer load waterline 

at the section considered, in deg. 

CL 

Fig. 3.10.1.2-2: 
P — slope of frame on the level of summer load waterline 

at the section considered, in deg. 

3.10.1.2.2 The hull configuration parameters of 
ice class ships shall be within the limits stated in 
Table 3.10.1.2.2. 

Fig. 3.10.1.2-3: 
oc0 — slope of summer load waterline 

at the fore perpendicular, in deg.; 
1 — shell plating; 2 — stem 

Load waterline 

Fig. 3.10.1.2-4: 
cp — slope of stem on the level of summer load waterline, in deg. 

In the forward and intermediate region of ice 
strengthening of Arc4 to Arc9 ice class ships and ice
breakers, there shall be no areas of shell plating within 
which the configuration parameters a and (3 would si
multaneously take the values (3 = 0 and a > 0. 

T a b l e 3.10.1.2.2 

Hull configuration 
parameter 

Ice class Hull configuration 
parameter 

Arc8,Arc9 Arc7, Arc6 Arc5 Arc4 Ice 1. Ice2, Ice3 

(p not greater than 25° 30° 45° 60° — 
oc0 not greater than 30° 30° 40° 40° 50° 
(3 within 0,05L from 45° 40° 25° 20° — 
fore perpendicular, 
minimum 
(3 amidships, minimum 15° — — — 

3.10.1.2.3 The values of hull configuration para
meters in icebreakers shall comply with the following 
requirements. 

A t 0 to 0,25L from fore perpendicular at service 
draughts, straight and convex waterlines shall be 
used. The entrance angle for above waterlines shall 
be 22° to 30°. 

A t service draughts, the angle shall not exceed: 
30° for icebreakers of ice classes Icebreaker6, 

Icebreaker7; 
25° for icebreakers of ice classes Icebreaker8, 

Icebreaker9. 
The cross section of stem shall be executed in the 

form of a trapezoid with a bulging forward face. 
For icebreakers with standard bow lines, slope 

angles of frames shall be adopted from 
Table 3.10.1.2.3-1. In case of deviation from the 
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requirements of Table 3.10.1.2.3-1, the ice load values 
shall be specially considered by the Register. 

T a b l e 3.10.1.2.3-1 

Distance from 
section to fore 
perpendicular 0,1L 0,2 to 0,25L 0,4 to 0,6L 0,8 to 1,0£ 

Permissible ran
ge of the angle 
variation P, in 
deg. 

40° to 55° 23° to 32° 15° to 20° Approxima
tely coinciding 
with the angles 
P of within 0 
to 0,2L 

In way of construction water line, frames shall 
have a straight-lined or moderately convex shape. 

The design water Hne shall cover the blade tips of 
side propellers. 

The tip clearance shall not be less than stated 
in Table 3.10.1.2.3-2. 

T a b l e 3.10.1.2.3-2 

Clearance, Ice class of icebreaker 
m mm Icebreaker9 Icebreaker8 Icebreaker7 Icebreaker6 

8 1500 1250 750 500 

3.10.1.2.4 In the afterbody of icebreakers and Arc4 
to Arc9 ice class ships, there shall be an appendage 
(ice knife) aft of the rudder to protect the latter on the 
sternway. 

3.10.1.2.5 No transom stern (with the transom 
coming in the region of ice strengthening) is per
mitted for icebreakers and Arc6 to Arc9 ice class 
ships. For Arc4 and Arc5 ice classy ships having a 
transom stern, the value of ice loads upon the 
transom is subject to the special consideration by the 
Register. 

3.10.1.2.6 For icebreakers and Arc6 to Arc9 ice 
class ships, there shall be a step in the lower part of 
the stem. The height of the step shall be 0,Id at least. 
The transition from the step to the lower part of the 
stem shall be smooth. 

3.10.1.2.7 In ships of ice classes Arc5 to Arc9, 
bulbous bow is not permitted. In ships of ice classes 
Arc4, this kind of bow is subject to special con
sideration by the Register. 

3.10.1.3 Region of ice strengthening. 
3.10.1.3.1 There are ice strengthening regions 

lengthwise as follows: 
forward region — A; 
intermediate region — Ai ; 
midship region — B; 
aft region — C. 
There are ice strengthening regions transversely 

as follows: 
region of alternating draughts and similar regions — I ; 
region from the lower edge of region I to the 

upper edge of bilge strake — I I ; 

bilge strake — I I I ; 
region from the lower edge of bilge strake to the 

centre Hne — IV. 
3.10.1.3.2 The length of regions of ice strength

ening in ice class ships shall be determined on the 
basis of Fig. 3.10.1.3.2 and Table 3.10.1.3.2. 

T a b l e 3.10.1.3.2 

Parameter Ice class Parameter 

Arc7, 
Arc8, Arc9 

Arc5, 
Arc6 

Arc4 Ice3 Ice2 Icel 

hi, 
in 
m 

where 5^20 m 0,75 0,60 0,50 
hi, 
in 
m where B > 20 

m 

0,5S + 8 
24 

0,5B + 8 0,5B + 8 0,50 
hi, 
in 
m where B > 20 

m 

0,5S + 8 
24 30 36 

0,50 

ti2, in m 1,4 0,8 0,6 0,2 

h3, in m 1,35/!! 1,20M 1.10M * i 

L 2 , in m 0,15L 0,1£ 0,05£ 0,02L — 
Z, 3, in m 0,06L 0,05£ 0,045£ 0,04L 0,02L 

h 0,84 0,69 0,55 0,53 0,50 — 

A n ice loadHne shall be determined as a loadHne 
enveloping all the ship loadHnes (heel and mass of ice 
in case of icing disregarded) possible during ice na
vigation. 

For Icel to Ice3 ice class ships no intermediate 
region of ice strengthening wi l l be estabHshed. In this 
case, i t shall be considered that the aft boundary of 
the forward region of ice strengthening coincides with 
the forward boundary of the midship region of ice 
strengthening. 

3.10.1.3.3 The length of regions of ice strength
ening in icebreakers shall be determined on the basis 
of Fig. 3.10.1.3.3 and Table 3.10.1.3.3. 

T a b l e 3.10.1.3.3 

Parameter Ice class of icebreaker 

Icebreaker9 Icebreaker8 Icebreaker7 Icebreakerf 

hi, 
where fi<20m 1,00 0,80 0,75 

in 
m wherefi>20 

tn 

0,5B + 12 
22 

0,5B + 7,6 
22 

0,5B + 8 
24 

h2, in m 2 1,7 1,4 1,1 

h3, in m 1,9 + 1,6/^3,5 1,72+ 1,6/^3,0 1,6+1,6/^2,8 0,4 + 1,6/̂ 1,6 

3.10.1.3.4 Proceeding from the ice class, the re
quirements of the Chapter apply to the regions of ice 
strengthening marked with " + " in Table 3.10.1.3.4. 
For the purpose of Table 3.10.1.3.4, the absence of 
this mark means that the particular region of ice 
strengthening is not covered by the requirements of 
the Chapter. 



Region A for Icel to Ice3 ice class 

Region C Region B 

- Boundaries of regions, 
as measured along the f 

- cross-sectional perimeter J 

IV A A 

Position of the point A 
in the case of bulbous hull shape 

I - ice strake in the region of alternating draughts 

II - from the lower boundary of region I to the upper boundary of region III 

III - bilge strake 
IV-flat bottom 

Fig. 3.10.1.3.2 
Regions of ice strengthening of ice class ships: 

b — distance from the point of the ice loadline and stem intersection to the section where 
the ice loadline is the widest, but not greater than 0,4L 

N o t e s : 1. For Icel ice class ships, the lower boundary of the region A is by h 3 distant 
from the ballast waterline. 

2. Point B shall not be further than the aft boundary of the region A ! 



138 Rules for the Classification and Construction of Sea-Going Ships 

T a b l e 3.10.1.3.4 

Ice class Vertical regioning 

I I I I I I IV 

Horizontal regioning 

A B C A B C A A i B C A A i B C 

Icebreaker*), 
Icebreaker8, 
Icebreaker?, 
Arc9, Arc8 

+ + + + + + + + + + + + + + + + 

Arc7 + + + + + + + + + + + + + + + 

Icebreaker6, 
Arc6 

+ + + + + + + + + + + + + + + 

Arc5 + + + + + + + + + + + + + 

Arc4 + + + + + + + + + + + 

Ice3 + + + + 

Ice2 + + + 

Icel + 

3.10.2 Structure. 
3.10.2.1 Side grillage structure transversely 

framed. 
3.10.2.1.1 A grillage may include vertical girders 

of main framing which are denoted as conventional 
frames, vertical web members which are denoted as 
deep frames, and longitudinals which are denoted as 
stringers. 

Conventional frames are subdivided into: 
main frames in plane of floors or bilge brackets; 
intermediate frames not in plane as floors or bilge 

brackets. 
The intermediate frames are not mandatory 

within a side grillage. 
Not more than one intermediate frame may be 

fitted between main frames. 
Stringers are subdivided into: 
intercostal stringers by which joint taking-up of 

local ice loads by the frames is ensured. I t is re
commended that the stringers shall be inter-costal; 

side stringers by which a transition of forces is 
ensured from conventional frames which directly take 
up the ice load to deep frames or to transverse 
bulkheads. 

Side grillage structures are permitted as follows: 
grillage with transverse main frames which is 

formed by conventional frames of the same section 
and by intercostal stringers; 

grillage with transverse web frames which is 
formed by conventional frames, side stringers and 
deep frames. Intercostal stringers may be fitted to
gether with side stringers. 

Wi th a double-bottom structure available, the 
functions of deep frames are taken over by vertical 

diaphragms, and those of the side stringers, by hori
zontal diaphragms. 

3.10.2.1.2 In icebreakers and Arc5 to Arc9 ice 
class ships, frames shall be attached to decks and 
platforms with brackets; i f a frame is intercostal in 
way of deck, platform or side stringer, brackets shall 
be fitted on both sides of it . 

3.10.2.1.3 The end attachments of main frames 
shall comply with the requirements of 2.5.5. In ice
breakers solid floors shall be fitted on each main 
frame. In Arc8, Arc9 ice class ships, solid floors shall 
be fitted on every other main frame. 

The end attachments of intermediate frames shall 
comply with the following requirements. 

In Arc4 to Arc9 ice class ships and icebreakers, 
the bottom ends of intermediate frames shall be se
cured at margin plate stiffened with a lightened 
margin bracket (or a system of stiffeners) reaching up 
to longitudinal stiffeners or intercostal members and 
welded thereto (refer to Fig. 3.10.2.1.3-1). 

a) 

b) 

Fig. 3.10.2.1.3-1: 
a — lightened margin bracket; 
b — system of stiffeners 

Where there is no double bottom, the intermediate 
frames shall extend as far as longitudinal stiffeners or 
intercostal structure and welded thereto. The particular 
longitudinal stiffener or intercostal structure shall be 
fitted not higher than the floor face-plate level. 
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In Icel to Ice3 ice class ships having monotonic 
main framing, the bottom ends of intermediate 
frames may be secured at intercostal longitudinal 
fitted 1000 mm beneath the lower boundary of 
region I . 

In Icel to Ice3 ice class ships with deep framing, i t 
is permitted to secure the bottom ends of intermediate 
frames, except for the region A of ice class Ice3, at 
a longitudinal (which may be intercostal) fitted 
1000 mm below the side stringer lying beneath the 
lower boundary of region I (refer to Fig. 3.10.2.1.3-2). 
In this case, the web area and plastic modulus of the 
above side stringer shall not be less than required for 
a stringer fitted in region I . 

V 
Region I 

v 1 

Fig. 3.10.2.1.3-2 
Permissible method for securing the ends of intermediate frames in 

Icel to Ice3 ice class ships with deep framing: 
1 — upper boundary of region I; 2 — lower boundary of region I; 

3 — side stringer; 4 — intercostal longitudinal; 
5 — main frames; 6 — intermediate frames; 

7 — deep frames 

In icebreakers and Arc4 to Arc9 ice class ships, 
the upper ends of intermediate frames shall be se
cured on a deck or platform lying above the upper 
boundary of region I . In Icel to Ice3 ice class ships 
having monotonic main framing, the upper ends of 
intermediate frames may be secured in way of an 
intercostal longitudinal fitted 500 mm above the 
upper boundary of region I . 

In Icel to Ice3 ice class ships with deep framing, the 
upper ends of intermediate frames may be secured in 
way of a longitudinal (which may be intercostal) fitted 
500 mm higher than the side stringer lying above the 
upper boundary of region I (refer to Fig. 3.10.2.1.3-2). 
In this case, the web area (and the ultimate section 
modulus of the above side stringer shall not be less than 
those required for a stringer fitted in region I . 

3.10.2.1.4 In regions I and I I of icebreakers and 
Arc4 to Arc9 ice class ships, intercostal and/or side 
stringers shall be fitted the distance between which or 
the stringer-to-deck or platform distance shall not 
exceed 2 m, as measured on a chord at side. 

For region I of Icel to Ice3 ice class ships, this 
distance shall not exceed 3 m. 

Side stringers shall be fitted in the loadline and 
ballast water line regions. I f there is a deck or plat
form lying on the same level, the side stringer may be 
omitted. Stringers shall be attached to bulkheads by 
means of brackets. 

3.10.2.2 Determining the supporting sections of 
frames in grillages with transverse framing. 

3.10.2.2.1 The supporting sections of conven
tional and deep frames shall be found in supporting 
structures only. 

For frames, horizontal grillages (decks, platforms, 
bottom) are considered to be supporting structures. 
A supporting structure consists of plating (decks, plat
forms, double bottom) and framing connected thereto 
(beams, half-beams, floors, tank-side brackets). Where 
there is no double bottom, the formulae to be found 
below shall be used on the assumption that the plating 
lies level with floor face plates. 

3.10.2.2.2 The supporting section of a conven
tional frame is considered to be fixed, i f one of the 
following conditions is met at least: 

the frame is connected to the framing of a sup
porting structure; 

the frame crosses the plating of a supporting 
structure. 

A supporting section is considered to be simply 
supported, i f a conventional frame is not connected 
to supporting structure framing and is terminated on 
the structure plating. 

Where a conventional frame terminates on an in
tercostal longitudinal (intercostal stringer), its end is 
considered to be free, i.e. with no supporting section. 
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3.10.2.2.3 The position of a supporting section of 
a frame (conventional or deep frame) is determined in 
the following way. 

Where the frame is connected to the supporting 
structure plating only, the supporting section coin
cides with the plating surface. 

Where the frame is connected to the supporting 
structure framing, the supporting section: 

coincides with the face plate surface of the sup
porting structure frame in case of bracketless joint; 

lies at bracket end where brackets with a straight 
or rounded and stiffened edge are concerned; 

lies in the middle of the bracket side where 
brackets with a rounded free edge are concerned. 

3.10.2.2.4 When determining the conditions of 
fixation and the position of supporting sections in 
typical structures, one shall be guided by Ta
ble 3.10.2.2.4 (the position of a supporting section is 
indicated with an arrow in the sketches of the Table), 
as well as by the requirements of 3.10.2.2.2 
and 3.10.2.2.3. 

3.10.2.3 Side grillage structure where longitudinal 
framing is used. 

3.10.2.3.1 A longitudinally framed side grillage 
structure is permitted which consists of longitudinals 
and web frames. Intercostal additional frames may be 
fitted between deep frames (refer to 3.10.2.3.3). 

In a double-side structure, the functions of deep 
frames are taken over by vertical diaphragms. Where 
a double-side structure includes horizontal dia
phragms, they are considered to be platforms, and 
the requirements of 3.10.2.4 and 3.10.4.9 for plat
forms apply to them. Longitudinal framing system is 
not recommended for icebreakers and Arc5 to Arc9 
ice class ships. 

3.10.2.3.2 Longitudinals which are intercostal in 
way of plate structures (refer to 3.10.2.4) shall be 
secured with brackets on both sides of the plate 
structure, and the webs of the longitudinals shall be 
welded to the plate structure. 

3.10.2.3.3 In icebreakers and Arc4 to Arc9 ice 
class ships where the spacing of frames is greater 
than 2 m, additional frames shall be fitted. 

The end fixation method shall be the same as in 
the case of intermediate frames of Icel to Ice3 ice 
class ships with transverse main framing in ac
cordance with 3.10.2.1.3, irrespective of the ice class. 

3.10.2.4 Plate structures. 
3.10.2.4.1 By plate structures, the sections of 

deck, platform and double bottom plating, of trans
verse bulkhead plating, deep frame plates, stringers 
of side and bottom, centre-plane girder, solid and 
lightened plate floors and bilge brackets which adjoin 
the shell plating are meant. 

T a b l e 3.10.2.2.4 

Type of joint in way 
of the supporting 

section of the frame 

Type of 
supporting 

section 

Sketch showing structure and the position 
of supporting section therein 

Intersection of sup
porting structure 

rf Y 
Securing on suppor
ting structure with 
connection to its 
framing s 1 
Securing on suppor¬
t i n g s t r u c t u r e 
without connection 
to its framing 

o 

co 

Securing on inter
costal longitudinal 

No supporting section 
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3.10.2.4.2 For hull members mentioned un
der 3.10.2.4.1, the areas to be covered by the require
ments for plate structures shall be established as follows: 

fore peak and after peak bulkheads of ice
breakers and Arc5 to Arc9 ice class ships throughout 
their breadth; for ships of other ice class, on 
a breadth of 1,2 m from the shell plating; 

other bulkheads in regions I and I I of ice
breakers and Arc4 to Arc9 ice class ships, decks and 
platforms of icebreakers and Arc4 to Arc9 ice class 
ships, on a breadth of 1,2 m from the shell plating; 

other hull members — on a breadth of 0,6 m 
from the shell plating. 

3.10.2.4.3 In the areas of plate structures men
tioned under 3.10.2.4.2, corrugated structures with 
corrugations arranged along the shell plating 
(i.e. vertical corrugations on transverse bulkheads 
and longitudinal corrugations on decks or platforms) 
are not permitted. 

3.10.2.4.4 The plate structures of icebreakers, 
Arc5 to Arc9 ice class ships and region I of Arc4 ice 
class ships shall be provided with stiffeners fitted at 
right angles approximately to the shell plating. The 
stiffeners shall be spaced not farther apart than sti
pulated in Table 3.10.2.4.4. 

T a b l e 3.10.2.4.4 

Orientation of 
main framing fitted 

at shell plating 

Maximum spacing of stiffeners Orientation of 
main framing fitted 

at shell plating Icebreakers, Arc5 (region I), 
Arc6 to Arc9 

ice class ships 

Arc5 (except region I), 
Arc4 (region I) 
ice class ships 

Main framing lies 
across a plate 
structure 
Main framing lies 
parallel to a plate 
structure 

a, but not greater than 0,5 m 

0,6 m 

2a, but not greater 
than 1,0 m 

0,8 m 

N o t e , a is the spacing of main framing girder, as measured 
on the shell plating. 

The plate structures of Icel to Ice3, Arc4 (except 
region I) ice class ships may be provided with stif
feners fitted in parallel approximately to the shell 
plating. 

3.10.2.4.5 The intersections of plate structures 
with main framing shall be executed in accordance 
with Table 3.10.2.4.5. The stiffeners by which the 
plate structure is strengthened and which He on the 
same plane as the main framing girders shall be se
cured to the above girders. Other methods of at
taching the webs of main framing girders to the plate 
structure may be appHed, i f found equivalent by 
the Register. 

3.10.2.4.6 Where main framing girders are inter
costal in way of the plate structure, brackets shall be 
fitted on both sides of the structure on the same plane 

as each of the girders, and the girder webs shall be 
welded to the plate structure. 

3.10.2.4.7 The following requirements are put 
forward additionally for the intersections (connec
tions) of the plate structures of decks and platforms 
with main framing. 

Where transverse framing is used for sides, the 
frames shall be attached to the beams with brackets. 
In Arc5 (region I only), Arc6 to Arc9 ice class ships, 
the girders shall be fitted on the same plane as each of 
the frames (refer also to Table 3.10.2.4.4). 

In Arc5 (except region I) and Arc4 (region I) 
ice class ships, the frame on whose plane no beam is 
fitted shall be secured to the plate structure with 
brackets which shall terminate on the intercostal 
stiffener. 

Where longitudinal framing is used for sides, the 
beams shall be attached to the shell plating with 
brackets reaching as far as the nearest side longitudinal. 

3.10.2.4.8 The distance from the edge of opening 
or manhole to the shell plating shall not be less than 
0,5 m in a plate structure. The distance from the edge 
of opening or manhole in a plate structure to the edge 
of opening for the passage of a girder through the 
plate structure shall not be less than the height of that 
girder. 

3.10.2.5 Fore peak and after peak structure. 
3.10.2.5.1 A longitudinal bulkhead welded to the 

stem or sternframe shall be fitted on the centreHne of 
the ship in the fore peak and after peak of icebreakers 
and Arc8, Arc9 ice class ships, and the lower ends of 
all frames shall be connected to floors or brackets. 

3.10.2.5.2 In the fore peak of icebreakers and 
Arc5 to Arc9 ice class ships, platforms with lightening 
holes shall be fitted instead of stringers and panting 
beams (refer to 2.8.2.3), the distance between plat
forms measured along a chord at side, shall not ex
ceed 2,0 m. This structure is recommended for Arc4 
ice class ships as well. 

3.10.2.5.3 In the after peak of icebreakers and 
Arc5 to Arc9 ice class ships (refer to 2.8.2.10), side 
stringers and panting beams shall be fitted so that the 
distance between the stringers as measured along 
a chord at side, would not be greater than 2,0 m. 
The dimensions of stringer webs shall not be less 
than determined by the formulae: 

height h = 5L + 400 mm; 
thickness s = 0,051, + 7 mm. 
Platforms with Hghtening holes are recommended 

instead of panting beams and stringers. 
3.10.2.5.4 In icebreakers and Arc6 to Arc9 

ice class ships, the side stringers in the fore peak and 
after peak shall generally be a continuation of those 
fitted in the regions A and C (refer to 3.10.2.1.4). 

3.10.2.5.5 In the case of Arc4 ice class ships, the 
area and inertia moment of panting beams shall be 
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T a b l e 3.10.2.4.5 

Ice 
class 

Sketch of structure 

Icebreaker9, 
Icebreaker8 

Fore peak, after peak, region I , 
region I I with longitudinal framing 

Regions I I , A I I I , A ^ I I , C I I I , A I V , A ^ V Other regions as per Table 3.10.1.3.4 

Icebreaker7, 
Icebreaker6 

Fore peak, after peak, regions I , I I 
with longitudinal framing 

Regions I and I I (except fore peak and 
after peak), A I I I , A ^ I I , C I I I 

Ditto 

Arc9, Arc8, 
Arc7 

Fore peak, region I with longitudinal 
framing 

Regions I and I I (except fore peak), A I I I , 
A I V , A ^ V , A i I H 

Ditto 

Arc6, Arc5 Fore peak, region A I , A i l , BI with 
longitudinal framing 

Regions I (except fore peak), I I , A I I I , 
A i I I I 

Ditto 

Arc4 Regions I , A l l , A ^ I , A I I I , A ^ I I Ditto 

Ice3, Ice2, 
Icel 

All regions 

N o t e . Stiffeners of plate structure and brackets stipulated in 3.10.2.4 are not shown schematically in the sketches. 

increased by 25 per cent as compared to those re
quired by 2.9.4. The dimensions of stringer webs shall 
not be less than given by the formulae: 

height h = 3L + 400 mm; 
thickness s = 0,04L +6 ,5 mm. 
3.10.2.5.6 In the fore peak and after peak, the free 

edges of side stringers shall be stiffened with face 
plates having a thickness not less than the web 
thickness and a width not less than ten thicknesses. 
The interconnections of frames with side stringers 
shall be in accordance with Table 3.10.2.4.5, and 
brackets shall be carried to the face plates of the 
stringers. 

3.10.2.6 Stem and sternframe construction. 
3.10.2.6.1 Arc6 to Arc9 ice class ships shall have a 

solid section stem made of steel (cast steel is re
commended). The stems and sternframes of ice
breakers, as well as the sternframes of Arc5 to Arc9 
ice class ships, shall be made of forged or cast steel. 
Stems and sternframes welded of cast or forged parts 
are admissible. 

3.10.2.6.2 In Icel to Ice3, Arc4, Arc5 ice class 
ships, a stem of combined structure (a bar with 
thickened plates welded thereto) or plate structure 
may be used, and where the ship length is 
under 150 m with a sharp-lined bow, the stem design 
shown in Fig. 3.10.2.6.2 may be used (the value of s 
shall be as determined by Formula (3.10.4.10.1-3)). 

In Icel to Ice3, Arc4 ice class ships, sternframes 
of combined structure may be used. 

1,75s 

Fig. 3.10.2.6.2 

3.10.2.6.3 In Icel to Ice3, Arc4 to Arc7 ice class 
ships, the stem shall, where practicable, be streng
thened by a centre line web having its section depth 
equal to hv at least (refer to Table 3.10.4.10.1) with a 
face plate along its free edge or a longitudinal bulk
head fitted on the ship centreline, on the entire stem 
length from the keel plate to the nearest deck or 
platform situated above the level Hx referred to 
in 3.10.4.10 and in Table 3.10.4.10.1. The thickness 
of this plate shall not be less than that of the brackets 
with which the stem is strengthened (refer 
to 3.10.2.6.4). In icebreakers and Arc8, Arc9 ice class 
ships, a longitudinal bulkhead may be substituted for 
the centre line web. 
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3.10.2.6.4 Within the vertical extent defined 
in 3.10.2.6.3, the stem shall be strengthened by hor
izontal webs at least 0,6 m in depth and spaced not more 
than 0,6 m apart. The webs shall be carried to the nearest 
frames and connected thereto. Where in line with side 
stringers, the webs shall be attached to them. In stems of 
combined or plate type, the webs shall be extended be
yond the welded butts of the stem and shell plating. 
Above the deck or platform located, by the value of H\ 
at least (refer to 3.10.4.10.1 and Table 3.10.4.10.1), 
higher than the upper boundary of region I , the 
spacing of horizontal webs may gradually increase to 
1,2 m in icebreakers and Arc7 to Arc9 ice class ships, 
and to 1,5 m in ships of other ice class. 

The web thickness shall be adopted not less than 
half the stem plate thickness. In icebreakers and 
Arc4 to Arc9 ice class ships, the free edges of webs shall 
be strengthened with face plates welded to the frames at 
their ends. The side stringers of the fore peak shall be 
connected to the webs fitted in line with them. 

In case of a full bow, vertical stiffeners may be 
required additionally to be fitted to the stem plates. 

3.10.2.6.5 Where the stern frame has an appen
dage (ice knife), the clearance between the latter and 
the rudder plate shall not exceed 100 mm. The ap
pendage shall be reliably connected to the stern 
frame. Securing the appendage to plate structures is 
not permitted. 

3.10.2.6.6 In icebreakers, the lower edge of sole-
piece shall be constructed with a slope of 1:8 begin
ning from the propeller post. 

3.10.2.7 Bottom structure. 
3.10.2.7.1 In icebreakers and Arc5 to Arc9 ice 

class ships, double bottom shall be provided between 
the fore peak bulkhead and the after peak bulkhead. 

3.10.2.7.2 In icebreakers, provision shall be made 
for solid floors at each main frame, and in Arc8, Arc9 
ice class ships, at every other main frame. 

3.10.2.7.3 In regions of ice strengthening in way 
of bottom, as established in accordance with 
Table 3.10.1.3.4, bracket floors are not permitted. 

3.10.2.7.4 In icebreakers and Arc8, Arc9 ice class 
ships the centreline girder height shall not be less than 
determined by the formula 

h = cp(9L + 800) (3.10.2.7.4) 

where (p = 0,8 for Arc8 ice class ships; 
(p = 0,9 for Arc9 ice class ships; 
cp = 1 for icebreakers. 

3.10.2.7.5 In icebreakers and Arc8, Arc9 ice class 
ships, the spacing of bottom stringers shall not ex
ceed 3,0 m. 

3.10.2.8 Special requirements. 
3.10.2.8.1 In icebreakers, double side structure 

shall generally be provided between the fore peak 
bulkhead and the after peak bulkhead. 

3.10.2.8.2 In Arc7 to Arc9 ice class ships double 
side structure is necessary for engine room, and for 
the region mentioned in 3.10.2.8.1 it is recommended. 

3.10.2.8.3 Where the web plate of a girder or a 
plate structure is considerably inclined to the shell 
plating (the angle between them being less than 50°), 
the framing normal to the shell plating or an inclined 
plate structure is recommended (Fig. 3.10.2.8.3). 
Otherwise, special measures shall be taken to prevent 
the collapsing of the girder or the bulging of the plate 
structure. 

a) 

b) 

Fig. 3.10.2.8.3: 
a — framing normal to shell plating; b — inclined plate structure; 

1 — shell plating 

3.10.3 Ice load. 
3.10.3.1 I c e l o a d is the approximate design 

load acting on the hull due to ice forces, by which the 
level of requirements for scantlings is determined 
based on the ice class mark, hull shape and ship 
displacement. 

The ice load depends on three parameters: 
p — ice pressure being a characteristic of the 

maximum pressure in the area of dynamic contact 
between the hull and ice, in kPa; 
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b — vertical distribution of ice pressure charac
terizing the maximum transverse dimension of the 
dynamic contact area between the hull and ice, in m; 

lp — horizontal distribution of ice pressure charac
terizing the maximum longitudinal dimension of the 
dynamic contact area between the hull and ice, in m. 

The ice load is solely intended to determine the 
scantlings of structural components of ice strengthening 
on the basis of the formulae included in this Chapter. 
Using the ice load parameters for strength estimation 
on the basis of other procedures and programs is not 
permitted without prior consent of the Register. 

The ice-load parameters to be determined ac
cording to 3.10.3.2 to 3.10.3.7 apply only to ice class 
ships and icebreakers with hull shape complying with 
the requirements of 3.10.1.2.2 and 3.10.1.2.3. The ice 
load for ice class ships and icebreakers of other hull 
shapes is subject to special consideration by 
the Register. 

3.10.3.2 For ice class ships, the ice pressure, in kPa, 
shall be determined by the following formulae: 

.1 in region A I 

pAI = 2500a,vm%Jf^ (3.10.3.2.1) 

where a.\ = factor to be takan from Table 3.10.3.2.1 based on the 
ice class; 

T a b l e 3.10.3.2.1 

Factor Ice class Factor 

Icel Ice2 Ice3 Arc4 Arc5 Arc6 Arc7 Arc8 Arc9 

a\ 0,36 0,49 0,61 0,79 1,15 1,89 2,95 5,3 7,9 

a-i — — — 0,80 1,17 1,92 3,06 5,75 8,95 

a3 — 0,22 0,33 0,50 0,78 1,2 1,84 3,7 5,6 

04 — 0,5 0,63 0,75 0,87 1 — — — 

A = displacement to summer load waterline, in t; 
vm = value of the shape factor v, which is the maximum one 

for the region, as determined at sections within x = 0; 
0,05£; 0,1£, etc. from the forward perpendicular on the 
ice loadline level (as far as Icel to Ice3 ice class ships are 
concerned, design sections where 0,586 shall only be 
considered; for i , refer to Fig. 3.10.1.3.2). The value shall 
be determined by the formulae: 

v = (0,278 + ^j^fyf^ where - ^ 0 , 2 5 ; 

v = ( 0 , 3 4 3 - ^ t f / ^ where f- > 0,25; 

x =the distance between the considered section and the 
forward perpendicular, in m; 

<x = angles of summer load waterline inclination which shall 
be measured in accordance with Figs. 3.10.1.2-1 and 
3.10.1.2-3 (where x = 0), in deg.; 

P = angles of frame inclination on summer load waterline 
level which shall be measured in accordance with 
Fig. 3.10.1.2-2, in deg.; where the frame is concave in a 
section, a minimal angle shall be chosen for in the case of 
Arc4 to Arc9 ice class ships which is measured on the 
level of contingent service waterlines. 

I f a > 0 and P = 0 in a section under considera
tion of Icel to Ice3 ice class ships, i t shall be con
sidered that v = 0,72 in this section. 

I f the angle of a is less than 3° in a section of 
Icel to Ice3, Arc4, Arc5 ice class ships, such a section 
may be omitted when calculating vm; 

.2 in region A i l 

pAlI = 2500a2vm%J^^ (3.10.3.2.2) 

where a2 = factor to be taken from Table 3.10.3.2.1 based on the 
ice class; 

vm shall be determined by the method described in 3.10.3.2.1; 
for A,refer to 3.10.3.2.1; 

.3 in region B I 

P m = 1 2 0 0 a 3
6 V ^ 0 (3.10.3.2.3) 

where a3 = factor to be taken from Table 3.10.3.2.1 based on the 
ice class; 

for A, refer to 3.10.3.2.1; 

.4 in region C I of Ice2, Ice3, Arc4 to Arc6 ice 
class ships 

Pa = a&m (3.10.3.2.4-1) 

where a4 = factor to be taken from Table 3.10.3.2.1 based on the 
ice class; 

for P m , refer to 3.10.3.2.3. 

For Arc7 to Arc9 ice class ships, the ice pressure 
in region C I is determined by the formula 

Pa = 0J5pAI (3.10.3.2.4-2) 

where for pA1, refer to 3.10.3.2.1; 

.5 in regions I I , I I I and IV , the ice pressure is 
determined as a part of the ice pressure in region I at 
the appropriate section of the ship length 

Pki=ak,pki (3.10.3.2.5) 

where k = A , A j , B, C; 
/ = I I , I I I , IV; 

akt = factor to be taken from Table 3.10.3.2.5. 

3.10.3.3 The vertical distribution of ice pressure, 
in m, shall be determined by the following formulae: 

.1 in regions A I , A l l , A I I I , A I V 

bA = C1kAum (3.10.3.3.1) 

where C\ = factor to be taken from Table 3.10.3.3.1 based on the 
ice class; 

k& = \ / I Q Q Q , D u t n o t greater than 3,5; 

for A, refer to 3.10.3.2.1; 
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T a b l e 3.10.3.2.5 

Ice 
class 

Region lengthwise Ice 
class 

forward and interme
diate regions (A and AI) 

midship region 
(B) 

aft region ( Q 

Region vertically 

II I l l I V I I I I I I V I I I I I I V 

Ice3 0,4 

Arc4 0,5 0,4 0,35 0,4 

Arc5 0,65 0,65 0,45 0,5 0,4 — 0,5 — — 
Arc6 0,65 0,65 0,5 0,5 0,45 — 0,5 0,35 0,15 

Arc7 0,65 0,65 0,5 0,5 0,45 — 0,5 0,4 0,2 

Arc8 0,7 0,65 0,5 0,55 0,45 0,25 0,55 0,4 0,3 

Arc9 0,7 0,65 0,5 0,55 0,45 0,3 0,55 0,4 0,35 

T a b l e 3.10.3.3.1 

Factor Ice class 

Icel Ice2 Ice3 Arc4 Arc5 Arc6 Arc7, Arc8, Arc9 

0,38 0,42 0,44 0,49 0,6 0,62 0,64 

c2 — — — 0,55 0,7 0,73 0,75 

c 3 — 0,27 0,30 0,34 0,40 0,47 0,50 

um = maximum value of the shape factor u for the region, to be 
determined in sections within x = 0; 0,05£; 0,1£, etc. 
from forward perpendicular at the ice loadline level (as 
far as Icel to Ice3 ice class ships are concerned, sections 
where 0,586 shall only be considered; for 6, refer to 
Fig. 3.10.1.3.2). The value shall be determined by the 
formulae: 

um = fcB(0,635 + ^ f ^ ) \ / y where ^-^0,25; 

"m = ^ ( 0 , 8 6 2 - ° ^ ) ^ / ^ where -jr- > 0,25; 

rl where p > 7 ° 
k j > ~ \ 1 ,15-0 ,15 | where 0 < 7° 

for x, <x, P, refer to 3.10.3.2.1. 

I f a > 0 and P = 0 in a section of Icel to Ice3 ice 
class ships, i t shall be considered that u = 0 ,92 for 
this section. 

I f the angle a is less than 3° in a section of 
Icel to Ice3, Arc4, Arc5 ice class ships, such a section 
may be omitted when calculating um; 

.2 in regions A{1, A j I I , A j I I I , A i I V 

bAi = C2kAum, but not greater than 1,256APAI/PA,I 
(3.10.3.3.2-1) 

where C2 = factor to be taken from Table 3.10.3.3.1 based on the 
ice class; 

for k&, refer to 3.10.3.3.1; 

um shall be determined by the procedure described 
in 3.10.3.3.1; 

for 6 A , refer to 3.10.3.3.1; 
for PAJ, refer to 3.10.3.2.1; 
for pAll, refer to 3.10.3.2.2. 

In any case, the vertical distribution bAi shall be 
not less than that determined by the formula 

ftArftiW^i ( 3 . 1 0 . 3 . 3 . 2 - 2 ) 

where for pAll, refer to 3.10.3.2.2; 
for PBJ, refer to 3.10.3.2.3; 
for 6B, refer to 3.10.3.3.3; 

.3 in regions B I , B I I , B i l l , B IV 

bB = C3C4kA (3 .10.3.3.3) 

where C 3 = factor to be taken from Table 3.10.3.3.1 based on the 
ice class; 

C 4 = factor to be taken from Table 3.10.3.3.3 based on the 
minimal side inclination angle with regard to normal in the 
midship region of ice strengthening on summer load 
waterline level; 

forfcA, refer to 3.10.3.3.1; 

T a b l e 3.10.3.3.3 

Factor Angle of side slope amidships, in deg. Factor 

« 6 8 10 12 14 16 18 

C 4 1,00 0,81 0,68 0,54 0,52 0,47 0,44 

.4 in regions CI , C I I , C I I I , CIV 

bc = 0,8i B — for Ice2, Ice3, Arc4 to Arc6 ice class ships; 
(3.10.3.3.4) 

be = bA — for Are7 to Arc9 ice class ships 

where for 6 A , refer to 3.10.3.3.1; 
for 6 B , refer to 3.10.3.3.3. 

3.10.3.4 Horizontal distribution of ice pressure, 
in m, shall be determined by the following formulae: 

.1 in regions A I , A l l , A I I I , A I V 

lA = l l , 3 ^ / & A s i n P„ , but not less than 3,5yjk& 
(3.10.3.4.1) 

where for 6A, kA, refer to 3.10.3.3.1; 
= angle P in the design section of region A for which the 

value of the u parameter is maximum (refer 
to 3.10.3.3.1); 

.2 in regions A j l , A j I I , A j I I I , A i I V 

lAi = ll,3y/bAi sin P^ 1, but not less than 3yfk^ 
(3.10.3.4.2) 

where for 6A,, refer to 3.10.3.3.2; 
P^1 = angle P in the design section of region A j for which the 

value of the u parameter is maximum (refer 
to 3.10.3.3.1); 

for kA, refer to 3.10.3.3.1; 

.3 in regions B I , B I I , B i l l , B IV 

/g = 6ba, but not less than 3^/1^ (3.10.3.4.3) 
where for 6 B , refer to 3.10.3.3.3; 
forfcA, refer to 3.10.3.3.1; 
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.4 in regions CI , C I I , C I I I , CIV 

/g = 6bc, but not less than 3^/7^ (3.10.3.4.4) 

where for bc, refer to 3.10.3.3.4; 
forfcA, refer to 3.10.3.3.1. 

3.10.3.5 For icebreakers, the ice pressure shall be 
determined by the following formulae: 

.1 in region A I 

PAI = V A I (3.10.3.5.1) 

where p%i = ice pressure in region A I , to be determined in accor
dance with 3.10.3.2.1 as in the case of a ship whose ice 
class number coincides with the ice class number of the 
icebreaker; 

1 where N^^No, 
(Nx/Nof-4 where > N0; 

= propeller shaft output, in MW; 
JV0 shall be taken from Table 3.10.3.5.1; 

T a b l e 3.10.3.5.1 

Ice class of icebreaker JV0, in M W 

Icebreaker6 10 
Icebreaker7 20 
Icebreaker8 40 
Icebreaker9 60 

3.10.3.6 As far as icebreakers are concerned, the 
vertical distribution of ice pressure shall be adopted 
equal for all regions and shall be determined in ac
cordance with 3.10.3.3.1, i.e. as for the forward re
gion of the ship whose ice class number coincides 
with the ice class number of the icebreaker. When 
determining um, the values of u shall be calculated for 
those sections only which are included in the forward 
region of ice strengthening of the icebreaker. 

3.10.3.7 As far as icebreakers are concerned, the 
horizontal distribution of ice pressure shall be adopted 
equal for all regions and shall be determined in ac
cordance with 3.10.3.4.1, i.e. as for the forward region 
of the ship whose ice class number coincides with the ice 
class number of the icebreaker. When determining 
only those sections shall be considered which are in
cluded in the forward region of ice strengthening of the 
icebreaker. 

3.10.4 Scantlings of ice-strengthening structures. 
3.10.4.1 Shell plating. 
In regions of ice strengthening, the shell plating 

thickness ssp, in mm, shall not be less than de
termined by the formula 

V = V o + A V o (3.10.4.1) 

.2 in regions A i l , B I and C I 

Pkl — QkPAl (3.10.3.5.2) 

where for pAJ, refer to 3.10.3.5.1; 
ak = factor to be taken from Table 3.10.3.5.2 based on the 

region of the ship length and the ice class of icebreaker; 
k = A , , B, C; 

T a b l e 3.10.3.5.2 

Region Ice class of icebreaker Region 

Icebreaker6 Icebreaker7 Icebreaker8 Icebreaker9 

A J 0,65 0,75 0,85 0,85 
BI 0,6 0,65 0,7 0,75 
C I 0,75 0,75 0,75 0,75 

.3 in regions I I , I I I and IV , the ice pressure shall 
be determined as a part of the ice pressure in region I 
for the appropriate region of ship length. 

Pmn = amnPm\ (3.10.3.5.3) 

where m = A , A j , B, C; 
n = I I , I I I , IV; 

= factor to be taken from Table 3.10.3.5.3. 

T a b l e 3.10.3.5.3 

Fac
tor 

Region vertically and region lengthwise Fac
tor 

Al l AIII AW A ^ I A ^ I I A!iV BII Bi l l Brv C I I CIII CIV 

0,7 0,65 0,5 0,6 0,55 0,45 0,55 0,45 0,35 0,55 0,40 0,30 

where ssp0 

Assp0 = 0,757H; 

15,8ooV i W 

1 + 0 , 5 ? 

p = ice pressure in the region under consideration according 
to 3.10.3.2 or 3.10.3.5, in kPa; 

c = b where the grillage is transversely framed in the region 
under consideration. In this case, c shall not be greater 
than the spacing of intercostal stringers or the distance 
between plate structures; 

c = I where the grillage is longitudinally framed in the region 
under consideration; 

b = vertical distribution of ice pressure in the region under 
consideration according to 3.10.3.3 or 3.10.3.6, in m; 

/ = distance between adjacent transverse members, in m; 
a = spacing of main direction girders, in m; 
T = planned ship life, in years; 
u = annual reduction of shell plating thickness as a result of 

corrosion wear and abrasion, in mm per year, to be 
taken from Table 3.10.4.1. When taking measures to 
protect the shell plating from corrosion wear and 
abrasion (by applying special coats, clad steels, etc.), 
the magnitude of the value u is subject to special 
consideration by the Register. 

3.10.4.2 Procedure for determining the required 
and actual geometrical characteristics of girder 
structures. 

3.10.4.2.1 The formulae, as given in 3.10.4.3 
to 3.10.4.8, for determining the required geometrical 
characteristics of girder structure cross sections, such 
as the ultimate section modulus W and the web 
area A , are based on the ultimate strength criterion. 
The recommendations of 3.10.4.2.2 to 3.10.4.2.6 shall 
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T a b l e 3.10.4.1 

Ice class u, in mm per year 

Region lengthwise 

forward and inter
mediate (A and Ai ) 

midship and after 
(B and C) 

Icel 0,2 
In accordance 

with 1.1.5.2 Ice2 0,25 
In accordance 

with 1.1.5.2 

Ice3 0,3 

Arc4 0,36 0,26 

Arc5 0,38 0,28 

Arc6, Arc7, Arc8, Arc9 0,4 0,3 

Icebreaker6 0,4 0,3 

Icebreaker7 0,5 0,35 

Icebreaker8 0,6 0,4 

Icebreaker9 0,7 0,4 

preferably be considered when determining the values 
of W and A. 

3.10.4.2.2 The required value of the ultimate 
section modulus W is proportionate to the factor k 
which varies on the basis of the dependence between 
the required web area A and the actual web area A 
(adopted when choosing the section) 

3.10.4.2.3 For grillages comprising deep frames, a 
procedure is implemented to take account of the re
dundant margins of material which emerge when 
choosing girder sections as a result of the actual 
section modulus Wa and the actual web area Aa ex
ceeding the required values of W and A. Redundant 
margins are accounted for by applying the factors 

y,<l;*, = jj^<k, (3.10.4.2.3) 

where for kt, yh Woh refer to Formula (3.10.4.2.2-1); 
for i, refer to Formula (3.10.4.2.2-2). 

I f the actual geometrical characteristics of a 
conventional frame exceed the required ones ( y / < 1, 
v|// > kj) in a transversely framed grillage, the re
quired geometrical characteristics of the supporting 
stringer and deep frame (in the case of the latter, 
redundant margins, i f any, of the bearing stringer 
(ys < 1, tys

 > ks) are also considered) are lowered due 
to this. Similarly, case of a longitudinally framed 
grillage for lowering the requirements for the deep 
frame where longitudinals have redundant margins 
(Y, < 1, i|r, > kj). 

3.10.4.2.4 Where the profile selection procedures 
in accordance with 3.10.4.2.2 and the procedures for 
considering the redundant margins of materials in 
accordance with 3.10.4.2.3 appear too complicated, 
a simplified calculation can be carried out, 
assuming 

W = W0k; k = k(y); y = A/Aa (3.10.4.2.2-1) 

where W0 = required value of W, web area margin disregarded, to 
be determined in accordance with 3.10.4.3.1, 3.10.4.4.1, 
3.10.4.5.1, 3.10.4.6.1, 3.10.4.7.1. 

In the absence of a web area margin (A = Aa, 
y = 1), the value of W is maximum (k = 1). The in
crease of the actual web area as compared with the 
required one (y < 1) makes i t possible to reduce the 
value of W(assuming y = 0,9 — 0,8; k = 0,7 — 0,63). 
Thus, the application of a flexible procedure for 
choosing a profile is ensured to avoid redundant 
margins of material with several approximations 
during the calculation. By way of the first approxi
mation, the following assumptions shall be made 
in Formulae (3.10.4.3-1), (3.10.4.4-1), (3.10.4.5-1), 
(3.10.4.6-1), (3.10.4.7-1): 

~yt = 0,9, i.e. the actual girder web area shall be at 
least by 10 per cent greater than the required 

J one; j 

kf = r. , n 1 C . for conventional frames; 1 F+ 0,15/ ' 
kt = 0,63 for other girder types 

(3.10.4.2.2-2) 

where i = girder type index (f for frame, J: for stringer, wf for web 
frame, / for longitudinal); 

f o r f , ; , refer to 3.10.4.3.1. 

Yi = 0,9; 

kf = T, , N i f for conventional frames; J F+ 0,15/ 
(3.10.4.2.4) 

kt = 0,63 for other types of girders; 
= ki. 

Precise instructions concerning the simplified 
calculation procedure shall be found directly 
in 3.10.4.3 to 3.10.4.7. 

No simplified calculation is allowed i f flat bar 
profile is used for conventional frames. 

The simplified calculation results in increase of 
girder scantinds. Therefore, the simplified calculation 
is not recommended for icebreakers and Arc4 to Arc9 
ice class ships. 

3.10.4.2.5 When selecting profiles, the face plate 
and effective flange sections whose breadth is equal 
to the web thickness (refer to Fig. 3.10.4.2.5) shall be 
included in the actual web area Aa, in cm 2 . 

I f there are cutouts in girder webs, they may be 
ignored in the case of side stringers only provided the 
openings are not made in the vicinity of supporting 
sections. The requirements for the area of frame webs 
(both conventional and deep frames) shall be verified 
on the basis of net sections. 
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2 _ . 

°ef 

SG 

^ ^ ^ j — sections included in the actual web area Aa 

Fig. 3.10.4.2.5 

3.10.4.2.6 To determine the actual value of the 
ultimate section modulus of the girders of ice 
strengthening structures i t is recommended to use the 
formula 

Wa = h(fsec-0,5fw-Q , in cm 3 , (3.10.4.2.6-1) 

C = 

fsec 

where C = 0 w i t h / e / > / s e c ; 

^"Iff w i t h / e / < / s e c ; 

girder sectional area minus effective flange of shell 
plating, in cm 2; 

f„ = 0,l[h-0,05(tfp + teJ)]s, in cm 2; 
h = section height measured from the mid-thickness of 

effective flange to the mid-thickness of face plate 
(refer to Fig. 3.10.4.2.5), in cm; 

s = section web thickness, in mm; 
fef = 0,\bejtef— effective flange area of shell plating, in cm 2; 
tef = effective flange thickness, in mm, of shell plating, to be 

adopted equal to the average shell plating thickness in 
way of effective flange breadth; 

tfP = face plate thickness, in mm, (tfP = 1,5s to be adopted for 
bulb steel sections); 

bef = effective flange breadth, in cm, to be adopted equal to: 
conventional frame spacing, for conventional and deep 
frames where transverse framing is used; 
longitudinals spacing, for longitudinals where longi
tudinal framing is used; 

1/6 of deep frame span between decks or platforms, or of 
frame spacing, whichever is less, for deep frames where 
longitudinal framing is used; 
1/6 of frame spacing, for stringers where web framing is 
used; 
half the sum of spacings of two adjacent girders of the 
same direction or 1/6 of girder span, whichever is less, in 
all other cases. 

For rolled profiles where fef^fsec, i t may be as
sumed that 

7̂  Wa = fsecfyo + 0,05f e /), in cm 3 , (3.10.4.2.6-2) 

where y0 = distance between the gravity centre of the profile cross 
section, minus effective flange, and the shell plating, 
in cm (refer to Fig. 3.10.4.2.5). 

3.10.4.3 Conventional frames where transverse 
framing is used. 

The requirements of this paragraph apply to 
conventional frames in grillages with transverse main 
framing and in grillages with deep frames where 
transverse framing is used. 

In the case of grillages with transverse main 
framing, the requirements shall be applied to a single 
span of a conventional frame which lies between the 
supporting sections of the frame on the upper and 
lower supporting structures. 

In the case of grillages with deep frames, the re
quirements shall be applied to all the spans of 
a conventional frame, i.e. between the supporting 
sections of the upper supporting structure and the 
upper side stringer, between side stringers (m — 1 
section where m is the number of side stringers), be
tween the lower side stringer and the supporting 
section of the lower supporting structure. 

3.10.4.3.1 The ultimate section modulus Wf, in cm 3 , 
of a conventional frame shall not be less than de
termined by the formula 

Wf=kfWJ0 (3.10.4.3.1) 

w h e r e hf = F + 0 , 2 5 ^ 1 - ^ ' h f = F+0.15J f o r 1 1 1 6 c a s e 

of the simplified calculation in accordance with 3.10.4.2.4; 
F = 1 with k = A; 
F = 0,5 with k<4; 
k = factor equal to: 

as far as grillages with transverse main framing are 
concerned, refer to Table 3.10.4.3.1-1; 

T a b l e 3.10.4.3.1-1 

Para
meter 

Type of intermediate frame end fixation Para
meter 

both ends 
supported 

one end supported, 
the other free 

(attached to an 
intercostal member) 

both ends free 
(attached to an 

intercostal 
member) 

k 4 3 2 

I Half the sum of 
distances between 
the supporting 
sections of two 
adjacent frames 

Distance between the supporting 
sections of main frame 
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k = 4 for grillages with deep frames; 
j = factor equal to: 

the number of fixed supporting sections of two adjacent 
frames j ^ 4 as far as grillages with transverse main 
framing are concerned; 
in the case of grillages with web framing, refer 
to Table 3.10.4.3.1-2; 

T a b l e 3.10.4.3.1-2 

Position of 
conventional frame 

zone under 
consideration 

j 

B e t w e e n s i d e 
stringers 

Distance between side 
stringers 

4 

Between upper 
(lower) supporting 
structure and the 
n e a r e s t s i d e 
stringer 

H a l f the sum of 
distances between 
supporting sections on 
supporting structure 
and the nearest side 
s tr inger for two 
adjacent frames 

7o + 2 
where jo ^2 is the 
number of fixed 
supporting sections 
on the supporting 
structure for two 
adjacent frames 

3.10.4.3.2 The web area Af, in cm 2, of a conventional 
frame shall not be less than determined by the formula 

SJpab Af = 
R 

where k2 

k,= 

eH 

4 
k' 

&2&3&4 + 0,1 A/As (3.10.4.3.2) 

l 
1 + z + 72z p 5- 5 o r 

k3 = 0,7, whichever is greater; 
J_ 
2P 

(.a/1)2 

for p, a, b, I, k, P, refer to 3.10.4.3.1, the values of b and / adopted 
shall not exceed the distance between bracket ends; 

foi 

f 1 where no side stringer is provided; 
J 0,9 where there is a side stringer in the span; 
j 0,8 where there is a side stringer in the frame span for 

which effective flange continuity is ensured; 

hf = frame web height, in cm; hf = 0,&9hs for symmetric bulb 
and hf = 0,Mhs for asymmetric bulb; 

hs = rolled profile height, in cm; 
for As, refer to 1.1.5.1. 

^ _ / 1 for plate sections; 
1 I 0,8 in other cases; 

for Afi refer to 3.10.4.3.2; 
for Aa, refer to 3.10.4.3.3; 

W, 'jo-
250 

pbalYk^Ewfi 

P = 

P ~ Pki 

Pkh Pm 
b 

ice pressure in the region under consideration in 
accordance with 3.10.3.2 or 3.10.3.5, in kPa; where the 
lower boundary of region I is included in the grillage and 
the requirements of the Chapter cover region of ice 
strengthening I and I I (refer to 3.10.1.3.4), the following 
values of p shall be adopted: 
if the distance from the plating of the upper supporting 
structure of the grillage to the lower boundary of region I 
is greater than 1,26, otherwise p = pm'< 
= ice pressure in regions I and I I (refer to 3.10.3.2); 
vertical distribution of ice pressure, in m, in the region 
under consideration in accordance with 3.10.3.3 
or 3.10.3.6; if b> I, b = I shall be adopted for the 
purpose of determining W/o and Afi 

i = conventional frame spacing, in m, as measured at side; 
/ = design frame span, in m, to be determined in accordance 

with Table 3.10.4.3.1-1 in the case of transverse main 
framing and with Table 3.10.4.3.1-2 in the case of web 
framing; 
1-0,5P; 
6 

Y = 

I but not greater than B = 1; 

fot = factor equal to 0,9 for conventional frames joined with 
knees to bearing stringers in a side grillage with deep 
frames, and equal to 1,0 in other cases; 

E = factor equal to: 

E = Urp1 with /, < 0,5/; 

E= 1 with /,>0,5/ 
where = section of the span length /, in m, overlapped by the 

region of ice strengthening; 

a>f= 1 + kc-j^r, for the purpose of simplified calculation 

in accordance with 3.10.4.2.4. Wf = 1,15 may 
be adopted; 

Sqf = actual frame web thickness, in mm; 
for As, refer to 1.1.5.1; 

kc = 0,9 for rolled profile; 
fo. = 0,85 for welded profile. 

3.10.4.3.3 The actual web area Aa, in cm 2 , shall 
be determined in accordance with 3.10.4.2.5. When a 
simplified calculation is performed in accordance 
with 3.10.4.2.4, the value of Aa shall be at least 
by 10 per cent greater than the required web area. 

3.10.4.3.4 The web thickness Sf, in mm, of a 
conventional frame shall be adopted not less than the 
greater of the following values: 

k 
Sf = yr^- pa + As; 

sf= 0,0U4hfs/ReH+ As 

(3.10.4.3.4-1) 

(3.10.4.3.4-2) 

where k. = 1,4 Wf but not less than fo, = 1,0; 

refer to 3.10.4.3.1; 
actual ultimate section modulus, in cm 3 , of a conven
tional frame, to be determined in accordance 
with 3.10.4.2.6 (as a first approximation or for the 
purpose of the simplified calculation in accordance 
with 3.10.4.2.4, Wqf= Wf shall be adopted); 

for p, a, refer to 3.10.4.3.1; 
for hf, refer to 3.10.4.3.2; 
for As, refer to 1.1.5.1. 

3.10.4.3.5 The face plate breadth c/, in mm, of a 
conventional frame made of bulb or T-sections shall 
not be less than the greater one of the following values: 

for wfi 

Waf = 

cf= 0 , 0 1 4 5 1 u J V & V ^ - 0 , 9 8 ) ; 
r r af ^qf 

Cf = 2,5tfi 

cf= 6 9 , 6 v V - ^ ( P 2 - ° > 0 0 2 9 ) 

(3.10.4.3.5-1) 

(3.10.4.3.5-2) 

(3.10.4.3.5-3) 

where P : (2-<x)/ s 

ah, but not less than p = 0,055; 

a = (*af ) + o,01 ^ a £ , but not less tha a = 1; \ s a s ' asaf' 

for Wf, refer to 3.10.4.3.1; 
for Wo/-, refer to 3.10.4.3.4; 
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Sqf = actual web thickness of a conventional frame, in mm; 
tf = face plate breadth of a conventional frame, in mm (for 

beams made of bulbs, tf= l,5sqf shall be adopted); 
for hf, refer to 3.10.4.3.2; 

= actual shell plating thickness, in mm; 
for a, refer to 3.10.4.3.1; 
4 = the greatest spacing, in m, of adjacent stringers crossing 

the frame span or the greatest distance, in m, between the 
stringer and the supporting section. 

In the case of frames made of standard profiles, 
compliance with the requirements for the face plate 
breadth may not be verified where a simplified calcu
lation in accordance with 3.10.4.2.4 is carried out. 

3.10.4.3.6 Where the face plate is lacking, the 
height of a conventional frame shall not be less than 
determined by the formula 

hf=23,4(saf-As)/yjR, eH 

where saf = refer to 3.10.4.3.5; 
As = refer to 1.1.5.1. 

(3.10.4.3.6) 

A distance between side stringers or a side strin
ger and a supporting structure for conventional 
frames without face plates shall not exceed 1,3 m. 

3.10.4.4 Side and intercostal stringers as part of 
transverse framing with deep frames. 

3.10.4.4.1 The ultimate section modulus in cm 3, 
of a bearing side stringer shall not be less than de
termined by the formula 

for /, yfi refer to 3.10.4.3.1; 
= factor to be adopted equal to the lesser of the following: 

Wat. 

\ | r / = l,4kf, 

for Wjo, kf, refer to 3.10.4.3.1; 
for Waf, refer to 3.10.4.3.4; 

Aa 
for A„, refer to 3.10.4.4.2; 
for Aa, refer to 3.10.4.4.3; 
Sas = actual web thickness of a side stringer, in mm; 

for As, refer to 1.1.5.1. 

3.10.4.4.2 The web area A s , in cm 2 , of a side 
stringer shall not be less than determined by the 
formula 

As = * J ^ £ t Qn + o , i h s A s (3.10.4.4.2) 

Ws = W^s (3.10.4.4.1) 

where for p, a, b, refer to 3.10.4.3.1; 
n = number of frames fitted between two adjacent deep 

frames; 
for *?, Q, refer to 3.10.4.4.1; 

hs = web height of a bearing side stringer, in cm; 
for As, refer to 1.1.5.1. 

3.10.4.4.3 The actual web area A a , in cm , of a 
side stringer shall be determined in accordance 
with 3.10.4.3.3. 

3.10.4.4.4 The web thickness ss, in mm, of a side 
stringer shall not be less than determined by the 
formula 

125 
where Wso = ~s—k%paibQws; 

^ ' I for the purpose of simplified calculation 
in accordance with 3.10.4.2.4 ks = 0,63, 
shall be adopted; ws= 1,15; 

A- I 
<B. = 1 + 0,95| 

* ? = 0,82-0,55a 1// ,'>0,6 with lp>ax; 
* ? = 0,82/70!-0,55 ^0,61"/^ with l"< ax; 

for P, refer to 3.10.3.4; 
for/>, b, refer to 3.10.4.3.1; 

a.\ = deep frame spacing, in m, as measured along the side; 

Q=CU+ C2ij + C3$f + £j* + C 5 * ; 

for the purpose of simplified calculation in accordance 
with 3.10.4.2.4, 

Q = + C2ij; 

i = factor taking up the following values: 
i = 1 with m= 1; 
i = 2 with m>2; 

m = number of side stringers in a grllage; 
for Cu, C2i C6i, refer to Table 3.10.4.4.1; 

T a b l e 3.10.4.4.1 

i Cu c 2 i c 3 l Cm C5i 

1 0,003 0,132 0,398 0,584 -0,785 0,320 

2 0,363 0,11 -0,078 0,186 -0,202 0,358 

ss = 2,63ci 
eH 

5,34 + 4 (%) 
2 + As (3.10.4.4.4) 

where c\, c2 = the shorter and longer side, in m, of the panels into 
which the stringer web is divided by its stiffeners; 
for an unstiffened web, c\ = 0,01 (hs—0,8/!/), c2 = a\, 
refer to 3.10.4.4.2; 
refer to 3.10.4.3.2; 
and ys, refer to 3.10.4.4.1; 

for hs, 
for hf, 
for a.\ 
for As, refer tol.1.5.1. 

3.10.4.4.5 The web height hs, in cm, of a side 
stringer shall not be less than determined by the 
formula 

hs = 2hf 

where for hf, refer to 3.10.4.3.2. 

(3.10.4.4.5) 

3.10.4.4.6 The face plate thickness of a side 
stringer shall not be less than its actual web thickness. 

3.10.4.4.7 The face plate breadth cs, in mm, of a 
side stringer shall not be less than the greater of the 
following values: 

cs = 0,0l65ReHW

J-yJtssl ( f ^ - 2 , 6 ) ; 
J as 

(3.10.4.4.7-1) 
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(3.10.4.4.7-2) 

where for Ws, refer to 3.10.4.4.1; 
= actual ultimate section modulus, in cm 3 , of a side 

stringer, to be determined in accordance with 3.10.4.2.6 
(in first approximation or for the purpose of simplified 
calculation in accordance with 3.10.4.2.4, Was = Ws shall 
be adopted); 

ts = face plate thickness, in mm, of a bearing stringer; 
for p r e f e r to 3.10.4.4.1; 
for hs, refer to 3.10.4.4.2. 

Bearing stringer without face plate (flat bar) is 
not permitted. 

3.10.4.4.8 The web height h^, in cm, of an inter
costal stringer in way of a conventional frame shall 
not be less than determined by the formula 

his = Ofihf 

where for hf, refer to 3.10.4.3.2. 

(3.10.4.4.8) 

3.10.4.4.9 The web thickness of an intercostal 
stringer shall not be less than that of a conventional 
frame, as required in accordance with 3.10.4.3.4. 

3.10.4.5 Deep frames as part of transverse framing. 
3.10.4.5.1 The ultimate section modulus Wwf, in cm 3 , 

of a deep frame shall not be less than determined by the 
formula 

Wwf- Wwjt^.wf 

where WwJ0 = j^k*fpablw/l-^j^ + kmG)<s>wf, 

1 
KWf = i + ^ i _ Q g y 2 ; G = 2wQm(l — R), for the purpose of a 

simplified calculation in accordance with 3.10.4.2.4; 
kWf= 0,63 shall be adopted; G = nQm; 

for n, refer to 3.10.4.4.2; 
for km, refer to Table 3.10.4.5.1-1; 

T a b l e 3.10.4.5.1-1 

m 1 2 3 4 5 6 

1,0 1,33 2,0 2,4 3,0 3,43 

R 

R 

7,1 = 

7,1 = 

0,5 N /2\ | / s -(\ | / 0 y s l ) 2 with \|r, < ^ - ; 

0,5/7,1 with\ |r ,>^-; 

Awf 

factor to be adopted as the greater of the following: 
7J 

7 , i = 0,7; 
ka = 1 with TO^2; 

ka = with TO > 2, for the purpose of a simplified calculation 

in accordance with 3.10.4.2.4, kd = 1,2 shall be adopted, 
with TO > 2; 

Qm = Q with TO = 1; 2; 

Qm = C„i + C«2(p,5f($/-0,5)-W with TO = 3; 4; 5; 6; 

C m i , Cm2 = factors to be taken from Table 3.10.5.1-2; 

T a b l e 3.10.4.5.1-2 

TO 3 4 5 6 

C m l 0,5 0,417 0,333 0,292 

C m 2 0,25 0,167 0,111 0,083 

<oWf= 1 + 0,95 — , for the purpose of a simplified calculation 
$awf 

in accordance with 3.10.4.2.4, Wwf= 1,15 may be adopted; 
for p, a, b, refer to 3.10.4.3.1; 
for TO, /, Q, Wsa, 7« refer to 3.10.4.4.1; 

Inf = span length, in m, of a deep frame, equal to the distance 
between supporting sections; 

for Was, refer to 3.10.4.4.7; 

k%f= 0,82(1 - a1/lp) > 0,6 with l" > 2ai, 

k%= 0,41(/''/ai-l)>0,3/ ,'/ai with P<2a1; 

for l", refer to 3.10.3.4; 
for au refer to 3.10.4.4.1; 

for Ayf, refer to 3.10.4.5.2; 
for Af, refer to 3.10.4.5.3; 
Sawf — actual thickness, in mm, of a deep frame web; 

for As, refer to 1.1.5.1. 

3.10.4.5.2 The web area Awf, in cm 2 , of a deep 
frame shall not be less than determined by the for
mula 

(3.10.4.5.1) Awf 
= Wprifo ( l + m/G) + 0,lhwfAs 

R, eH 
(3.10.4.5.2) 

where for p, a, b, refer to 3.10.4.3.1; 
for TO, refer to 3.10.4.4.1; 

for k%f, G, refer to 3.10.4.5.1; 
hyf = deep frame web depth, in cm; 

for As, refer to 1.1.5.1. 

3.10.4.5.3 The actual web area Aa, in cm 2 , of a 
deep frame shall be determined in accordance 
with 3.10.4.3.3. 

3.10.4.5.4 The web thickness swf, in mm, shall be 
adopted not less than the greater of the following 
values: 

k 
s*>f=vj-pa + A s ; 

K-eH 

= 2,63C! yj 
JwfReH 

5,34 + 4 (%) 

(3.10.4.5.4-1) 

2 + As (3.10.4.5.4-2) 

where k. 
1 

i Q«; Wawf_ 

for W^-and ywfi refer to 3.10.4.5.1; 
Wowf — actual ultimate section modulus, in cm 3, of a deep frame, to 

be determined in accordance with 3.10.4.2.6 (in the first 
approximation or for the purpose of the simplified calcula
tion in accordance with 3.10.4.2.4, Wowf= Wyf shall be 
adopted); 

for p, a, refer to 3.10.4.3.1; 
Ci, c 2 = the shorter and the longer side, in m, of panels into which 

the web of a deep frame is divided by its stiffeners; 
for As, refer to 1.1.5.1. 

-0,75 
, but not less than k. = 1,0; 
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3.10.4.5.5 The face plate thickness of a deep 
frame shall not be less than the actual thickness of its 
web. 

3.10.4.5.6 The face plate breadth cwf, in mm, of a 
deep frame shall not be less than the greater of the fol
lowing values: 

= A 1 R e H ^ J t w y s a w f 0 ^ - A 2 } , (3.10.4.5.6-1) 
awf ^awf 

Cwf — A3twf (3.10.4.5.6-2) 

where for Wwf, refer to 3.10.4.5.1; 
for W^f, refer to 3.10.4.5.4; 

tWf = face plate thickness, in mm, of a deep frame; 
for Sawf, refer to 3.10.4.5.1; 
for h„f, refer to 3.10.4.5.2; 

Ax = 0,0039; A2 = 1,4; A3 = 5, if the deep frame web is provided 
with stiffeners fitted approximately normal to the shell 
plating; 

Ax = 0,0182; A2 = 2,6; A3 = 10, if the deep frame web is 
provided with stiffeners fitted approximately normal 
to the shell plating or if it is unstiffened. 

Deep frame without face plate (flat bar) is 
not permitted. 

3.10.4.6 Side and bottom longitudinals as part 
of longitudinal framing. 

3.10.4.6.1 The ultimate section modulus Wh in cm 3 , 
of a longitudinal shall not be less than determined by 
the formula 

W, = Wmk, 

where W® '• 

k,= 

125 

1 

(3.10.4.6.1) 

pbil(l-0,5a)i? a>f, 

ki = 0,63; for the purpose of simplified 

calculation in accordance with 3.10.4.2.4, for ks, refer 
to 3.10.4.3.1; 

1 for bottom longitudinals and for side longitudinals 
where no panting frames are fitted; 

1 + 
Q 2g for side longitudinals where panting frames 

are fitted; 

b\ — kob2; _ _ 
b2= 6(1 -0,256) with b < 2; 
b2= a w i t h 6 > 2 ; 

e = 6 + 1; 
6 . 
a ' 

OA 
b ' 

As 

b-

ko=l--

a>i = 1 + kc , 03/ = 1,15 may be adopted for the purpose of 
Sal 

the simplified calculation in accordance with 3.10.4.2.4; 
for/;, 6, refer to 3.10.4.3.1; 

a = spacing, in m, of longitudinals; 
/ = spacing, in m, of deep frames or floors; 

. Ai. 
A' 

for p r e f e r to 3.10.4.6.2; 
for Aa, refer to 3.10.4.6.3; 
sai = actual web thickness, in mm, of a longitudinal; 

for As, refer to 1.1.5.1; 
for p r e f e r to 3.10.4.3.1. 

3.10.4.6.2 The web area Ab in cm , of a longitudinal 
shall not be less than determined by the formula 

8,7 
A,= 

R eH 
-pb\lck\ + 0,1A/Ai" (3.10.4.6.2) 

where for p, refer to 3.10.4.3.1; 
for 6 1 ; /, c, refer to 3.10.4.6.1; 

k\ = factor to be adopted as the greater of the following: 
1 

1 + 0,76^ 
or kx = 0,1 

for ao, refer to 3.10.4.1; 
hi = web height, in cm, of a longitudinal; 

for As, refer to 1.1.5.1. 

3.10.4.6.3 The actual web area Aa, in cm , of a longi
tudinal shall be determined in accordance with 3.10.4.3.3. 

3.10.4.6.4 The web area si, in mm, of a longi
tudinal shall be adopted not less than the greater one 
of the following values: 

s, = pbx + As; (3.10.4.6.4-1) 
ReH 

s,= 0,013/jf /R^ + As (3.10.4.6.4-2) 

where k. = 1,4 Wi 
Wa, but not less than k. = 1,0; 

for W,, refer to 3.10.4.6.1; 
Wai — actual ultimate section modulus, in cm 3 , of a longi

tudinal, to be determined in accordance with 3.10.4.2.6 
(in the first approximation or for the purpose of the 
simplified calculation in accordance with 3.10.4.2.4, 
Wai = Wi shall be adopted); 

for/), refer to 3.10.4.3.1; 
for 6 b refer to 3.10.4.6.1; 
for hh refer to 3.10.4.6.2; 

for As, refer to 1.1.5.1. 

3.10.4.6.5 The face plate breadth ch in mm, of 
a Fig. 3.10.4.2.5 longitudinal of bulb or T-bar shall 
not be less than the greater of the following values: 

c, = 0 , 0 1 4 5 / ^ ^ 7 ^ ( ^ - 0 , 9 8 ) ; (3.10.4.6.5-1) 

c, = 2,5?/; 

c, = 69,6salsJ*f(V2- 0,0029) 

where B = but not less than B = 0, 

(3.10.4.6.5-2) 

(3.10.4.6.5-3) 

,055; 

- 0 -
+ ^ 3 ^ " , but not less than a = 1; 

for Wh refer to 3.10.4.6.1; 
for Wai, refer to 3.10.4.6.4; 

Sai — actual web thickness, in mm, of a longitudinal; 
tt = face plate thickness, in mm, of a longitudinal (for longi

tudinals of bulb, ti = \,5sai shall be adopted); 
for hh refer to 3.10.4.6.2; 
Son = actual shell plating thickness, in mm; 
for a, refer to 3.10.4.6.1; 

4 — maximum spacing, in m, of adjacent transverse members 
crossing the span of a longitudinal. 
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As far as longitudinals made of standard profiles 
are concerned, conformance with the requirements 
for the face plate breadth may not be verified in case 
of carrying out a simplified calculation in accordance 
with 3.10.4.2.4. 

3.10.4.6.6 Where the face plate is lacking, the height 
of a longitudinal shall not be less than the value 
determined by Formula (3.10.4.3.6) where saf shall be 
assumed equal to sat— refer to 3.10.4.6.5. A distance 
between deep frames or a deep frame and a sup
porting structure for longitudinals without face plates 
shall not exceed 1,3 m. 

3.10.4.7 Deep frames as part of longitudinal 
framing. 

3.10.4.7.1 The ultimate section modulus 
Wwf, in cm 3 , of a deep frame shall not be less than 
determined by the formula 

" wf Wwfok, wf (3.10.4.7.1) 

where Wwfo = Jf^pabk%fl{\ + kg)(Q-ks

e^(awf; 

1 
l + V l - 0 , 8 y V 

Q= 2-N; 

N= V2xWB-(xWy^wi thxW<^; 

V W w ) 2 + 4 ' 

For the purpose of a simplified calculation in accordance 
with 3.10.4.2.4, kwf = 0,63, N = 1,1B, R = 0,33B shall be 
adopted; 

B = ¥ 

for/;, b, refer to 3.10.4.3.1; 
for a, I, b\, e, yh refer to 3.10.4.6.1; 
for k%f, <aWf, refer to 3.10.4.5.1; 

kg = factor to be adopted as the lesser of the following: 

*, = 0 , 5 ( f - l ) ; 
fcg = 0,5(fc-0,25(e+ 1)); 
k = number of longitudinals in a deep frame span; 
, Wai 

for Wai, refer to 3.10.4.6.4; 
for Wn, refer to 3.10.4.6.1; 

Awf 
na 

for Ay#, refer to 3.10.4.7.2; 
for Am refer to 3.10.4.7.3. 

3.10.4.7.2 The web area Awf, in cm 2 , of a deep 
frame shall not be less than determined by the for
mula 

8,7 Awf= -j^—pbk^flQ + 0,lhwfAs 

where for p, b, refer to 3.10.4.3.1; 

(3.10.4.7.2) 

for /, refer to 3.10.4.6.1; 
for Q, refer to 3.10.4.7.1; 
hwf — deep frame web height, in cm; 

for As, refer to 1.1.5.1. 

3.10.4.7.3 The actual web area Aa, in cm 2 , of a deep 
frame shall be determined in accordance with 3.10.4.3.3. 

3.10.4.7.4 The web thickness of a deep frame shall 
not be less than the greater of the values determined 
by Formulae (3.10.4.5.4-1), (3.10.4.5.4-2) while Wwf 

shall be in accordance with 3.10.4.7.1 and a shall be 
in accordance with 3.10.4.6.1. 

The requirements of this paragraph apply to the 
vertical diaphragms of the double side as well. 

3.10.4.7.5 The web height of a deep frame shall 
not be less than determined by the formula 

Kf= 2h, 

where for hi, refer to 3.10.4.6.2. 

(3.10.4.7.5) 

3.10.4.7.6 The face plate thickness of a deep 
frame shall not be less than its actual web thickness. 

3.10.4.7.7 The face plate breadth of a deep frame 
shall be determined in accordance with 3.10.4.5.6 while 
Wwf shall be in accordance with 3.10.4.7.1. The deep 
frame without face plate (flat bar) is not permitted. 

3.10.4.8 Additional frames and horizontal dia
phragms as part of longitudinal framing. 

3.10.4.8.1 The web height of an additional frame 
had.fi m cm, (refer to 3.10.2.3) in way of a longitudinal 
shall not be less than determined by the formula 

hadf=0M, (3.10.4.8.1) 

where hi = web height, in cm, of a longitudinal. 

3.10.4.8.2 The web thickness of an additional 
frame shall not be less than that of a longitudinal, 
as required in accordance with 3.10.4.6.4. 

3.10.4.8.3 The cross-sectional area of a horizontal 
diaphragm forming part of double-side structure 
where the outboard side is longitudinally framed 
shall not be less than the web area of a deep frame 
(vertical diaphragm) in accordance with 3.10.4.7.2. 

3.10.4.9 Plate structures. 
3.10.4.9.1 The thickness of plate structures 

forming part of web framing of side grillages (deep 
frames, side stringers) shall be determined in ac
cordance with 3.10.4.4.4, 3.10.4.5.4, 4.10.4.7.4. 

3.10.4.9.2 The plate structure thickness of decks and 
platforms, as well as of double bottom, bottom stringers 
and centre girder shall not be less than spsu in mm, to be 
determined by the formula 

sps\ ~ sps0 + A s (3.10.4.9.2) 

where spso = .S/KOI, if the plate structure is stiffened approximately 
normal to the shell plating; 

http://had.fi
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Spso — sPs02, if the plate structure is unstiffened approximately 
normal to the shell plating (permitted for Icel , Ice2, Ice3 
ice class ships); 

V m = 6 { 0 , 8 ^ - 0 , 0 0 4 5 f e [ l + 4 ( - ^ - ) 2 ] ( - ^ -

sps3 ~ spsO + &S (3.10.4.9.4) 

. - 0,95 P 16. 
^ 2 ReH ' 

Pi = kip 
for ku refer to Table 3.10.4.9.2; 

T a b l e 3.10.4.9.2 

Ice class * i 

Icel , Ice2, Ice3, Arc4, Arc5 1,3 
Arc6, Icebreaker6 1,2 
Arc7, Icebreaker7 1,1 

Arc8, Icebreaker8, Arc9, Icebreaker9 1,0 

k2 = kTsjkp\ 
kT = 0,17A 1 / 6, but not less than 1,0; 

breakers are concerned; 
kp= 1 for ice class ships; 

for A, refer to 3.10.3.2.1; 
for/;, b, refer to 3.10.4.3.1; 

csp = spacing, in m, of stiffeners in a plate structure or 
distance, in m, between other framing members fitted 
approximately normal to the shell plating; 

for s^, refer to 3.10.4.1; 
for As, refer to 1.1.5.1. 

3.10.4.9.3 In addition to the requirements 
of 3.10.4.9.2, the thickness of plate structures in decks 
and platforms, where the side is transversely framed, 
shall not be less than sps2, in mm, to be determined by 
the formula 

<101' 
qifcl. 
a\ J' 

Spa. = V o + A * (3.10.4.9.3) 

where, „ = ° ^ l"l 1 -^b(\-±)-0 5 W ^ ~ ' (-'" ^ 

for / j 1 ; refer to 3.10.4.9.2; 

02. 

l\, h — distance, in m, from the plate structure under considera
tion to the nearest plate structures (decks, platforms, side 
stringers, inner bottom plating) on both sides; 

a\ = spacing, in m, of plate structure stiffeners fitted 
approximately normal to shell plating and welded 
thereto; 

fst = cross-sectional area of stiffener, in cm 2 , without effective 
flange; where stiffeners are fitted parallel to the shell 
plating or snipped, fst = 0 shall be adopted; 

for b, a, Wf, refer to 3.10.4.3.1; 
for Waf, r e f e r t 0 3.10.4.3.4; 
for hf, refer to 3.10.4.3.2; 

a2 = length, in m, of unstiffened section of opening in plate 
structure for the passage of a conventional frame, 
as measured on the shell plating; 

for As, refer to 1.1.5.1. 

3.10.4.9.4 Transverse bulkhead plating thickness 
where the side is longitudinally framed and the floor and 
bilge bracket thickness where the bottom is long
itudinally framed shall not be less than sps3, in mm, to 
be determined by the formula 

where spM = a{lfi-fc- -0 ,009[l + (f) ] ( f ^ } ; 

* 2 = & 
for pu k2, refer to 3.10.4.9.2; 

kg = 0,4k2b, but not greater than kg = a; 
a = spacing, in m, of side (bottom) longitudinals; 

for b, refer to 3.10.4.3.1; 
for sspo, refer to 3.10.4.1; 
for As, refer to 1.1.5.1. 

3.10.4.9.5 The plate structure thickness of trans
verse bulkheads in a transversely framed side, and of 
floors in a transversely framed bottom shall not be less 
than sps4, in mm, to be determined by the formula 

sps4 = V o + A * (3.10.4.9.5) 

where spM = a { l , 8 ^ - 0 , 0 0 9 [ l + ( ^ K ^ ) 3 ' 5 } ; 

kg = 0,4k2b, but not greater than kg = csp; 
for b, refer to 3.10.4.3.1; 

for k2, csp, refer to 3.10.4.9.2; 
for p2, refer to 3.10.4.9.4; 

a = spacing, in m, of conventional frames (for plate 
structures of bulkheads) or floors (for plate structures 
of floors); 

for sspo, refer to 3.10.4.1; 
for As, refer to 1.1.5.1. 

3.10.4.9.6 In any case, the plate thickness 
of decks and platforms, transverse bulkheads, inner 
bottom, floors and bilge brackets, bottom stringers 
and centre girder shall not be less than sps, in mm, 
to be determined by the formula 

sps ~ spsO + As, 

where sps0 = \J^ with q<qi, 

(3.10.4.9.6) 

1,73^/^p- mthq^q2, 

OAbkz, 

] with qx ?2, 

q = 0,6pib(l— — ) for plate structures of decks and 

platforms, inner bottom, bottom stringers and centre 
girder in a longitudinally framed side or bottom; 

q = 0,89p2a for the rest of plate structures where the bottom 
is transversely framed and for all plate structures where 
the bottom and side are framed transversely; 

for px, k2, refer to 3.10.4.9.2; 
for p2, refer to 3.10.4.9.4; 

qx = 0,353 J ^§2; 
v n 

*>= 4,9?!; 

0,294wi 

where the longer side of plate structure 

panel adjoins the shell plating, 
«i = 4 where the shorter side of plate structure panel adjoins 

the shell plating; 
c\, c2= the shorter and longer sides, in m, of panels into which 

a plate structure is divided by its stiffeners; 
f o r i , refer to 3.10.4.3.1; 

a = spacing, in m, of main framing girders of shell plating; 
for As, refer to 1.1.5.1. 
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3.10.4.9.7 The intertia moment i, in cm , of stif
feners by which the plate structures are strengthened and 
which are fitted approximately normal to the shell plating 
shall not be less than determined by the formula 

i = 0,0lReHl\l0spsa + fp) (3.10.4.9.7) 

where / = span length, in m, of stiffener, not greater than / = 6a; 
Sps= thickness, in mm, of plate structure being strengthened; 
a= spacing, in m, of stiffeners; 

fp = sectional area of stiffener, in cm 2 , without effective 
flange. 

3.10.4.9.8 A horizontal grillage adjoining the shell 
plating in an region of ice strengthening, but not reaching 
from side to side (deck or platform in way of large 
openings, horizontal diaphragm of double side, etc.) may 
be considered a platform i f the sectional area of its 
plating (on one side) is not less than F, in cm 2 , to be 
determined by the formula 

(3.10.4.9.8) 

where for p, refer to 3.10.3.2; 
for b, refer to 3.10.3.3; 

/* = design distribution length, in m, for the load taken up by 
the transverse main framing of side, to be adopted equal 
to lp, or to V or 2a.\, whichever is less, in the case 
of framing (transverse or longitudinal) including deep 
frames; 

for/ ' , refer to 3.10.3.4; 
for au refer to 3.10.4.4.1; 
for /, refer to 3.10.4.9.3. 

Otherwise, such a structure shall be considered 
a bearing side stringer. 

A structure considered to be a platform shall 
comply with the requirements of 3.10.4.9 for the plate 
structures of platforms, and one considered to be 
a stringer, with the requirements of 3.10.4.4. 

3.10.4.10 Stems and sternframes. 
3.10.4.10.1 The requirements of this paragraph for 

the area, section modulus and plate thickness of stem 
shall be complied with on the stem span from the keel to 
a level extending above the upper boundary of the ice 
strake by a value of H\ (refer to Table 3.10.4.10.1). In 
the case of icebreakers, this stem shall extend up to 
the nearest deck or platform lying higher than this 

level. Outside the borders of the area considered, the 
stem scantlings may gradually reduce and the cross-
sectional area of the bar shall not be less than re
quired in 2.10.4 while the plate thickness of a com
bined or plate stem shall not be less than ks (where s 
is the shell plating thickness in way of ice strake in 
region A I , for k, refer to Table 3.10.4.10.1). 

The cross-sectional area S, in cm 2 , of stem irres
pective of configuration shall not be less than de
termined by the formula 

S = kkAA) (3.10.4.10.1-1) 

where kk = factor whose values shall be obtained from 
Table 3.10.4.10.1; 

/0,031A + 137 with A < 5000 t\ 
A A ) - \ A 2 / 3 with A >5000 t; 

A = displacement, in t. 

The section modulus W, in cm 3, of the stem cross-
sectional area about an axis perpendicular to the centre
line shall not be less than determined by the formula 

W= \,\6pb (3.10.4.10.1-2) 

where for p, b, refer to 3.10.4.3.1 as far as region of ice 
strengthening A I is concerned. 

To be included in the design cross-sectional area 
of a combined or plate stem are areas of shell plates 
and centreline girder or of longitudinal bulkhead 
on the centreline on a breadth not exceeding ten 
times the thickness of relevant plates. 

The plate thickness s, in mm, of combined and plate 
stems, as well as of the structure shown in Fig. 3.10.2.6.2, 
shall not be less than determined by the formula 

* = l > 2 ( V o ^ - V g | +Assp0) (3.10.4.10.1-3) 

where for ssp0, Assp0 refer to 3.10.4.1 as far as the region of ice 
strengthening A I is concerned; 

ab = spacing, in m, of transverse brackets of stem; 
asp = main framing spacing, in m, in way of shell plating in the 

region of ice strengthening A I , which was adopted when 
determining i J / ) 0 ; 

R% = yield stress, in MPa, of shell plating material, which was 
adopted when determining ssp0; 

ReH — yield stress, in MPa, of stem plate material. 

T a b l e 3.10.4.10.1 

Parameter Ice class ships Icebreakers Parameter 

Icel Ice2 Ice3 Arc4 Arc5 Arc6 Arc7 Arc8 Arc9 Icebrea-
ker6 

Icebrea
ker? 

Icebrea
kers 

Icebrea
kers 

Section H\, in m, from top of ice belt to upper boundary of 
ice strengthening of the stem 

0,5 0,5 0,6 0,7 0,8 0,9 1,0 1,1 1,2 1,0 1,5 1,75 2,0 

Factor k of stem plate thickening above the upper boundary 
of strengthening 

1,25 1,2 1,15 1,1 1,1 1,05 1 1 1 1 1 1 1 

Factor kk from the Formula (3.10.4.10.1-1) 0,30 0,34 0,4 0,54 0,66 1,02 1,25 1,4 1,55 1,43 1,75 1,96 2,17 

Depth of centreline vertical web hv, in m, by which the stem 
is strengthened 

0,5 0,5 0,5 0,6 1,0 1,3 1,5 Longitudinal bulkhead in fore peak 
centreline 
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3.10.4.10.2 Sternframe. The sectional area S, in cm 2, 
of propeller post and rudder post shall be as given by the 
formula 

S = kS0 (3.10.4.10.2) 

where k = factor to be taken from Table 3.10.4.10.2; 
so = sectional area of propeller post or rudder post, in cm 2, as 

required for a ship without ice class in accordance with 
2.10.4. 

T a b l e 3.10.4.10.2 

Strengthening 
factor k 

Ice class Strengthening 
factor k 

Icel Ice2 Ice3 Arc4 Arc5 Arc6, 
Icebrea-

kerf 

Arc7, 
Icebrea

ker? 

Arc8, 
Icebrea

kers 

Arc9, 
Icebrea

ker 

Propeller post 1,1 1,1 1,15 1,25 1,5 1,75 2 2,5 3 

Rudder post 
and sole-
piece 

1,15 1,15 1,25 1,5 1,8 2 2,5 3,5 4 

For the sternframes of single-screw ships of ice 
classes Icel, Ice2, Ice3 having no rudder post or fitted 
up with a rudder axle for Simplex rudders, the 
greatest value out of those stipulated by 2.10.4.2.5 
(account being taken of 2.2.2.2, Part I I I "Equipment, 
Arrangements and Outfit") shall be adopted for the 
scantlings of the solepiece cross section, or they shall 
be determined by Formula (3.10.4.10.2), whichever is 
greater. 

Where the sternframe has a horn for a semi-spade 
rudder, the scantlings of the rudder horn shall be 
determined according to 2.10.4.4 with due regard for 
the requirements of 2.2.2.2, Part I I I "Equipment, 
Arrangements and Outfit". 

The sternframe sectional area of twin-screw ice 
class ships or icebreakers shall not be less than the 
rudder post area stipulated in 3.10.4.10.2. 

3.11 I C E S T R E N G T H E N I N G O F T U G S 

3.11.1 General requirements. 
3.11.1.1 Tugs provided with ice strengthening in 

compliance with the requirements stated below are 
provided with one of the following ice class marks in 
their class notation: Ice2, Ice3, Arc4, Arc5. 

3.11.1.2 The hull form of ice-strengthened tugs 
shall be in accordance with the requirements 
of 3.10.1.2 for the hull form of the appropriate ice 
class ships. 

3.11.1.3 Regions of ice strengthening. 
3.11.1.3.1 For tugs, the boundaries of regions 

of ice strengthening shall be established in ac
cordance with 3.10.1.3 as in the case of ice class ships, 
unless specifically provided otherwise below. 

3.11.1.3.2 In tugs with a small length of loadline 
fore run (b + L 3 < 0,351,, refer to 3.10.1.3), the in

termediate region of ice strengthening (or the forward 
region where no intermediate region is established) 
shall be extended aft so that the forward boundary 
of the midship region would be at least 0,351, away 
from the forward perpendicular. 

3.11.1.3.3 The parameters h\, A 3, L 2 (refer to 
Fig. 3.10.1.3.2) shall be adopted from Table 3.11.1.3.3. 

T a b l e 3.11.1.3.3 

Parameter, in m Ice class Parameter, in m 

Ice2, Ice3 Arc4, Arc5 

h 0,3 0,5 
h 0,6 0,8 
L 2 

0,10£ 0,15L 

3.11.1.3.4 In tugs of ice classes Ice2 and Ice3, 
an intermediate region of ice strengthening may also 
be established, and its boundaries shall be determined 
on the basis of the same regulations as for tugs 
of higher ice classes. 

3.11.1.3.5 The regions of ice strengthening of tugs 
to which the requirements of this Chapter apply shall 
be determined based on Table 3.10.1.3.4 as in the case 
of a transport ship of the appropriate ice class, with 
due regard for 3.11.1.3.4. 

3.11.2 Structure. 
3.11.2.1 The ice-strengthening structure of tugs 

shall comply with the requirements of 3.10.2 for 
construction of the appropriate ice class ships. 

3.11.2.2 The hull attachments of ice-protection 
components of the screw-rudder system shall ensure 
their reliable connection to main and web framing 
and, as far as practicable, to the sternframe and to 
longitudinal and transverse bulkheads so as to rule 
out the possibility of crack formation as a result of ice 
impacts on the stern. 

3.11.3 Ice load. 
3.11.3.1 The ice pressure shall be determined by 

the following formulae: 
.1 in region A I 

/>AI = V A I (3.11.3.1.1) 

where p%j = ice pressure in region A I , as determined in accordance 
with 3.10.3.2.1 as in the case of a transport ship whose ice 
class coincides with the ice class of the tug; 

/ l with j\Tv^j\r 0; 
kp~ X (iVr/iVo) 0 3 with N-z>N0; 
N-z = total shaft power of tug, in kW; 
N0 = CNA2'3; 
CN= factor to be taken from Table 3.11.3.1.1; 

T a b l e 3.11.3.1.1 

Factor Ice category of tug Factor 

Ice2 Ice3 Arc4 Arc5 

CN 14 16 18 20 

A = displacement to summer load waterline, in t; 
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.2 in regions A i l , B I and C I 

Pki = akpAi (3.11.3.1.2) 

where for pA1, refer to 3.11.3.1.1; 
at = factor to be taken from Table 3.11.3.1.2 based on the 

region of ice strengthening and the ice class of the tug; 

T a b l e 3.11.3.1.2 
Values of factor ak 

Region 
Ice class of tug 

Region 
Ice2 Ice3 Arc4 Arc5 

A , I 
BI 
C I 

0,55 
0,4 

0,65 

0,6 
0,5 
0,7 

0,65 
0,55 
0,75 

0,65 
0,6 
0,75 

k = A , , B, C; 

.3 in regions I I , I I I and IV , an ice pressure shall 
be taken as required by 3.10.3.2.5 as in the case 
of transport ships of appropriate ice class. 

3.11.3.2 For tugs the vertical extension of ice load 
shall be adopted equal in all regions and shall be 
determined in accordance with 3.10.3.3.1 as in the 
case of the forward region of a transport ship whose 
ice class coincides with that of the tug. When de
termining um, the values of u shall be found for those 
sections only which are included in the forward re
gion of ice strengthening of the tug. 

3.11.3.3 For tugs the horizontal extension of ice load 
shall be adopted equal in all regions and shall be 
determined in accordance with 3.10.3.4.1 as in the case 
of the forward region of a transport ship whose ice class 
coincides with that of the tug. When determining Pm, 
only those sections shall be considered which are in
cluded in the forward region of ice strengthening of 
the tug. 

3.11.4 Scantlings of ice-strengthening structures. 
3.11.4.1 The scantlings of ice-strengthening struc

tures in tugs shall be determined in accordance 
with 3.10.4 as in the case of transport ships of the ap
propriate ice class, unless expressly provided otherwise 
below. 

3.11.4.2 When establishing the shell plating thick
ness in regions of ice strengthening in accordance 
with 3.10.4.1, the wear allowance Assp0 may be 
reduced on agreement with the Register, i f special 
measures are taken to protect the shell plating from 
corrosion wear and abrasion, but in any case, Asspo 
shall be adopted not less than 2 mm. 

3.11.4.3 In addition to the requirements of 3.10.4.10, 
the stem and sternframe shall have a sectional area 
not less than determined by the formula 

S = kS0 (3.11.4.3) 

where fc=factor whose values shall be found in Table 3.11.4.3; 
S0= area of stem or sternframe of the tug without ice class to be 

determined in accordance with 3.9.4.5 or 3.9.4.6. 

T a b l e 3.11.4.3 
Values of factor k 

Structural 
member 

Ice class Structural 
member 

Ice2 Ice3 Arc4 Arc5 

Stem 
Sternframe 

1,2 
1,1 

1,3 
1,2 

1,4 
1,3 

1,5 
1,4 

3.12 F L O A T I N G D O C K S 

3.12.1 General. 
3.12.1.1 Application. 
The requirements of this Chapter apply to hull 

structures of wing-walled (caisson, pontoon, sec
tional) docks. 

Caisson dock is a structure fitted with a solid 
pontoon and two wings continuous along the entire 
length and structurally inseparable (including caisson 
docks with end pontoons for docking a centre pon
toon). 

Pontoon dock is a structure fitted with two wings 
continuous along the entire length and several pon
toons connected to the wings by bolts, rivets, welding. 

Sectional dock is a structure consisting of several 
sections, each section being a caisson or a pontoon 
dock, connected by bolts, welded plates, hinges. 

The requirements apply to the docks having a ratio 
of the length over the pontoon deck to the breadth more 
than 3,5. 

Other structural configurations of docks and 
their proportions require individual consideration. 

3.12.1.2 For the purpose of this Chapter, the fol
lowing definitions have been adopted. 

B a l l a s t w a t e r is sea water pumped into 
ballast compartments in order to change dock's 
draught and trim. 

B a l l a s t c o m p a r t m e n t is a compartment 
in a pontoon or wing wall of the dock, bounded 
by watertight structures and intended for pumping 
ballast water. 

D o c k w i n g w a l l is a part of floating dock 
hull structurally connected to a pontoon or pontoons 
and intended to provide stability when the dock 
is lowered and lifted; a wing wall is divided by decks, 
platforms, bulkheads into spaces and compartments 
for arranging dock equipment and ballast. 

A i r c u s h i o n is an area of a higher air pres
sure between the top of compartment and a level 
of ballast water therein. 

D e p t h o f t h e d o c k Z) is a vertical distance 
measured at the midship section from the base hne 
to the moulded surface of the top deck at the outer 
wall side. 

P o n t o o n d e p t h ^ i s a distance measured at 
the centreline from the base hne to the moulded 
surface of the pontoon deck. 
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L i f t i n g c a p a c i t y o f t h e d o c k A, in t, is 
mass of the heaviest ship or ships that the dock shall 
lift in normal service. 

L e n g t h o f d o c k a t t h e p o n t o o n 
d e c k L p d is the distance measured along the pon
toon deck parallel to the base hne between moulded 
surfaces of the pontoon end bulkheads. 

L e n g t h o f k e e l b l o c k s t r a c k Z,fc is a 
distance measured at the centreline parallel to the base 
line between outer ends of keel blocks. 

S h i p w e i g h t f o r d o c k i n g A„ in t, is 
weight of the light ship to be docked with necessary 
stores and ballast to provide the ship's draught and trim 
as required for docking. 

D e s i g n w a t e r l i n e is a waterline of a floa
ting dock corresponding to its draught with full 
stores, a ship of a design weight and a required 
quantity of ballast. 

C r i n o l i n e s are cantilever structures of the 
dock, fitted at the end bulkheads of the dock pon
toon at the pontoon deck level, aiming to increase 
an area available for docking operations at the ship's 
ends projecting beyond the pontoon deck. 

L i g h t d r a u g h t rf/isa vertical distance mea
sured at the midship section from the base line to the 
waterline corresponding to the dock displacement 
with no stores, docked ship and ballast. 

R e s t w a t e r b a l l a s t is ballast water which 
pumps cannot discharge. 

S a f e t y d e c k is a watertight deck in wing walls 
of the dock, forming a boundary of the ballast 
compartments from above. 

M a x i m u m s u b m e r s i o n d e p t h dmjs 

is a vertical distance measured at the midship section 
from the base hne to the waterline to which the dock 
may theoretically be lowered. 

P o n t o o n is a part of the dock hull intended 
to maintain buoyancy of the dock which is defined 
by volumes of its compartments. 

C o m p e n s a t i n g b a l l a s t w a t e r is ballast 
water pumped into ballast tanks in order to reduce 
transverse and/or longitudinal bending moments and 
deflections of pontoon and/or wing wall structures. 

D e s i g n d r a u g h t d is a vertical distance 
measured from the base line to the design waterline. 

P o n t o o n d e c k is a deck on which keel blocks 
or bilge blocks are fitted. 

D r y c o m p a r t m e n t is a compartment below 
the safety deck (or below the margin line where safety 
deck is omitted) not intended for pumping ballast water. 

T o p d e c k is a uppermost deck of dock wing 
walls. 

W a l l b r e a d t h a t t o p d e c k bud is a dis
tance measured normal to the centreline between the 
moulded surfaces of the inner and outer wall sides at 
the level of the moulded surface of the top deck. 

W a l l b r e a d t h a t p o n t o o n d e c k bpdis a 
distance measured normal to the centreline between 
the moulded surfaces of the inner and outer wall sides 
at the level of the moulded surface of the pontoon 
deck. 

B r e a d t h o f t h e d o c k B is a distance mea
sured normal to the centre line between the moulded 
surfaces of the outer wall sides. 

P o n t o o n d e c k b r e a d t h Bpd is a distance 
measured normal to the centre line between the lines 
of intersection of moulded surfaces of the inner wall 
sides and the pontoon deck. 

3.12.1.3 Materials. 
3.12.1.3.1 When selecting steel for hull structures 

of floating docks, provisions of 1.2 shall be applied, 
having regard to subdivision of structural members 
into groups according to Table 3.12.1.3.1. 

3.12.1.3.2 Plate and beam items of crinolines, 
walkways and other secondary structures of a floa
ting dock may be fabricated from steel having lower 
strength characteristics than specified in 1.2.2.1, 
provided their welding is guaranteed at the shipyard. 

T a b l e 3.12.1.3.1 

Dock members 
Group of members 

Dock members 
within midship 

region 
outside midship 

region (refer to 1.1.3) 

Thickened top deck plates in way of openings; bottom plating of pontoon deck wing walls 
and plate strengthenings of pontoon structures in pontoon docks at sections between 
pontoons and in adjacent regions, plate members of sectional dock structures in way of dock 
section connections 

I I I II 

Pontoon deck plating and bottom plating of pontoon (pontoons); transverse and longitudinal 
framing members of pontoon deck and bottom; plate structures of primary transverse members 
(non-tight and tight bulkheads) of pontoon (pontoons); bottom strakes of wing walls and adjacent 
strakes of shell plating, longitudinal bulkhead plating of pontoon docks 

II II 

Plating strakes, framing members of top deck, safety deck, wing walls and pontoon shell 
plating; plates and framing members of wing wall interior structures (other than dock 
structural members referred to in 1 and 2) 

II I 
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3.12.1.4 Estimation of wear. Minimum thick
nesses. 

3.12.1.4.1 The effect of wear on the scantlings 
of structures is estimated on the basis of specification 
of strength to the end of the dock service life. Cor
rosion allowances shall permit operation of the dock 
during the full specified service life with average 
corrosion rates of structural items. 

3.12.1.4.2 Scantlings and strength characteristics of 
structures with due regard for wear and corrosion shall be 
determined in compliance with 1.1.5, with a corrosion 
allowance As, in mm, being determined by the for
mula 

As = kuT (3.12.1.4.2) 

where k = factor taking into account zone conditions of floating 
dock service and equal to: 1,0 for Baltic basin; 1,1 for 

Northern, Black-and-Azov and Caspian-and-Volga ba
sins; 1,2 for Pacific basin; 

u = average annual reduction in thickness of structural members 
according to Table 3.12.1.4.2, in mm/year; 

T = design service life of dock; where service life is not 
specified, it shall be taken as T = 50 years. 

3.12.1.4.3 Average annual thickness reduction of 
dock structures plates and beams, given in 
Table 3.12.1.4.2, shall be used when dock structures 
have appropriate protective paint coatings. 

Specified corrosion rates may be reduced i f spe
cial protective arrangements are made on agreement 
with the Register. 

3.12.1.4.4 Thickness of primary members (in
cluding corrosion allowance) shall not be less than 
given in Table 3.12.1.4.4 and determined depending 
on the assumed spacing a. 

T a b l e 3.12.1.4.2 

Nos. Structure u 

1 Top deck plating and wing wall plating above margin line 0,04 

2 Safety deck plating 0.081 

3 Wing wall bottom of pontoon docks 0,08 

4 Inner and outer wing wall plating from pontoon deck to the margin line 0.081 

5 Pontoon deck plating: 
5.1 in the middle portion 0,10 
5.2 at ends over a length 0,lLp.d 0,12 

6 Side plating and outer transverse wall plating of pontoon (pontoons): 
0.091 6.1 top (^1,0 m) and bottom (^0,5 m) strakes 0.091 

6.2 other strakes 0.081 

7 Bottom plating of pontoon (pontoons) 0,08 1 , 2 

8 Interior bulkheads of ballast compartments: 
8.1 bottom strake (^0,5 m) 0,09 
8.2 other strakes 0.081 

9 Framing members, dock truss items in ballast compartments 0.101 

10 Plates and framing members of internal wing structures above safety deck, top deck and wing wall 0,04 
framing 

' in way of compartments heated in winter by live steam, u shall be increased by 10 per cent. 
2 F o r bottom plating in way of ballast system suctions and discharges u shall be increased by 15 per cent. 

T a b l e 3.12.1.4.4 

Structure .Smin, in mm Note 

Plating of outer structures other than pontoon deck; structural 7,5 a < 0,6 m 
items in ballast compartments and tanks, including framing 7,5 + 10(a-0,6) a^0,75 m 
members 8,0 + 6,5(a-0,6) a > 0,75 m 

9,0 a < 0,6 m 
Pontoon deck plating 9,0 + 13(a-0,6) a^0,75 m 

10,0 + 6(a-0,6) a > 0,75 m 

6,5 + 8(a-0,6) a>0,6 m 
Top deck plating; plates and beams of structures above safety deck 6,5 a < 0,6 m 
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3.12.1.5 Guidelines on design of floating dock 
structures. 

When designing floating dock structures, the fol
lowing sequence is recommended: 

.1 execution of structural layout of pontoon 
(pontoons) and wing walls (refer to 3.12.2); 

.2 determination of design loads resulting in local 
and longitudinal deflection of dock hull structures 
(refer to 3.12.3); 

.3 design of plate items and framing members 
of dock structures on the basis of local strength and 
buckling, having regard to minimum thickness re
strictions; 

.4 design of structures which provide both trans
verse and longitudinal strength of dock pontoon. 
Values of structural parameters obtained in im
plementation of 3.12.1.5.3 are used here as initial data; 

.5 design of dock hull structures which provide 
dock longitudinal strength under design operating 
conditions (docking operations). Values of structural 
parameters obtained in implementation of 3.12.1.5.3 
and 3.12.1.5.4 are used here as initial data; 

.6 design of structures, having regard to the re
quirements for strengthening (e.g. wing wall decks 
and sides in way of openings, engine room, etc.); 

.7 check calculations of both longitudinal and 
transverse, as well as local strength of hull structures 
under conditions of real ship docking; 

.8 check calculations of both longitudinal and 
transverse, as well as local strength of dock structures 
during passage from a place of build to a place 
of operation. Development of recommendations 
on dock structure strengthening. 

3.12.2 Construction. 
3.12.2.1 Framing systems of pontoon (pontoons) 

and wing walls. 
For pontoon (pontoons) of caisson, pontoon and 

sectional docks transverse framing is preferable. 
Wing wall sides and decks of pontoon docks 

with lifting capacities of 10000 t and above shall be 
longitudinally framed; docks having lifting capacities 
below 10000 t may be framed transversely. 

Wing wall sides and decks of caisson docks above 
the safety deck shall be longitudinally framed, wing wall 
sides below the safety deck may be transversely framed. 

For pontoon bottom plating portions of caisson 
docks in way of wing walls a longitudinal framing 
may be adopted. 

For transverse and longitudinal bulkheads of 
the pontoon and wing walls structures with hori
zontal and vertical stiffeners are permitted. 

Truss arrangements may be used in the pontoon 
(pontoons) and wing walls. 

3.12.2.2 Structural layout of pontoons. 
Plate and beam structures of the pontoon shall 

maintain local strength of the appropriate pontoon stru-

cures (pontoon deck, bottom, longitudinal and transverse 
bulkheads, etc.), as well as transverse strength of the 
pontoon. 

Spacing of primary longitudinal and transverse 
framing members of the pontoon shall be determined 
according to 1.1.3 with L = L p d. 

Primary transverse structures of the pontoon 
(pontoons), i.e. non-tight bulkheads, shall be fitted 
in 3 to 7 spacings, but they shall not be spaced more 
than (B — bp.d)/6 apart. 

A centreline bulkhead shall be fitted under the 
keel blocks. A box structure formed by two longi
tudinal bulkheads arranged symmetrically on each 
side of the centre hne may be used in lieu of the centre 
hne bulkhead. 

Bulkheads or girders shall be aligned with inner 
wall sides. 

Where transverse framing is adopted for a pon
toon (pontoons), additional primary longitudinal 
supporting members may be fitted to limit a span of 
transverse members of the bottom and pontoon deck. 
They shall be spaced not more than 3 to 5 spacings 
apart. 

3.12.2.3 Structural layout of wing walls. 
Spacing of primary longitudinal and transverse 

framing members of wing walls shall be determined 
as required by 1.1.3. 

Where wall sides and decks are longitudinally 
framed, deck transverses and web frames shall be aligned 
with primary transverse structures of the pontoon 
(pontoons) (refer to 3.12.2.2). 

Where wall sides are transversely framed, side 
stringers shall be fitted. Spacing of stringers and 
distance between stringers and deck shall, in general, 
not exceed 3,5 m. 

Where transverse framing is adopted for wing 
walls below the safety deck i t is advisable to provide 
web frames on wall sides in Hne with primary trans
verse structures of the pontoon, and deck transverses 
on the safety deck plating. 

Primary supporting members of outer and inner 
wall sides below the safety deck (web frames with 
longitudinal framing and side stringers with trans
verse framing) shall be connected by cross ties which 
shall be fitted in Hne with each primary transverse 
of the pontoon (refer to 3.12.2.2). 

3.12.2.4 Additional provisions. 
Use of butt-lap connections for girders and 

transverses of pontoon (pontoons) and wing walls is 
permitted. 

Where proper quaHty control of welding joints is 
provided, assembling joints aligned on plate struc
tures and framing members are permitted. 

Hollow square and tubular cross ties and struts 
shall not be used in ballast compartments and other 
tanks. 



Part II. Hull 161 

3.12.3 Design loads. 
3.12.3.1 Loads for structure design based on local 

strength. 
3.12.3.1.1 Design pressure p, in kPa, for plate and 

beam bottom structures shall be determined by the for
mulae: 

in way of dry compartments 

P=l0dm.s; (3.12.3.1.1-1) 

in way of ballast compartments not commu
nicated with wing walls 

p=lO(dm.s-Dp), (3.12.3.1.1-2) 

and communicated with wing walls 

compartments shall be taken equal to 5 kPa; in way 
of ballast compartments p shall be determined by the 
formula 

p = I0(dm.s-zs.d + Az) (3.12.3.1.5) 

where zs.d, Az = as defined in 3.12.3.1.1. 

3.12.3.1.6 Design pressure p, in kPa, for plate and 
beam structures of inner watertight bulkheads of 
ballast compartments shall be determined by the 
formula 

p = I0(dm.s-zt + Az) (3.12.3.1.6) 

where zt = distance of ballast compartment top from the base 
line, in m; 

Az = as defined in 3.12.3.1.1. 

p = 1 0 ( 4 „ . , - z ^ + Az) (3.12.3.1.1-3) 

where z J i r f = distance of the safety deck from the base line, in m; 
Az = thickness of air cushion, in m. 

3.12.3.1.2 Design pressure p, in kPa, for plate and 
beam structures of the pontoon deck in way of dry 
and ballast compartments shall be determined by 
Formula (3.12.3.1.1-2). 

3.12.3.1.3 Design pressure p, in kPa, for plate and 
beam structures of pontoon sides and end bulkheads 
shall be determined by the following formulae: 

p=lO(dm.s-zl) (3.12.3.1.3-1) 

where zt = distance of the lower edge of the plate or mid-span 
of the framing member from the base line, in m; 

in way of ballast compartments 

p=lO(do-Dp) (3.12.3.1.3-2) 

where do = depth of the dock corresponding to filling of a side 
ballast compartment up to the safety deck, in m; 
do shall not be taken more than dm.s. 
As the first approximation, where no special information is 
available, it may be assumed that do = Dp + G\2LpAbp dv\ 

G = mass of dock without rest water and compensating 
ballast; 

p = sea water density (refer to 1.1.3). 

3.12.3.1.4 Design pressure p, in kPa, for plate 
and beam structures of wall sides and end bulkheads 
shall be determined by the following formulae: 

in way of dry compartments, using For
mula (3.12.3.1.3-1); 

in way of ballast compartments 

p=lO(do-zd (3.12.3.1.4) 

where zh do = as defined above. 

3.12.3.1.5 Design pressure p, in kPa, for plate 
and beam structures of the safety deck in way of dry 

3.12.3.1.7 Design pressure p, in kPa, for plate and 
beam structures of main watertight bulkheads shall 
be determined by Formula (3.12.3.1.3-1). 

3.12.3.1.8 Design pressure for plate and beam 
structures of the top deck shall be equal to 5 kPa. 

3.12.3.1.9 Design pressure p, in kPa, for plate and 
beam structures of fuel oil , lubricating oil , water and 
other tanks is determined by the following formulae: 

when internal pressure is calculated 

P=l0pl(za.p-zl) (3.12.3.1.9) 

where pi = density of liquid contained in the tank, in t/m 3; 
za.p — distance of the upper edge of the air pipe from the base 

line, in m; 

when external pressure is calculated, For
mula (3.12.3.1.3-1) shall be used. 

For plate structures arranged parallel to the base 
hne, z, is a distance of the plate structure from the 
base hne. 

3.12.3.1.10 Design pressure on crinoline struc
tures is assumed to be equal to 5 kPa. 

3.12.3.1.11 Design pressure on walkway struc
tures is assumed to be equal to 3,5 kPa. 

3.12.3.1.12 Design pressure on structures of 
safety deck, intermediate deck and platforms where 
equipment of the electric generating plant is arranged 
are assumed equal to 18 kPa; in way of accom
modation and service spaces, 5 kPa. 

3.12.3.2 Loads for structure design based on both 
transverse and longitudinal strength of pontoon 
(pontoons). 

3.12.3.2.1 Design loads to be used in design of 
pontoon structures of caisson, pontoon and sectional 
docks shall be calculated for the condition when the ship 
of length L s and weight equal to the maximum lifting 
capacity of the dock is supported on the keel blocks 
symmetrically about the midship section of the dock. 
The draught of the dock shall correspond to the design 
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one (refer to 3.12.1.2); ballast water is considered evenly 
distributed over the length and breadth of the dock. 

3.12.3.2.2 For pontoon and sectional docks 
an additional condition shall be considered for pon
toons loaded by buoyancy forces the value of which 
corresponds to the condition specified in 3.12.3.2.1 
corrected for rest-water counterpressure and gravi
tational forces of light-dock weight components, 
opposite in direction. 

Where no initial data are available, buoyancy 
force p, in kPa, may be determined by the formula 

p = gA/[BLp.d-(n-l)Ba0] (3.12.3.2.2) 

where n = number of pontoons of pontoon docks or sections 
of sectional docks; 

ao = distance between pontoons or sections, in m. 

3.12.3.2.3 Design length of the ship L s shall be 
assumed equal to the length of the shortest ship 
whose docking weight is equal to the maximum lif
ting capacity of the dock, but not more than 0,9Lpd. 
For docks having lifting capacity more than 40 000 t, 
the design length of the ship L s shall not be taken less 
than 0,9Lpd. 

3.12.3.2.4 The weight curve of the ship shall be taken 
as a rectangle with a superimposed parabola of half the 
area of the rectangle. Linear docking load qx, in kN/m, 
at the section distant at x forward and aft from the 
midship section shall be determined by the formula 

= Tit t 1 - ^ - <PX2*Ay 2] (3.12.3.2.4) 

where cp = block coefficient of ship weight curve. 

For docks of 40 000 t lifting capacity and less 
block coefficient of the ship weight curve shall be 
assumed depending on a design ship type according 
to Table 3.12.3.2.4. 

T a b l e 3.12.3.2.4 

Type of ship <P 

Icebreakers 

Ships with engine room amidships 

Ships with engine room aft or semi-aft 

0,67 

0,75 — 0,8 

1,0 

For docks above 40 000 t lifting capacity, 
cp = 0,8 shall be assumed. 

3.12.3.2.5 Where i t is intended to lift ships si
multaneously on keel and side blocks, as well as 
where different cases of simultaneous docking of 
several ships are expected, they shall be taken into 
account in design of structures which provide both 
longitudinal and transverse strength of the pontoon. 
Design loads shall be determined using the proce
dures approved by the Register. 

3.12.3.2.6 Design loads on end pontoons of pontoon 
and sectional docks or on the end portions of caisson 
docks and when ships with overhung ends are docked 
shall be specially considered by the Register. 

3.12.3.3 Loads for design of structures based on 
longitudinal strength. 

3.12.3.3.1 Design loads shall be determined for 
the following conditions: 

dock's sagging when a ship having the shortest 
length L s expected and a weight equal to the max
imum lifting capacity of the dock A is lifted; 

dock's hogging when a ship having the largest 
length L s expected and a weight equal to the max
imum lifting capacity of the dock A is lifted, or two or 
more ships installed in line and having a total weight 
equal to A are docked. 

Ballast water is considered to be evenly dis
tributed over the entire length of the dock. 

3.12.3.3.2 The form of ship weight curve is de
termined by Formula (3.12.3.2.4). 

3.12.3.3.3 The design length of the shortest ship 
shall be as required by 3.12.3.2.3. 

The design length of the largest ship or a total 
length of several ships installed in Hne over the length 
of the dock shall not be less than l,3Lp d. 

3.12.3.3.4 The design block coefficient of the ship 
weight curve shall be assigned according 
to 3.12.3.2.4; for hogging, cp = 1,0 shall be taken, 
unless expressly provided otherwise. 

3.12.4 Scantlings of structural members. 
3.12.4.1 The thickness requirements for plate 

structures based on local strength. 
The plating thicknesses of pontoon (pontoons), 

wall sides, interior and outer watertight bulkheads, 
decks and platforms shall be determined by For
mula (1.6.4.4) with m = 22,4 and Jca = 1,8. A corro
sion allowance shall be obtained according to the 
recommendations given in 3.12.1.4. The design 
transverse pressure p is specified in 3.12.3.1. 

3.12.4.2 ScantHng requirements for framing 
members based on local strength. 

3.12.4.2.1 The section modulus of primary 
members shall be determined as required by 1.6.4.1. 

3.12.4.2.2 The net sectional area of girders and 
transverses, as well as sectional area of beams and 
longitudinals having a relationship //A<10 (where 
/ = design span, in m; h = web depth of a beam or 
longitudinal, in cm) shall be obtained from 1.6.4.3. 

3.12.4.2.3 The design pressure p shall be de
termined at a mid-span of framing members as re
quired by 3.12.3.1. 

3.12.4.2.4 The design span / of framing members 
shall be selected in accordance with 1.6.3.1. 

3.12.4.2.5 Coefficients of permissible normal and 
shear stresses specified in 1.6.4.1 and 1.6.4.3 shall be 
assumed equal to Jca = 0,8 and k% = 0,8. 
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3.12.4.2.6 The factor coc which takes account 
of framing member wear as given in 1.1.5.3 shall be 
taken with A,, according to 3.12.1.4. 

3.12.4.2.7 Factors of design bending moments m 
and shear forces n shall be assumed as follows: 

m = 12 and n = 0,5 for bottom transverse and 
longitudinal members, beams and longitudinals of the 
pontoon deck; for stiffeners of watertight transverse 
bulkheads with longitudinally framed bottom and pon
toon deck; for stiffeners of interior watertight longi
tudinal bulkheads with transversely framed bottom and 
pontoon deck; for longitudinal framing members of wall 
sides and decks; for safety deck beams with transversely 
framed wall sides below the safety deck; for girders and 
transverses of bottom and pontoon deck and side strin
gers of outer and inner wall sides; 

m = 8 and n = 0,5 for stiffeners of watertight 
transverse bulkheads with transversely framed bot
tom and pontoon deck; for stiffeners of interior 
longitudinal bulkheads with longitudinally framed 
bottom and pontoon deck; for horizontal stiffeners 
of watertight transverse bulkheads of wing walls with 
transversely framed wall sides; for safety deck beams 
with longitudinally framed wall sides; 

m = 13 and n = 0,5 for wall deck and platform 
beams with transversely framed wall sides below 
the considered deck or platform; top deck or safety 
deck transverses; 

m = 11 and n = 0,6 for frames and web frames 
of the pontoon (pontoons), outer and inner wall 
sides. 

3.12.4.2.8 The scantlings and structures of girders 
and transverses of the pontoon and wing walls shall 
satisfy the requirements of 1.7.3.3. For girders and 
transverses of the wing walls above the safety deck 
the requirements for similar structures of dry cargo 
ships may be applied. 

3.12.4.3 Requirements for cross ties, struts and 
braces. 

3.12.4.3.1 The sectional area of cross ties and 
struts S, in cm 2, shall not be less than determined by a 
successive approximation method using Formula (2.9.4.1) 
with a design load P = 0,5(P\ + P2), in kN, and factor 
k = 1,15 (where Pi = piac, P2=p2ac are maximum 
compressive forces acting at the ends of struts and cross 
ties; pi and p2 are design pressures (refer to 3.12.3.1), 
in kPa; a = distance between members supported by struts 
or cross ties, in m; c is half-sum of span lengths on each 
side of the strut or cross tie under consideration, in m). 

As a first approximation, S may be taken as 

S= 0 , l l i> 

and the radius of gyration i = y/l/S, in cm, may 
be estimated for a suitable section having this area 
(where / = minimum central moment of inertia, cm 4). 

I f the area determined by Formula (2.9.4.1-1) using this 
radius of gyration differs by more than 10 per cent 
from the first approximation, a second approxima
tion calculation shall be made. The radius of gyration 
shall correspond to the mean area of the first and 
second approximation. 

3.12.4.3.2 The web plates of cross ties and struts of 
channel or I sections shall be so selected that the ratio of 
the breadth to the thickness shall not exceed 42//i or 40, 
whichever is the greater (where / is length of a cross 
tie or strut, in m). 

For ordinary angle or channel sections, the ratio 
of the breadth to the thickness of the flanges shall 
not exceed 14//i or 13, whichever is the greater. 

For cross ties of fabricated sections or I sections 
cross ties, the ratio of the breadth to the thickness 
of face plates shall not exceed 28//i or 25, whichever 
is the greater. 

The thickness of cross tie or stay items shall 
not be less than 7,5 mm. 

3.12.4.3.3 The scantlings of trusses shall be de
termined according to a procedure approved by the 
Register. 

3.12.4.4 Additional local strength requirements 
for plates and beams. 

I f hull structures of the dock are subjected to the 
loads not covered by 3.12.3.1, the scantlings of plates 
and beams shall be determined using the procedures 
approved by the Register. 

3.12.4.5 Scantling requirements for primary 
transverse and longitudinal members of pontoon 
(pontoons). 

3.12.4.5.1 The section modulus W, in cm 3, of the 
primary transverse and longitudinal members of the 
pontoon (pontoons) shall be determined by the formula 

W=W + AW (3.12.4.5.1-1) 

where W = required section modulus of the end of the dock 
service life to be determined by the formula 

W = M10 3 /k a o-„ (3.12.4.5.1-2) 

where M = design bending moment, in kN-m (refer also 
to 3.12.4.5.6); 

AW = corrosion allowance to the section modulus to be 
determined by the formula 

AW = \Wh[\fd+ ^ ( 2 - B ) ] (3.12.4.5.1-3) 

where h = web depth of members of the section under considera
tion, in m; 

Afd, Af„ = additions to the upper flange and web area of members, 
respectively, including corrosion allowances as based 
on the entire service life of the dock, in cm 2 , determined 
by the formulae: 

Afd= 10Asdbef+ Affr; 
Afw = IQAsJi; 

^Sd(w) — "d(w)T — reduction, in mm, of the plating thickness of the 
pontoon deck (member web) due to wear during service 
life of the dock T (years) with corrosion rate 
"a\w), in mm/year, according to Table 3.12.1.4.2; 

bef= width of the effective flange (refer to 3.12.4.5.5), in m; 
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Affr = addition to the flange area of the member allowing for 
corrosion wear of framing members, to be taken as: 

for framing members of tee sections or flat 

Affr = O,l/!0o + h0)ufrT; 

for framing members of bulb flat 

Affr = 0,S6nfoufrT/s0 

(3.12.4.5.1-4) 

(3.12.4.5.1-5) 

where when addition Affr is determined, results obtained in 
design of framing members based on local strength (refer 
to 3.12.4.2) are used. Where the sectional area of mem
bers does not include primary members, Affr = 0; 

n = number of primary members over the breadth be fi 
b0 and h0 = face plate width and web depth of T-beam, respectively 

(for members of flat, b0 = 0), in cm; 
f0 = area of isolated section; 
s0 = web thickness of bulb flat; 

Ufr = specified corrosion rate for framing members of ballast 
compartments (refer to Table 3.12.1.4.2), in mm/year; 

(3 = factor dependent on web areas f'w of the upper f'd and 
lower /jj face plates, having regard to wear to the end 
of the service life, to be determined by the formula 

(3 = (2fd +f'w)l(2f'd (3.12.4.5.1-6) 

as a first approximation, it may be assumed that P = 1,0. 

3.12.4.5.2 The sectional area of the web fw, in cm 2 , 
of primary transverse members of the pontoon 
(pontoons) shall be determined by the formula 

fw f w A/w (3.12.4.5.2-1) 

where f'w = specified sectional area, in cm 2, of the web to the end 
of the service life of the dock, to be determined by the 
formula 

f'w = \0Nx/kTTn (3.12.4.5.2-2) 

where Nx = designed shear force (refer to 3.12.4.5.7), in kN; 
for Afw, refer to 3.12.4.5.1. 

3.12.4.5.3 The scantlings of the truss (struts and 
braces) of the pontoon (pontoons) shall be adequate 
to take shear forces arising in longitudinal bending 
of the pontoon. 

3.12.4.5.4 To be included in the design section 
of primary transverse members of the pontoon 
(pontoons) are all structural items which are con
tinuous between the pontoon sides; design section of 
primary longitudinal members shall include all 
structural items which are continuous between the 
end bulkheads of the pontoon. 

3.12.4.5.5 The width of the effective flanges of the 
primary transverse members bef9 in m, of the bottom 
and pontoon deck plating shall be taken as 

be/ = min{(B — be/)/6; c} (3.12.4.5.5) 

where c = average distance between the member under consideration 
and members on the right and on the left thereof, in m. 

3.12.4.5.6 The design bending moments Mx and 
My9 in kN-m, acting in transverse and longitudinal 
members at the middle of a continuous pontoon of a 
caisson dock (refer to Fig. 3.12.4.5.6-1) for the cases 

/^KMy(d2,c 

Mx(Sj,cx) 

Fig. 3.12.4.5.6-1 

referred to in 3.12.3.2, shall be determined by the 
formulae: 

Mx = q(B-bpJcxdu 

My = q(B-bpJcyS2 

(3.12.4.5.6-1) 

(3.12.4.5.6-2) 

where q = qA/Ls average value of the linear load of the dock, 
in kN/m (Ls, A as defined in 3.12.3.2); 

B> bp.d = breadth of the dock and wing wall at the pontoon deck 
level; 

cx, cy = distance between primary transverse and longitudinal 
members of the pontoon, respectively, as shown 
in Fig. 3.12.4.5.6-1, in m; 

Si, S2= factors to be obtained from the diagrams given 
in Fig. 3.12.4.5.6-2 and 3.12.4.5.6-3 as dependent on 
parameters LsjLp d, n = L p d\{B—bp d) and (p. 

-Sj-S2 
n=2; 3 n=Lp d/(B - bpj) 

0,22 

0,20 

0,18 

0,16 

0,14 

0,12 

0,10 

0,08 

0,06 

0,04 

0,02 

n=3 (p=0,67 

1,0 

0,67 

0,8 

1,0 

0,6 0,8 

Fig. 3.12.4.5.6-2 
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~h n=4; 5; 6 n=Lpj/(B - bp.d) 

Fig. 3.12.4.5.6-3 

For pontoon and sectional docks, the design 
bending moment in design of primary transverse 
members MX9 in kN-m, shall be equal to the greater 
of the two values: 

Mx = 0,25? f - ( 5 - ^ X 1 - 0 , 5 9 

(3.12.4.5.6-3) 

or 

Mx = 0,\25pcx(B-bpJ2 (3.12.4.5.6-4) 

where p = as defined in 3.12.3.2.2, 

whichever is the greater. 
3.12.4.5.7 The design shear force Nx, in k N , taken 

by a transverse member of the dock (primary trans
verse member, or struts and braces of the pontoon 
truss) shall be determined by the formula 

7VV = 0,75 (1 -1,33 ^ - )c (3.12.4.5.7-1) 
L s ^p.d B 

where y = distance of the section under consideration from the 
centreline of the dock, in m; 

c = distance between the members under consideration, in m. 

In design of the primary transverse members 
or struts and braces of the pontoon trusses of pon
toon and sectional docks, the design shear force Nx, 
in k N , shall not be taken less than 

Nx = pcy (3.12.4.5.7-2) 

where p = as defined in 3.12.3.2.2. 

3.12.4.5.8 The coefficients of permissible stresses in 
Formulae (3.12.4.5.1-2) and (3.12.4.5.2-2) in design of 
primary transverse members of the pontoon (pontoons) 
shall be taken as follows: = 0,85, kx = 0,8. 

Guidelines on the selection of permissible normal 
stresses in primary longitudinal members of the 
pontoon of caisson-type docks are given in 3.12.4.6.5. 

3.12.4.5.9 The web thickness of primary transverse 
members shall meet the buckling strength requirements 
under the action of shear and normal stresses arising in 
transverse bending of the pontoon (pontoons). 

The plating thickness of the pontoon deck and 
bottom shall meet the requirements for buckling 
strength under the action of compressive stresses arising 
in transverse bending of the pontoon (pontoons). 

3.12.4.5.10 Buckling strength conditions shall 
comply with 1.6.5.2 and 1.6.5.3. Factor k in For
mula (1.6.5.2-1) is taken equal to 0,75. 

When Euler's stresses are determined according 
to the formulae given in 1.6.5.5 i t shall be taken that 
s'= s — As, where As is obtained in compliance 
with 3.12.1.4. 

3.12.4.6 The scantling requirements for structures 
based on strength and buckling conditions in longi
tudinal bending. 

3.12.4.6.1 The assumed scantlings of dock longi
tudinal structures (with regard to the provisions 
of 3.12.4.6.2) shall provide the required hull section 
modulus of the floating dock. 

The hull section modulus W, in cm 3 , of a floating 
dock shall not be less than: 

W= Wac (3.12.4.6.1-1) 

where W = required section modulus to the end of the service life 
of the dock, in cm 3 , determined by the formula 

W = M-103/A;CTCTn (3.12.4.6.1-2) 

where M = maximum bending moment determined by Formu
la (3.12.4.6.3), in kN-m; 

coc = factor which takes account of corrosion allowance to the 
section modulus for wear determined by the formula 

CDC = (l-F-^Aftft)-1 (3.12.4.6.1-3) 
i 

where F = sectional area of the floating dock hull, in cm 2 , 
corresponding to the required section modulus; 

Afi = addition to the sectional area of the z-th plate strake, 
which takes account of corrosion allowance to be 
determined by the formula 

Af= WAsibi (3.12.4.6.1-4) 

where Ast = u{T — thickness reduction of the z-th plate member 
due to wear during service life T (years), with a corrosion 
rate uh in mm/year, taken according to Table 3.12.1.4.2, 
in mm; 

bi = width of the i-th member, in m. 

Additions to the sectional area of the floating 
dock hull which take account of corrosive wear 
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of framing members shall be not less than those de
termined by the following formulae: 

for framing members of tee sections or flat 

Afi = 0,lni(b0i + hoDufr.T (3.12.4.6.1-5) 

where nt = number of framing members of the ;'-th group; 
hot, hot = face plate width and web depth of T-beam, respectively, 

in cm (for members of flat, bot = 0); 

for framing members of bulb flat 

Af = 0,S6nfoiUfrT/s0i (3.12.4.6.1-6) 

where foi = sectional area of bulb flat section proper, in cm ; 
Ufr. = corrosion rate of framing members of the ;'-th group, 

in mm/year; 
sot = web thickness of bulb flat; 
cp,- = multiplier taking account of the effect of changing 

sectional area of the ;'-th member on the section 
modulus W, to be determined by the formula 

<f,= cf(FII) + cJzo (3.12.4.6.1-7) 

where / = hull inertia moment, in cm /m , of the dock, corre
sponding to the required section modulus; 

z0, ct = distance of the point at the level of which section 
modulus is determined and centre of gravity of sectional 
area of the ;'-th member (;'-th group of longitudinal 
members) from the neutral axis, the position of which 
corresponds to W and /; in determination of z 0 and ct 

their sign shall be taken into account: positive down
wards and negative upwards from the neutral axis. 

3.12.4.6.2 Wing wall and pontoon longitudinals 
continuous in the middle region of the dock shall be 
included in the design cross-section of a caisson-type 
floating dock. 

To be included in the design section of a pontoon 
dock are wing wall longitudinals continuous in the 
middle region of the dock. 

3.12.4.6.3 The design bending moment M, in k N m, 
shall be determined for the cases referred to in 3.12.3.3, 
by the formula 

M = -Q,l25gALp d(l - ^r1^). 
2cp '-p.d 

(3.12.4.6.3) 

Recommendations on the choice of design values 
of cp and Ls are given in 3.12.3.3.2. 

3.12.4.6.4 The coefficient of permissible stresses 
due to longitudinal bending referred to in For
mula (3.12.4.6.1-2) shall be taken as ka = 1,0. 

3.12.4.6.5 For caisson-type docks the following 
condition shall be fulfilled: 

o~i + fj2<;fcCTo-„ (3.12.4.6.5-1) 

where CTi = stresses in primary longitudinal members of the pontoon 
due to longitudinal bending of the dock; 

0"2 = stresses in primary longitudinal members of the pontoon 
due to longitudinal bending of the pontoon. 

Stresses o"i, in MPa, shall be determined by the 
formula 

CT! = 10 5 Mz// ' (3.12.4.6.5-2) 

where M = as defined in 3.12.4.6.3; 
z = distance of the point under consideration from the neutral 

axis of the dock, in m; 
/ = inertia moment of the dock to the end of the service 

life, in cm 4 . 

Stresses CT2, in MPa, shall be determined by the 
formula 
CT2 = UpMjf/I'y (3.12.4.6.5-3) 

where My = as defined in 3.12.4.5.6; 
z1 = distance of the point under consideration from the neutral 

axis of the section of the primary longitudinal, in m; 
Iy = inertia moment of primary longitudinal, determined with 

regard to the wear of the members to the end of the service 
life of the dock and provisions of 3.12.4.5.4, in cm 4 . 

3.12.4.6.6 In design of the dock hull, the re
quirements for buckling strength under the action 
of longitudinal bending of plate structures, girders 
and longitudinals, such as wall sides and deck plat
ing, shell plating, longitudinal bulkhead plating 
of the pontoon and pontoon deck plating of caisson-
type docks, bottom shell of pontoon dock wings shall 
be met in the middle region within 0,4Lp d. 

The scantlings of top deck beams where trans
verse framing is adopted, top deck transverses in case 
of longitudinal framing shall be adequate to provide 
buckling strength of deck structure portions between 
deck girders, deck girders and wall sides or between 
wall sides where deck girders are omitted. 

3.12.4.6.7 The design compressive stresses CTC, 
in MPa, obtained in estimation of the buckling 
strength shall be not less than: 

<7„; = 
M 
I' 

105 (3.12.4.6.7-1) 

where M = design bending moment causing the compression of the i-th 
member under consideration (refer to 3.12.4.6.3), in kN-m; 

/ = actual central inertia moment of the hull girder with regard 
to wear to the end of the service life, in cm 4. 
As a first approximation, / value, in cm 4 , may be 
determined by the formula 

/' = WaiDo-e) -102 (3.12.4.6.7-2) 

where Wj = required section modulus of the hull girder at a level 
of the lower edge of the top deck plating determined 
according to the requirements of 3.12.4.6.1, in cm 3; 

D0 = depth of wing walls (for pontoon docks), in m; 
Do = D for caisson-type docks; 

e = distance of the neutral axis from the base line for caisson-
type docks; distance of the neutral axis from the abutment 
line of the pontoon deck to the inner wall sides for pontoon 
docks, in m. 
As a first approximation, it may be assumed that: 
e = 0,32Z> for caisson-type docks; 
e = 0,5D0 for pontoon docks; 

zt = distance of the member under consideration from the 
neutral axis, in m (zt is measured from the edge most 
distant from the neutral axis for a plate structure; from the 
middle of the thickness of the effective flange for a beam 
member of the deck and bottom; from the middle of the 
thickness of the beam web for a beam of the wall side, side 
plating and longitudinal bulkhead of the pontoon). 

3.12.4.6.8 The buckling strength conditions shall 
comply with 1.6.5.2 and 1.6.5.3. Factor k in 
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Formula (1.6.5.2-1) shall be taken equal to 0,8 for the 
top deck plating and wall sides; for the bottom and 
side plating of the pontoon and pontoon deck plating 
of caisson-type docks, girders and longitudinals. 

3.12.4.6.9 Euler stresses for plate structures shall 
be determined according to 1.6.5.5, and for girders 
and longitudinals as required by 1.6.5.4 taking 
s' = s—As where As is obtained as given in 3.12.1.4. 

3.12.4.6.10 The inertia moment of beams of the 
transversely framed top deck shall meet the require
ments of 2.6.4.3. 

The inertia moment of top deck transverses shall 
be as required by 2.6.4.9. 

3.12.4.6.11 The assumed scantlings of wing wall 
structures shall provide buckling strength in simple 
bending of the wing wall in design cases of dock 
sagging. The procedure of supporting buckling 
strength in simple bending shall be agreed with the 
Register. 

3.12.4.7 Deflection control system. 
Deflection of the dock hull shall be controlled 

according to the procedure approved by the Register. 
In docks over 80 m in length at least two meters 

of different types to monitor the deflection of the 
dock shall be provided. 

The maximum deflection stated in the Docking 
Manual shall be agreed with the Register. The de
flections shall not exceed the values determined by 
the formula 

a(T) = (0,6 + 0,003 T)a„ (3.12.4.7) 

where T = service life of the dock to the date of monitoring, 
in years; 

CT„ = as defined in 1.1.4.3. 

3.12.4.8 Requirements for dock towing. 
3.12.4.8.1 The minimum section modulus Wmm, 

in cm 3 , required to ensure the strength of the dock 
during towing shall be determined by the formula 

W • = 
min 

M 
103 (3.12.4.8.1-1) 

where M = design bending moment, in kN-m, determined by the 
formula 

M = 5,03kwhaBLld (3.12.4.8.1-2) 

where k„ = factor of wave bending moment determined by the 
formula 

kw = 7,93-ltT 3 + 4,13-W-3(LpJB)-0,125(dtowILp.d) (3.12.4.8.1-3) 

where dtow = dock draught amidships during voyage in tow, in m; 
hd = design wave height, in m, determined depending on the 

length of the dock: 

K = 1 0' 9-( ioo' ) f o r L

P . d < 3 0 0 m ; 
hd = 10,9 for L „ r f > 3 0 0 m; 

(3.12.4.8.1-4) 

permissible normal stresses in longitudinal bending of the 
dock, in MPa, taken equal to: 
150 for docks under 100 m in length; 

150 + 0 ,75(£p. r f -100) for docks between 100 and 200 m 
in length; 
225 for docks over 200 m in length. 

3.12.4.8.2 The still water bending moment M, 
in kN-m, in the midship section of the dock during 
the voyage in tow shall be reduced to the minimum 
possible level by suitable ballasting. 

3.12.4.8.3 Sea state considered permissible for 
voyage in tow is that corresponding to a wave height 
of 3 per cent probability of exceeding level h3%, in m, 
determined by the formula 

(3.12.4.8.3-1) 

where hi% = rated wave height, in m, permissible for voyage of a 
floating dock, with a relationship LpJB = 4,25, deter
mined by the formulae: 

h°,% = 0,313 + 0,0438Lp.rf for L p . d < 130 m; 
h%A = 3,10 + 0,02231^ for 130 ̂ Lp^ 260 m; (3.12.4.8.3-2) 

= 0,422 + 0,0326 L p J for L„.d > 260 m; 

TO = factor determined by the formulae: 

TO = 0,483 + 0,021 %L„.d for L„.d < 130 m; 
TO = 2,42 + 0,00685ip.rffor 130=^1^260 m; (3.12.4.8.3-3) 
TO = 0,356 + 0,0148 L„.d for L„.d > 260 m. 

Factors \ \ and X2 are determined by the formulae: 

Xx = M/JW°; 
\ 2 = 1,276-0,065(1^/5) (3.12.4.8.3-4) 

where M° = basic bending moment, in kN-m, determined by the 
formula 

M° = 0 , 7 7 - 1 0 " 2 £ 3 : f / T | (3.12.4.8.3-5) 

where for T | , refer to 1.1.4.3; 
M = bending moment, in kN-m, corresponding to the actual 

section modulus of the floating dock hull, determined 
by the formula 

M = kaa„W-10-3 (3.12.4.8.3-6) 

where W = actual minimum section modulus of the dock hull 
to the moment of voyage; 

k<, = 0,8 = factor of permissible normal stresses; 
CT„ = as defined in 1.1.4.3. 

3.12.4.8.4 Correspondence between permissible 
sea state during voyage and waves heights of 3 per 
cent probability of exceeding level shall be de
termined according to Table 3.12.4.8.4. 

T a b l e 3.12.4.8.4 

Permissible sea state hi%, in m 

5 2,0-3,5 
6 3,5-6,0 
7 6,0-8,5 
8 8,5-11,0 
9 11,0 

3.12.4.8.5 A possibility of voyage of a dock in 
tow whose architecture and relationships of the di
mensions differ from those referred to in 3.12.1.1 



168 Rules for the Classification and Construction of Sea-Going Ships 

shall be supported using the procedure approved by 
the Register. 

3.12.4.8.6 Voyage of a dock in tow within the 
limits of one and the same sea is permitted when the 

environmental conditions (sea state) corresponding 
to the requirements of 3.12.4.8.3 to 3.12.4.8.5 are 
expected. 
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APPENDIX 1 

TESTING PROCEDURES OF WATERTIGHT COMPARTMENTS 

weathertight boundaries for their weathertight-
ness. 

2.2 The testing of cargo containment systems of 
liquefied gas carriers shall be in accordance with 
standards deemed appropriate by the Register. 

2.3 The testing of structures not listed in 
Table 4.1-1 or 4.1-2 shall be specially considered. 

3 T Y P E S O F T E S T S AND D E F I N I T I O N O F T E S T S 

3.1 The following two types of tests are specified 
in this Appendix: 

Structural test is a test to verify the structural 
adequacy of tank construction. This may be a hy
drostatic test or, where the situation warrants, a hy-
dropneumatic test; 

Leak test is a test to verify the tightness of a 
boundary. Unless a specific test is indicated, this may 
be a hydrostatic/hydropneumatic test or an air test. 
A hose test may be considered an acceptable form of 
leak test for certain boundaries, as indicated by 
Footnote 9 of Table 4.1-1. 

3.2 Definition of each type of test is given in 
Table 3.2. 

T a b l e 3.2 

Hydrostatic test: 
(Leak and structural) 

A test wherein a space is filled with a liquid to a specified head 

Hydropneumatic test: 
(Leak and structural) 

A test combining a hydrostatic test and an air test, wherein a space is partially filled with a liquid and 
pressurized with air 

Hose test: 
(Leak) 

A test to verify the tightness of a joint by a jet of water with the joint visible from the opposite side 

Air tests: 
(Leak) 

A test to verify tightness by means of air pressure differential and leak indicating solution. It includes 
tank air test and joint air tests, such as compressed air fillet weld tests and vacuum box tests 

Compressed air fillet weld test: 
(Leak) 

A n air test of fillet welded tee joints wherein leak indicating solution is applied on fillet welds 

Vacuum box test: 
(Leak) 

A box over a joint with leak indicating solution applied on the welds. A vacuum is created inside the 
box to detect any leaks 

Ultrasonic test: 
(Leak) 

A test to verify the tightness of the sealing of closing devices such as hatch covers by means of 
ultrasonic detection techniques 

Penetration test: 
(Leak) 

A test to verify that no visual dye penetrant indications of potential continuous leakages exist in the 
boundaries of a compartment by means of low surface tension liquids (i.e. dye penetrant test) 

1 G E N E R A L 

These test procedures shall confirm the water-
tightness of tanks and watertight boundaries and the 
structural adequacy of tanks which consist of the 
watertight subdivision of ships. These procedures 
may also be applied to verify the weathertightness of 
structures and shipboard outfitting. The tightness of 
all tanks and watertight boundaries of ships during 
new construction and those relevant to major con
versions or major repairs1 shall be confirmed by these 
test procedures prior to the delivery of the ship. 

2 A P P L I C A T I O N 

2.1 A l l gravity tanks 2 and other boundaries re
quired to be watertight or weathertight shall be tested 
in accordance with this Appendix and proven to be 
tight and structurally adequate as follows: 

gravity tanks for their tightness and structural 
adequacy; 

watertight boundaries other than tank bound
aries for their watertightness; and 

'Major repair means a repair affecting structural integrity. 
2Gravity tank means a tank that is subject to vapour pressure not greater than 70 kPa. 
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4 T E S T P R O C E D U R E S 

4.1 General. 
Tests shall be carried out in the presence of the RS 

surveyor at a stage sufficiently close to the completion 
of work with all hatches, doors, windows, etc., in

stalled and all penetrations including pipe connections 
fitted, and before any ceiling and cement work is ap
plied over the joints. Specific test requirements are 
given in 4.4, Tables 4.1-1 and 4.1-2. For the timing of 
the application of coating and the provision of safe 
access to joints, refer to 4.5, 4.6 and Table 4.1-3. 

T a b l e 4.1-1 
Test requirements for tanks and boundaries 

Nos. Tank or boundary to be 
tested 

Test type Test head or pressure Remarks 

1 Double bottom tanks1 Leak and 
structural2 

The greater of: 
top of the overflow; or 
to 2,4 m above top of tank3; or 
to bulkhead deck 

2 Double bottom voids4 Leak Refer to 4.4.4 through 4.4.6, as applicable Including pump room double 
bottom and bunker tank pro
tection double hull required by 
M A R P O L Annex I 

3 Double side tanks Leak and structural2 The greater of: 
top of the overflow, 
to 2,4 m above top of tank3; or 
to bulkhead deck 

4 Double side voids Leak Refer to 4.4.4 through 4.4.6, as applicable 

5 Deep tanks other than 
those listed elsewhere in 
this table 

Leak and structural2 The greater of: 
top of the overflow; or 
to 2,4 m above top of tank3 

6 Cargo oil tanks Leak and structural2 The greater of: 
top of the overflow; or 
to 2,4 m above top of tank3; or 
to top of tank3 plus setting of any pressure 
relief valve 

7 Ballast hold of bulk carriers Leak and structural2 Top of cargo hatch coaming 

8 Peak tanks Leak and structural2 The greater of: 
top of the overflow; or 
to 2,4 m above top of tank3 

After peak to be tested after 
installation of stern tube 

9 .1 Fore peak spaces with 
equipment 

Leak Refer to 4.4.3 through 4.4.6, as applicable 

.2 Fore peak voids Leak and structural2'5 To bulkhead deck 

.3 Aft peak spaces with 
equipment 

Leak Refer to 4.4.3 through 4.4.6, as applicable 

.4 Aft peak voids Leak Refer to 4.4.4 through 4.4.6, as applicable After peak to be tested after 
installation of stern tube 

10 Cofferdams Leak Refer to 4.4.4 through 4.4.6, as applicable 

11 .1 Watertight bulkheads Leak 6 Refer to 4.4.3 through 4.4.6, as applicable7 

.2 Superstructure end 
bulkheads 

Leak Refer to 4.4.3 through 4.4.6, as applicable 

12 Watertight doors below 
freeboard or bulkhead deck 

L e a k 7 , 8 Refer to 4.4.3 through 4.4.6, as applicable 

13 Double plate rudder blades Leak Refer to 4.4.4 through 4.4.6, as applicable 

14 Shaft tunnels clear of deep 
tanks 

Leak 9 Refer to 4.4.3 through 4.4.6, as applicable 

15 Shell doors Leak 9 Refer to 4.4.3 through 4.4.6, as applicable 



Part II. Hull 111 

Table 4.1-1 - continued 

Nos. Tank or boundary to be 
tested 

Test type Test head or pressure Remarks 

16 Weathertight hatch covers 
and closing appliances 

Leak 7- 9 Refer to 4.4.3 through 4.4.6, as applicable Hatch covers closed by 
tarpaulins and battens excluded 

17 Dual purpose tanks/dry 
cargo hatch covers 

Leak 7- 9 Refer to 4.4.3 through 4.4.6, as applicable In addition to structural test 
in item 6 or 7 

18 Chain lockers Leak and structural2 Top of chain pipe 

19 Lubricating oil sump, tanks 
and other similar tanks/ 
spaces under main engines 

Leak Refer to 4.4.3 through 4.4.6, as applicable 

20 Ballast ducts Leak and structural2 The greater of: 
ballast pump maximum pressure; or 
setting of any pressure relief valve 

21 Fuel oil tanks Leak and structural2 The greater of: 
top of the overflow; or 
to 2,4 m above top of tank3; or 
to top of tank3 plus setting of any pressure 
relief valves; or 
to bulkhead deck 

22 Sea chests and ice boxes Leak and structural The greater of: 
head to 1,25 m depthwise; or 
equal to blow system pressure 

When testing ice boxes fitted 
with steam heating system, the 
test head shall in any case be 
below the heating system 
design pressure. Where air 
pipes are led through ice 
boxes, the tests are carried 
out by applying the hydraulic 
head to top of the overflow 

including tanks arranged in accordance with the provisions of S O L A S regulation II-1/9.4. 
2Refer to section 4.2.2. 
3 The top of a tank is the deck forming the top of the tank, excluding any hatchways. 
"including duct keels and dry compartments arranged in accordance with the provisions of S O L A S regulation II-1/11.2 and II-1/9.4 

respectively, and/or oil fuel tank protection and pump room bottom protection arranged in accordance with the provisions of M A R P O L 
Annex I , Chapter 3, Part A regulation 12 and Chapter 4, Part A, regulation 22 respectively. 

'Structural test may be waived where demonstrated to be impracticable to the satisfaction of the Register. 
6 A "Leak and structural test", refer to 4.2.2 shall be carried out for a representative cargo hold if intended for in-port ballasting. The 

filling level requirement for testing cargo holds intended for in-port ballasting shall be the maximum loading that will occur in-port as 
indicated in the Loading Manual. 

7 A s an alternative to the hose testing, other testing methods listed in 4.4.7 to 4.4.9 may be applicable subject to adequacy of such 
testing methods being verified. Refer to S O L A S regulation I I - l / l l . l . For watertight bulkheads (refer to 11.1) alternatives to the hose 
testing may only be used where a hose test is not practicable. 

8Where water tightness of a watertight door has not been confirmed by prototype test, testing by filling watertight spaces with water 
shall be carried out. Refer to S O L A S regulation II-1/16.2 and I M O circular MSC/Circ.1176. 

9Hose test may also be considered as a medium of the test. Refer to 3.2. 

4.2 Structural test procedures. 
4.2.1 Type and time of test. 
Where a structural test is specified in Table 4.1-1 

or 4.1-2, a hydrostatic test in accordance with 4.4.1 
wil l be acceptable. Where practical limitations 
(strength of building berth, light density of liquid, 
etc.) prevent the performance of a hydrostatic test, 
a hydropneumatic test in accordance with 4.4.2 may 
be accepted instead. 

A hydrostatic test or hydropneumatic test for the 
confirmation of structural adequacy may be carried 
out while the ship is afloat, provided the results of a 

leak test are confirmed to be satisfactory before the 
ship is afloat. 

4.2.2 Testing schedule for new construction or 
major structural conversion. 

4.2.2.1 The tank boundaries shall be tested from 
at least one side. The tanks for structural test shall be 
selected so that all representative structural members 
are tested for the expected tension and compression. 

4.2.2.2 Structural tests shall be carried out for at 
least one tank of a group of tanks having structural 
similarity (i.e. same design conditions, alike structural 
configurations with only minor localized differences 
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T a b l e 4.1-2 
Additional test requirements for special service ships/tanks 

Nos. Type of ship/tank Structures to be tested Type of test Test head or pressure Remarks 

1 Liquefied gas carriers Integral tanks 

Hull structure supporting 
membrane or semimembrane 

tanks 

Independent tanks type A 

Independent tanks type B 

Leak and structural Refer to I A C S U R G l 1 Liquefied gas carriers 

Independent tanks type C 

Leak and structural 

Refer to I A C S U R G2 

2 Edible liquid tanks Independent tanks Leak and structural The greater of: 
top of the overflow; or 
to 0,9 m above top of tank1 

3 Chemical tankers Integral or independent cargo 
tanks 

Leak and structural The greater of: 
to 2.4 m above top of tank1; or 
to top of tankl plus setting of 
any pressure relief valve 

Where a cargo tanks 
is designed for the 
carriage of cargoes 
with specific gravities 
larger than 1,0, an 
a p p r o p r i a t e 
additional head shall 
be considered 

J Top of tank is deck forming the top of the tank excluding any hatchways. 

T a b l e 4.1-3 
Application of leak test, coating and provision of safe access for type of welded joints 

Type of welded joints Leak test Coating1 Safe access2 Type of welded joints Leak test 

Before leak test After leak test but before 
structural test 

Leak test Structural test 

Butt Automatic Not required Allowed 3 N / A Not required Not required Butt 

Manual or semi
automatic4 

Required Not allowed Allowed Required Not required 

Fillet Boundary including 
penetrations 

Required Not allowed Allowed Required Not required 

boating refers to internal (tank/hold coating), where applied, and external (shell/deck) painting. It does not refer to shop primer. 
2Temporary means of access for verification of the leak test. 
3 The condition applies provided that the welds have been carefully inspected visually to the satisfaction of the R S surveyor. 
"Flux core arc welding ( F C A W ) semiautomatic butt welds need not be tested provided that careful visual inspections show 

continuous uniform weld profile shape, free from repairs, and the results of N D T show no significant defects. 

determined to be acceptable by the attending RS sur
veyor) on each ship provided all other tanks are tested 
for leaks by an air test. The acceptance of leak testing 
using an air test instead of a structural test does not 
apply to cargo space boundaries adjacent to other 
compartments in tankers and combination carriers or 
to the boundaries of tanks for segregated cargoes or 
pollutant cargoes in other types of ships. 

4.2.2.3 Additional tanks may require structural 
testing i f found necessary after the structural testing 
of the first tank. 

4.2.2.4 Where the structural adequacy of the 
tanks of a ship were verified by the structural testing 

required in Table 4.1-1, subsequent ships in the series 
(i.e. sister ships built from the same plans at the same 
shipyard) may be exempted from the structural tes
ting of tanks, provided that: 

.1 watertightness of boundaries of all tanks is 
verified by leak tests and thorough inspections are 
carried out; 

.2 structural testing is carried out for at least one 
tank of each type among all tanks of each sister ship; 

.3 additional tanks may require structural testing 
i f found necessary after the structural testing of the 
first tank or i f deemed necessary by the attending RS 
surveyor. 



Part II. Hull 173 

For cargo space boundaries adjacent to other 
compartments in tankers and combination carriers or 
boundaries of tanks for segregated cargoes or pollu
tant cargoes in other types of ships, the requirements 
of 4.2.2.2 shall apply in lieu of 4.2.2.4.2. 

4.2.2.5 Sister ships built (i.e. keel laid) two years 
or more after the delivery of the last ship of the series, 
may be tested in accordance with 4.2.2.4 at the dis
cretion of the Register, provided that: 

.1 general workmanship has been maintained 
(i.e. there has been no discontinuity of shipbuilding 
or significant changes in the construction methodol
ogy or technology at the yard, shipyard personnel are 
appropriately qualified and demonstrate an adequate 
level of workmanship as determined by the Register); 
and 

.2 an enhanced N D T program is implemented for 
the tanks not subject to structural tests. 

4.2.2.6 For the watertight boundaries of spaces 
other than tanks structural testing may be exempted, 
provided that the watertightness of boundaries of 
exempted spaces is verified by leak tests and inspec
tions. Structural testing may not be exempt and the 
requirements for structural testing of tanks in 4.2.2.1 
to 4.2.2.5 shall apply, for ballast holds, chain lockers 
and a representative cargo hold i f intended for in-
port ballasting. 

4.3 Leak test procedures. 
For the leak tests specified in Table 4.1-1, tank 

air tests, compressed air fillet weld tests, vacuum box 
tests in accordance with 4.4.4 to 4.4.6, or their com
bination, wi l l be acceptable. Hydrostatic or hydro
pneumatic tests may also be accepted as leak tests 
provided that 4.5, 4.6 and 4.7 are complied with. 
Hose tests wi l l also be acceptable for such locations 
as specified in Table 4.1-1, Footnote 9, in accordance 
with 4.4.3. 

Ai r tests of joints may be carried out in the block 
stage provided that all work on the block that may 
affect the tightness of a joint is completed before the 
test. Refer also to 4.5.1 for the application of final 
coatings and 4.6 for the safe access to joints and the 
summary in Table 4.1-3. 

4.4 Tests methods. 
4.4.1 Hydrostatic test. 
Unless another liquid is approved, hydrostatic 

tests shall consist of filling the space with fresh water 
or sea water, whichever is appropriate for testing, to 
the level specified in Table 4.1-1 or 4.1-2. 

In cases where a tank for higher density cargoes 
shall be tested with fresh water or sea water, the 
testing pressure height shall be specially considered. 

A l l external surfaces of the tested space shall be 
examined for structural distortion, bulging and 
buckling, other related damage and leaks. 

4.4.2 Hydropneumatic test. 
Hydropneumatic tests, where approved, shall be 

such that the test condition, in conjunction with the 
approved liquid level and supplemental air pressure, 
wil l simulate the actual loading as far as practicable. 
The requirements and recommendations for tank air 
tests in 4.4.4 wi l l also apply to hydropneumatic tests. 

A l l external surfaces of the tested space shall be 
examined for structural distortion, bulging and 
buckling, other related damage and leaks. 

4.4.3 Hose test. 
Hose tests shall be carried out with the pressure 

in the hose nozzle maintained at least at 2105 Pa 
during the test. The nozzle shall have a minimum 
inside diameter of 12 mm and be at a perpendicular 
distance from the joint not exceeding 1,5 m. The 
water jet shall impinge directly upon the weld. 

Where a hose test is not practical because of 
possible damage to machinery, electrical equipment 
insulation or outfitting items, i t may be replaced by a 
careful visual examination of welded connections, 
supported where necessary by means such as a dye 
penetrant test or ultrasonic leak test or the equiva
lent. 

4.4.4 Tank air test. 
A l l boundary welds, erection joints and penetra

tions, including pipe connections, shall be examined 
in accordance with the approved procedure and 
under a stabilized pressure differential above atmo
spheric pressure not less than 0,15105 Pa, with a leak 
indicating solution such as soapy water/detergent or 
a proprietary brand applied. 

A U-tube with a height sufficient to hold a head 
of water corresponding to the required test pressure 
shall be arranged. The cross sectional area of the 
U-tube shall not be less than that of the pipe sup
plying air to the tank. Instead of using a U-tube, two 
calibrated pressure gauges may be acceptable to 
verify required test pressure. 

A double inspection shall be made of tested 
welds. The first shall be immediately upon applying 
the leak indicating solution; the second shall be after 
approximately four or five minutes in order to detect 
those smaller leaks which may take time to appear. 

4.4.5 Compressed air fillet weld test. 
In this air test, compressed air is injected from 

one end of a fillet welded joint and the pressure 
verified at the other end of the joint by a pressure 
gauge. Pressure gauges shall be arranged so that an 
air pressure of at least 0,15105 Pa can be verified at 
each end of all passages within the portion being 
tested. 

N o t e . Where a leak test is required for fabrication involving 
partial penetration welds, a compressed air test shall also be 
applied in the same manner as to fillet weld where the root face is 
large, i.e. 6 to 8 mm. 
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4.4.6 Vacuum box test. 
A box (vacuum testing box) with air connections, 

gauges and an inspection window is placed over the 
joint with a leak indicating solution applied to the 
weld cap vicinity. The air within the box is removed 
by an ejector to create a vacuum of 0,20105 to 
0,26105 Pa inside the box. 

4.4.7 Ultrasonic test. 
A n ultrasonic echoes transmitter shall be arranged 

inside of a compartment and a receiver shall be 
arranged on the outside. The watertight/weathertight 
boundaries of the compartment are scanned with the 
receiver in order to detect an ultrasonic leak indication. 
A location where sound is detectable by the receiver 
indicates a leakage in the sealing of the compartment. 

4.4.8 Penetration test. 
A test of butt welds or other weld joints uses the 

application of a low surface tension liquid at one side of 
a compartment boundary or structural arrangement. 
I f no liquid is detected on the opposite sides of the 
boundaries after expiration of a definite period of time, 
this indicates tightness of the boundaries. In certain 
cases, a developer solution may be painted or sprayed 
on the other side of the weld to aid leak detection. 

4.4.9 Other tests. 
Other methods of testing may be considered by 

Register upon submission of full particulars prior to 
the commencement of testing. 

4.5 Application of coating. 
4.5.1 Final coating. 
For butt joints welded by an automatic process, 

the final coating may be applied any time before the 
completion of a leak test of spaces bounded by the 
joints, provided that the welds have been carefully 
inspected visually to the satisfaction of the RS sur
veyor. 

RS surveyor reserves the right to require a leak 
test prior to the application of the final coating over 
automatic erection butt welds. 

For all other joints, the final coating shall be 
applied after the completion of the leak test of the 
joint. Refer also to Table 4.1-3. 

4.5.2 Temporary coating. 
Any temporary coating which may conceal de

fects or leaks shall be applied at the time as specified 
for the final coating (refer to 4.5.1). This requirement 
does not apply to shop primer. 

4.6 Safe access to joints. 
For leak tests, safe access to all joints under exa

mination shall be provided. Refer also to Table 4.1-3. 
4.7 Hydrostatic or hydropneumatic tightness test 
In cases where the hydrostatic or hydropneu

matic tests are applied instead of a specific leak test, 
examined boundaries shall be dew-free, otherwise 
small leaks are not visible. 
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APPENDIX 2 

REQUIREMENTS TO SHIP LOADING INSTRUMENTS 

1 G E N E R A L 

1.1 The present Requirements shall be applied 
together with those of Part I I "Hul l " of these Rules 
and the Rules for Technical Supervision during 
Construction of Ships and Manufacture of Materials 
and Products for Ships when approving the loading 
instruments of ships whose instruments are not yet 
approved. 

1.2 The Requirements apply to loading instru
ments representing a computer-based system con
sisting of software for ship load calculation and of 
hardware for its realization. Requirements pertinent 
to the program and its functional capabilities shall be 
found in 3.1 and Section 4 of this Appendix respec
tively. Requirements pertinent to type approval for 
hardware shall be found in 1.8 and 3.2 of this Ap
pendix. 

1.3 A loading instrument shall not substitute for 
an approved Loading Manual. 

1.4 The loading instrument belongs to special 
equipment carried onboard, and the calculation re
sults obtained by using i t apply only to the ship for 
which i t was approved. 

1.5 Ships undergoing major modifications or mo
dernization, such as lengthening or deck removal 
affecting the longitudinal strength of hull, shall be 
considered new ships for the purpose of the Re
quirements. 

1.6 For each ship, the loading instrument ap
proval procedure shall include the following: 

basic data verification and loading conditions 
approval with issuing of a Report (Form 6.3.29) for 
subsequent testing of the program; 

hardware approval with issuing of a Certificate 
(Form 6.5.30) where necessary; 

handover tests with a subsequent issuing of 
a Report (Form 6.3.10). 

1.7 The program for the loading instrument shall 
be type-approved by the Register which shall be con
firmed by issuing a Type Approval Certificate for 
Computer Program (Form 6.8.5). In such cases, certain 
stages may be omitted in the basic data verification 
procedure for a particular ship (refer to 2.1.7). 

1.8 Hardware shall be approved, i f there is a 
single computer for which a Type Approval Certi
ficate (Form 6.3.8) was issued in accordance wi th 
the requirements of 3.2 of this Appendix, or there 
are two computers specially installed for the case 
one of them fails. I f there are two computers, no 

type approval is necessary for them but in this case, 
each computer shall pass handover tests. Besides, 
computers being a part of the shipboard net shall 
be approved by the Register which shall be con
firmed by issuing a Certificate (Form 6.5.30) in 
accordance wi th the relevant requirements of these 
and the Rules for Technical Supervision during 
Construction of Ships and Manufacture of Mate
rials and Products for Ships. 

1.9 A Report (Form 6.3.10) shall be issued for the 
program on the basis of the satisfactory results of 
handover tests of the loading instrument carried out 
onboard the ship in accordance with the require
ments of 2.3 of this Appendix. 

2 A P P R O V A L P R O C E D U R E 

2.1 Basic data verification and approval. Loading 
conditions approval for program testing. 

2.1.1 Calculation results and the actual ship data 
used for the program shall be verified onboard the 
ship for which the program is intended. 

2.1.2 On receipt of an application for data ver
ification, the Register shall offer to the applicant four 
loading conditions as a minimum, borrowed from an 
approved Ship Loading Manual and to be used for 
program testing. These loading conditions shall en
sure the loading of each ship compartment for one 
time at least. These loading conditions shall generally 
cover the whole range of possible ship draughts from 
the greatest one in the loaded condition to the 
smallest one in the ballasted condition. 

2.1.3 Control points shall generally be positioned 
on transverse bulkheads or other obvious compart
ment boundaries. Additional control points may be 
necessary between the bulkheads of long holds or 
tanks, or between container stacks. 

2.1.4 I f the torque on calm water shall be de
termined, the software shall demonstrate i t on 
a single test loading condition of the ship. 

2.1.5 I t is important that the basic data included 
in the program are in agreement with those contained 
in the approved Loading Manual. Special attention 
shall be paid to the final mass value of the ship in the 
light condition and the position of its gravity centre 
adopted on the basis of inclining test or proceeding 
from the results of the light ship condition verifica
tion. 
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2.1.6 The following basic data shall be submitted to 
the Register by the applicant in order to verify whether 
they are in agreement with the ship constructed: 

principal dimensions, coefficients of fineness of 
the lines and, where necessary, the lateral projection 
of the ship; 

position of forward and aft perpendiculars and, 
where necessary, the procedure for determining the 
forward and stern draughts at actual draught mark 
locations; 

light ship displacement and its distribution 
through the ship length; 

lines drawing and/or tables of offsets, or Bonjean 
scales including 21st section on the length between 
perpendiculars; 

compartments description including spacing, vo
lume centres and volume tables (tank capacity tables/ 
tables showing the mass of liquid in a tank filled to 
different levels) where necessary; 

deadweight composition for each loading condi
tion. 

Identification details of the program including 
the version number shall be verified also. 

2.1.7 The basic data verification procedure may 
be considered to be completed, if: 

the requirements of 3.1 of this Appendix are 
fulfilled in respect of the program; 

the purpose of the program is clearly formulated 
and the calculation methods with the algorithm are in 
accordance with the requirements of these Rules and 
the Rules for Technical Supervision during 
Construction of Ships and Manufacture of Materials 
and Products for Ships; 

the requirements of Section 4 of this Appendix 
are fulfilled with regard to the functional capabilities 
of the program; 

the precision of calculations made on the basis of 
the program is within the tolerances stipulated by 2.5 
of this Appendix; 

ship particulars are in accordance with the re
quirements of 2.1.5 of this Appendix; 

the program user's manual is clear and brief and 
complies with the requirements of 2.4 of this Ap
pendix and is checked and duly noted by the Register; 

data are given concerning the minimal require
ments for hardware; 

ship loading conditions intended for the program 
testing are approved which is confirmed by the Re
port (Form 6.3.29). 

2.1.8 Type Approval Certificate for Computer 
Program (Form 6.8.5) shall be issued on the basis of 
the requirements of 2.2 of this Appendix. Where the 
program is type approved, the basic data verification 
procedure may be considered to be completed, if: 

i t is found that the type-approved program is 
applicable to the ship in question; 

information contained in the valid Certificate 
(Form 6.8.5) is in compliance with the program being 
identified and its version number; 

the precision of calculations made on the basis of 
the program is within the tolerances stipulated in 2.5 
of this Appendix; 

ship particulars are in accordance with the re
quirements of 2.1.5 of this Appendix; 

the program user's manual is clear and brief and 
complies with the requirements of 2.4 of this Ap
pendix and is checked and duly noted by the Register; 

data are given concerning the minimal require
ments for hardware; 

ship loading conditions intended for the program 
testing are approved and there is a Report 
(Form 6.3.29) on the program operation testing. 

2.1.9 Approved loading conditions given in Ship 
Loading Manual and the Report (Form 6.3.29) are 
sent to the Branch Office by the RS Head Office 
noting the necessity of handover tests to be held. 
Where the ship is in service, the approved loading 
conditions and the Report (Form 6.3.29) are sent to 
the shipowner who shall ensure that they are deli
vered onboard and that handover tests are held with 
the RS surveyor participating. 

2.2 Type approval. 
2.2.1 A program for the loading instrument may 

be type approved according to the requirements of 
this Chapter. I f the tests are completed satisfactorily, 
Type Approval Certificate for Computer Program 
(Form 6.8.5) shall be issued for the program. 

2.2.2 The Certificate (Form 6.8.5) shall be valid 
for an identified version of the program only. 

2.2.3 After the application for the type approval of 
a program has been submitted, the Register wil l pro
vide the applicant with data for its testing for two ship 
types at least. Where programs using basic data on 
hull shape are concerned, the program test data shall 
be provided for three ship types. These data shall be 
used by the applicant for running the program in re
spect of the tested ships. The results (including the 
data-of-the-lines-plan curve and the interpolation 
curve output, i f applicable) obtained by using the 
program shall be submitted to the Register in order 
the precision of calculations might be assessed. The 
Register shall make parallel calculations using the 
same basic data and compare their results with those 
obtained by means of the program submitted. 

2.2.4 The Certificate (Form 6.8.5) may be issued if: 
the requirements of 3.1 of this Appendix are 

fulfilled in respect of the program; 
the purpose of the program is clearly formulated and 

the calculation methods with the algorithm are in accor
dance with the requirements of these Rules and the Rules 
for Technical Supervision during Construction of Ships 
and Manufacture of Materials and Products for Ships; 
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the requirements of Section 4 of this Appendix 
are fulfilled with regard to the functional capabilities 
of the program; 

the precision of calculations made on the basis of 
the program is within the tolerances stipulated in 2.5 
of this Appendix; 

the Program User's Manual is clear and brief, 
and is submitted to the Register for review; 

data are given concerning the minimal require
ments for hardware. 

2.2.5 The Certificate (Form 6.8.5) shall include 
a detailed description of calculations for which the 
program is approved and of limitations imposed upon 
the program. 

2.2.6 The Certificate (Form 6.8.5) shall be issued 
for a maximum period of 5 years. The Certificate may 
be extended after the developer has confirmed that 
the algorithm is unchanged in the program. 

2.2.7 A valid Certificate (Form 6.8.5) wi l l be in
validated, i f the algorithm is changed in the program 
by the developer without prior agreement with the 
Register. In such a case, the revised program shall be 
considered a new one. 

2.3 Handover tests. 
2.3.1 Handover tests shall be held soon after the 

loading instrument installation aboard the ship. 
2.3.2 During handover tests, the user, one of the 

senior officers shall use the instrument for calculating 
a test loading condition of the ship. The operation 
shall be confirmed by the RS surveyor. Data 
obtained by means of the instrument shall agree with 
those stated for the approved test loading conditions. 
Where the numerical output data given by the 
instrument do not agree with those stated in the 
approved test loading conditions, the Report 
(Form 6.3.10) shall not be issued. 

2.3.3 Handover tests shall also be carried out in 
respect of the second computer specially installed to 
be used i f the first one fails. Data obtained by means 
of the loading instrument shall agree with those sta
ted for the approved tests loading conditions. Where 
the output numerical data of the loading instrument 
do not agree with those stipulated for the approved 
tests loading conditions, no Report (Form 6.3.10) 
shall be issued. I f handover tests are effected using a 
computer for which the Type Approval Certificate 
(Form 6.8.3) was issued, the second specially installed 
computer need not be tested. 

2.3.4 Where hardware is not approved, i t shall be 
demonstrated that handover tests results for the 
program are satisfactory for both the first and the 
second specially installed computer, subsequent to 
which the Report (Form 6.3.10) on the program 
handover tests may be issued. 

2.3.5 After satisfactory completion of handover 
tests, the RS surveyor shall attach the approved test 

loading conditions for the ship, as well as the Pro
gram Test Report (Form 6.3.29), to the Program 
User's Manual formerly duly noted by the Register. 
Then, the Report (Form 6.3.10) on handover tests of 
the program wil l be issued by the Register. 

2.4 Program User's Manual. 
2.4.1 The Manual shall be submitted to the 

Register for review. In case of satisfactory results of the 
consideration, the Manual shall be duly noted by the 
Register. 

2.4.2 The Manual shall be drawn up in a brief 
and clear way and shall be provided preferably with 
drawings and block diagrams. 

2.4.3 The Manual shall include the following in
formation: 

general description of the program with indica
tion of its version identification number; 

a copy of Type Approval Certificate for Com
puter Program (Form 6.8.5); 

data on minimal required hardware properties 
necessary for program operation; 

description of error messages and warning re
ports that can be issued by computer and clear in
structions concerning the user's subsequent steps in 
this case; 

light ship displacement and gravity centre of the 
ship coordinates; 

full deadweight composition for each test loading 
condition of the ship; 

values of permissible shearing forces and bending 
moments in calm water given or taken into con
sideration by the Register; 

values of permissible cargo torque, where applicable; 
correction factors for shearing forces, where ap

plicable; 
local permissible limitations on the loading of 

particular holds and two adjacent holds proceeding 
from the maximum cargo mass for each hold in re
lation to the relevant ship draught, where applicable; 

example of ship loading conditions determination 
with illustrations and computer data out; 

example of each display screen data out with 
explanations. 

2.5 Allowance for calculation accuracy. 
The accuracy of calculations made using the 

program shall be within the range of acceptable al
lowances given in Table 2.5. The accuracy of calcu
lations can be determined by comparing, at each 
control point, the results of calculations made using 

T a b l e 2.5 
Range of allowances for calculation accuracy 

Design value Allowance (percentage 
of permissible value) 

Shearing force on stfll water Nm ± 5 
Bending moment on still water Mm + 5 
Torque on still water Mtsw + 5 
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the program to those obtained by using an in
dependent program of the Register or an approved 
loading manual containing the similar basic data. 

2.6 Hardware approval. 
The hardware of a loading instrument shall be in 

accordance with the requirements of 1.8 and 3.2 of 
this Appendix i f i t is type-approved by the Register. 

3 R E Q U I R E M E N T S T O T H E S Y S T E M 

3.1 Program. 
3.1.1 I t is recommended that the development 

and release of the program be carried out in ac
cordance with the relevant international quality 
standards (for instance, ISO 9000-3 or equivalent). 

3.1.2 Software shall be developed so as to render 
i t impossible for the user to modify data files of the 
ship containing the following information: 

lightweight displacement of the ship, lightweight 
ship mass distribution and the relevant gravity centres; 

structural restrictions imposed by the Register; 
data essential for hull geometry; 
hydrostatic data; 
description of compartments including spacing, 

volume centres and volume tables (tank capacity ta
bles/tables showing the volume of liquid in a tank 
when filled to different levels) where necessary. 

3.1.3 Any changes to software that can influence 
longitudinal strength shall be introduced by the de
veloper or his appointed representative, and the 
Register shall be immediately notified accordingly. 
The absence of a notification of any changes to the 
program may render the Certificate (Form 6.8.5) is
sued by the Register invalid. When the Certifica
te (Form 6.8.5) is found to be invalid by the Register, 
the modified program wil l be considered anew in 
accordance with the requirements of this Appendix. 

3.2 Hardware of an independent computer. 
3.2.1 Type Approval Certificate (Form 6.8.3) and 

Hardware Approval Certificate (Form 6.5.30) shall 
be issued by the Register on condition the hardware 
is in accordance with the requirements contained 
in 3.2.2 of this Appendix, as well as with the re
quirements of these Rules and the Rules for Techni
cal Supervision during Construction of Ships and 
Manufacture of Materials and Products for Ships. 

3.2.2 The developer shall submit the detailed in
formation on the hardwshall be installed on board. 
The following information shall be submitted to the 
Register for review: 

hardware specification; 
the relevant design drawings with indicated ma

terials, catalogues, data sheets, calculations and 
functional descriptions; 

test program suggested for demonstration, con
firming that the operational requirements of the 
above standards can be fulfilled; 

certificates and the relevant test reports obtained 
for the product earlier. 

3.2.3 When considering the documentation 
mentioned in 3.2.2, the Register may recognize the 
validity of certificates and reports issued by another 
certification body or accredited laboratory. 

3.2.4 The operational and climatic tests shall be held 
in the presence of the Register representative under the 
standard test conditions so that a type approval could be 
issued in accordance with Part X V "Automation" of 
these Rules and Part IV "Technical Supervision during 
Manufacture of Products" of the Rules for Technical 
Supervision during Construction of Ships and Manufac
ture of Materials and Products for Ships. The following 
inspections and tests shall be completed satisfactorily: 

external examination; 
functional tests; 
disturbance in electric power supply; 
thermal resistance testing; 
moisture resistance testing; 
vibration tests; 
testing by oscillating and prolonged tilting mo

tion conditions; 
testing of insulation electric strength, insulation 

resistance measurement; 
cold resistance tests; 
electromagnetic compatibility tests. 
3.2.5 The Register shall be notified of any modi

fications to hardware specification. 

4 R E Q U I R E M E N T S C O N C E R N I N G F U N C T I O N A L 
C A P A B I L I T I E S 

4.1 General. 
4.1.1 The computational functions inherent in the 

program wil l depend on the requirements contained 
in these Rules and in the Rules for Technical 
Supervision during Construction of Ships and 
Manufacture of Materials and Products for Ships. 

4.1.2 The program shall be convenient for the 
user and be developed so as to minimize the possi
bility of incorrect initial data input by the user. 

4.1.3 Calculations of the fore, midlength and 
after draughts at relevant perpendiculars shall be 
submitted in a form easily understandable for the 
user both in files and as hard copies. 

4.1.4 For the case of the actual ship loadline 
positions of the, the fore, midlength and after 
draughts shall be determined and submitted in a form 
easily understandable for the user both in files and as 
hard copies. Provision shall be made for submitting 
the sagging/hogging data for the hull. 
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4.1.5 Displacement shall be determined for the 
particular loading condition of the ship and the 
corresponding value of the draught, and shall be 
submitted to the user both in file and as a hard copy. 

4.1.6 The loading instrument shall issue printouts 
containing output data both in digital and graphic 
form. The output data in digital form shall be re
presented both in the absolute values and as percentage 
of permissible values. Printouts shall contain descrip
tion of the relevant loading condition of the ship. 

4.1.7 A l l the electronic and hard copy data shall 
be represented in a form easily understandable for the 
user with indication of the identification number of 
the program version. 

4.2 Forces and moments originating in the hull. 
4.2.1 The program shall ensure an analysis of the 

following forces and moments in the ship hull in ac
cordance with the requirements of Part I I "Hul l" : 

shearing force Nsw in still water, with a correction 
where applicable; 

bending moment Msw in still water, with a cor
rection where applicable; 

torque Mtsw in still water, where applicable. 
In case of open ships, particular attention shall be 

paid to loads under which hull twisting occurs. 
4.2.2 Data to be submitted to or duly noted by 

the Register are included in Table 4.2.2. 

T a b l e 4.2.2 

Design value 

Shearing force 
N 
n sw 
on still water 

Bending 
moment Msw 

on still water 

Torque Mav! 

on still water 
(where 
applicable) 

Data to be submitted 
to or duly noted by the Register 

1. Control points (frame numbers) for Nsw 

determination. Such points shall generally be 
chosen on transverse bulkheads or other 
obvious boundaries of compartments. 
Additional control points may be indicated 
between the bulkheads of long holds or tanks, 
as well as between container stacks. 
2. Correction factors for shearing forces and 
their application procedure. 
3. Permissible values [of iVjJ , at sea and in 
port, for control points mentioned in item 1. 
Where necessary, an additional range of 
permissible values [of N^] can be specified. 

1. Control points (frame numbers) for Mm 

determination. Such points shall generally be 
chosen on transverse bulkheads, at hold centres 
or other obvious boundaries of compartments. 
2. Permissible values [of Msw], at sea and in 
port, for control points mentioned in item 1. 
Where necessary, an additional range of 
permissible values [of M^] can be specified. 

1. Control points (frame numbers) for Mav! 

determination. 
2. Permissible values [of Mtsw] for control 
points mentioned in item 1. 

4.2.3 Forces and moments shall be determined in 
absolute values and as percentage of permissible va
lues, and shall be submitted both in graphical and 
tabulated form. The forces and moments determined, 
as well as their permissible values for each of the 
control points indicated, shall be submitted both in 
files and as hard copies. Any limitations concerning 
hull bending in the vertical direction in still water or 
hull twisting, for instance, may be considered on the 
basis of the requirements of the Rules. 

4.3 Permissible loads, loading and capacity. 
4.3.1 The program user shall be timely, clearly 

and unambiguously informed about the following 
restrictions imposed by the Register, concerning: 

all permissible shearing forces and bending mo
ments in still water; 

permissible torques in still water, where appli
cable; 

all local loading restrictions pertinent to both the 
loading of a particular hold and of the one adjacent 
thereto, where applicable; 

mass of cargo contained in the hold; 
ballast tanks and holds capacity; 
restrictions on filling. 
4.3.2 Violation of any of the restrictions imposed 

shall be easily detectable by the program user. 

5 P E R F O R M A N C E T E S T 

5.1 General. 
When a loading instrument shall be installed on 

board and Report (Form 6.3.10) or a report on its 
previous testing by the Register is not available, the 
RS surveyor shall notify the RS Head Office 
accordingly. 

5.2 Extent of survey. 
When a loading instrument is tested, the results 

obtained on the basis of the program shall be iden
tical to those given in the approved test loading 
conditions of the ship. I f the numerical output data 
obtained using the loading instrument do not agree 
with those to be found in the approved test loading 
conditions, the class assignment requirements shall be 
applied to the ship and the owner shall be notified 
accordingly. The program shall be tested on all the 
computers intended for i t (those which are type ap
proved or specially designed for the program). 



180 Rules for the Classification and Construction of Sea-Going Ships 

APPENDIX 3 

EVALUATION OF SCANTLINGS OF CORRUGATED TRANSVERSE 
WATERTIGHT BULKHEADS IN NON-CSR BULK CARRIERS 

CONSIDERING HOLD FLOODING 

1 A P P L I C A T I O N AND D E F I N I T I O N S 

This procedure apply to bulk carriers specified 
in 3.3.4.10 of this Part. 

Homogeneous loading condition means a loading 
condition in which the ratio between the highest and 
the lowest filling ratio, evaluated for each hold, does 
not exceed 1,20, to be corrected for different cargo 
densities. 

Net thickness tnet is the thickness obtained by 
applying the strength criteria given in Section 4 of 
this Appendix. 

Required thickness is obtained by adding the 
corrosion addition ts, given in Section 6 of this Ap
pendix, to the net thickness tnet. 

2 L O A D M O D E L 

2.1 General. 
The loads to be considered as acting on the 

bulkheads are those given by the combination of the 
cargo loads with those induced by the flooding of one 
hold adjacent to the bulkhead under examination. I n 
any case, the pressure due to the flooding water alone 
shall be considered. 

The most severe combinations of cargo induced 
loads and flooding loads are to be used for the check 
of the scantlings of each bulkhead, depending on the 
loading conditions included in the Loading Manual: 

homogeneous loading conditions; 
non homogeneous loading conditions; 
considering the individual flooding of both loa

ded and empty holds. 
The specified design load limits for the cargo 

holds are to be represented by loading conditions 
defined by the designer in the Loading Manual. 

Non homogeneous part loading conditions as
sociated with multiport loading and unloading op
erations for homogeneous loading conditions need 
not be considered according to these requirements. 

Holds carrying packed cargoes shall be con
sidered as empty holds for this application. 

Unless the ship is intended to carry, in non 
homogeneous conditions, only iron ore or cargo 
having bulk density equal or greater than 1,78 t /m 3 , 
the maximum mass of cargo which may be carried in 
the hold shall also be considered to f i l l that hold up to 
the upper deck level at centreline. 

2.2 Bulkhead corrugation flooding head. 
The flooding head hf (refer to Fig. 2.2) is the 

distance, in m, measured vertically, with the ship in 
the upright position, from the calculation point to a 
level located at a distance df, in m, from the base line 
equal to: 

.1 in general 
D for the foremost transverse corrugated bulk

head; 
0,9£> for the other bulkheads. 
Where the ship shall carry cargoes having bulk 

density less than 1,78 t / m 3 in non homogeneous 
loading conditions, the following values can be as
sumed: 

0,95£> for the foremost transverse corrugated 
bulkhead; 

0,85£> for the other bulkheads; 
.2 for ships less than 50000 t deadweight with 

Type B freeboard 
0,95£> for the foremost transverse corrugated 

bulkhead; 
0,85£> for the other bulkheads. 
Where the ship is to carry cargoes having bulk 

density less than 1,78 t /m 3 in non homogeneous loading 
conditions, the following values can be assumed: 

0,9£> for the foremost transverse corrugated 
bulkhead; 

0,8£> for the other bulkheads. 

D D 

hf 

df 

D 
/ / h x 

hy / V / / / / 

df 

D 

K J 
df 

Fig. 2.2: 
V — volume of cargo; P — calculation point; D — distance, in m, 

from the base line to the freeboard deck at side amidships 

2.3 Pressure in the non-flooded bulk cargo loaded 
holds. 

A t each point of the bulkhead, the pressure pc, 
in k N / m 2 , shall be determined by the formula 

Pc= pcg/*itan2y 
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where p c = bulk cargo density, in t/m 3; 
g= gravity acceleration equal to 9,81 m/s2; 

h \ = vertical distance, in m, from the calculation point to 
horizontal plane corresponding to the level height of the 
cargo (refer to Fig. 2.2), located at a distanced ai, in m, 
from the base line; 

Y = 45°-(cp/2) 

where cp = angle of repose of the cargo, in deg., that may generally 
be taken as 35° for iron ore and 25° for cement. 

The force Fc, in k N , acting on a corrugation shall 
be determined by the formula 

Fc = Pcgsi 
(d\-hDB-hLS)7 

tan y 

where Si = spacing of corrugations, in m (refer to Fig. 2.3); 
h L S = mean height of the lower stool, in m, from the inner 

bottom; 
fiDB = height of the double bottom, in m. 

pressure pCf in k N / m , shall be determined by the 
formula 

Pc/ = Pgh/ 

where p = sea water density, in t/m 3; 
for g, refer to 2.3; 
hf = flooding head (as defined in 2.2). 

A t each point of the bulkhead located at a distance 
lower than d\ from the base line, the pressure pCf, 
in kN/m 2 , shall be determined by the formula 

Pc/ = Pghf + [Pc- PC1 -perm] g/z1tan2y 

where for pc, g, hi, y, refer to 2.3; 
perm = permeability of cargo, to be taken as 0,3 for ore 

(corresponding bulk cargo density for iron ore may 
generally be taken as 3,0 t/m 3), coal cargoes and for 
cement (corresponding bulk cargo density for cement 
may generally be taken as 1,3 t/m 3). 

CL 

s = max(a,c) 

Fig. 2.3: 
n — neutral axis of the corrugations; 

tf— net flange thickness, in mm; 
tweb — corrugation web thickness 

2.4 Pressure in the flooded holds. 
2.4.1 Bulk cargo holds. 
Two cases shall be considered, depending on the 

values of d\ and df. 
.1 df > di. 
A t each point of the bulkhead located at a dis

tance between d1 and df from the base line, the 

The force FCf, in k N , acting on a corrugation 
shall be determined by the formula 

7cf = J l 

where for s\, g, d\, h D B , h L S , refer to 2.3; 
for df, refer to 2.2; 

(Pcf)ie = pressure at the lower end of the corrugation, in kN/m2; 

.2 df < d1. 
A t each point of the bulkhead located at a dis

tance between d1 and df from the base line, the 
pressure pCf in k N / m 2 , shall be determined by the 
formula 

Pc/ = P ^ i t a n 2 y 

where for pc, g, h \ , y, refer to 2.3. 

A t each point of the bulkhead located at a dis
tance lower than fi^from the base line, the pressurepCf, 
in k N / m 2 , shall be determined by the formula 

Pc/ = Pghf + [Pchi - p(l -perm)hf]gtan2y 

where for p, hf, perm, refer to 2.4.1.1; 
for rc, g, hi, y, refer to 2.3. 

The force FCf, in k N , acting on a corrugation 
shall be determined by the formula 

Fc/= 5 1 [ p g ^ * t a n 2 Y + 

+ 
pcgjdx - ^)tan2Y + (pcf)ie (df-hDB-hLS)] 

where for s\, p c, g, d\, y, h D B , h L S , refer to 2.3; 
for df, refer to 2.2; 

(Pcf)ie = pressure at the lower end of the corrugation, in kN/m2. 



182 Rules for the Classification and Construction of Sea-Going Ships 

2.4.2 Pressure in empty holds due to flooding 
water alone. 

A t each point of the bulkhead, the hydrostatic 
pressure pf induced by the flooding head hf shall be 
considered. 

The force Ff in k N , acting on a corrugation shall 
be determined by the formula 

Ff = SiPg 
(df-hDB-hLs)2 

where for c\, g, hDB, hLS, refer to 2.3; 
for p, refer to 2AAA; 
for df, refer to 2.2. 

2.5 Resultant pressure and force. 
2.5.1 Homogeneous loading conditions. 
A t each point of the bulkhead structures, the 

resultant pressure p, in k N / m 2 , to be considered for 
the scantlings of the bulkhead shall be determined by 
the formula 

P = pcf-0£Pc-

I 

Fig. 3.1: 
/ — span of corrugation; * — for the definition of /, the internal end 
of the upper stool shall not be taken more than a distance from the 

deck at the centerline equal to: 
3 times the depth of corrugations, in general; 
2 times the depth of corrugations, rectangular stool 

The resultant force F, in k N , acting on a corru
gation shall be determined by the formula 

F = F c f - 0,SFc. 

2.5.2 Non homogeneous loading conditions. 
A t each point of the bulkhead structures, the 

resultant pressure p, in k N / m 2 , to be considered for 
the scantlings of the bulkhead shall be determined by 
the formula 

P = Pc/¬

The resultant force F, in k N , acting on a corru

gation, shall be determined by the formula 

F = Fcf. 

3 B E N D I N G M O M E N T AND S H E A R F O R C E 
I N T H E B U L K H E A D C O R R U G A T I O N S 

The bending moment M and the shear force Q in 
the bulkhead corrugations shall be determined by the 
formulae given in 3.1 and 3.2. The M and Q values 
shall be used for the checks in 4.5. 

3.1 Bending moment. 
The design bending moment M , in kN/m, for the 

bulkhead corrugations shall be determined by the 
formula 

M=Fl/8 

where F = resultant force, in k N (refer to 2.5); 
/ =span of corrugation, in m (refer to Figs. 2.3 and 3.1). 

3.2 Shear force. 
The shear force Q, in k N , at the lower end of the 

bulkhead corrugations shall be determined by the 
formula 

Q = 0,8F 

where for F, refer to 2.5. 

4 S T R E N G T H C R I T E R I A 

4.1 General. 

4.1.1 The following criteria are applicable to 
transverse bulkheads with vertical corrugations (refer 
to Fig. 2.3). 

For ships of 190 m in length and above, these 
bulkheads shall be fitted with a lower stool, and 
generally with an upper stool below deck. 

For smaller ships, corrugations may extend from 
inner bottom to deck; i f the stool is fitted, i t shall 
comply with the requirements of this Chapter. 

The corrugation angle (p shown in Fig. 2.3 shall 
not be less than 55°. 

Requirements for local net plate thickness are 
given in 4.7. In addition, the criteria as given in 4.2 
and 4.5 shall be complied with. 

The thickness of the lower part of corrugations 
determined in accordance with 4.2 and 4.3 shall be 
maintained for a distance from the inner bottom 
(if no lower stool is fitted) or the top of the lower 
stool not less than 0,15/. 

The thickness of the middle part of corrugations 
determined in accordance with 4.2 and 4.4, shall be 
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maintained to a distance from the deck (if no upper 
stool is fitted) or the bottom of the upper stool not 
greater than 0,3/. 

The section modulus of the corrugation in the 
remaining upper part of the bulkhead shall not be less 
than 75 per cent of that required for the middle part, 
corrected for different yield stresses. 

4.1.2 Lower stool. 
The height of the lower stool is generally shall be 

not less than 3 times the depth of the corrugations. 
The thickness and material of the stool top plate 

shall not be less than those required for the bulkhead 
plating as specified in 4.1.1. The thickness and ma
terial of the upper portion of vertical or sloping stool 
side plating within the depth equal to the corrugation 
flange width from the stool top shall not be less than 
the required flange plate thickness and material to 
meet the bulkhead stiffness requirement at lower end 
of corrugation. The thickness of the stool side plating 
and the section modulus of the stool side stiffeners 
shall not to be less than those required in 3.3 of this 
Part on the basis of the load model in Section 2 of 
this Appendix. The ends of stool side vertical stif
feners shall be attached to brackets at the upper and 
lower ends of the stool. 

The distance from the edge of the stool top plate 
to the surface of the corrugation shall be in ac
cordance with Fig. 4.1.2. The stool bottom shall be 
installed in line with double bottom floors and shall 
have a width not less than 2,5 times the mean depth 
of the corrugation. The stool shall be fitted with 
diaphragms in line with the longitudinal double 
bottom girders for effective support of the corrugated 
bulkhead. Scallops in the brackets and diaphragms in 

corrugation flange corrugation web 

way of the connections to the stool top plate shall be 
avoided. 

Where corrugations are cut at the lower stool, 
corrugated bulkhead plating shall be connected to the 
stool top plate by full penetration welds. The stool 
side plating shall be connected to the stool top plate 
and the inner bottom plating by either full penetra
tion or deep penetration welds. The supporting floors 
shall be connected to the inner bottom by either full 
penetration or deep penetration welds. 

4.1.3 Upper stool. 
The upper stool, where fitted, shall have a height 

generally between 2 and 3 times the depth of corru
gations. Rectangular stools shall have a height gene
rally equal to 2 times the depth of corrugations, 
measured from the deck level and at hatch side gir
der. The upper stool shall be properly supported by 
girders or deep brackets between the adjacent hatch-
end beams. 

The width of the stool bottom plate shall generally 
be the same as that of the lower stool top plate. The 
stool top of non rectangular stools shall have a width 
not less than 2 times the depth of corrugations. 

The thickness and material of the stool bottom 
plate shall be the same as those of the bulkhead 
plating below. 

The thickness of the lower portion of stool side 
plating shall not be less than 80 per cent of that re
quired for the upper part of the bulkhead plating 
where the same material is used. The thickness of the 
stool side plating and the section modulus of the stool 
side stiffeners shall not be less than those required by 
the Register on the basis of the load model in Sec
tion 2 of this Appendix. The ends of stool side stif-

corrugation flange corrugation web 

Fig. 4.1.2: 
s — as-built flange thickness; d^s. 
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feners shall be attached to brackets at upper and 
lower end of the stool. Diaphragms shall be fitted 
inside the stool in Hne with and effectively attached to 
longitudinal deck girders extending to the hatch end 
coaming girders for effective support of the corru
gated bulkhead. Scallops in the brackets and dia
phragms in way of the connection to the stool bottom 
plate shall be avoided. 

4.1.4 Alignment. 
A t deck, i f no stool is fitted, two transverse rein

forced beams shall be fitted in Hne with the corru
gation flanges. 

A t bottom, i f no stool is fitted, the corrugation 
flanges shall be in Hne with the supporting floors. 

Corrugated bulkhead plating shall be connected 
to the inner bottom plating by full penetration welds. 
The plating of supporting floors shall be connected to 
the inner bottom by either full penetration or deep 
penetration welds. 

The thickness and material properties of the 
supporting floors shall be at least equal to those 
provided for the corrugation flanges. Moreover, the 
cut-outs for connections of the inner bottom longi
tudinals to double bottom floors shall be closed by 
collar plates. The supporting floors shall be con
nected to each other by suitably designed shear plates 
complying with the requirements of 3.3 of this Part. 

Stool side plating shall aHgn with the corrugation 
flanges and stool side vertical stiffeners and their 
brackets in lower stool shall aHgn with the inner 
bottom longitudinals to provide appropriate load 
transmission between these stiffening members. Stool 
side plating shall not be knuckled anywhere between 
the inner bottom plating and the stool top. 

4.2 Bending capacity and shear stress. 
The bending capacity shall comply with the fol

lowing relationship: 

103 M , 7 < 0,95 

where M = bending moment, in kN-m (refer to 3.1); 
Zle = section modulus of one half pitch corrugation, in cm 3 , at 

the lower end of corrugations, to be calculated according 
to 4.3; 

Zm = section modulus of one half pitch corrugation, in cm 3 , at 
the mid-span of corrugations, to be calculated according 
to 4.4; 

°"a,fe = allowable stress, in N/mm 2 , as given in 4.5, for the lower 
end of corrugations; 

o\j,m — allowable stress, in N/mm 2 , as given in 4.5, for the mid-
span of corrugations. 

In no case Zm shall be taken greater than the 
lesser of l,15Z f e and l,15Z' t e for calculation of the 
bending capacity, Z ' t e being defined below. 

In case shedders plates are fitted which: 
are not knuckled; 
are welded to the corrugations and the top of the 

lower stool by one side penetration welds or equivalent; 

are fitted with a minimum slope of 45° and their 
lower edge is in Hne with the stool side plating; 

have thicknesses not less than 75 per cent of that 
provided by the corrugation flange; 

and material properties at least equal to those 
provided by the flanges; 

or gasset plates are fitted which: 
are in combination with shedder plates having 

thickness, material properties and welded connec
tions in accordance with the above requirements; 

have a height not less than half of the flange width; 
are fitted in line with the stool side plating; 
are generally welded to the top of the lower stool 

by full penetration welds, and to the corrugations and 
shedder plates by one side penetration welds or 
equivalent; 

have thickness and material properties at least 
equal to those provided for the flanges, the section 
modulus Z f e , in cm 3 , shall be taken not larger than the 
value Z' f e , in cm 3 , to be determined by the formula 

Z'le = Zg+l03(Qhg - 0,5hgStfg)laa 

where Zg = section modulus of one half pitch corrugation, in cm 3 , 
according to 4.4, in way of the upper end of shedder or 
gusset plates, as applicable; 

Q = shear force, in k N (refer to 3.2); 
hg = height, in m, of shedders or gasset plates (refer to 

Figs. 4.2-1, 4.2-2, 4.2-3 and 4.2-4); 
for s\, refer to 2.3; 

pg = resultant pressure, in kN/m 2 , as defined in 2.5, calculated 
in way of the middle of the shedders or gusset plates, as 
applicable; 

CT„ = allowable stress, in N/mm 2 , in accordance with 4.5. 

Stresses are obtained by dividing the shear force Q 
by the shear area. The shear area shall be reduced in 
order to account for possible non-perpendicularity 
between the corrugation webs and flanges. In general, 
the reduced shear area may be obtained by multi
plying the web sectional area by (sin cp), cp being the 
angle between the web and the flange. 

When calculating the section modulus and the 
shear area, the net plate thicknesses shall be used. 
The section modulus of corrugations shall be calcu
lated on the basis of the following requirements given 
in 4.3 and 4.4. 

4.3 Section modulus at the lower end of corru
gations. 

4.3.1 The section modulus shall be calculated 
with the compression flange having an effective 
flange width, bef, not larger than as given in 4.6. 

I f the corrugation webs are not supported by 
local brackets below the stool top (or below the inner 
bottom) in the lower part, the section modulus of the 
corrugations shall be calculated considering the cor
rugation webs 30 per cent effective. 

4.3.2 Provided that effective shedder plates, as 
defined in 4.2, are fitted (refer to Figs. 4.2-1 and 4.2-2), 
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Fig. 4.2-1 
Symmetric shedder plates: 
1 — shedder plate; 
2 — top of the lower stool; 
3 — vertical or sloping stool 
side plating 

Fig. 4.2-2 
Asymmetric shedder plates: 
1 — shedder plate; 
2 — top of the lower stool; 
3 — vertical or sloping stool 
side plating 

Fig. 4.2-3 
Symmetric gasset/shedder 
plates: 
1 — gasset/shedder plate; 
2 — top of the lower stool; 
3 — vertical or sloping stool 
side plating 

Fig. 4.2-4 
Asymmetric gasset/shedder 
plates: 
1 — gasset/shedder plate; 
2 — top of the lower stool; 
3 — vertical or sloping stool 
side plating 

when calculating the section modulus of corrugations 
at the lower end, the area of flange plates, in cm 2 , 
may be increased by 

2,5a^Jtytsh, not to be taken greater than 2,5atf 

where a = width of the corrugation flange, in m (refer to Fig. 2.3); 
tsh = net shedder plate thickness, in mm; 
tf = net flange thickness, in mm. 

4.3.3 Provided that effective gusset plates, as de
fined in 4.2, are fitted (refer to Figs. 4.2-3 and 4.2-4), 
when calculating the section modulus of corrugations 
at the lower end, the area of flange plates, in cm 2 , 
may be increased by 

lhgtf 

where hg = height of gusset plate, in m (refer to Figs 4.2-3 and 4.2-4), 
with hg ^ (10/7)^; 

Sgu = width of the gusset plates, in m; 
tf = net flange thickness, in mm, based on the as built 

condition. 

4.3.4 I f the corrugation webs are welded to a 
sloping stool top plate which have an angle not less 
than 45° with the horizontal plane, the section 
modulus of the corrugations may be calculated con
sidering the corrugation webs fully effective. In case 
effective gusset plates are fitted, when calculating the 
section modulus of corrugations the area of flange 
plates may be increased as specified in 4.3.3. 
No credit can be given to shedder plates only. 

For angles less than 45°, the effectiveness of the 
web may be obtained by linear interporation between 
30 per cent for 0° and 100 per cent for 45°. 

4.4 modulus of corrugations at cross-sections 
other than the lower end. 

The section modulus shall be calculated with the 
corrugation webs considered effective and the com
pression flange having an effective flange width befi 

not larger than as given in 4.6.1. 
4.5 Allowable stress check. 
The normal and shear stresses and shall not 

exceed the allowable values aa and Tfl, in N / m m 2 , to 
be determined by the formulae: 

(5a = ReH', 

TA = 0,5ReH 

where ReH = the minimum upper yield stress of the material, 
in N/mm 2 . 

4.6 Effective compression flange width and shear 
buckling check. 

4.6.1 Effective width of the compression flange of 
corrugations. 

The effective width bef, in m, of the corrugation 
flange shall be determined by the formula 

bef = Cea 

where Ce =2,25/(3- 1,25/p2 for (3 > 1,25; 
Ce = 1,0 for 0 ^ 1,25; 

(3 = 1 0 3 ^ V ^ E ; 
lf 

tf = net flange thickness, in mm; 
a = width of the corrugation flange, in m (refer to Fig. 2.3); 

for ReH, refer to 4.5; 
E = modulus of elasticity of the material, in N/mm 2 , to be 

assumed equal to 2,06-105 for steel. 
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4.6.2 Shear. 
The buckling check shall performed for the web 

plates at the corrugation end. 
The shear stress shall not exceed the critical va

lue T c , in N / m m 2 , to be determined by the formulae: 

t c

 = tE when i E < Tp/2; 

= TFO —IF/^TE) when iE > tp/2 

where T F = ifes/^/3; 
for ReH, refer to 4.5; 

TE = 0,9A,£(f/1000c)2, in N/mm 2; 
k, = 6,34; 
E = modulus of elasticity of material as given in 4.6.1; 
t = net thickness of corrugation web, in mm; 

c = width of corrugation web, in mm (refer to Fig. 2.3). 

4.7 Local net plate thickness. 
The bulkhead local net plate thickness t, in mm, 

shall be determined by the formula 

t = U,9sw Vl ,05/7 / /W 

where sw = plate width, in m, to be taken equal to the width of the 
corrugation flange or web, whichever is greater (refer to 
Fig. 2.3); 

p = resultant pressure, in kN/m , as defined in 2.5, at the 
bottom of each strake of plating; in all cases, the net 
thickness of the lowest strake shall be determined using 
the resultant pressure at the top of the lower stool, or at 
the inner bottom, if no lower stool is fitted or at the top 
of shedders, if shedder or gusset/shedder plates are fitted; 

for ReH, refer to 4.5. 

For built-up corrugation bulkheads, when the 
thicknesses of the flange and web are different, the 
net thickness of the narrower plating shall be not less 
than t„, in mm, determined by the formula 

tn = \A,9snyJ\,05plReH 

where sn = width of the narrower plating, in m. 

The net thickness of the wider plating, in mm, 
shall not be taken less than the maximum of the 
following: 

tw = \A,9sMrJ\fi5plR^H-, and 

tw = 7(440^1,05/7) /^ -tip 

where tv ^ actual net thickness of the narrower plating and shall 
not be greater than 14,9^^1,OSp/ReH-

5 L O C A L D E T A I L S 

As applicable, the design of local details shall 
comply with the Register requirements for the pur
pose of transferring the corrugated bulkhead forces 
and moments to the boundary structures, in parti
cular to the double bottom and cross-deck structures 

In particular, the thickness and stiffening of ef
fective gusset and shedder plates, as defined in 4.3, 
shall comply with the RS requirements, on the basis 
of the load model in Section 2 of this Appendix. 

Unless otherwise stated, weld connections and 
materials shall be dimensioned and selected in ac
cordance with 1.7 of this Part. 

6 C O R R O S I O N A D D I T I O N AND S T E E L R E N E W A L 

The corrosion addition ts shall be taken equal 
to 3,5 mm. 

Steel renewal is required where the gauged 
thickness is less than ^ + 0,5 mm. 

Where the gauged thickness is within the range 
*«<* + 0>5 mm and t„et +1 mm, coating (applied in ac
cordance with the coating manufacturer's require
ments) or annual gauging may be adopted as an 
alternative to steel renewal. 
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APPENDIX 4 

EVALUATION OF ALLOWABLE HOLD LOADING FOR NON-CSR 
BULK CARRIERS CONSIDERING HOLD FLOODING 

1 A P P L I C A T I O N AND D E F I N I T I O N S 

The loading in each hold shall not exceed the 
allowable hold loading in flooded condition, calcu
lated as per Section 4 of this Appendix, using the 
loads given in Section 2 and the shear capacity of the 
double bottom given in Section 3. 

In no case the allowable hold loading, conside
ring flooding, shall be greater than the design hold 
loading in the intact condition. 

bottom to a level located at a distance df, in m, from 
the base line equal to: 
in general 

D for the foremost hold; 
0,9Z> for the other holds; 

for ships less than 50000 t deadweight with Type B 
freeboard 

0,95Z> for the foremost hold; 
0,85Z> for the other holds. 

2 L O A D I N G M O D E L 

2.1 General. 
The loads to be considered as acting on the 

double bottom are those given by the external sea 
pressures and the combination of the cargo loads 
with those induced by the flooding of the hold which 
the double bottom belongs to. 

The most severe combinations of cargo induced 
loads and flooding loads shall be used, depending on 
the loading conditions included in the Loading Manual: 

homogeneous loading conditions; 
non homogeneous loading conditions; 
packed cargo conditions (such as steel mi l l pro

ducts). 
For each loading condition, the maximum bulk 

cargo density to be carried shall be considered in 
calculating the allowable hold loading limit. 

2.2 Inner bottom flooding head. 
The flooding head hf (refer to Fig. 2.2 of this 

Appendix) is the distance, in m, measured vertically 
with the ship in the upright position, from the inner 

Fig. 2.2: 
- volume of cargo; D — distance, in m, from the base line to the 

freeboard deck at side amidship 

3 S H E A R C A P A C I T Y O F T H E D O U B L E B O T T O M 

3.1 The shear capacity C of double bottom shall be 
defined as the sum of the shear force at each end of: 

.1 all floors adjacent to both hoppers, less one 
half of the shear forces of the two floors adjacent to 
each stool, or transverse bulkhead i f no stool is fitted 
(refer to Fig. 3.1.1); 

A-
CL 

7 

7 

7 -
/ 
7 

/ 

/ 

Fig. 3.1.1: 
I — lower stool; 2 — transverse bulkhead; 

3 — floor adjacent to the stool; 
4 — floor adjacent to transverse bulkhead; 

5 — girders; 6 — floors 

.2 all double bottom girders adjacent to both 
stools, or transverse bulkheads i f no stool is fitted. 

Where in the end holds, girders or floors run out 
and are not directly attached to the boundary stool or 
hopper girder, their shear force shall be evaluated for 
the one end only. 
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Note that the floors and girders to be considered 
are those inside the hold boundaries formed by the 
hoppers and stools (or transverse bulkheads i f no 
stool is fitted). The hopper side girders and the floors 
directly below the connection of the bulkhead stools 
(or transverse bulkheads i f no stool is fitted) to the 
inner bottom shall not be included. 

When the geometry and/or the structural ar
rangement of the double bottom are such to make the 
above assumptions inadequate, the shear capacity C 
of double bottom shall be calculated according to the 
requirements of 3.3 of this Part, or on special agree
ment with the Register, according to the Strength 
Norms for Sea-Going Ships. 

In calculating the shear force, the net thickness of 
floors and girders is to be used. The net thickness t^, 
in mm, shall be determined by the formula 

tnet ~ t 2,5 

where t = thickness of floors and girders, in mm. 

3.2 Floor shear force. 
The floor shear force in way of the floor panel 

adjacent to hoppers Sfi, in k N , and the floor shear 
force in way of the openings in the outmost bay 
(i.e. that bay which is closer to hopper) S/i, in k N , 
shall be determined by the formulae: 

Sfl = 10~3 Af

Za 

lO-3Afth ^ 
^2 

where Af = sectional area of the floor panel adjacent to hoppers, 
in mm 2; 

A/j, = net sectional area of the floor panels in way of the 
openings in the outmost bay (i.e. that bay which is closer 
to hopper), in mm 2; 

x„ = allowable shear stress, in N/mm 2 , to be taken equal to 
the lesser of: 

x a = ( 1 6 2 i ^ 6 y W 0 0 , 8 and R^Jl. 

For floors attached to the stools or transverse 
bulkheads, ia may be taken 

where R^j = minimum upper yield stress of the material, 
in N/mm 2; 

s = spacing of stiffening members of panel under considera
tion, in mm; 

•ni= 1,10; 
r | 2 = 1,20, whereas t\2

 m a y be reduced, to the Register 
discretion, down to 1,10 where appropriate reinforce
ments are fitted to comply with the requirements of the 
Instructions for Determination of the Technical Condi
tion, Renovation and Repair of the Hulls of Sea-Going 
Ships (refer to Appendix 2 of the Rules for the 
Classification Surveys of Ships). 

3.3 Girder shear force. 
The girder shear force in way of the girder panel 

adjacent to stools (or transverse bulkheads, i f no 

stool is fitted) S g \ , in k N , and the girder shear force in 
way of the largest opening in the outmost bay 
(i.e. that bay which is closer to stool, or transverse 
bulkhead, i f no stool is fitted) S g 2 , in k N , shall be 
determined by the formulae: 

S,i = \0~3Ag^; 

Sg2 = \0~3Ag^ 

where Ag = minimum sectional area of the girder panel adjacent to 
stools (or transverse bulkheads, if no stool is fitted), 
in mm 2; 

Agj, = net sectional area of the girder panel in way of the largest 
opening in the outmost bay (i.e. that bay which is closer 
to stool, or transverse bulkhead, if no stool is fitted), 
in mm 2; 

x„ = allowable shear stress, in N/mm 2 , as specified in 3.2; 
T U = 1,10; 
T | 2 = 1,15, whereas T | 2 may be reduced, to the Register 

discretion, down to 1,10 where appropriate reinforce
ments are fitted to comply with the requirements of the 
Instructions for Determination of the Technical Condi
tion, Renovation and Repair of the Hulls of Sea-Going 
Ships (refer to Appendix 2 to the Rules for the 
Classification Surveys of Ships in Service). 

4 A L L O W A B L E H O L D L O A D I N G 

The allowable hold loading W, in t, shall be de
termined by the formula 

W = pcVf 

where F= 1,1 in general; 
F= 1,05 for steel mill products; 

pc = cargo density for bulk cargoes, in t/m 3 (refer to 2.1). For 
steel products pc shall be taken as the density of steel; 

V= volume, in m 3 , occupied by cargo at a level h\. 

hi =X/(pcg). 

For bulk cargoes, X shall be taken as the lesser of 
X\ and X2 determined by the formulae: 

Z+pgjE-hQ . 
P ' 1 + — (perm —I) 

X2 = Z+ pg(E—hf perm) 

where X=X\ for steel products, using perm = 0; 
p = sea water density, in t/m3; 
g= 9,81 m/s 2, gravity acceleration; 

E- df—0,lD — ship immersion, in m, for flooded hold 
condition; 

for dfi D, refer to 2.2; 
h/= flooding head, in m (refer to 2.2); 

perm = cargo permeability (i.e. the ratio between the voids 
within the cargo mass and the volume occupied by the 
cargo), it needs not be taken greater than 0,3; 

Z= the lesser of Z\ and Z 2 , whereas: 

Z\ = CfJADBih\ 

^ 2 = CJADB^ 
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CH = shear capacity of the double bottom, in kN, as defined in 
Section 3 of this Appendix, considering, for each floor, 
the lesser of the shear forces S/i and ^ 2 (refer to 3.2) and 
for each girder, the lesser of the shear forces Sg\ and Sg2 
(refer to 3.3); 

CE= shear capacity of the double bottom, in kN, as defined in 
Section 3 of this Appendix, considering, for each floor, 
the shear force S/i (refer to 3.2), and, for each girder, the 
lesser of the shear forces Sgi and Sg2 shall be determined 
according to 3.3; 

i=n 

i=n 

ADB,h = 2 SlBDB-si); 
i-\ 

n = number of floors between stools (or transverse bulk
heads, if no stool is fitted); 

Si= space of i-th floor, in m; 
SDBJ — BDB—s\ for floors whose shear force is determined by ^ 

(refer to 3.2); 

BDBJ - BDBj, for floors whose shear force is determined by ^ 2 
(refer to 3.2); 

BDB = breadth of double bottom between hoppers, in m (refer 
to Fig. 4); 

SDB,H= distance between the two considered openings, in m 
(refer to Fig. 4); 

s\ = spacing of double bottom longitudinals adjacent to 
hoppers, in m. 

Bnnk y 

\ / 
0 0 

BDB 

Fig.4 
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